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7.-INDICES 

7.1.-Indice de Abreviaturas

AGCC Acido graso de cadena corta

Al Alanina

ARNt Acido ribonucleico de transferencia

ADN Acido desoxirribonucleico

ARN Acido ribonucleico

mARN ARN mensajero

APC Gen Adenomatosis Polyposis Coli

ASO Allele specific oligonucleotide Oligonucleótido diseñado para detectar 
un alelo específico

BER Reparación por excision de bases (base excision repair)

bp Par de bases en una doble hélice de ADN

BPDE Benzo (a)pireno diol epóxido

C Citosina

cADN ADN complementario, ADN sintetizado a partir de ARN mensajero 

CBS Gen Cistationina B sintasa

CCDN1 Gen Ciclina D1

CCR Cáncer colorrectal

CYP1A1 Gen citocromo P450,familia 1,subfamilia A,polipéptido 1

DDCT Gen D-Dopacromo Tautomerasa

dTMP Desoxi Timidín monofosfato

dUMP Desoxi Uridín monofosfato

DPD Gen de la Dihidropririmidina deshidrogenasa, DPYD ,DHP

FAP Poliposis adenomatosa familiar

GSTM1 Gen glutation transferasa M1

GSTT1 Gen glutation transferasa T1

GSTP1 Gen glutation transferasa Pi

HAPs Hidrocarburos policíclicos aromáticos

Hinf I Enzima de restricción clonada de Haemophilus influenzae ATCC 49824

Ile Isoleucina

IMC Indice de masa corporal en inglés BMI

K-ras Gen ras (rat sarcoma ) de Kirsten
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5-FU 5-Fluorouracilo

HIV Virus de la inmunodeficiencia humana

HPV Virus del papiloma humano

HNPCC Hereditary non polyposis colorectal cancer

IARC International Agency For Research on Cancer

Kb Kilobase, múltiplo de la unidad de medida del ADN ,equivale a 1.000 
bases.

MSI Microsatelite instability

ul Microlitro

MTHFR Gen Metilen tetrahidrofolato reductasa

MTR Gen Metionina sintasa

MTRR Gen Metionina sintasa reductasa

Msp I Enzima de restricción clonada de Moraxella ATCC49670

dNTP Mezcla de los desoxirribonucleótidos trifosfato: dATP, dTTP, dCTP,
dGTP.

NCI National Cancer Institute

NER Reparación por escisión de nucleótidos (nucleotide excision repair)

OMIN On Line Mendelian Inheritance in Man .Base de datos de fenotipos 
clínicos y genotipos disponible por Internet.

PAI-1 Gen Inhibidor activador plasminogeno

PLA2G2A Gen Fosfolipasa secretora 2A

TP53 Gen Tumor protein p53

RFLP Restriction fragment length polymorphism. Polimorfismos de 
longitud de los fragmentos de restricción

SAM S-Adenosil Metionina

SOD 2 Gen Superóxido dismutasa 2

SSCP Single strand conformation polymorphism. Técnica detección de 
mutaciones, basada en la movilidad del ADN según su conformación 

T Timina

TBE Tris Borato EDTA

TFR Gen Receptor Transferrina

TS Gen Timidilato sintasa

Taq Polimerasa de Thermus Aquaticus

uPAR Gen Receptor Urocinasa

UV Ultravioleta 

Val Valina

TCDD 2,3,7,8-tetraclorodibenzo p dioxina 



176

7.2.-Indice de figuras

N°Figura Descripción Página
Figura 1 Modelo secuencia adenoma-carcinoma CCR 17
Figura 2 Eventos en la carcinogénesis,actuación de factores 

endógenos y exógenos
24

Figura 3 Ciclo del metabolismo de los folatos 50
Figura 4 Imagen gel agarosa con resultados de la multiplex 

con los polimorfismos nulos en GSTM1 y GSTT1 78
Figura 5 Imagen gel agarosa con resultados de la multiplex 

con los polimorfismos nulos en GSTM1 y GSTT1 78
Figura 6 Imagen gel agarosa 15x20 cm con resultados de la 

amplificación de fragmento gen CYP1A1 83

Figura 7
Imagen gel agarosa 15x20 cm de resultados 
digestión con Msp I de fragmento gen CYP1A1 83

Figura 8
Imagen gel agarosa 15x20 cm de resultados de la 
amplificación fragmento E7 gen CYP1A1 88

Figura 9
Imagen gel agarosa 15x20 cm de resultados ASO 
para estudio polimorfismo A4889G gen CYP1A1 88

Figura 10
Imagen gel agarosa con resultados amplificación 
fragmento gen MTHFR 92

Figura 11
Imagen gel agarosa con resultados digestión con 
Hinf I de fragmento gen MTHFR para estudio 
polimorfismo C677T

92

Figura 12 Variable edad en casos y controles 97
Figura 13 Variable género en casos y controles 99

Figura 14 Variable índice masa corporal en casos y controles 100
Figura 15 Variable hábito tabáquico en casos y controles 102
Figura 16 Variable ingesta alcohólica en casos y controles 104

Figura 17
Localización anatómica neoplasias en casos tesis y 
serie Loktionov

106
130

Figura 18 Esquema anatómico del colon y recto 106
Figura 19 Distribución tipos histológicos en casos 107
Figura 20 Distribución estadios de Dukes en casos 108
Figura 21 Genotipos GSTM1 en casos y controles 110
Figura 22 Genotipos  GSTT1 en casos y controles 112
Figura 23 Genotipo CYP1A1 *2 en casos y controles 115
Figura 24 Genotipos CYP1A1 *3 en casos y controles 117



177

N°Figura Descripción Página
Figura 25 Genotipos MTHFR*2 en casos y controles 119

Figura 26 Fórmula química ácido fólico 150
Figura 27 Efectos moleculares depleción de folatos 158
Figura 28 Eventos en la carcinogénesis,actuación de factores 

endógenos y exógenos. WCRF-AICR1997
modificada

163



178

7.3.-Indice de tablas

Nº Tabla Descripción Pag
Tabla I Mutaciones génicas y frecuencias descritas en CCR 19

Tabla II
Conexiones entre epidemiología y biología molecular del 
CCR

25

Tabla III La familia de genes GST 31
Tabla IV Nomenclatura de los polimorfismos en CYP1A1 46
Tabla V Características del gen MTHFR y su polimorfismo C677T 51
Tabla VI Polimorfismos de riesgo descritos en el CCR-I 57
Tabla VII Polimorfismos de riesgo descritos en el CCR-II 58
Tabla VIII Polimorfismos en la terapéutica antineoplásica colorrectal 61

Tabla IX
Oligonucleótidos empleados en el análisis de los 
polimorfismos nulos en GSTM1 y GSTT1 75

Tabla X
Reactivos, concentraciones y volúmenes empleados en el 
análisis de los polimorfismos nulos en GSTM1 y GSTT1 76

Tabla XI
Tamaños de los amplificados en el análisis de los 
polimorfismos nulos en GSTM1 y GSTT1 77

Tabla XII
Oligonucleótidos para el análisis del polimorfismo 
CYP1A1*2 y condiciones de la reacción de amplificación 80

Tabla XIII
Reactivos ,concentraciones soluciones madres y 
volúmenes de reacción análisis del polimorfismo CYP1A1*2 81

Tabla XIV
Volúmenes de reactivos, condiciones de digestión con la 
enzima Msp I análisis del polimorfismo CYP1A1*2 82

Tabla XV
Tamaños de los productos de digestión con Msp I en el 
análisis del polimorfismo CYP1A1*2. 82

Tabla XVI
Oligonucleótidos análisis del polimorfismo CYP1A1*3 por 
ASO y condiciones reacciones de amplificación. 84

Tabla XVII
Reactivos, concentraciones soluciones madres, volúmenes 
de reacción análisis polimorfismo CYP1A1*3 por ASO, 
primera amplificación.

85

Tabla XVIII
Reactivos, concentraciones de las soluciones madres y 
volúmenes de reacción para la identificación de A (4889) 
en CYP1A1

86

Tabla XIX
Reactivos, concentraciones de las soluciones madres y 
volúmenes de reacción para la identificación de G (4889) 
en CYP1A1.

86

Tabla XX
Tamaños de los productos de amplificación con los 
oligonucleótidos específicos P57 para A y P58 para G 87



179

Nº Tabla Descripción Pag

Tabla XXI
Oligonucleótidos análisis polimorfismo MTHFR*2 (C677T)
y condiciones reacción amplificación 89

Tabla XXII
Reactivos, concentraciones soluciones madres y 
volúmenes de reacción análisis polimorfismo MTHFR*2 
(C677T ) 

90

Tabla XXIII
Volúmenes de reactivos y condiciones de digestión con la 
enzima de restricción Hinf I en el análisis del polimorfismo  
C677T de MTHFR

90

Tabla XXIV
Tamaños de los productos de digestión con Hinf I en el 
análisis del polimorfismo C677T de MTHFR 91

Tabla XXV
Distribución variable edad en la muestra de casos y 
controles 96

Tabla XXVI Variable género en la muestra de casos y controles 98
Tabla XXVII Grupos de IMC 68

Tabla 
XXVIII

Variable índice de masa corporal en casos y controles 100

Tabla XXIX
Variable hábito tabáquico en casos y controles

102
Tabla XXX Variable hábito ingesta alcohólica en casos y controles 104

Tabla XXXI
Localización tumores colorrectales en casos tesis y 
comparación serie A.Loktionov 2001 105

Tabla XXXII Tipos histológicos población tumores colorrectales 107
132

Tabla 
XXXIII

Estadios tumorales población tumores colorrectales 108
133

Tabla 
XXXIV

Comparación de frecuencias en los genotipos de GSTM1
en la serie de casos y controles estudiada y otros estudios 
descritos en la bibliografía

109

Tabla XXXV Genotipos en GSTM1 en casos y controles 110

Tabla 
XXXVI

Comparación de frecuencias en los genotipos de GSTT1 
en la serie de casos y controles estudiada y otros estudios 
descritos en la bibliografía

111

Tabla 
XXXVII

Genotipos en GSTT1 en casos y controles 112

Tabla 
XXXVIII

Comparación frecuencias genotipos de CYP1A1 Msp I en  
serie de casos y controles estudiada y otros estudios 
descritos en la bibliografía

113
143

Tabla 
XXXIX

Genotipos en CYP1A1*2  Msp I en casos y controles 114

Tabla XL

Comparación  frecuencias en los genotipos de CYP1A1 
ASO serie de casos y controles estudiada y otros estudios 
descritos en la bibliografía

115
144



180

Tabla XLI Genotipos en CYP1A1*ASO en casos y controles 116

Tabla XLII
Comparación frecuencias genotipo MTHFR serie 
casos y controles estudiada y otros estudios 
descritos bibliografía

117

Tabla XLIII Genotipos MTHFR en casos y controles 118

Tabla XLIV
Análisis valores P asociación polimorfismos de 
riesgo

120

Tabla XLV Análisis significado estadístico de diversas 
combinaciones entre polimorfismos de riesgo y 
variable riesgo epidemiológico

121

Tabla XLVI Análisis significado estadístico de localización 
tumoral en genotipos de riesgo

122

Tabla XLVII Análisis significado estadístico de localización 
tumoral en función del genero 

122

Tabla XLVIII Análisis del riesgo por grupos de edad de genotipos 
de riesgo

123

Tabla XLIX Análisis del riesgo por grupos de edad de 
asociaciones entre polimorfismos de riesgo

125

Tabla L Comparación de la muestra de controles con 
resultados encuesta CV 2000-2001

128

Tabla LI Relación de estudios sobre MTHFR ( C677T ) y 
CCR MM Jong 2002

146

Tabla LII Relación de estudios sobre MTHFR ( C677T ) y 
CCR Sharp 2004

147

Tabla LIII Combinación de polimorfismos en diferentes genes 160



181

8.-BIBLIOGRAFIA

Abdel-Rahman S.Z., Soliman A.S., Bondy M.L. et al. Inheritance of the 194Trp 
and the 399Gln variant alleles of the DNA repair gene XRCC1 are associated with 
increased risk of early-onset colorectal carcinoma in Egypt.Cancer Lett,159:79-
86,2000.

Abdel-Rahman S.Z., Soliman A.S., Bondy M.L. et al.Polymorphism of glutathione S-
transferase loci GSTM1 and GSTT1 and susceptibility to colorectal cancer in 
Egypt.Cancer Lett,142:97-104,1999.

Adler V.,Yin Z.,Fuchs S.Y. et al. Regulation of JNK signaling by GSTp.
EMBO J;18:1321-1334,1999.

Agundez J.A.G.,Lozano L.,Ladero J.M. et al. N-acetyltransferase 2 (NAT-2) 
genotype and colorectal carcinoma:risk variability according to tumour 
site?.Scand.J.Gastroenterol.35:1087-1091,2000.

Allen JA,Coombs MM.Covalent binding of polycyclic aromatic compounds to 
mitochondrial and nuclear DNA. Nature 287,244-245,1980.

Altes A.,Gimferrer E.,Capella G.  Et al.Colorectal cancer and HFE gene 
mutations.Haematologica 84:479-480,1999.

Ambrosone CB,Freudenheim JL,Graham S.Cytochrome P4501A1 and glutathione 
S-transferase (M1) genetic polymorphisms and postmenopauseal breast cancer 
risk.Cancer res.;55:3483-5, 1995.

Ames BC, Gold LS,and Willet WC. The causes and prevention of cancer. Proc Nat 
Acad Sci USA ,92,5258-5265,1995.

Antonarakis SE et al.Recomendations for a nomenclature system for human gene 
mutations.Hum Mutat,11,1-3,1998.

Anttila,S.,Luostarinen,L.,et al.Pulmonary expresión of glutathiones 
S-transferase M3 in lung cancer patients. Association with GSTM1 
polymorphism,smoking and asbestos exposure.Cancer Res. , 55,3305-3309,1995.

Aranceta J,Pérez C,Saenz de Buruaga J y colab.Encuesta 
Nutricional.Victoria.Departamento de Sanidad y Consumo.Dirección de Salud 
Pública.Documentos Técnicos de Salud Pública.Gobierno Vasco.Serie A nº 9,1990.

Arand M. A multiplex polymerase chain reation protocol for the simultaneous 
analysis of the glutathiones S transferase GSTM1 y GSTT1 polymorphism
Anal Biochem 236:184-186,1996.  

Ahuja N,Li Q,Al Mohan et al.Aging and DNA methylation in colorectal mucosa and 
cancer.Cancer Res. , 58,23,5489-5494,1998



182

Backer JM,Weinstein IB. Mitochondrial DNA is a major cellular target for a  
dihydrodiol-epoxide deerivate of benzo(a)pyrene.Science 209,297-299,1980.

Baez, S., Segura-Aguilar ,J., et al.Glutathiones transferase catalyse the 
detoxification of oxidized metabolites ( o-quinines) of catecholamines and may 
serve as an antioxidant system preventing degenerative cellular damage.Biochem. 
J., 324,25-28,1997.

Bagley PJ,Selhub J.A common mutation in the methylenetetrahydrofolate reductase 
gene is associated with accumulation of formylated tetrahydrofolates in red blood 
cells.Proc Nat Acad Sci USA ,95,13217-13220,1998.

Baker SJ,Fearon ER,Hamilton Sr et al.Prevalence of ras gene mutations in human 
colorectal cancers. Nature 327,293-297,1989

Balta G,Yuksek N,Ozyurek et al.Characterization of 
MTHFR,GSTM1,GSTT1,GSTP1 and CYP1A1 genotypes in childhood acute 
leukaemia.Am J Hematol 73(3),154-60,2003.

Bamber DE, Fryer AA, Strange RC et al. Phenol sulphotransferase SULT1A1*1 
genotype is associated with reduced risk of colorrectal cancer. Pharmocogenetics 
11,8,679-685,2001.

Bardelli A, Parsons DW, Silliman N et al. Mutational Analysis of the Tyrosine 
Kinome in Colorectal Cancers. Science 300,949,2003.

Bartsch H,Hietanen E. The role of individual susceptibility in cancer burden related 
to environmental expsure.Environ Health Perspect ;104 Suppl 3:569-77,1996.

Bartsch H,Nair U,Risch A. et al.Genmetic Polymorphism of CYP genes, alone or in 
combination as a risk modifier of tobacco-relate cancer. Cancer Epidemiol 
Biomarkers Prev 9,3-28,2000.

Beckman LE,Van Landeghem GF,Sikstrom C. et al.Interaction between 
haemochromatosis and transferring receptor genes in different neoplastic 
disorders.Carcinogenesis 20,1231-1233,1999.

Bell DA,Taylor JA , Paulson DF et al.JNCI 85,1159-1164,1993.

Berhane,K.,Widersten,M., et al.Detoxification of base propenals and other 
alpha,beta-unsaturated aldehyde products of radical reactions and lipid peroxidation 
by human human glutathione transferases. Proc Natl Acad Sci USA,91,1480-
1484,1994.

Bertilsson L, Dengler HJ, Eichelñbaum M,Schulz HU. Pharmacogenetic covariation 
of defective N-oxidation of sparteine and 4-hydroxylation od debrisoquine. Eur J 
Clin Pharmacol 17,153-155,1980.



183

Blount B.C.,Mack m.M.,Wehr C.M. et al.Folate deficiency causes uracil 
misincorporation into human DNA and chromosome breakage:implications for 
cancer and neuronal damage.Proc Natl Acad Sci USA ,94:3290-3295,1997.

Bosron WF and Li TK.Genetic polymorphism of human liver alcohol and aldehyde 
dehydrogenase and their relationship to alcohol metabolism and 
alcoholism.Hepatology 6,502-510,1986.

Bostick RM,Fosdick L,Wood JR et al.Calcium and colorectal epithelial cell 
proliferation in sporadic adenoma patients: a randomised double-blinded,placebo-
controlled clinical trial..JNCI 87,1307-1315,1995.

Boushey CJ,Beresford SA,Omen Gs et al.A quantitative assessment of plasma 
homcysteine as a risk factor for vascular disease. Probable benefits of increasing 
folic acid intakes.J Am Med Assoc ,274:1049-57,1995.

Branda RF, Mc Cormark JJ,Perlmutter.Effects of folate deficiency on the metastatic 
potential of murine melanoma cells. Cancer Res 48,4529-4534,1988.

Brockmoller j.Glutathiones S-trasnsferase M1 and its variants A y B as host factors 
of bladder cancer susceptibility :a case control study.Cancer Res 54,4103-
4111,1994.

Brockmöller J.Combined Analysis of Inhereted Polymorphisms in arylamine N-
acetyltransferase 2,glutationes S-transferases M1 and T1,microsomal epoxide 
hydrolase and cytochrome 450 enzymes as modulators of bladder cancer risk.
Cancer Res 56,3915-3925,Sept 1,1996.

Butterworth et al.Oral folic acid supplementation for cervical dysplasia: a clinical 
intervention trial. Am J Obstet Gynecol 166,803-809,1992

Caporaso, N., Landi, M.T. & Vineis,P., et al.Relevance of metabolic 
polymorphisms to human carcinogenesis: evaluation of epidemiological 
evidence.Pharmacogenetics, 1, 4-19,1991.

Cascorbi,I.,Brockmöller J.&Roots,I.A. C4887A polymorphism in exon 7 of human 
CYP1A1,population frecuency, mutation linkages and impact on lung cancer 
susceptibility.Cancer Res.,56,4965-4969,1996.

Casimiro C.Etiopathogenic factors in colorectal cancer.Nutritional and life-style 
aspects.Nutr Hosp 17(3),128-38,2002

Casillas MA Jr, Lopatina N, Andrews LG, Tollefsbol TO.Transcriptional control of 
the DNA methyltransferases is altered in aging and neoplastically-transformed 
human fibroblasts. Mol Cell BiochemOct;252(1-2):33-43,2003.



184

Cohen HJ.Biology of aging as related to cancer.Cancer ;71(7 Suppl):2092-
100,1994.

Coles BF, Chen G,Kadlubar FF et al. Interindividual variation and organ-specific 
patterns of glutahione S-trasnferase alpha,mu and pi expression in gastrointestinal 
tract mucosa of normal individuals. Arch Biochem Biophys 403,270-6,2002.

Conselleria de Sanidad.Encuesta de Salud de la Comunidad Valenciana 2000-
2001.Generalitat Valenciana 2002

Cooke MS,Evans MD, Dizdaroglu M et al.Oxidative DNA damage: 
mechanisms,mutation and disease. FASEB J., 17,1195-1214,2003

Coombes B,Stakelum GS. A liver enzyme that conjugates sulfobromophtalein with 
glutathione. J Clin Invest 40,981-988,1961.

Cotton SC.,Sharp L.,and Brockton.Glutathione S-transferase polymorphisms and 
colorectal cancer: A HuGe review.Am J Epidemiol,151,7-32,2000.

Cravo M,Fidalgo P,Pereira AD et al.DNA methylation as an intermediate biomarker 
in colorectal cancer:modulation by folic acid supplementation. European Journal 
of Cancer Prevention 3,473-479,1994.

Crofts, F., Cosma, G.N., Currie, D., et al.A novel CYP1A1 gene polymorphism in 
African-Americans.Carcinogenesis, 14, 1729-1731,1993.

Crotty B.Ulcerative colitis and xenobiotic metabolism.Lancet,343,35-38,1994.

Czeizel AE,Dudas I.Prevention of the first occurrence of neural-tube defects by 
periconceptional vitamin supplementation.N Engl J Med,327:1832-5,1992.

Chadenau C,Hay K,Hirte HW et al.Telomerase activity associated with acquisition 
of malignancy in human colorectal cancer. Cancer Res 55,2533-2536,1995.

Chen ,H.,Sandler,DP., et al.Increased risk for myelodysplastic syndromes in 
individuals with glutathione S-trasnferase theta 1 (GSTT1) gene 
defect.Lancet,347,295-297,1996.

Chen H, Li S, Liu J, Diwan BA, Barrett JC, Waalkes MP. Chronic inorganic arsenic 
exposure induces hepatic global and individual gene hypomethylation: implications 
for arsenic hepatocarcinogenesis. Carcinogenesis. Sep;25(9):1779-8,2004.

Chen J.Methylenetetrahydrofolate reductase polymorphism and the risk of 
colorectal cancer .Cancer Res 56:4862-4,1996

Chevenix-Trench,G.,Young,J., et al.Glutathione S-Transferase M1 and T1 
polymorphisms :susceptibility to colon cancer and age of 
onset.Carcinogenesis,16,1655-1657,1995.



185

Choi S-W,Friso S,Dolnikowski G. et al. Biochemical and molecular aberrations in 
the rat colon due to folate depletion are age specific.J Nutr 133,1206-1212,2003.

Choi S-W and Mason JB. Folate and carcinogenesis: An integrated scheme. J Nutr 
130,129-132,2000.

Choi Sw,Lathrop Stern L,Dzialo et al.A common polymorphism in the 
methylenetetrahydrofolate reductase (MTHFR) gene decreases genomic DNA 
methylation, but does not reduce DNA strand breaks , p53 methylation or uracil 
misincorporation: Implication for colorectal carcinogenesis.Gastroenterology 
116,A303,1999

Davidson N.O..Apolipoprotein E polymorphism:another player in the genetics of 
colon cancer susceptibility?. Gastroenterology 110:2006-2009 ,1996

Deakin,M., Elder ,J. et al. Glutathione S-transferase GSTT1 genotypes and 
susceptibility to cancer:studies of interactions in lung,oral,gastric and colorectal 
cancers.Carcinogenesis,17,881-884,1996.

Dejong,J.L.,Mohandas,T.&Tu,C.-P.The human Hb(Mu)class glutathione S-
transferases are encoded by dispersed gene family .Biochem Biophys Res 
Commun ,180,15-22,1991.

Delgado-Enciso I,Martinez-Garza SG,Rojas Martinez A.677T mutation of the 
MTHFR gene in adenomas and colorectal cancer in a population sample from 
northheastern México.Rev Gastroenterol Mex,66:32-7,2001.

DePinho RA.The age of cancer.Nature 408,248-254,2000.

D’Errico A,Malats N,Vineis P et al.Metabolic Polymorphisms and susceptibility to 
cancer.Cap 23.IARC Scientific Publications Nº 148.IARC Lyon 1999.

Doll R and Peto R.The causes of cancer:Quantitative estimates of avoidable riks of 
cancer in the United States today. JNCI 66,6,1192-1308,1991.

Drakoulis N. Polymorphisms in the human CYP1A1 gene as susceptibility factors 
for lung cancer:exon 7 mutation (4889 A to G) an a T to C mutation in the 3’ flanking 
region.Clin Invest 72:240-248,1994.

Duncan,H., Swan,C., et al.Susceptibility to ulcerative colitis and Chron’s 
disease.Interactions between glutathione S-transferase GSTM1 and GSTT1 
genotypes.Clin Chim Acta ,240,53-61,1995.

Duthie SJ.Folic acid deficiency and cancer:mechanisms and DNA instability.British 
Medical Bulletin 55(3),578-592,1999.

Elexpuru-Camiruaga,J.,Buxton,N., et al..Susceptibility to astrocytoma and 
meningioma:influence of allelism at glutathione S-transferase ,GSTT1 and GSTM1 
and cytocrhome P450,CYPD26 loci.Cancer res ,55,4237-4239,1995.



186

Esteller,M.,Garcia,A.,Martinez Palones,J.M.,Xercavins,J.&Reventos,J..Susceptibility 
to endometrial cancer:influence of allelism at p53,glutathione S-transferase 
(GSTM1 and GSTT1) and cytocrhome P-450(CYP1A1) 
loci.Br.J.Cancer,75(9),1385-1888,1997.

Esteller M.,Garcia A.,Martinez Palones J.M. et al.Germ line polymorphisms in 
cytochrome P4501A1 (C4887 CYP1A1) and methylenetetrahydrofolate reductase 
(MTHFR) genes and endometrial cancer susceptibility.Carcinogenesis,18:2307-
2311, 1997.  

Fang JL and Vaca CE.Development of a 32P-postlabelling method for the analysis 
of adducts arising through the reaction of acetaldehyde with 2’ deoxyguanosine-3’-
monophosphate and DNA.Carcinogenesis 16:2177-2185,1995.

Fearon ER,Cho KR, Nigro JM et al.Identification of a chromosome 18q gene that is 
altered in colorectal cancers.Science 247,49-56,1990.

Feinberg AP,Gehrke CW, Kuo KC et al.Reduced genomic 5-methylcytosine content 
in human colonic neoplasia.Cancer Res 48,1159-1161,1988.

FESEO. Tercer Libro Blanco de la Oncología en España. 2002.

Finkel AM.A quantitative estimate of the variations in human susceptibility to 
cancer and its implications for risk management In :Low-dose extrapolation of 
cancer risks:issues and perspectives .Washigton,DC International Life Sciences 
Institute ,:297-328,1995.

Ford EB. “Polymorphism”. Biol Rev 20,73-88,1945.

Frisch M,Glimelius B, Van der Brule AJ et al.Sexually transmitted infection as a 
cause of anal cancer. N Engl J Med, 6,337,19,1350-8,1997.

Frosst P.,Blom H J.,Milos R. et al. A candidate genetic risk factor for vascular 
desease: a common mutation in methylenetetrahydrofolate reductase. Nat 
Genet,10:111-113,1995.

Fryer AA and Jones PW. In Metabolic Polymorphisms and suceptibility to cancer 
.IARC Scientific Publications Nº 148,303-322,1999.

Garte S.,Gaspari L., Alexandrie AK. Et al.Metabolic gene plymorphism 
frecuencies in control populations.Cancer Epidemiol Biomarkers Prev 
10(12),1239-1248,2001.

Gawronska-Szklarz B.,Lubinski J.,Kladny J. et al.Polymorphism of GSTM1 gene in 
patients with colorectal cancer and colonic polyps. Exp.Toxicol.Pathol 51,321-
325,1999.



187

Giovannucci E. An updated review of the epidemiological evidence that cigarette 
smoking increases risk of colorectal cancer. Cancer Epidemiol Biomark Prev 
10:725-731,2001.

Giovannucci E.,Rimn E.B.,Ascherio A. et al. Alcohol,low-methionine-low folate diets, 
and risk of colon cancer in men. JNCI, 87:265-273,1995.

Giovannucci E,Stampfer MJ, Colditz GA et al.Folate,methionine and alcohol intake 
and risk of colorectum adenoma. JNCI,85,875-84,1993.

Givens RC and Watkins PB. Pharmacogenetics and Clinical 
Gastroenterology.Gastroenterology 125,240-248,2003.

Glei M,Latunde-Dada GO,Klinder A et al.Iron-overload induces oxidative DNA 
damage in the human colon carcinoma cell line HT29 clone 19A.Mutat Res 
26,519,151-161,2002. 

Gonzalez FJ,Idle JR.Pharmacogenetic phenotyping and genotyping .Present status 
and future potential .Clin Pharmacokinet ;26:59-70,1994.

Gonzalez FJ,Nebert DW.Evolution of the P450 gene superfamily:animal-plant 
warfare, molecular drive and human genetic differences in drug oxidation.Trends 
Genet 6,182-186,1990.

Grafstrom RC,Pegg AE,Trump BF et al. 06-alkylguanine –DNA alkyltransferase 
activity in normal human tissue and cells. Cancer Res ;44:2285-7,1984.

Gregory JF.Bioavailability of folate.Eur J Clin Nutr 52,S54-S59,1997.

Grosse-Brun S.,Sauvaigo S.,Daver A. et al.Association between H-ras minisatellite 
and colorectal cancer risk. Anticancer Res 18:2611-2616,1998.

Guengerich, F.P. & Shimada, T.Oxidation of toxic and carcinogenic chemicals by 
human cythochrome P-450 enzymes. Chem. Res. Toxicol. 4,391-407,1991.  

Guo J.Y.,Wan D.S.,Zeng R.P. et al. The polymorphism of GSTM1,mutagen 
sensitivity in colon cancer and healthy control. Mutat.Res. 372:17-22,1996.

Guo W,Zheng W, Li JY et al. Correlations of colon cancer mortality with dietary 
factors , serum markers and schistosomiasis in China. Nutr Cancer ,20,1,13-
20,1993.

Hague A,Elder DJE,Hicks DJ et al Apoptosis in colorectal tumor cells:induction by 
the short chain fatty acids butyrate,propionate and acetate and by the bile acid 
deoxycholate. Int J Cancer , 60,400-406,1995.



188

Hall,A.G,Autzen,P., et al..Expression of mu class glutathione S-transferase 
correlates with event-free survival in childhood acute lymphoblastic leukaemia. 
Cancer Res. ,54,5251-5254,1994.

Hall EJ .Etilogia del Cancer:Factores Físicos .Cancer .Principios y práctica de 
oncología.Vol 1,5ªEd.DeVita VT, Hellman S, Rosenberg SA.Aran 2000.

Hand,P.A.,Inskip,A., et al..Allelism at the glutathione S-transferase GSTM3 
locus:interactions with GSTM1 and GSTT1 as risk factors for 
astrocytoma.Carcinogenesis ,17,1919-1922,1996.

Harries,L.W.,Stubbins,M.J., et al. Identification of genetic polymorphism at the 
GSTP1 locus and association with susceptibility to bladder,testicular and prostate 
cancer.Carcinogenesis,18,641-644,1997.

Harris CC.Chemical and physical carcinogenesis:advances and perspectives for the 
1990s Cancer res (18 suppl);51:5023S-44S,1991.

Harrison D.J.,Hubbard A.L.,MacMillan J. et al. Microsomal epoxide hidrolase gene 
polymophism and susceptibility to colon cancer.Br.J.Cancer 79:168-171,1999.

Harth V.,Donat S.,Ko Y. et al.NAD(P)H quinone oxidoreductase 1 codon 609 
polymorphism and its association to colorectal cancer.Arch.Toxicol., 73:528-
531,2000.

Hastie ND et al.Telomere reduction in human colorectal carcinoma with ageing. 
Nature 346,866-868,1990. 

Hayashi, S.-I., Watanabe, J., Nakachi, K. et al.Genetic linkage of lung cancer-
associated Msp I polymorphism with amino acid replacement in the haeme binding 
region of the cytochrome P450 IA1 gene. J. Biochem., 110, 407-411,1991.

Hayes JD,Strange RC. Glutathione S-transferase polymorphisms and their 
biological consequences .Pharmacology ,61,154-166,2000.

Hayes,J.D.&Pulford,D.J..The glutathione S-transferase supergene family :regulation 
of GST and the contribution of the isoenzymes to cancer chemoprotection and drug 
resistance.Crit.Rev.Biochem.Mol.Biol.,30,445-600,1995.

Hayes,J.D.&Strange,R.C.Potential contribution of the glutathione S-transferase 
supergene family to resistance to oxidative stress.Free Radical 
Res.Commun.,22,193-207,1995.

Heagerty,A.H.M.,Fitzgerald,D. et al .Glutathione S-transferase GSTM1 phenotypes 
and protection against cutaneous malignancy.Lancet,343,266-268,1994.

Heagerty,A.., Smith,A., et al.Susceptibility to multiple cutaneous basal cell 
carcinomas:significant interactions between glutathione S-transferase GSTM1 
genotypes,skin type and male gender.Br.J.Cancer,73,44-48.,1996.



189

Hetch S.S.DNA adduct formation from tobacco-speciffic N-nitrosamines.
Mutat Res,424:127-142,1999.

Hill MJ, Morson BC, Bussey HJ.Aetiology of adenoma-carcinoma sequence in 
large bowel. Lancet ,1,245-7,1978.

Hooijberg JH, Jansen G, Assaraf YG et al. Folate concentration dependent 
transport activity of the Multidrug Resistance Protein 1 (ABCC1).Biochem 
Pharmacol. Apr 15;67(8):1541-8,2004.

Houlston RS.CYP1A1 polymorphisms and lung cancer risk : a 
metaanalysis.Pharmacogenetics10,105-114,2000.

Houlston R.S., and Tomlinson I.P.Polymorphisms and colorectal tumor risk. 
Gastroenterology,121:282-301,2001.

Howells RE,Redman CW,Dhar KK et al. Association of glutathione S-transferase 
GSTM1 and GSTT1 null genotypes with clinical outcome in epitehelial ovarian 
cancer. Clin Cancer Res ,4,2439-2445,1998.

Huang RF, Hsu YC, Lin HL et al. Folate depletion and elevated plasma 
homocysteine promote oxidative stress in rat liver.J Nutr 13(1),33-8,2001.

Hubatsch I.,Riddesrström M.,Mannervik B.Human glutathione transferase A4-4: An 
alpha class enzyme with high catalytic efficiency in the conjugation of 4-
hydroxynonenal and other genotoxic products of lipid peroxidation.Biochem J. 
;330:175-179,1998.

Ingles S.A. Wang J.,Coetzee G.A. et al. Vitamin D receptor polymorphism and 
risk of colorectal adenomas. Cancer Causes Control 12:607-614,2001.

Inoue H.,Kiyohara C.,Marugame T. Et al. Cigarrette smoking CYP1A1 MspI and 
GSTM1 genotypes and colorectal adenomas. Cancer Res.,60:3749-3752,2000.

Inskip,A.,Elexperu-Cariuaga,J., et al. Identifications of polymorphism at the 
glutathione S-transferase GSTM3:evidence for linkage with GSTM1*A. Biochem J 
,312,713-716,1995.

Ishibe N.,Stampfer M.,Hunter D.J. et al. A prospective study of cytochrome 
P4501A1 polymorphims and colorectal cancer risk in men.Cancer 
Epidemiol.Biomark.Prev.,9:855-856,2000.

Issa JPJ, Ottaviano YL,Celano P. Et al. Methylation of the oestrogen receptor CpG 
island links ageing and neoplasia in human colon. Nature Genetics 
7,536540,1994.

Jackson AL,Chen Ru,Loeb LA.Induction of microsatellite instability by oxidative 
DNA damage. ProcNatl Acad Sci, vol 95,12468-12473,1998.



190

Jacob RA,Gretz DM,Taylor PC et al.Moderate folate depletioin increases plasma 
homocysteine and decreases lymphocyte DNA methylation in postmenopausal 
women. J Nutr 128,1204-12,1998.

Jaffe LF.Epigenetics theories of cancer initiation.Ad Cancer Res 90,209-230,2003.

Jahnke,V.,Matthias,C., et al.Glutathione S-transferase and cytocrhome P-450 
polymorphism as risk factors for squamous cell carcinoma of the 
larynx.Am.J.Surg,172,671-673,1996.

Jakobsson P.J.,Mancini J.A.,Riendeau D. et al. Identification and characterization of 
a novel microsomal enzyme with glutathione-dependent transferase and peroxidase 
activities. J.Biol Chem ;272:22934-22939,1997.

Jakobsson P.J.,Thoren S,Morgenstern R. et al.Identification of human 
prostaglandin E synthase :A microsomal ,glutathione-dependent ,inducible 
enzyme,constituting a potential novel drug target.Proc Natl Acad Sci 
USA.;96:7220-7225,1999.

Jang W.H.,Yang Y.I.,Yea S.S. et al.The –238 tumor necrosis factor a promoter 
polymorphism is associated with decreased susceptibility to cancers.Cancer Lett., 
166:41-46,2001.

Jatzko G,Kleinert R,Denk H. Intestinal Schistosomiasis, a facultative precancerous 
condition?Review of the literature with reference to Schistosoma Japonicum 
associated rectum carcinoma. Chirurg 68,7,727-731,1997.(Alemán)

Jong M.M.,Nollte I.M.,Meerman G.J. et al. Low-Penetrance genes and their 
involvement in colorectal cancer susceptibility. Cancer 
Epidemiology,Biomarkers&Prevention, 11,1332-1352,Nov,2002.

Kaneda A, Tsukamoto T, Takamura-EnyaT.Frequent hypomethylation in multiple 
promoter CpG islands is associated with global hypomethylation, but not with 
frequent promoter hypermethylation. Cancer Sci. 95(1):58-64.2004

Kato,S.,Bowmann,E.D..Harrington,A.M. et al.Human lung carcinogen-DNA adduct 
levels mediated by genetics polymorphisms in vivo. JNCI.,87,902-907,1995.

Katoh T,Bell DA. Glutathiones S-transferase M1 and T1 genetic polymorphism and 
susceptibility to gastric and colorectal adenocarcinoma.Proc Am Assoc Cancer 
Res 37,257-258,1996.

Kauwell GPA,Lippert BL,Wilsky ChE et al.Folate status of elderly women following 
moderate folate depletion responds only to a higher folate intake.J Nutr 130,1584-
1590,2000.

Kawajiri K.,Nakachi K.,Imai K.,et al.The CYP1A1 gene and cancer 
susceptibility.Crit.Rev.Oncol.Hematol.,14,77-87,1993.



191

Kawajiri, K., Eguchi, H., Nakachi, K. et al.Association of CYP1A1 germ line 
polymorphisms with mutations of the p53 gene in lung cancer. Cancer Res., 56, 72-
76,1996.

Kawakami K,Ruszkiewicz A,Bennet G et al.The folate pool in colorectal cancer is 
associated with DNA hypermethylation and with polymorphism in 
methylentetrahydrofoalte reductase. Clinical Cancer Research 9,5860-5865,2003.

Keku T,Millikan R,Worley K. The 5,10-methylenetetrahydrofolate reductase codon 
677 and 1298 polymorphisms and colon cancer in African Americans and whites. 
Cancer Epidemiol Biomarkers Prev;11:1161-21,2002.

Kelner J.,Bagnell R.D.,Montoya M.A. et al.Structural organization of the 
micorosomal glutathione S-transferase gene (MGST1) on the chromosome 
12p13.1-13.2.Identification of the correct promoter region and demostration of 
transcriptional regulation in response to oxidative stress. J Biol Chem. 
;275:13000-13006,2000.

Kellermann G,Luyten-Kellermann, Shaw M.Genetic variation of aryl 
hydrocarbonhydroxylase in human lymphocytes.Am J.Hum.Genet 25,327-
331,1973. 

Kervinen K.Sodervik H.,Makela J. et al.Is the development of adenoma and 
carcinoma in proximal colon related to apolipoprotein E 
phenotype?.Gastroenterology ,110:1785-1790,1996.

Khoury MJ.From genes to public health:the applications of genetics technology in 
desease prevention .Genetics Working Group. AmJ Public Health ;86:1717-
22,1996.

Kim YI.Folate and carcinogenesis : evidence ,mechanism and implications. J.Nutr 
Biochem 10,66-88,1999.

Kim YI,Pogribny IP,Basnakian AG et al.Folate deficiency in rats induces DNA 
strand breaks and hypomethylation within the p53 tumor suppresor gene. Am J 
Clin Nutr 65,46-52, 1997.

Kim YI,Pogribny IP,Salomon RN et al .Exon-specific DNA hypomethylation of the 
p53 gene of rat colon induced by dimethylhydrazine.Modulation by dietary folate.
Am J Pathol,149,1129-1137, 1996

Kim.Methylentetrahidrofolate reductase polymorphisms,folate and cancer risk:a 
paradigm of gene-nutrient interactions in carcinogenesis. Nutr Rev 58,205-
209,2000. 



192

Kim H.S.,Newcomb P.A.,Ulrich C.M. et al. Vitamin D receptor polymorphism and 
the risk of colorectal adenomas :evidence of interaction with dietary vitamin D and 
calcium. Cancer Epidemiol.Biomark.Prev. 10:869-874,2001.

Kim J.,Park YJ.,Kim KH. Et al.hOGG1 Ser 326Cys modifies the significance of the 
environmental risk factors on cancer.Worl J Gastroenterol 9(5),956-960,2003.

Kim YI.Folate and DNA methylation: a mechanistic link between folate deficiency 
and colorectal cancer?. Cancer Epidemiol Biomarkers Prev. 13(4):511-9,2004.

Kinzler KW,Nilbert MC, Volgestein B et al.Identification of a gene located at 
chromosome 5q21that is mutated in colorectal cancers. Science 251,1366-
1370,1991

Kiss I,Sandor J,Pajkos et al.Colorectal cancer risk in relation to genetic 
polymorphism of cytochrome P4501A1,2E1 and glutathiones-S-transferase M1 
enzymes.Anticancer Res ,20,519-522,2000.

Kohonen-Corish M.,Young J.,Chevenix-Trench G. et al. Urokinase receptor 
genotypes in colorectal cancer. Carcinogenesis 19:1149-1151,1998

Kolonel LN and Le Marchan L.The epidemiology of colon cancer and dietary fat .In 
Progress in Clinical and Biological Research Vol 222:Dietary Fat and Cancer .Alan 
R Liss Inc NY , 69-91,1986.

Kondo S.,Toyokuni S.,Tanaka T. et al. Overexpression of the hOGG1 gene and 
high 8-hydroxy-2’-deoxyguanosine (8-OhdG)lyase activity in human colorectal 
carcinoma:regulation mechanism of the 8-OhdG level in DNA. Clin.Cancer 
Res.6:1394-1400,2000.

Kriek E.,Rojas M.,Alexandrov K. ,et al.Polyciclic aromatic hydrocarbon-DNA 
adducts in humans:relevance as biomarkers for exposure and cancer risk. Mutat 
Res.,400:215-231,1998.

Krontiris TG,Devlin B,Karp DD. An association between the risk of cancer an 
mutations in the Hras1 minisatellite locus. N.England J.Med:329:517-23,1993.

Lafuente M.J.,Casterad X.,Trias M. Et al. NAD(P)H:quinone oxidoreductase 
dependent risk for colorectal cancer and its association with the presence of K-ras 
mutations in tumors. Carcinogenesis 21:1813-1819,2000.

Lampe JW,Chu Chen, Li S et al.Modulation of human glutathione S-transferases by 
botanically defined vegetable diets. Cancer Epidemiol.Biomark Prev,9,787-
793,2000.

Landi M.T,Bertazzi P.A.,Shields P.G. et al. Association between CYP1A1 genotype, 
mRNA expression and enzymatic activity in humans.Pharmacogenetics 4:720-
725,1990.



193

Landi S,Gemignani F,Gioia-Patricola L et al.Evaluation of a microarray for 
genotyping polymorphisms related to xenobiotic metabolism and DNA repair. 
Biotechniques 35(4),816-20,822,824-7,2003.

Lang NP,Butler MA,Masengill J et al.Rapid metabolic phenotypes for 
acetyltransferase and cytochrome P4501A2 and putative exposure to food-borne 
heterocyclic amines increase the risk for colorectal cancer or polyps. Cancer 
Epidemiol.Biomark Prev,3,675-682,1994.

Lear JT,Heagerty AHM,Smith A et al.Multiple cutaneous basal cell 
carcinomas:glutathiones S-transferase(GSTM1,GSTT1) and cytochrome P450 
(CYP2D6,CYP1A1) polymorphisms influence tumor numbers and accrual. 
Carcinogenesis 17,1981-1896,1996.

Le Marchand L,Donlon T,Hankin JH.B-vitamin intake,metabolic genes, and 
colorectal cancer risk( United States ).Cancer Causes Control,13,239-48,2002.

Lee SH,De Jong J.Microsomal GST-I:Genomic organization,expression and 
alternative splicing of the human gene.Biochim Biophys Acta ,1446,389-
396,1999.

Lengauer C.,Kinzler K.W.,Volgestein B.DNA methylation and genetic instability in 
colorectal cancer cells.Proc Natl Acad Sci USA ,94:2545-2550,1997.

Levine A.J.Siegmund K.D.,Ervin C.M. et al. The methylenetetrahydrofolate 
reductase 677C-T polymorphism and distal colorectal adenoma risk.Cancer 
Epidemiol.Biomark.Prev. 9:657-663,2000.

Lin HJ,Probst-Hensch NM.,Louie AD et al.Glutathione transferase null 
genotype,broccoli, and lower prevalence of colorectal adenomas.Cancer 
Epidemiol. Biomark. Prev. 7,647-652,1998.

Listowsky I.,Abramovitz M.,Homma H. et al.Intracellular binding and transport of 
hormones and xenobiotics by glutahione S-transferase. Drug Metab Rev.;19:305-
318, 1988.

Liu L, Wylie RC, Andrews LG, Tollefsbol TO. Aging, cancer and nutrition: the DNA 
methylation connection. Mech Ageing Dev. Dec;124(10-12):989-98,2003.

Loktionov A.,Watson M.A.,Gunter M et al. Glutathiones-S-transferase gene 
polymorphisms in colorectal cancer patients:interaction between GSTM1 and 
GSTM3 allele variants as a risk-modulating factor. Carcinogenesis 22:1053-
1060,2001.

Lunn RM,Langlois RG, Hsieh LL et al. XRCC1 polymorphisms : effects on aflatoxin 
B1-DNA adducts and glycophorin A variant frecuency. Cancer Res ;59:2257-
61,1999.



194

Ma J. Methylenetetrahydrofolate reductase polymorphism ,dietary interactions and 
risk of colorectal cancer. Cancer Res, 57:1098-102,1997.

Macdonald G.A.,Tarish J.,Whitehall V.J. et al. No evidence of increased risk to 
colorectal cancer in individuals heterozygous for the Cys282Tyr haemochromatosis 
mutation.J.Gastroenterol.Hepatol.,14:1188-1191,1999.

Majumdar AP,Kodali U,Jaszewski R.Chemopreventive role of folic acid in colorectal 
cancer.Front Biosci 9,2825-32,2004.

Mannervik,B.& Widersten ,N.Human glutyathione S-transferase :classification 
,tissue distribution ,structure and functional properties.In : Advances in Man drug 
metabolism.Luxembourg,European Commission.1995.

Marchand LL.Combined influence of genetic and dietary factors on colorectal 
cancer incidence in Japanese Americans. JNCI.Monogr,26,101-105,1999.

Marin MS.Susceptibilidad genética individual y alteraciones moleculares en el 
cáncer de pulmón. Oncologia 3,3,2001

Martinez C.,Garcia-Martin E.,Ladero J.M. et al. Association of CYP2C9 to high 
enzyme activity and colorectal cancer risk. Carcinogenesis 22:1323-1326,2001.

Marsh S.,McKay J.A.,Cassidy J. et al. Polymorphism in the thymidylate synthase 
promoter enhacer region in colorectal cancer. Int J. Oncol,19:383-386,2001.

McLellan RA,Oscarson M,Alexandrie AK et al.Characterization of a human 
glutathiones-S-transferase mu cluster containing a duplicated GSTM1 gen that 
causes ultrarapid enzyme activity. Mol Pharma 52,958-965,1997.

Medrano J,Mataix FJ y Aranceta J.La Dieta Mediterránea y Alicante.Universidad de 
Alicante 1994.

Meerman G.J. and de Vries E.G.E.Relevance of high and low penetrance. Genes. 
Lancet,358:331,2001.

Melse-Boonstra A,Lievers KJ,Blom HJ et al. Bioavailability of polyglutamyls folica 
acid relative to that of monoglutamyls folic acid subjects with different genotypes of 
the glutamate carboxypeptidase II gene. Am J Clin Nutr 80(3),700-4,2004.

Meyer UA.Pharmacogenetics of the NAT 2:the slow,the rapid and the ultrarapid. 
Proc Natl Acad Sci USA ,91:1983-4,1994.

Miller.JW,Nadeau MR,Smith J,. Folate deficiency induced homocysteinemia in 
rats:disruption of S-adenosylmethionine coordinate regulation of homocysteine 
metabolism. Biochem J ,298,415-419,1994.



195

Mohrenweiser HW,Jones IM.Variation in DNA repair is a factor in cancer 
susceptibility :a paradigm for the promises and perils of individual and population 
risk estimation ?.Mutat Res ;400:15-24,1998.

Moisio A.L.,Sistonen P.,Mecklin et al. Genetic polymorphisms in carcinogen 
metabolism and their association to hereditary nonpolyposis colon 
cancer.Gastroenterology,115:1387-1394,1998.

Mooney LA,Bell DA,Santella et al. Contribution of genetic and nutritional factors to 
DNA damage in heavy smokers .Carcinogenesis :18:503-9,1997.

Motulsky A. Drug reactions, enzymes an biochemical genetics. JAMA 165,835-
837,1957. 

Murata M.,Tagawa M.,Watanabe S. et al.Genotype difference of aldehyde 
dehydrogenase 2 gene in alcohol drinkers influences the incidence of Japanese 
colorectal cancer patients. Jpn.J.Cancer Res. 90:711-719,1999 .Japonés.

Myrnes B,Giercksky KE,Krokan H.Interindividual variation in the activity of 06-
meethyl guanine DNA methyltransferase and uracil-DNA glycosylase in human 
organs . Carcinogenesis :4:1565-8,1983.

Nagothu KK,Jaszewski R,Moragoda L et al.Folic acid mediated attenuation of 
loss the heterozygosity of DCC tumor supresor gene in the colonic mucosa of 
patients with colorectal adenomas.Cancer Detect Prev,27,(4),297-304,2003.

Nakachi, K., Hayashi, S.-I., Kawajiri, K. et al.Association of cigarrette smoking and 
CYP1A1 polymorphisms with adenocarcinoma of the lung by grades of 
differentiation. Carcinogenesis, 16,2209-2213,1995.

Nakachi, K., Imai, K., Hayashi, S.-I. et al.Genetic susceptibility to squamous cell  
carcinoma of the lung in relation to cigarette smoking dose. Cancer Res., 51, 5177-
5180,1991.

Nakajima T,Elovaara E,Anttila S et al.Expresión and polymorphism of glutathiones 
S-transferase in human lungs:risk factors in smoked-realted lung cancer. 
Carcinogenesis 16,707-711,1995. 

Nakagawa Y,Akao Y,Morikawa H et al.Arsenic trioxide induced apoptosis through 
oxidative stress in cells of colon cancer lines. Life Sci 29,70,2253-69,2002.

Nebert DW,McKinnon RA,Puga A.Human drug-metabolizing enzyme 
polymorphisms:effects on risk toxicity and cancer. DNA cell Biol ,15:273-80,1996.

Nebert DW.Polymorphisms in drug-metabolizing enzymes:what is their clinical 
relevance and why do they exist?. Am J Hum Genet 7:435-440, 1997.

Nebert DW.Role of genetics and drug metabolism in human cancer risk: Mutat 
Res;247:267-81,1991.



196

Nemsadze GG,Mosidze BA,Rybin EP et al. The characteristics of bile acid 
excretion in patients with cancer of the large intestine. Vopr Onkol ,36,5,549-
52,1990. Ruso

Neugut AL,Jacobson JS,DeVivo I.Epidemiology of colorectal adenomatous 
polyps.Cancer Epidemiol Biomarkers Prevention 2,159-176,1993 

Neumann HP,et al.Germline mutations in nonsyndromic pheochromocytoma.
N Engl J.Med.346,1459-1466,2002.

Newmark HL,Wargovich MJ and Bruce WR.Colon cancer and dietary fat,phosphate 
and calcium: a hypothesis.J Natl Cancer Inst 72,1323-1325,1984.

Nimmrich I.,Friedl W.,Kruse R. et al.Loss of the PLA2G2A gene in sporadic 
colorectal tumor of a patient with a PLA2G2A germline mutation and absence of 
PLA2G2A germline alterations in patients with FAP.Hum Genet.,100:345-
349,1997.

Norppa,H.,Hirvonen,A.,et al.Role of GSTT1 And GSTM1 genotypes in determining 
individual sesintivity to sister chromatid exchange induction by diepoxybutane in 
cultured human lymphocytes.Carcinogenesis,16,1261-1264,1995.

Oba S.M.,Wang Y.J.Song J.P. et al. Genomic structure and loss of heterozygosity 
of EPHB2 in colorectal cancer. Cancer Lett 164:97-104,2001.

O´Connell JB, Maggard MA and Ko CY.Colon cancer survival rates with the New 
American Jont Committee on Cancer Sixth Edition Staging.J Natl Cancer Ins 
96,191420-1425,2004

Odin E, Wettergren Y, Nilsson S et al. Altered gene expression of folate enzymes in 
adjacent mucosa is associated with outcome of colorectal cancer patients.
Clin Cancer Res. 9(16 Pt 1):6012-9,2003.

Olivares Martinez AB,Bernal Cava MJ,Ros Berruezo G et al.Valoración de 
biodisponibilidad de folatos en la dieta. Alimentación Nutrición y Salud,vol 
11,2,40-60,2004.

Oliveira J,Leisteria Monocytogenes. EMBO J,22:6616-6173;Nov 17,2003

Palli D.Diet ,metabolic polymorphisms and DNA adducts :the EPIC-Italy cross-
sectional study.Int.J.Cancer: 87,444-451,2000.

Park D.J.,Stoehlmacher J.,Zhang W., et al.A xeroderma pigmentosum group D 
gene polymorphism predicts clinical outcome to platinum-based chemotherapy in 
patients with advanced colorectal cancer. Cancer Res. 61:8654-8658,2001.

Park K.S.,Mok J.W.Rho S.A. et al.Analysis of TNFB and TNFA NcoI RFLP in 
colorectal cancer. Mol Cell 8:246-249,1998.



197

Park K.S.,Mok J.W.and Kim J. C..The 677 C>T mutation in 5,10-
methylenetetrahydrofolate reductase and colorectal cancer risk. Gene Test 3 ,233-
236,1999.

Park Y.J.,Choi E.Y.,Choi J.Y. et al.Genetic changes of hOGG1 and the activity in of 
oh8Gua glycosylase in colon cancer .Eur J.Cancer,37:340-346,2001.

Pemble S.Human glutahione s-transferase (GSTT1):cDNA cloning and the 
characterization of a genetic polymorphism. Biochem J. 300,271-276,1994.

Pereira MA, Wang W, Kramer PM, Tao L.DNA hypomethylation induced by non-
genotoxic carcinogens in mouse and rat colon. Cancer Lett. 30;212(2):145-
51,2004.

Perera,F.P. Molecular epidemiology :insights into cancer susceptibility , risk 
assessment and prevention. JNCI.,88,496-509,1996.

Perera Fp,Jedrychowski W,Rauh V,Whyatt RM.Molecular epidemiologic research  
of the effects of environmental pollutants on the fetus. Environ Health Perspect 
;107(S3) 451-60,1999.

Perera FP.Molecular epidemiology :On the path to prevention.
JNCI ,92,8,602-612,2000.

Pesch B,Dusing R,Rabstein S et al. Polymorphic metabolic susceptibility genes and 
longevity:a study in octagenaria. Toxicol Lett 151,283-290,2004

Peters RK,Garabrant DH, Yu MC et al. A Case-Control study of occupational and 
dietary factors in colorectal cancer in young men by subsite. Cancer Res 49,5459-
5468,1989.

Phillips DH,Hewwer A,Scholefield JH et al.Smoking –related DNA adducts in anal 
epithelium. Mutat Res 13,560,167-172,2004.

Piyathilake C.J.,Macaluso M.,Johanning G.L. et al. Methylenetetrahydrofolate 
reductase (MTHFR) genes increases the risk of cervical intraepithelial neoplasia 
.Anticancer Res,20:1751-1757,2000.

Pogribny IP,Miller BJ,James SJ.Alterations in hepatic p53 gene methylation 
patterns during tumor progression with folate/methyl deficiency in the rat. Cancer 
lett ,115,31-38,1997.

Polyak K,Li Y,Zhu H et al.Somatic mutations of the mitochondrial genome in human 
colorectal tumors. Nature Genetics, 20,291-293,1998.

Polyak K,Xia Y,Zweier JL.A model por p53-induced apoptosis. Nature 389,300-
305,1997



198

Portier CJ,Bell DA. Genetic susceptibility:significance in risk assessment .Toxicol 
Lett ,102-103:185-9,1998.

Potter JD.Reconciling the epidemiology ,physiology and molecular biology of colon 
cancer. JAMA 268,1573-7,1992.

Potter JD.Colorectal cancer: Molecules and Populations. JNCI 91,11,916-932,1999.

Poulsen HE;lLoft S,Wassermann K.Cancer risk related to genetic polymorphims in 
carcinogen metabolism and DNA repair. Pharmacol Toxicol ;72,93-103,1993.

Probst-Hensch NM. Acetylation polymorphism and prevalence of colorectal 
adenomas. Cancer Res,55,2017-2020,1995.

Prochaska HJ,Santamaria AB and Talalay P.Rapid detection of inducers of 
enzymes that protect against carcinogens. Proc Natl Acad Sci USA 89,2394-
2398,1992.

Pufelete M,Emery PW and Sanders TAB. Folate, DNA methylation and colo-rectal 
cancer. Proceedings of the Nutrition Society, 62,437-445,2003.

Rampersaud GC,Kauwell GPA,Hutson AD. Et al.Genomic DNA methylation 
decreases in response to moderate folate depletion in elderly women. Am J Clin 
Nut 72(4),998-1003,2000. 

Rebbeck, T.R.Molecular epidemiology of the human glutathione S-transferase 
genotypes GSTM1 and GSTT1 in cancer susceptibility. Cancer Epidemiol 
Biomarkers Prev.,6,733-743,1997.

Rothman N.,Wacholer S.,Caporaso N.,et al.The use of common genetic 
polymorphism to enhance the epidemiologic study of environmental carcinogens.
Biochem Biophys Acta, 2:C1-C10,2001.

Sachse.Cytochrome P450D6 variants in a Caucasian population :alelle 
frecuencies and phenotypic consequences.Am J Hum genet 60:284-295,1997.

Sachse C,Smith G,Wilkie MJV.A pharmacogenetic study to investigate the role of 
dietary carcinogens in the etiology of colorectal cancer. Carcinogenesis,23,1839-
49,2002.

Salas J,Font I,Canals J y coalb.Consumo,hábitos alimentarios y estado nutricional 
de la población de Reus.Riesgo de malnutrición en micronutrientes. Med Clin 
Barc,88,405-410,1988.

Sampson JR,Dolwani S,Jones S et al.Autosomal recessive colorectal adenomatous 
polyposis due to inhereted mutations of MYH. Lancet,362,39-41,2003.



199

Sanyal S,Festa F, Sakano et al.Polymorphisms in DNA repair and metabolic genes 
in bladder cancer. Carcinogenesis 25(5),729-34,2004.

Sarhanis,P.,Redman,C.,Perrett,C., et al.Epithelial ovarian cancer:influence of 
polymorphism at the glutathione s-transferase GSTM1 y GSTT1 loci on p53 
expression. Br.J.Cancer,74,1757-1761,1996.

Schroeder,K.R.,Hallier,E.,Meyer,D.J. Glutathiones S-transferase (GST) theta 
polymorphism influences background SCE rate. Arch.Toxicol.,69,505-507,1995.

Seidegard J,Vorachek WR, Pero RW et al.Hereditary differences in the expression 
of the human glutathiones transferase active on trans-stilbene oxide are due to a 
gene deletion. Proc Natl Acad Sci USA,85,7293-7297,1988

Seko A.,Sumiya j.,Yonezawa S. et al.Biochemical differences between two types of 
N-acetylglucosamine:6 sulfotransferases in human colonic adenocarcinomas and 
the adjacent normal gluosa:specific expresión of a GlcNAc: 6 sulfotransferase in 
mucinous adenocarcinoma. Glycobiology Sep;10(9)919-29,2000

Shannon B,Gnanasampanthan S,Beilby J. A polymorphism in the 
methylenetetrahydrofolate reductase gene predisposes to colorectal cancers with 
microsatellite instability. Gut,50,520-4,2002.

Sharp L.,Little J.Polymorphisms in gene involved in folate metabolism and 
colorectal neoplasia: a HuGe review. Am J Epidemiol ,159:423-443,2004.

Sharp L.,Little J.,Brockton N. Genetic polymorphisms in folate metabolism ,dietary 
folate intake and colorectal cancer: a population-based case control study.
(Abstract). J Epidemiol Community Health ,55A27,2001.

Sharp L.,Little J.,Brockton N. Dietary intake of folate and related 
micronutrients,genetic polymorphisms in MTHFR and colorectal cancer:a 
population-based case-control study in Scotland (Abstract). J Nutr 
132(11S):3542S,2002.

Shen JC,Rideout W, Jones P.High frequency mutagenesis by a DNA 
methyltransferase. Cell, 71,1073-1080 1992

Sherratt P.J.,Pulford D.J.,Harrison D.J. et al. Evidence that human class Theta 
glutathione S-transferase T-1 can catalyse the activation of dicloromethane ,a liver 
and lung carcinogen in the mouse.Comparation of the tissue distribution of GSTT-1 
with that of classes Alpha,Mu an Pi GST in human. Biochem J.;326:837-846,1997.

Shi Y.,Lee JS.,and Galvin KM. Everything you have ever wanted to know about 
Ying Yang 1. Biochim Biophys Acta 1332,F49-F66,1997.



200

Sirotnak FM,Tohner B.Carrier mediated membrane transport of folates in 
mammalian cells. Annu Rev Nutr 19,91-122,1999.

Sivaraman, L., Leatham, M.P. Yee, J. et al.CYP1A1 genetic polymorphisms and in 
situ colorectal cancer. Cancer Res., 54,3692-3695,1994.

Skibola C.F.,Smith M.T.,Kane E. et al.Polymorphisms in the 
methylenetetrahydrofolate reductase gene are associated with susceptibility to 
acute leukaemia in adults. Proc Natl Acad Sci USA ,96:12810-12815,1999.

Skog K.Cooking procedures and foof mutagens:a literature review. Food Chem 
Toxicol;31:655-75,1993.

Slattery M.L.,Potter J.D.,Samowitz W. et al.Methylenetetrahydrofolate reductase 
,diet and risk of colon cancer. Cancer Epidemiol Biomarkers Prev ,8:513-518 
,1999.

Slattery M.L.,Potter J.D.,Samowitz W. et al.NAT2,GSTM1,cigarette smoking and 
risk of colon cancer. Cancer Epidemiol Biomarkers Prev ,7,1079-1084,1998.

Slattery M.L., Curtin K.,Anderson K. et al.Associations between cigarette smoking 
,lifestyle factors and microsatellite instability in colon tumors. JNCI 92(22),1831-
1836,2000.

Smith, G.,Stanley,L.A. et al.Metabolic polymorphisms and cancer susceptibility. 
Cancer Surv.,25,27-65,1995.

Smolarz B,Romanowicz-Makowska H and Kulig A.Plasminogen activator inhibitor 
(PAI-I) 1334G/A genetic polymporphism in colorectal cancer. Acta Biochimica 
Polonica 50,2489-495,2003

Solomon E,Borrow J, Goddard AD.Chromosome aberrations and cancer. Science 
254,1153-1160,1991

Stanulla M,Scharpe M,Brechlin AM et al. Polymorphisms within glutathiones S-
transferase genes (GSTM1,GSTT1,GSTP1) and risk of relapse in childhood B-cell 
precursor acute lymphoblastic leukaemia :a case-control study.
Blood ,95,1222-1228,2000.

Stern LL,Mason JB,Selhub JB et al.Genomic DNA hypomethylation ,a characteristic 
of most cancers ,is present in peripheral leucocytes of individuals who are 
homozygous for the C677T polymorphism in the methylenetetrahydrofolate 
reductase gene. Cancer Epidemiol Biomarker Prev. 9,849-853.2000

Stevenson JP et al. Phase I clinical and pharmacogenetic trial of irinotecan and 
raltitrexed administered every 21 days to patients with cancer. J.Clin Oncol  
,19,4081-4087,2001.



201

Stoehlmacher J.,Ghaderi V.,Iobal S., et al.A polymorphism of the XRCC1 gene 
predicts for response to platinum based treatment in advanced colorectal cancer
.Anticancer Res. 21:3075-3079,2001.

Strange RC,Spiteri MA,Ramachandran S, et al.Glutathione S-transferase family of 
enzymes. Mutat Res ,482,21-26,2001.

Strange RC.The glutathione S-transferase GSTM1 locus and cancer susceptibility 
.In :Tew K,Mannervik B,Mantle TJ,Pickett CB, Hayes JD, eds.Structure and function 
of glutahione transferases. Boca Raton,Florida:CRC Press,:160-171.,1993.

Strange RC abd Fryer AA.In Metabolic Polymorphisms and suceptibility to cancer 
.IARC Scientific Publications Nº 148,231-249,1999.

Strassburg CP,Vogel A,Kneip S et al.Polymorphism of the human UDP-
glucuronosyltransferase (UGT)1A7 gene in colorectal cancer. Gut ;50:851-
856,2002.

Strassburg CP,Oldhafer K,Manns MP et al.Differential expression of the UGT1A 
locus in human liver,biliary and gastric tissue:identification of UGT1A7 and 
UGT1A10 transcripts in extrahepatic tissue. Molecular Pharmacology,53,212-
220,1997.

Sugimura H,Weston A,Caporaso NE et al. Biochemical and molecular epidemiology 
of cancer. Biomed Environ Sci ;4:73-92,1991.

Sugimura T.,Nagao M. And Wakavayashi K.Heterocyclic amines in cooked 
foods:candidates for causation of common cancers.JNCI 86,:2-4,1994.

Sugimura T.Overview of carcinogenic heterocyclic amines. Mutat Res;376:211-
219,1997

Takayama S,Murumatsu M.Incorporation of tritiated dimethylnitrosoamine into 
subcellular fractions of mouse liver after long-term administration of 
dimethylnitrosoamine. Z.Krebsforsch 73,172-180,1969.

Tanaka-Kagawa T,Jinno H,Hasegawa T et al.Functional characterization of two 
variant human GSTO 1-1S ( Ala140Asp and Thr217Asn) . Biochem Biophys Res 
Commun. 301,516-520,2003.

Taylor RW,Barron MJ,Borthwick et al.Mitochondrial DNA mutations in human 
colonic crypt stem cells. J.Clin Invest,112,1351-1360,2003.

Tew,K.D.Glutathione-associated enzymes in anticancer drug resistance.
Cancer Res .,54,4313-4320,1994.

Thomas RM,Sobin LH.Gastrointestinal Cancer. Cancer supplement 75,1,154-
170,1995.



202

Toffoli G,Veronesi A,Boiocchi M et al. MTHFR gene polymorphism and severe 
toxicity during adjuvant treatment of early breast cancer with 
cyclophosphamide,methotrexate ,and fluoruracil (CMF). Ann Oncol ,11,373-
374,2000.

Tomatis,L.,Huff,J.,Hertz-Picciotto., et al. Avoided and avoidable risk of cancer. 
Carcinogenesis,18,97-105,1997.

Tomlinson IP et al.Germeline mutations in FH predispose to dominantly inherited 
uterine fibroids, skin leiomyomata and papillary renal cell cancer. Nat Genet 
30,406-410,2002

Tong Z.,Board P.G.,Anders M.W.Glutathione transferase Zeta catalyses the 
oxygenation of the carcinogen dichloracetic acid to gyoxylic acid. Biochem 
J.;331:371-374,1998.

Ueland PM,Hustad S,Schneede J et al.Biological and clinical implications of the 
MTHFR C677T polymorphism. Trends Pharmacol Sci ,22,195-201,2001.

Ulrich C.M.,Kampman E.,Bigler J. et al.Colorectal adenomas and the C677T 
MTHFR polymorphism :evidence for gene environment interaction?. Cancer 
Epidemiol.Biomark.Prev. 8:659-668,1999.

Ulrich C.M.,Kampman E.,Bigler J.,et al .Epoxide hydrolase Tyr113His 
polymorphism is associated with elevated risk of colorectal polyps in the presence 
of smoking and high meat intake. Cancer Epidemiol Biomark Prev,10:875-
882,2001.

Vatsis KP.Diverse point mutations in the human gene for polymorphic
N-acetyltransferase. Proc Natl Acad. Sci 88,6333-6337,1991.

Vahakangas K,Pelkonen O. Host variations in carcinogen metabolism and DNA 
repair in: Lynch HT,Hirayama T.editors .Genetic epidemiology of cancer.Boca 
Raton (FL) : CRC Press .p 35-54,1989

Varela-Moreiras G, Perez-Olleros L, Garcia-Cuevas et al.Effects of ageing on folate 
metabolism in rats fed a long-term folate deficient diet. Int J Vitam Nutr Res 
64(4),294-9,1994.

Venitt S,Mechanisms of carcinogenesis and individual susceptibility to cancer. Clin 
Chem ;40:1421-5,1994.

Vineis P.,Bartsch H.,Caporaso N. et al.Genetically based N-acetyltransferase 
metabolic polymorphism and low-level environmental exposure to carcinogen. 
Nature,369:154-156,1994.



203

Vineis P.Molecular epidemiology:low-dose carcinogens and genetic susceptibility. 
Int.J.Cancer,71:1-3,1997.

Vineis P,Malats N,Porta M,Real FX.Human cancer,carcinogenic exposures and 
mutation spectra. Mutat Res;436:185-94, 1999.

Vineis P.,Malats N.,Lang E.,Caporaso N.,Cuzick J.,Boffeta P.Metabolic 
Polymorphisms and susceptibility to cancer. IARC Scientific Publications Nº 
149.WHO.IARC1999.

Vogel F. Moderne problem der Humangenetik. Ergib Inn Kinderheild 12,52-
125,1959 (alemán)

Vogelstein B, Fearon ER, Kerr SE et al. Allelotype of colorectal cancer. Science 
,244,207-211,1989.

Wainfan E,Dizik M,Stendeer M et al. Rapid appearance of hypomethylated DNA 
in livers of rats fed cancer-promoting , methyl deficients diets. Cancer Res 
49,4094-4097,1989.

Wargovich MJ,Eng WWS, Newmark HL et al.Calcium ameliorates the toxic effect of 
deoxycholic acid on colonic epithelium. Carcinognesis 4,1205,1207,1983.

Warwick,A.P.Sarhanis,P.,et al.Theta class glutathione S-transferase GSTT1 
genotypes and susceptibility to cervical neoplasia:interactions with 
GSTM1,CYP2D6 and smoking . Carcinogenesis ,15,2841-2845,1994.

Welfare M.,Monesola A.A.,Bassendine M.F. and Daly.Polymorphisms in 
GSTP1,GSTM1 ans GSTT1 and susceptibility to colorectal cancer. Cancer 
Epidemiol.Biomark.Prev. 8:289-292,1999.

White E,Malone KE,Weiss NS et al .Breast cancer among young US women in 
relation to oral contraceptive use. JNCI ;86:505-14,1994.

White JA et al.Guidelines for human gene nomenclature. Genomics,45,468-
471,1997.

Wickramasinghe SN,Gardner B and Barden G.Cytotoxic protein molecules 
generated as a consequence of etanol metabolism in vitro and in vivo. Lancet, 
2,823-826,1986,

Wisotzkey J.D.,Toman J.,Bell T. et al.MTHFR (C677T) polymorphism and stage III 
colon cancer:response to therapy. Mol.Diagn 4:95-99,1999.



204

Wolters M, Strohle A, Hahn A. Age-associated changes in the metabolism of 
vitamin B(12) and folic acid: prevalence, aetiopathogenesis and pathophysiological 
consequences. Z.Gerontol.Geriatr. 37(2):109-35.2004.

Woodson K. Prevalence of desease-related DNA polymorphisms among 
participants in a large cancer prevention trial. European Journal of Cancer 
prevention ,8,441-447,1999.

World Cancer Research Fund WCRF-American Institute of Cancer Research. AICR 
Food. Nutrition and the Prevention of Cancer: a Global Perspective.1997

Xie Y, Trouba KJ, Liu J, Waalkes MP, Germolec DR.Biokinetics and subchronic 
toxic effects of oral arsenite, arsenate, monomethylarsonic acid, and dimethylarsinic 
acid in v-Ha-ras transgenic (Tg.AC) mice. Environ Health Perspect. 
;112(12):1255-63,2004.

Xu XL, Yu J, Zhang HY et al.Methylation profile of the promoter CpG islands of 31 
genes that may contribute to colorectal carcinogenesis. World J Gastroenterol 
10(23),3441-3454,2004.

Yebra MJ,Bhagwat AS. A cytosine methyltransferase converts 5-methylcytosine 
in DNA to thymine. Biochem,34,14752-14757,1995.

Yokoyama A.,Muramatsu T.,Ohmori T. Et al. Alcohol-related cancers and aldehyde 
dehydrogenase-2 in Japanese alcoholics. Carcinogenesis 19:1383-1387,1998.

Yoshioka M,Katoh T,Nakano M. et al.Glutathione S-transferase (GST) M1,T1,P1,N-
acetyltransferase (NAT) 1 and 2 genetic polymorphisms and susceptibility to 
colorectal cancer. Sangyo Ika Daigaku Zasshi 21,133-147,1999. Japonés

Zak NB,Shifman S,Shalom A et al.Genetic dissection of common diseases.IMAJ 
,4,438-443,2002.

Zhang, Z.-F., Fasco, M.J., Huang, L. et al. Characterization of purified human 
recombinant cytochrome P4501A1-Ile462 and Val462: assessment of a role for the 
rare allele in carcinogenesis. Cancer Res., 56, 3926-3933,1996.

Zhang H., Ahmadi A.,Arbman G. et al.Glutathione S-transferase T1 and M1 
genotypes in nomal mucosa, transitional mucosa and colorectal adenocarcinoma. 
Int.J.Cancer ,84:135-138,1999.

Zhong,S.,Wyllie,A.H.,Barnes,D.,Wolf,C.R.&Spurr,N.K. Relationship between 
GSTM1 genetics polymorphism and susceptibility to bladder, breast and colon 
cancer. Carcinogenesis,14,1821-1824,1993.



205

9.-RESUMEN

El cáncer colorrectal es una de las patologías mas frecuentes en 

nuestro País y en la Comunidad Valenciana con una incidencia 

creciente. Está asociado a factores genéticos, exposición a agentes 

etiológicos y a estilos de vida. La susceptibilidad individual al CCR 

puede ser parcialmente debida a variaciones en la capacidad de activar 

y detoxificar compuestos endógenos y exógenos y de reparar el daño 

que estos provocan en el ADN y otras macromoléculas.

Determinados polimorfismos en genes que codifican enzimas que 

intervienen en estos procesos, pueden dar lugar a variaciones en las 

actividades detoxificadoras y reparadoras y pueden influir en los niveles 

de moléculas tóxicas o carcinogénicas y de esta manera aumentar el 

riesgo individual de padecer una neoplasia colorrectal. Hemos 

estudiado las frecuencias del polimorfismo nulo en los genes de 

detoxificación GSTM1 y GSTT1, las frecuencias del polimorfismo de 

corte Msp I (T6235C) y Ile462Val (C4889G) en el gen CYP1A1 de 

activación metabólica de hidrocarburos policíclicos aromáticos y por 

último las frecuencias del polimorfismo Ala677Val (C677T) en el gen 

MTHFR del metabolismo de los folatos que participa en los 

mecanismos de síntesis, reparación y metilación del ADN.

MATERIAL Y METODO. Se ha realizado un estudio observacional de 

casos y controles incidentes, en una población homogénea 

étnicamente (caucásicos) residentes en la misma área geográfica 

(Vega Baja Alicante). Constituye la muestra de casos, 93 pacientes 

con diagnóstico confirmado de adenocarcinoma colorrectal (anatomía 
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patológica) y los controles, 117 pacientes hospitalarios con patología 

no neoplásica ( herniorrafias y colecistectomías). 

Se extrajeron los ácidos nucleicos a partir de sangre total obtenida por 

venopunción. Se empleó kit de Qiagen para extraer y purificar el ADN 

y se resuspendió en 200 ul de TE conservándose a –20ºC hasta su 

utilización. Los polimorfismos nulos en GSTM1 y GSTT1 se analizaron  

mediante una multiplex con control interno de amplificación con 

fragmento del gen de la albúmina, siguiendo método descrito por 

Arand. Los polimorfismos en CYP1A1 se determinaron con el método 

descrito por Drakoulis (1994), por amplificación y corte con Msp I 

CYP1A1*2, y por ASO CYP1A1*3 para el polimorfismo A4889G con 

amplificación inicial de fragmento del gen de 1,5 Kb y heminested con 

pareja de oligonucleótidos específica para cada uno de los dos alelos 

posibles G y A. Por último el polimorfismo C677T en el gen MTHFR 

por el método de Frosst por PCR y posterior digestión del amplificado 

con la enzima de restricción Hinf. I.

Se recogieron datos de las siguientes variables de los pacientes: edad, 

género, peso, talla, índice de masa corporal, hábito de ingesta 

alcohólica, hábito tabáquico, localización tumoral, estadiaje de Dukes y 

tipo histológico del tumor. En el análisis de los resultados , se ha 

utilizado un modelo estadístico de regresión lineal, cálculo de odds 

ratio y valor de P. Se ha realizado un análisis individualizado de cada 

variable frente a riesgo de patología y análisis de algunas asociaciones 

entre los genotipos y las variables clínicas e epidemiológicas 

recogidas.
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RESULTADOS. En nuestra serie se asocian significativamente a riesgo 

de cáncer colorrectal los pacientes portadores de los polimorfismos: 

GSTM1*1 OR=1,90 (IC 95% 1.52-2.28) P<0.05, GSTT1*0 OR=3.09 (IC 

95% 2.34-3.85) P<0.05 y MTHFR*2 OR=3.08 ( IC 95% 1.81-4.36)

P< 0.05. El genotipo nulo en GSTM1*0 OR=0.7 (IC95% 0.48-0.92) 

P<0.05 está asociado significativamente a protección.

En el resto de polimorfismos estudiados no se obtuvieron valores 

significativos de asociación o de P : GSTT1*1 OR=0.90 (IC 95% 0.73-

1.07) P<0.05.CYP1A1*1 OR=1.47(IC 95% 1.16-1.77) P>0.05; 

CYP1A1*2 OR=2.32 P>0.05; CYP1A1*1/*2 OR= 1.7 (IC95% 1.06-2.33) 

P>0.05; CYP1A1*3 OR=2.79 ( IC 95% -0.31-5.85) P>0.05; 

CYP1A1*1/*3 OR=1.07 (IC95% 0.65-1.49) P>0.05 ; MTHFR*1 OR=1.36 

(IC 95% 0.99-1.74) P>0.05 y MTHFR*1/*2 OR=1.35 (IC95% 0.98-

1.71) P<0.05. Tan sólo este último genotipo con valor significativo de P 

y OR en el límite de valores de asociación a riesgo.  

Se obtuvieron valores no significativos en el análisis de las 

asociaciones entre GSTM1*0, GSTT1*0 y MTHFR*2 y el hábito de 

fumador para los distintos grupos. Ni de GSTM1*0, GSTT1*0 y 

MTHFR*2 para el hábito de ingesta alcohólica en los distintos grupos. 

Ni de MTHFR*2 para los distintos grupos clasificados en función del 

índice de masa corporal.

En el análisis de la asociación entre los polimorfismos GSTM1*0,  

GSTT1*0 y MTHFR*2 y la localización tumoral proximal o distal los 

valores fueron P>0.05 en todos ellos.
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Se obtuvo un valor significativo de P<0.05 en la localización distal en 

relación al genero, siendo más frecuente en hombres 64% frente a 

mujeres 36%.

En el análisis de los genotipos de riesgo en función a los grupos de 

edad de los pacientes :15-44 años, 45-64 años y >65 años se 

obtuvieron valores significativos de asociación a riesgo y de P en los 

polimorfismos siguientes: GSTM1*1 OR=1.57 (IC95% 1.45-1.69) 

P<0.001,GSTT1*0 OR=3.98 ( IC 95% 3.88-4.1) P<0.001 y MTHFR*2  

OR=5.49 (IC95% 5.35-5.63) P<0.001 en el grupo de edad de > 65 
años. Y del resto de grupos de edad y polimorfismos tan sólo están 

próximos a alcanzar valores significativos el MTHFR*2 en el grupo de 

edad 45-64 años con un OR=1.17 ( IC 95% 0.93-1.41) P<0.001 y 

GSTT1*0 OR=0.85 (IC95% 0.69-1.02) P<0.001.

Las personas con un mayor riesgo son las portadoras de las siguientes 

combinaciones de polimorfismos, en el grupo de edad de > 65 años .

GSTM1*1 + GSTT1*0 OR= 3.99 (IC95% 3.9-4.1) P<0.001

GSTM1*1 + MTHFR*2 OR=5.49            (IC95% 5.3-5.6) P<0.001

GSTT1*0+MTHFR*2 OR=7.17          (IC 95% 7.02-7.3) P<0.001 

GSTM1*1+GSTT1*0+MTHFR*2 OR= 13.9 (IC95%13.8-14.0) P<0.001.

También fueron significativos en el grupo de edad 45-64 años las 

asociaciones  GSTT1*0 + MTHFR*2 OR= 1.53 ( IC 95% 1.2-1.8) 

P<0.001 y GSTM1*1+GSTT1*0+MTHFR*2 OR=2.98 (IC 95% 2.8-3.2) 

P <0.001.
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CONCLUSIONES. Se han identificado factores genéticos asociados 

significativamente a riesgo frente a adenocarcinomas colorrectales 

esporádicos en la población de la Vega Baja. Su análisis puede 

contribuir a la identificación de grupos de riesgo y la elucidación de 

factores implicados en la carcinogénesis colónica. Nuestros resultados 

en el polimorfismo nulo en GSTT1 están en concordancia con los 

obtenidos en otros trabajos y asociado a la menor eficacia en los 

procesos de detoxificación de carcinógenos inherente a la falta de la 

transferasa codificada por el citado gen.

Los resultados con relación al polimorfismo nulo en GSTM1 son 

contrarios a la hipótesis de partida de asociación a riesgo, aunque los 

resultados en la bibliografía no son concluyentes. En nuestra serie el 

genotipo nulo se asocia significativamente a protección y es el 

genotipo salvaje el que se asocia a riesgo significativo. La explicación 

de ciertos autores es que la transferasa codificada por GSTM1 provoca 

la eliminación de isotiocianatos dietarios de conocido efecto 

anticarcinogénico.

Los polimorfismos en CYP1A1 , CYP1A1*2 y *3 se asocian a riesgo 

pero con valores no significativos, dado que la población de portadores 

con estos genotipos en nuestra población es muy pequeña. 

Se confirma la hipótesis de que la metilen tetrahidrofolato reductasa de 

menor actividad, es decir la codificada por la variante MTHFR*2  

confiere un mayor riesgo frente al CCR, en la población estudiada. Esta 

situación se produce cuando los niveles tisulares de folatos 

condicionan la síntesis, reparación y estabilidad de los a.nucléicos.



210

Posiblemente se de en la población estudiada una ingesta insuficiente; 

de folatos aunque no se pueden excluir otras razones como una 

menor biodisponibilidad, factores fisiológicos o genéticos que 

condicionen una menor absorción de la vitamina B9 de la dieta.

La asociación de dos o más genotipos de riesgo, de una forma especial  

GSTM1*1-GSTT1*0 y MTHFR*2 en un mismo sujeto confiere un riesgo 

elevado en especial en el grupo de edad de mas de 65 años, lo que 

plantea la conveniencia de investigar el potencial preventivo de 

suplementos dietarios con alimentos ricos en folatos o prescripción  

farmacológica con ácido fólico, como ya se hace en algún país.
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10.-EPILOGO

En estas últimas semanas de elaboración de la tesis doctoral una idea 

emerge con fuerza, factores de riesgo que la población tiene asumidos  

asociados al cáncer en general , como por ejemplo el tábaco, con 

relación al cáncer colorrectal tienen poca influencia. Sin embargo, el 

hombre del siglo XXI, a pesar de los trabajos de Arsuaga sobre 

nuestros antepasados, no tiene conciencia de cuán determinante es 

la evolución en nuestras características genéticas personales y 

como estas son decisivas en nuestra salud y enfermedad. Como el 

chasis y el motor que nos ha deparado la historia evolutiva no es el 

óptimo para afrontar con éxito la brutal transformación dietética, 

ambiental, social y laboral a la que estamos sometidos. Sólo la 

generosidad y el compromiso como cualidades humanas y la 

inteligencia como cualidad biológica del homo sapiens puede a través 

del ejercicio de las profesiones sanitarias adaptar nuestro vehículo para 

que se desplace sin riesgo en las autopistas actuales y futuras y 

reparar las averías que el tiempo depara.

La ruta metabólica de los folatos se estudia en Bioquímica como  

ejemplo del mecanismo de acción de fármacos antineoplásicos como el 

el 5-FU y el metotrexato, inhibidor de la Timidilato sintasa el primero y 

antagonista del a.fólico el segundo. Pero quizá, la enseñanza de esta 

materia, no centra convenientemente la atención sobre el hecho de 

que en esta ruta metabólica, descansa el mecanismo por el que ciertos 

alimentos aportan los nutrientes necesarios para la síntesis y la 

necesaria reparación de la molécula de la vida, el ADN.
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La contemplación y el estudio del ciclo de los FOLATOS, sorprende al 

ver claros principios evolutivos ¿ porqué sino, dejar la fabricación de 

una molécula tan importante a expensas de la ingesta de unos 

alimentos como las hojas ?. 

La evolución no comprometió la especie y garantizó su desarrollo al 

dejar la síntesis y reparación de los ácidos nucleicos a expensas del  

aporte de un nutriente universalmente presente, cuya obtención no 

requería esfuerzo, a diferencia de proteínas y lípidos de animales de 

caza. 

Sin embargo, el poco sabor de los alimentos vegetales, el escaso 

conocimiento entre la población del peso que la evolución tiene en el 

diseño del hombre y la escasa valorización que los profesionales  

sanitarios hacen de ellos, dan lugar al bajo consumo que contribuye a 

la génesis de varias patologías que comprometen la vida del hombre 

moderno.

Confío en que esta tesis contribuya de una manera eficaz a cambiar 

esta percepción. 


