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The CYP1A1 gene encoding for an enzyme involved in the
metabolic activation of important tobacco carcinogens could
be implicated in smoking-induced lung cancer. Given the
strong association between tobacco smoking and lung
cancer, the effect of tobacco smoke exposure has to be taken
into account when studying the potential association between
lung cancer and CYP1A1 genotypes. The effect of two
CYP1A1 genetic polymorphisms (Mspl and IIe-Val) on lung
cancer risk were evaluated using peripheral blood DNA from
150 lung cancer patients and 171 controls. The Mspl site-
present allele was found among 19.3% of both cases and
controls and the variant allele Val among 6.7% of cases and
8.8% of controls. Lung cancer risks associated with the Mspl
site-present allele (OR = 0.9; 95%Cl: 0.5± 1.8) or with the Val
allele (OR = 0.8; 95%Cl: 0.3± 1.9) were not increased after
adjustment for tobacco and asbestos exposures. These
results persisted when analyses were stratified on smoking
status, daily consumption of tobacco or duration of smoking.
Similar findings were obtained when squamous cell or small
cell carcinomas were studied separately. This study thus
suggests a minor role for the known CYP1A1 gene
polymorphisms in predisposition to lung cancer among
Caucasian populations.
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Introduction
Most of the procarc inogens contained  in  tobacco  smoke must  be

ac tivated  in  the organism  to becom e ul timate  carci nogens.

Hence, the r isk for  tobacco- re lated cancers  am ong individuals

should  depend on both thei r  level  of  tobacco exposu re  and their

genet ica lly determ ined  ab il ity  to  metabol ize the tobacc o-der ived

carc inogens.  The im porta nce of  enzy mes of drug metabolism  in

tobacco -re la ted cancer dep ends upon the role of gen otox ic

chemicals in  the carc inogenic process. Since  there are  other

m ech an ism s w he reby  tobacco sm oke  may induce lung cancer,

the questi on  of  to  what ex ten t gene tic  var iabi lity in  drug-

metabolizing enzymes might  influence suscept ib i li ty  to  th is

form  of can cer  rem ains to be est ab lished . The ary l  hyd rocarb on

h y d roxylase (AHH) is involved in  the metab oli c ac tivatio n of

polycycl ic  arom atic  hydrocarbons (PAHs) , abundant in  tobacc o

smoke (Yu n  et  al. 1992 ). The CY P 1 A 1 gen e encod ing for  AHH

thus at tracts part icular  in terest for  i ts poten tial  ro le in

p u lm o n ary carci nogenesis. Apart from a genetic  polymorphism

in the C YP 1A 1 gen e specif ic to Afr ican -American s (Crof ts et al.

199 3) , an M s pI restr ict ion  fragm ent length  polymorphism

(RFLP) in the 3 ¢ non-coding region and an  Ile- Val p olym o rph ism

of exon 7, resu lt ing in  the replacement of  the amino ac id

iso leucine by valine in  the haem -binding reg ion , have been

found in  all  e thnic  groups studied  so  far  (Hayash i  et  al. 1991).

T hese polymo rphism s are in l inkage  disequil ibrium, and since

their  funct ional signif icanc e is not veri fied, the var ian t all ele Val

located in  the coding  region appears as the more  probable

can didate  as a modifier  of  the CY P 1A 1 gene inducibil ity  and  the

AHH enzym atic activ ity  (Crofts et  al. 1994).

Resul ts of  m eta-ana lyse s of  ep idemiological  stud ies on lung

cancer in  re la t ion to M s pI  and I le-Va l p olym o rp hi sm s ha ve

been recently  re p o rted (D’ Err ico  et  al.  1996).  No asso cia tion

between lu ng cancer an d each po ly mo rphism  was fou nd am ong

Caucasians,  while in  Japanese populations a  signif icant

in creased r isk  was found with each var iant  al lele . Although the

potential  associat io n betw een CY P 1A 1 p olym orp hi sm s an d

lung cancer should depend on the level  of  tobacco exposure ,

on ly a few of the  previou s s tudies have prop er ly con sidered  th e

conco mitant  eff ect  of  these  genetic polymorphisms and tobacco

ex p o sure  on lung cancer r isk . Increased  r isks were re p o rted t o

be associa ted ,  m ainly in  l ight  smokers,  with each M s pI  and Ile-

Va l polym orphism s in  Japan (N akachi  et al.  1993) and with  Ile-

Va l polym orphism in th e p lur iethnic  pop ulat ion of  Brazil

(H am ada et  al.  1995).  In  stud ies involv ing Caucasian

indiv iduals with availab le  data  on sm oking histories , the

resu lts on the concom itan t  effect of  tobacco  exposure  a n d

CY P 1A 1 po ly m orph ism s we re  ei ther  not re p o rted  (Hirv o ne n  e t

a l. 1992,  Alexandrie  et al.  1994), no t interpret ab le (Drakoulis e t

a l. 1994) ,  or  based  on too small  num bers (Shields et al. 199 3).

T h e refore ,  previous results in  Japanese or  Brazil ian  populations

sti ll  need  to be confirm ed in  Caucasians.

We invest igated the effect s of  both  I le-Val a n d  M s pI

poly mo rph ism s on lung  cancer r isk accord ing to  the extent  of

tob acco ex posure  in  a  Caucasian po pulat ion  in  F ran ce .

MATERIALS AND METHODS
The study was drawn from a case-control study performed in France from 1988 to

1992. All case and control individuals were recruited in 10 private or public hospitals,

of which nine are located in Paris. Cases were all eligible Caucasian patients with

histologically confirmed squamous or small cell primary lung cancers. Control

individuals were all eligible Caucasian patients without previous or actual malignant

disease admitted in the same hospital (or, for anticancer centres, a hospital in the

same geographical areas) and recruited according to age, sex and hospital
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distributions observed in cases. The main medical diagnoses among controls were

rheumatological, cardiovascular, respiratory, infectious and parasitic diseases. All

cases and controls had to be regular smokers, defined as people having smoked five

cigarettes or more (or cigars or pipes) per day for a least 5 years. Because the study

design also included CYP2D6 and CYP2C19 phenotyping tests (using

dextromenthorphan and mephytoin), the exclusion criteria equally related to subjects

with severe renal disease, severe liver disease, or severe chronic heart failure or who

had taken, during the last week, any drugs known or suspected to interfere with these

tests (Bouchardy et al. 1996). Blood samples were available for 95% of subjects and

DNA was then extracted by standard protocols from peripheral blood samples of 150

lung cancer patients and 171 controls. A questionnaire was filled out for each subject

during a personal interview. Each interviewer had to include both cases and controls.

Information on recent and past tobacco use (daily consumption, duration, age at the

beginning of smoking, inhalation, type of tobacco and changes in smoking habits), as

well as occupational exposure, was recorded.

The daily consumption of each type of tobacco was expressed in grams per

day (1g for cigarette, 2g for cigar, and 3g for pipe) calculated by dividing the

cumulative lifetime tobacco consumption by the overall duration of smoking. Ex-

smokers were defined as people who had stopped smoking at least 1 year prior

to the diagnosis. The duration of smoking and the mean daily consumption of

tobacco were calculated from the age at the beginning of smoking till the age of

smoking cessation (ex-smokers) or the age at diagnosis (current smokers).

Peripheral blood samples were collected into EDTA tubes and stored at ± 20 °C.

Extraction and genotype determination were blindly performed on the total white

blood cell DNA at the Finnish Institute of Occupational Health in Helsinki. The

CYP1A1 genotypes ascribed to the presence or absence of the Mspl site at the

264th base downstream from the additional polyadenylation signal and to the

substitution of isoleucine for valine at residue 462 in the haem-binding region were

studied as described (Hayashi et al. 1991, 1992, Oyama et al. 1995).

The odds ratio (OR) and 95% confidence interval (95%Cl) for the presence of each

variant allele were calculated using unconditional multivariate logistic regression

(Breslow and Day 1980). All the ORs were adjusted for sex, age, as well as on all

variables related to smoking and occupational exposure as confounding factors.

Interactions between CYP1A1 genotypes and each variable related to smoking were

investigated to test the equality of the ORs for the presence of each variant allele

across the different levels of tobacco exposure (heterogeneity test) and to evaluate a

potential linear variation of CYP1A1 genotypes effect with increasing levels of

smoking (trend test) (Breslow and Day 1980). The average daily consumption of

tobacco and the duration of smoking were expressed as continuous or as categorical

variables as previously described (Bouchardy et al. 1996). In order to study the effect

of the CYP1A1 polymorphism among the lightest smokers, daily consumption was

also expressed as a binary variable; since this study involved only regular smokers,

the lowest class of tobacco consumption was defined by an average consumption of

15 g per day or less. All models were log-linear, fitted using the generalized linear

interactive modelling statistical package (Baker and Nelder 1978).

Results
T he m ain  character ist ics o f  lung  can cer  pat ien ts and co ntro l s

a re  sum m ar ize d in  Table 1 .  T h e study  po pulat i on co nsist ed

alm ost  en tire ly  of  m ales  (93%  of cases and 95%  of contro ls) .

T he  m ean age was sl ightly  higher  for  lung cancer  pat ients (58.4

years)  than  for  con tro ls (55.0  years) .  All individuals had  a

h isto ry of regular  sm oking,  as def ined above.  About 75%  of

cases and  of  contro ls  w ere  exclusively cigare t te  sm okers;  the

rest being alm ost  entire ly  cigare t te  sm okers associated  with

anoth er to bacco pro duct .  Since w e chose  to  rec ru it  o nly

regular  smo ker s,  the var iab il i ty  between cases  and contro l s

co n ce rn ing  tobacco  expo sure  was very  sm al l . T he average

daily  consumption of  tobacco was s imilar  among  cases (26.3 g

per  day)  and  con trol s (25.1 g per  day),  but  the cases had

sm o ked lo nger  than  the co ntro ls (38.0 years versus 32.2 years ;

p < 0.0001). About 19%  of the cases and 7%  of the contro l s

re p o rted a  his tory  of  occupational  asbesto s exposure

(p < 0.001). The figures w ere  5%  of cases and 1%  of contro ls for

ar se nic  ex po su re (no t  sign ificant ) . No signif ican t differe n ce  i n

either  tobacco  smoke,  asbestos,  or  arsen ic  exposure  w as fo u nd

between  the two histologica l  types of  lung cancer,  sq ua m o us

cel l  and sm all  cel l  carc ino m a s.

Table 2  shows the f req uency distr ibutio n of  M s pI  and  I le-Va l

geno types am ong lung cancer p at ien ts and con tro ls.  As

exp ected ,  t he two  p oly m orph ism s w ere  in  s trong linkage

disequ il ibr ium  b oth  in  cases an d co ntro ls . Only thre e s tu d y

su bjects  had h om ozygous variant  genotypes m 2 / m 2 or Va l / Va l,

a l l  of  wh om  were  lung  cancer  pat ients.  T herefore , a ll  subjec ts

with th e variant  a l le le  for  each polym orp hism  had to  be

combined for  the stat ist ica l  analyses.  T he v ar iant  al le le  m 2 w a s

p resent  am ong  19.3%  of  case s (al lele fre q u e n cy,  0 .107) and

among 1 9.3%  of  co ntro ls (al lel e fre q u en cy, 0 .097) . The

geno types in  t he contro l  po pu lat ion  were  in  Hard y ±We in b erg

equ il ibr ium  with  o bserved  frequencies o f  m 1 / m 1, m 1 / m 2 a n d

m 2 / m 2 geno ty pes (80.7% , 1 9.3%  and 0%  respect ively)  very

clo se  to  those  expected  (81.6% , 17.4%  and  1% ).  T he var iant

al le le  Va l w a s p resen t in  6 .7% of cases (allele fre q u e n c y, 0.040)

and in  8 .8%  of co ntrol s (alle le fre q u e n c y, 0 .044). No signi fican t

d ifference was foun d betw een o bserv ed  a nd  ex pe cte d

frequencies of  I le /I le,  I le /Va l a n d  Va l / Va l geno types in  contro l s

(91 .2 % , 8.8%  and  0%  v er su s 91 .4 % , 8.4%  and  0.2% ) .

L ung can cer  ri sk  in rela tion  to  M s pI  and I le-Va l

polym orph ism s accord ing to  histology and variab les re la ted  to

C. Bouchardy et al.132

Squamous cell Small cell

All lung cancers carcinoma carcinoma Controls

(n=150) (n=98) (n=52) (n=171)

Mean age (years) ± SD 58.4 ± 9.9 58.6 ± 9.6 58.1 ± 10.4 55.0 ± 11.0

Mean daily consumption

of tobacco (g per day) ± SDa 26.3 ± 13.4 27.3 ± 13.0 24.3 ± 13.9 25.1 ± 12.5

Mean duration of smoking (years) ± SDb 38.0 ± 9.5 37.7 ± 9.2 38.7 ± 9.9 32.2 ± 11.5

Table 1. Main characteristics of lung cancer patients and controls.

a Data were missing for four lung cancer patients and two controls.
b Data were missing for two lung cancer patients.
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smoking is presen ted  in Table 3. No signif ican tly increa sed  r isk

for lung  canc er  overa ll was found among  ind iv idua ls with the

vari ant allele  m 2 (OR = 0.9 ; 95%Cl: 0.5±1.8) or with the Va l al le le

(OR = 0.8; 95% Cl: 0.3±1.9). Similar resu lts were  obtain ed  w hen

squam ous and smal l ce ll  carc inom as w ere stud ied  separate ly. 

No sign ific ant inte racti on was observ ed  between CYP 1A 1

genotypes and variabl es related to smoking.  However, analys is of

interact ion is probab ly ham pered by small  numbers. The lack of

associat ion between lung cancer and the presence of the m 2

all ele  or the Val al lele  persis ted when  analyses were st ra ti fied  on

smoking sta tus, dai ly  tobacco  consum pt ion or durat ion of

smoking. Similar  resu lts were  obtained am ong l ightest smokers:

for  a da ily  consu mption  of  15 g or less, the ORs were  0.6

(95%Cl: 0.1±2.1)  among individuals with  the  var ian t all ele  m 2

and 0.9  (95%Cl: 0.2±4.6)  among those with the  Va l allele .

Discussion
This case-cont rol study  fai led to reve al any  rel ationsh ip between

lung cancer  r isk  and the known CYP 1A 1 polym orphism s in  a

F rench Caucasian populat ion. Our resu lts agree  with those

p reviously  rep orted  for the Ile-Va l polym orp hism s in

Scandinavian and North  Amer ican  Caucasian popula tions,  bu t

contrast  with  those  found in  the  Japanese study and in  the

plu riethn ic populati on of  Brazil . They also  agree  with  those

p reviously  rep orted  for the M spI  polym orphisms in  Norw egian s

and White Am er icans (Tefre  et  al. 1991, Shiel ds et al. 1993).

T he wide differe nce in  the frequenc ies of  the M s pI  and I le-Va l

polymorphisms b etween ethnic  group s m ay in  part  expla in the

divergen t find ings. In our cont rol group, as in other  studies

invo lv ing Caucasia ns (Tefre  et al. 1991 , Hirvo ne n et al. 199 2,

Sh ields et al. 1993, Alexan dr ie  et  al. 1994, Drakoul is et al. 1994),

both p olym orphism s w ere very  rare with alle le freq uencies  for

m 2 (~10%) and Va l (~5% ), 2±3-fo ld  lower  than those re p ort e d

for  Japanese  and Brazi lians. Since  the  number  of ind iv iduals

homozygous for  the rare allel es is very  low am ong Caucasian s, i t

is not  possib le to  de term ine whether or  not  these  indiv iduals  are

m o re suscep tib le to  lung can cer  at lower  levels of  smoking , as

was observe d in  the Japanese study (Nakachi et al. 1993 ). In  this

stu d y, both  he terozygous and homozygous carr ier s of  the

mutated al lel es had  to  be included to  the  putative ly  `at -r isk ’

cat ego ry. The  est imates of  lung can cer r isk thus re l ated

p redom inantly  to  heterozygotes, leading  to  a possi ble di lu tion

effect  in  the asso ciat ion be tween  lung cancer and CY P 1A 1

polymo rphism s,  since heterozygotes may be at lower  lung

cancer r isk  than  homozygous carri ers of the varia nt allele s.

Ho wever, in  a recen t meta-analysi s of  Japanese studies,

homozygous carr ier s of  the var iant allel e Va l appear  to  be  at

lower r isk  than he terozygou s (D’ Err ico  et al. 1996 ). Among

Caucasians, the ro le of  homozygosity  has st ill  to  be eva lua ted

and cou ld be  analysed on ly in  a  very  larg e study.  At prese nt , it is

not  possible  to  de term ine whether  the  lack  of an associat ion

betw een C Y P 1A 1 genotypes and lung  cancer could be due  to  the

rari ty of  these gen otypes in  European s or  to  a lack of an effect.

T he d iscrepan cies in  th e resu lts  could also be re lated  to

d ifferences in  levels of  tobacco  exposure  betwe en th e st ud ied

populat ions.  If  the C Y P 1 A 1 p o lym orph ism s m od ulate  th e lu ng

cancer r isk  m ainly  am ong l ightest smokers, as suggested  in

p revio us s tudies,  a  h igher averag e to bacco  consu mptio n in  the

Cau casian  co ntro l  pop ulat io ns wo uld m ake i t  im possible  to

detec t  any signif icant  associat ion . I n  our s tud y,  t he m ean

tob acco consum p tion  am on g cont ro ls w as high (~40 pack-

years² ;  mean l if et im e consu mp tio n:  ~30 ´ 1 04  cigarett es) , very

CYP1A1, tobacco and lung cancer risk 133

Lung cancer patients Controls

Genotype Ile/Ile (%) Ile/Val (%) Val/Val (%) Ile/Ile (%) Ile/Val (%) Val/Val (%)

m1/m1a 121 (86%)b 0 0 138 (89%) 0 0

m1/m2 18 (13%) 8 (100%) 0 18 (11%) 15 (100%) 0

m2/m2 1 (1%) 0 2 (100%) 0 0 0

Total 140 8 2 156 15 0

Table 2. Frequency distribution of P450CYP1A1 genotypes among lung

cancer patients and controls.

a m1/m1: homozygous Mspl site-absent; m1/m2: heterozygote; m2/m2:

homozygous Mspl site-present.
b The percentages of the Mspl among the Ile-Val genotypes are given in

parentheses.

Mspl genotypes Ile-Val genotypes

m1/m2 and Ile/Val and

m1/m1 m2/m2 Ile/Ile Val/Val

Histological types

All lung cancers 1.0 0.9 (0.5± 1.8) 1.0 0.8 (0.3± 1.9)

121/138 29/33 140/156 10/15

Squamous cell 1.0 1.2 (0.6± 2.3) 1.0 1.1 (0.4± 3.1)

76/138 22/33 89/156 9/15

Small cell 1.0 0.7 (0.2± 1.8) 1.0 0.2 (0.03± 2.0)

45/138 7/33 51/156 1/15

Smoking status

Ex-smokers 1.0 0.9 (0.3± 2.6) 1.0 1.7 (0.3± 11.8)

47/45 13/11 55/54 5/2

Current smokers 1.0 1.0 (0.4± 2.1) 1.0 0.6 (0.2± 1.8)

74/93 16/22 85/102 5/13

Daily consumption of

tobacco (g per day)
< 20 1.0 0.8 (0.3± 1.8) 1.0 0.4 (0.1± 1.5)

55/67 14/18 64/74 5/11

21± 30 1.0 0.8 (0.2± 3.0) 1.0 1.1 (0.1± 22.9)

26/29 7/7 31/35 2/1

> 30 1.0 1.0 (0.3± 3.5) 1.0 1.5 (0.3± 8.7)

37/40 7/8 41/45 3/3

Duration of smoking

(years)

< 30 1.0 0.4 (0.1± 1.9) 1.0 0.6 (0.1± 4.7)

31/65 3/14 32/73 2/6

> 30 1.0 1.2 (0.6± 2.4) 1.0 0.8 (0.3± 2.4)

88/73 26/19 106/83 8/9

Table 3. Number of case/controls and ORa (95%Cl) for lung cancer in relation

to CYP1A1 polymorphisms according to histology and tobacco exposure.

a Adjusted for all the variables in the table and for sex, age (< 50, 50± 54,

55± 59, 60± 64, and ³ 65), age at smoking initiation (> 18, 17± 18, and <16),

inhalation (no/yes), asbestos exposure (no/yes) and arsenic exposure (no/yes).
² Number of packs smoked per day multiplied by number of years of smoking;

20 cigarettes per pack.
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close  to  that  observed am ong  con tro ls of  other  negat ive

studies, but  h igher than the one ob serv ed in  th e co ntro l

po pulat ion in  Japan (m ean  l ife t im e con sum ptio n:  23 ´ 1 04

cigaret tes) and  in  Brazi l (~25 pack-years) ² .

Method ological  p roblem s in  analyses could also  co ntr ib ute

to the d iscrep an cie s i n  prev iou s f i ndin gs b etw een pop ulat i ons

of diff ere nt  e th nic i ty.  In  th e Japanese  study, lung cancer r isk

asso ciated wi th t he CY P 1 A 1 p oly m o rp hism  wa s est im a ted by

sub grou ps of  tobacco co nsu m ption.  How ever,  t he m ean

tob acco co nsu m ption  was h igher  am on g cases than am o ng

c on t ro ls,  and a  residual  effect  of  tobacco could  explain  the

in c reased  r isk  for  lung cancer  among l ightest  sm okers.  In  the

Brazil ian stu dy,  the lu ng cancer r isks asso ciated with C Y P 1 A 1

g enotype s decl ined  w ith  in crea sing smoking levels . H owever,

c on t ro l  in dividu als  w ere  po oled in  the an aly ses,  regard less of

their  sm oking  history. Given the very  s tro ng associat ion

betw een sm ok ing and lung  cancer  in  stu dies on  the poten tial

eff ect  on lung  cancer r isk  of  C Y P 1 A 1 genotypes,  as  well  as on

the in teract ive eff ect of C Y P 1 A 1 and tobacco ,  the eff ect of

smok ing should b e st r ic t ly  con tro l led,  as  w as done in  o ur

s tu d y.  Witho ut such an ad justmen t,  an associat ion  ob serv e d

b etw een  C Y P 1 A 1 and  lung cancer  could in  fact  be artefactual .

O ur  da ta  su pp o rt  th e p rev ious f inding s that  these C Y P 1 A 1

p olym orp hi sm s are  not  im p ortant populat ion r isk fac tors for

lun g can cer d evelop m ent in  E urop ean s.  S ince lung cancer r isk

associated w ith h om ozygou s v ar iant  geno types could not  be

est im a ted in  o ur  s tud y,  the possibi l ity  exists  that

hom ozygosi ty  for  var iant a l leles is  an  individual  r isk fac tor.

H o we ve r, given the rar i ty  of  the variant al leles in  E uro p e a n

po pulat io ns, the p ublic  health  im p licat ion sho uld be o f  less

im p o rtance  th an in  Asia n p op ula t ion s.

Acknowledgements
We would like to thank Mrs S.T. Saarikoski for help in setting up the genotype
assays, Dr C. Bonaïti-Pellié for her helpful comments on the manuscript, Mrs
R. Striberni for her expert technical help, Mrs C. Paoletti and M. Labbé for
technical assistance and Mrs T. Pamm for her editorial assistance.

We are also indebted to the consultants and chiefs of Clinical units who
allowed us to study their patients for the purpose of the study: Drs G. Akoun,
R. Arriagada, P. Baldeyrou, F. Besançon, A. Bisson, M. Bisson, F. Blanchet, F.
Blanchon, A. Bouchiki, J. Brugère, C. Buffet, J. P. Camus, R. Caquet, Y.
Chapuis, D. Chassagne, P. Constans, B. Dautzenberg, J. Debray, J. P.
Derenne, P. Duroux, J. Fain, G. Freyss, A. Gerbaulet, Ph. Girard, J. Guerre, P.
Guibout, H. Hamard, B. Housset, J. C. Imbert, F. Janot, A. Jardin, T. Le
Chevalier, B. Lebeau, A. M. Leridant, Ph. Levasseur, V. G. Levy, A.
Livartowski, G. Loyau, B. Loboinski, G. Mamelle, F. Mazas, P. Marandas, C.
Menkes, H. Mondon, J. P. Passeron, J. Piquet, M. Robillard, J. Rochemaure, R.
Roy-Camille, J. C. Saltiel, G. Schwaab, J. M. Segrestaa, D. Sereni, M.
Spielmann, P. Testas, G. Tobelem, P. Vige.

This work was supported by the Swiss Cancer League, Switzerland
(FOR063); League against Cancer of Fribourg, Switzerland (FOR381.88);
Cancer Research, Switzerland (AKT617); and Fund for Clinical Research
against Cancer, Gustave-Roussy Institute, Villejuif, France (88D28).

² Number of packs smoked per day multiplied by number of years of
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