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Population1

Kei Nakachi,2 Kazue Imai, Shin-ichi Hayashi, and Kaname Kawajiri

Dt'f'urlttient* n] E]Ã±ili'nÃiolt>ÃÃ\Â¡K.N.. K. /./ unti fÃ¬iucht'minln'/.V-/. H., A'. A'./. Siiitattiii Cancer Ct'iner Rt'si'iii'i'li Institute. <V/<VKinnuni. latÃ.StiiltinitÃ362. Jitpitn

ABSTRACT

An association of lung cancer susceptibility with an Msp\ restriction site

polymorphism of the CYPIAI gene was reported in our previous study.

This polymorphism has been subsequently found to be closely linked to

another isoleucine-valine IIle-Val) polymorphism, which resulted in an

Ile-Val amino acid replacement in the hemc-binding region of P450IA1.

\\c report here that genetic risk for squamous cell carcinoma of the

lung was associated with these two polymorphisms of the CYPIAI gene in

terms of genotype frequencies and cigarette-smoking dose and that a more
increased risk was observed for the individuals with "susceptible" geno

types of CYPIAI combined with a deficient genotype of a u-class glu-
tathione .S'-transferase (CST1). which detoxifies the clcctrophilic metabo

lites of aromatic hydrocarbon procarcinogens activated by 1*4501 \ I. \Ve

first compared the total amounts of cigarettes consumed during a lifetime

among 85 patients with squamous cell carcinoma of the lung, whose

CYPIAI and CiSTI genes were identified. The patients with a susceptible

homozygote of each of the Mspl and Ile-Val polymorphisms contracted the

carcinoma after smoking fewer cigarettes than those with other genotypes.

When the OSTI polymorphism was taken into account, the cumulative

cigarette amounts in combined genotyping of the two genes showed dis

tinct differences, resulting in the lowest cigarette dose observed for the

patients with a susceptible \fspl or Ile-Val genotype of CYPIAI combined

with a deficient GSTI homozygote. Next, a case-control study revealed

that the individuals with the susceptible Mspl or Ile-Val genotype com

bined with deficient GSTI were at remarkably high risk with an odds ratio
of 16.00 or 41.00, respectively (95<7r confidence interval. 3.76-68.02 or

8.68-193.61. respectively), at a low dose level of cigarette smoking.

INTRODUCTION

An individual difference in susceptibility to chemically induced
carcinomas is in part ascribed to genetic differences of metabolic
activity in the activation and detoxification of environmental procar
cinogens. Human lung cancer, especially squamous cell carcinoma,
requires exposure to procarcinogens mainly contained in cigarette
smoke, providing a good model for studies of host-environment in

teractions in carcinogenesis.
Most environmental procarcinogens require metabolic activation by

Phase I enzymes, cytochrome P-450s, to their reactive electrophilic
intermediates ( 1). Several forms of P-450 have been identified as

playing a role in lung carcinogenesis. and P450IA1 is first in line to
associate with the interindividual difference in susceptibility to the
carcinoma. P450IAI is expressed in human lung tissue (2. 3) and
metabolizes polycyclic aromatic hydrocarbons in cigarette smoke
such as benzo(Â«)pyrene (4). and its high AHH' inducible phenotype.

which showed a genetically determined variation among individuals.
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has been reported to be associated with high susceptibility to lung
cancer among cigarette smokers (5. 6). We previously reported thai
high susceptibility to lung cancer was associated with the MsÂ¡Ãºpoly
morphism in the .V-flanking region of the CYPIAI gene (7) and that

individuals with a susceptible genotype were at high risk for squa
mous cell carcinoma with an odds ratio of 7.31 at a low-dose level of

cigarette smoking (8). Subsequently, we found another genetic poly
morphism in the coding region of CYPIAI. which was closely linked
to the Msp\ polymorphism (9). This polymorphism resulted in re
placement of lie by Val at residue 462 in the heme-binding region.

Activated metabolites of carcinogens are subjected to metabolic
conjugation and other kinds of detoxifications by Phase II enzymes.
Multiple cytosolic GSTs. a large family of multifunctional proteins,
catalyze the conjugation of reduced glutathione to a variety of elec
trophilic compounds and are classified into at least four genetically
distinct classes, y., a, TT,and f) ( 10). GSTI. a /j.-class isozyme. detox
ifies the reactive metabolites of benzol Â«)pyreneand other polycyclic
aromatic hydrocarbons, including epoxides and hydroxylated forms
(10). The deficient GSTI. which is due to a homozygous deletion of
the GSTI gene, was frequently observed among individuals, and an
increased frequency of the deficient phenotype or genotype among
lung cancer patients was reported, although association with cigarette
smoking remained a subject for further studies (11-13).

Recently. Hayashi et al. ( 14) compared the frequencies of combined
genotypes oÃCYPIAI Ile-Val polymorphism and GSTI polymorphism

in lung cancer patients and random controls and reported a remarkably
increased frequency (8.5% ) of the homozygous Val/Val genotype com
bined with the deleted GSTI gene in lung cancer patients, compared
with controls (2.2%). In the study reported here, we first compared the
cumulative cigarette doses of patients with squamous cell carcinoma
of the lung with genotypes of each of the three polymorphisms: A/.v/M
and Ile-Val polymorphisms of CYPIAI and GSTI polymorphism. The

cigarette doses were also compared by combined genotyping of the
CYPIAI and GSTI genes, which might be associated with a metabolic
balance between Phase I and Phase II enzymes: activation and detox
ification. Next, in a case-control study, we evaluated the relative risk

for individuals with susceptible genotypes in relation to the cumula
tive cigarette dose. We demonstrate that the genetically determined
susceptibility to lung cancer studied in this paper depends on envi
ronmental exposure to procarcinogens in cigarette smoke.

MATERIALS AND METHODS

(Experimental. Blood samples (5-15 ml) were obtained from patients and

controls, and genomic DNAs were isolated from peripheral lymphocytes. The
identification of the CYPIAI genotypes ascribed to the presence (CCGG) or
absence (CTGG) of the Msp\ site at the 264th base from the additional
polyadenylation signal in the 3'-flanking region was carried out by the PCR/

restriction digest-genotyping method as described previously (8. 9). The other

CYPIAI polymorphism resulting in the substitution of isoleucine for valine at
residue 462 in the heme-binding region (an A-G base change) was also studied
by PCR as described previously (9). Briefly, two primers with different 3'-

tenninal bases (A or G). which correspond to the polymorphic substitution,
were used separately in two allele-specitlc PCR amplifications with a common

primer of another strand. The resultant PCR product was obtained only when
the primer used was complementary to the (empiate DNAs with respect to the
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terminal hase. The OSTI genotyping was made by the presence or absence of
a PCR product according to the methods of Comstock <â€¢;ai. (15) and Groppi

i'l ni (16).

Kpidemiological. All possible inpaiients with selected sites of cancer in

cluding lung cancer were interviewed at the time of their first admission to
Suitama Cancer Center Hospital using a standardized questionnaire concerning
their occupations, dietary habits, and cigarette-smoking (including passive
smoking for women) and alcohol-drinking history. The methods and some of

the results obtained have been reported previously (8). Epidemiological infor
mation histologically confirmed 85 patients. 78 males and 7 females, with
squamous cell carcinoma of the lung. The interview survey was in detail,
especially concerning smoking and drinking history according to age. because
aged people who smoked much in earlier years tend to reduce their daily
smoking amounts after about 60 years of age, probably because of job retire
ment and health consciousness. The smoking history of the patients was
summarized as the total amount of cigarettes consumed during their lifetime
until the time of the interview. Included in the calculation of the total amount
of cigarettes used were age smoking was begun, average consumption of
cigarettes per day before 39 years of age. average consumption between 40 anil
59 years of age. average consumption at 60 years of age and older, and
abstinence durations longer than I year. Drastic changes ot consumption within
those ages were taken into account to estimate each average consumption. In
Tables I and 2, ex-smokers who stopped smoking within I year before diag

noses were regarded as current smokers in order to exclude possible influence
of cancer symptoms on smoking status.

Controls used in our case-control study were selected from the subjects of

our prospective cohort study on a Japanese general population older than 40
years of age in a town near Suitama Cancer Center Hospital. The residents in
this town are not closed genetically nor demographically. i.e.. its population
has increased because of population influx from other areas with social in
crease rate of about 5c/r every year in 15 years before our survey. In addition

to epidemiolÃ³gica! data, this cohort study covers a variety of host-specific

factors such as immunological defense against cancer, oxidative damages hy
free radicals, and serum components: peripheral blood samples collected from
3625 individuals were subjected to biochemical and immunological assays.
Methods of survey and characteri/ation of study population were reponed
elsewhere (17). We also isolated DNA samples of 2486 individuals, and 1700
randomly selected individuals with DNA samples were interviewed to estimale
the total cigarette consumption for this case-control study. Controls used in this

study were chosen from these I7(K) individuals and individually matched to the
patients with respect to sex and age (in 1-year age units). Two controls were

randomly selected for each of the patients within the matching conditions.

RESULTS

Cumulative Cigarette Doses in the Mspl Genotypes of CYPIA1

among the Patients. The Msp\ restriction site polymorphism resulted

in three genotypes: a predominant homozygous mi alÃelewithout the
MsÂ¡>\site (genotype A), the hÃ©tÃ©rozygote(genotype fi), and a ho
mozygous rare nÂ¡2alÃelewith the Mxp\ site (genotype C). We previ
ously reported an increased frequency of genotype C in the 45 patients
with the squamous cell carcinoma compared with that in controls and
lower cigarette doses in the 12 patients with genotype C than other
patients, although the patients with genotypes A and B were combined
in comparison with genotype C (8). In the present study of 85 patients
which includes the previous 45 patients, the mean cumulative con
sumption of 32.1 X IO4cigarettes in those with genotype C. including
one "never-smoker." was lower than that of 44.3 and 41.1 x IO4 in

those with genotypes A and fi. respectively, as shown in Table 1 (P <

0.05 between A and C by / test and no significant difference between
the variances of compared groups). When never-smokers were ex

cluded, the mean consumption (Â±SD) by patients with genotypes A,
li. and C was 45.7 Â±24.0, 43.8 Â± 14.1. and 33.9 Â± 13.2 x 1()4

cigarettes, respectively (P = 0.06 between A and C). It is also of
interest that the mean abstinence duration among ex-smokers was

longer in those with genotype C than that in those with the other
genotypes, although this difference is not statistically significant. It is
evident from Fig. \A. in which the distribution of cumulative cigarette
amounts in patients with genotypes is compared, that the amounts in
the patients with genotype C shifted to the lesser doses from those of
the other two genotypes (P < 0.05, nonparametric test).

Cumulative Cigarette Doses in Ile-Val Genotypes of CYPIA1

among the Patients. We compared the mean cumulative cigarette

consumption in three genotypes: a predominant homozygote (Ile/Ile).
the hÃ©tÃ©rozygote(lit/Val), and a rare homozygote ( Val/Val) (Table 2).
The mean cigarette consumption of 30.6 X IO4 in patients with
genotype VulAiil was lower than that of 43.6 and 37.5 X IO4 in

patients with genotypes lie/lie and Ile/Val (P = 0.07 between Ile/Ile
and VcilA'n/.i test). The mean consumption in genotypes I/i'/lle, lie/
Val. and Val/Val, excluding never-smokers, was 44.5 Â±20.8. 42.4 Â±
16.0. and 30.6 Â±8.8 X IO4, respectively (P = 0.05 between lie/He

and Val/Val). The distribution of consumed amounts in genotype
ValA'al was found in Fig. Ifi to shift to the lesser doses from those of

the other two genotypes (P < 0.05, nonparametric test). Since the
Ile-Val polymorphism was closely linked to the M*Â¡>\polymorphism.

it is likely that the lower cigarette dose observed in genotype C or
Vti/Aiil is essentially ascribed to either of the two polymorphisms.
This was examined in Table 3 from an epidemiological viewpoint. The
mean cumulative cigarette consumption of 33.4 and 33.2 X IO4 in the
patients with combined genotype of C and not ValA'al and those with
genotype of ViilA'nl and not C, respectively, was found to be lower
than that of 43.2 X IO4 in the patients with genotype of neither C nor

Val/Val (P = 0.2 and 0.07,1 test): the lowest consumption of 29.3 X
IO4 was in combined genotype C and Val/Vai (P = 0.06). This sug

gests that the Ms/>\ and Ile-Val polymorphisms may involve different

mechanisms in association with the susceptibility to lung cancer.
Another possible interpretation would be that both of the polymor
phisms were in linkage disequilibrium with another polymorphism
which is essential for the metabolic activation of procarcinogens in
cigarette smoke.

Cumulative Cigarette Doses in Detected or Nulled Polymor

phism of GST1 among the Patients. The GSTI genotypes were

determined by the detection \GSTII + )\ of at least one OSTI gene or
its homozygous deletion \GSTI(-)\. Among the S5 patients. 33 were

identified as GSTK + ) with a mean age (Â±SD) of 64.9 Â±8.7 years
and a mean cumulative cigarette consumption of 44.5 Â±23.3 X IO4

(45.9 Â±22.3. excluding one never-smoker); 52 were identified as
GSTI(-) with a mean age of 65.5 Â±8.2 years and a mean cigarette
consumption of 37.7 Â± 18.3 x K)4 (40.0 Â± 16.1. excluding three

never-smokers). The difference of the mean cigarette consumption

was not statistically significant. The mean abstinence duration of 7.6
Â±4.3 years among 13 ex-smokers with GSTH-) was found to be
longer than 4.6 Â±3.3 years among 7 ex-smokers with GSTI( + ) (P <

0.05, / test).

Table I Cluirucli'risiics of Â¡mtÃ¬enÃ¬swith genotype* oj M.\fil /Wvwf/yÃ/i/.vwof tlu1 CYPtAI t

GenotypesAHCTotal( frequency)33

(0.388)33
(0.388)19(0.224)85

(1.000)(yr.

mean Â±SD)64.0

Â±9.1h6.5
Â±7.365.2
Â±8.865.2
Â±8.4Cigarette(xlO4.

mean Â±SD)44.3

Â±23.941.1
Â±17.332.1
Â±15.040.3
Â±20.5S23261261Smoking

status"E"9

(6.0Â±4.3)5
(6.2 Â±4.0)6
(7.7 Â±4.6)20
(6.6 Â±4.2)N1214

" S. current smokers: [:. ex-smokers; N, never-smokers.
'' Mean abstinence duration Â±SD in years is shown in parentheses.
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Fig. I. Relative distribution of cumulative ciga
rette consumption of the patients in Mspl genotypes
(A) and in Ile-Val genotypes (B), taking a total

number of patients with each of the genotypes as
l(X)Cf. Arrows, mean cigarette consumption of pa
tients with each genotype.
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Table 2 Characteristics of patients with genotypes of Ile-Val polymorphism of the CYPÃŒAIgene

Genotypeslie/lie

He/Val
Vai/ValNo.

of subjects
(frequency)50

(0.588)
26 (0.306)

9 (O.I06)Age(yr,

mean Â±SD)65.0

Â±8.9
65.8 Â±8.2
64.7 Â±5.5Cigarette

consumption
(xl()4. mean Â±SD)43.6

Â±21.5
37.5 Â±20.4
30.6 Â±8.8S38

185Smoking

status"E"1

1 (5.9 Â±3.9)
5 (7.0 Â±5.8)
4 (7.8 Â±3.3)N1

30

' S, current smokers; E, ex-smokers; N, never-smokers.
' Mean abstinence duration Â±SD in years is shown in parentheses.

Cumulative Cigarette Doses in Combined Genotyping of the

CYP1A1 and GST1 Genes among the Patients. The balance be

tween metabolic activation and detoxification may be studied by
combined genotyping of the two genes. Data from the 85 patients with
squamous cell carcinoma of the lung were sorted into the six geno
types, which were composed of the three genotypes of the Mspl

polymorphism combined with the two genotypes of GSTI. It was then
found that the mean cumulative cigarette consumption in each of
genotypes A, B, and C was higher and lower in combined GST1( + )
and GSTl(-), respectively, resulting in the lowest cigarette dose of
31.8 x 104 observed in the combination of susceptible genotype C

and homozygously deleted genotype GSTl(-) (Table 4). The differ-
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Table 3 Cigarette consumption (in Iff* j/m/.v, mean Â±SI)) nf Â¡Hitit'nt*in totnbitn'il
Â¡>i'not\nint>of the fuv; pof)m0fpA4cMS of CYPI.M

Genotypes .\ or K

Ile/Ile or Ile/Val
VulA'al

43.2 Â±21.7(63")

33.2 Â±9.8 (3)
33.4 Â±17.3(131
29.3 Â±8.9 (6)

" Number of patients.

Table 4 Cigarette consumption of patients in combined aenotypint; of the Mspl
polymorphism of CYPIAI anil the GST I polymorphism

CombinedgenotypesCYPIAI

GSTI"A

+-B

+-C

+--

No. of subjects

(frequency)12(0.141)21

(0.247)14(0.165)19(0.224)7(0.0X2)12(0.141)Age

(yr. mean Â±SD)65.1

Â±8.063.4
Â±9.865.9
Â±8.166.9
Â±6.862.4
Â±11.ft66.8
Â±6.8Cigarette

consumption
(xlO4. mean Â±SD)48.3

Â±30.242.0
Â±21.937.3
Â±14.436.6
Â±18.232.7
Â±23.83

1.8 Â±7.7
"+, GSTH + ): -. CSTII-I.

enee in mean cigarette consumption between combined genotypes is
not statistically significant \P = 0.06 between A with GSTH + ) and C
with GSTI<->. l test], although the cigarette amounts in patients with
combined genotype C and GSTI(-) distributed over the lesser doses

compared with those with genotype A and GSTH + ) (P < 0.05.
nonparametric test), with genotype A and GSTI(-) (P = 0.1 ). or with

genotype B and GSTK + ) (P < 0.01).
The mean cigarette consumption in combined genotyping of the

Ile-Val polymorphism and polymorphic GSTI is shown in Table 5. and

the gradation of the cigarette doses in the combined six genotypes was
similar to that shown in Table 4. The lowest cigarette dose of 28.7 X
IO4 was observed in the patients with the combination of the suscep
tible genotype Val/Val and GSTI I-I. It may be of interest that 8 of the
9 patients with genotype Vcil/Viilwere of GSTI(-). The difference in

mean cigarette consumption of combined genotypes was at a statisti
cally significant level of P < 0.05 (I test) between Ile/ile with
GSTK + ) and Val/Val with GSTl(-). and the distribution of cigarette

amounts in patients with combined genotype of Val/ViÃ¼and GSTI(-)

shifted to the lesser doses from that of genotype Â¡le/Ileand GSTI( + )
(P < 0.01. nonparametric test) orthat of genotype lie/lie and GSTl(-)

(P < 0.05).

Characteristics of Controls. A total of 170 controls were selected
as described in "Materials and Methods"; the mean age (Â±SD) was

65.2 Â±8.3 years and the mean cumulative cigarette consumption was
21.7 Â± 18.9 X IO4 cigarettes. The group consisted of 82 current

smokers, 45 ex-smokers, and 43 never-smokers. The mean consump
tion among 127 current or ex-smokers, excluding never-smokers, was
29.0 Â± 16.2 X IO4, and the mean abstinence duration among 45

ex-smokers was 12.6 Â±10.9 years. Their distributions by age. smok

ing status, and cumulative cigarette amounts were almost identical in
the different genotypes of the Mxp\, Ile-Val, and GSTI polymor

phisms: 82 controls with genotype A, 65.0 Â±8.6 years of age and 22.4
Â±18.3 X IO4 cigarettes; 73 controls with genotype B. 65.3 Â±7.7
years of age and 21.0 Â±20.4 X IO4 cigarettes; 15 controls with
genotypeC65.7 Â±9.9 years of age and 21.1 Â±19.2 X IO4cigarettes;

110 controls with lie/lie, 64.8 Â±8.1 years of age and 22.4 Â±18.0 X
IO4 cigarettes; 54 controls with Ile/Val, 65.8 Â±8.8 years of age and
20.6 Â±21.0 X IO4cigarettes; 6 controls with Val/Val, 67.2 Â±9.4 years
of age and 18.9 Â±17.1 X IO4 cigarettes; 86 controls with GST1( + ),
64.8 Â±8.2 years of age and 23.0 Â±20.8 X IO4 cigarettes; and 84

controls with GSTI(-). 65.6 Â±8.4 years of age and 20.4 Â±16.7 X
IO4 cigarettes. Furthermore, the allelic frequencies of the Mxpl or

Ile-Val polymorphism in controls were calculated to be in Hardy-

Weinberg linkage equilibrium: 0.697 and 0.303 for ml and m2 alÃele,
respectively, with notation of A(ml/ml). B(ml/in2). and C(in2/in21:
0.806 and 0.194 for lie and Val alÃele,respectively. In addition the

A/.V/ÃŽ!genotype frequencies examined among 104 stomach. 78 colon,
and 31 breast cancer patients in the hospital were almost identical with
those in controls; e.g., 8.7. 11.5. and 9.7'/r, respectively, for genotype

C among the patients compared with 8.8% (15 of 170) in controls.
Relative Risk Estimate. The different distribution of cigarette

consumption in genotypes, which was observed among the patients
but not among controls, implies that the genetic risk of susceptible
individuals for carcinoma may depend on cigarette dose. The distri

butions of patients and controls h\ combined genotypes of the Msp\
polymorphism and GST I polymorphism are shown in Table 6, where
the cumulative cigarette dose is dicholomous. taking the mean ciga
rette amount of 32.1 x 1()4among the patients with genotype C as a

cutoff point. The odds ratios were calculated for the combined gen
otypes or for the Mxp\ genotypes, taking the risk of the first category
with combined genotype oÃA and GSTI( + )or with genotype A at the
lower cigarette dose level to be at a baseline of 1.0. The results for the
Mxpl genotypes agree well with results of our previous study in which
genotypes A and B were combined as A + B. i.e.. the susceptibility of
genotype C was remarkably high at a low dose of cigarette consump
tion, although the difference of susceptibility in genotypes decreased
as the cigarette dose increased (8). In combined genotyping. the in
dividuals with genotype C and GSTI(-) were at extremely high risk
with an odds ratio of 16.00 (95% confidence interval, 3.76-68.02)

at the lower cigarette dose level compared with those with A and
GSTH + t. On the other hand, this relative susceptibility of combined
genotype C and GSTIt-l compared (o A and GSTI( + i. which is also

equal to the ratio of the two odds ratios for genotypes at the same dose
level, decreased to 2.22 (10x4/9/2 or 20.00/9.00. not statistically sig
nificant) at the higher cigarette dose level.

Regarding the GSTI polymorphism, the numbers of patients with
GSTl( + >.GSTl(-) at the lower dose level, and GSTH + ), GSTI(-) at

the higher level were found from Table 6 to be 9. 22, 24, and 30. while
those of controls in corresponding categories were 64. 63. 22, and 21.
The odds ratios of the GSTI polymorphism could be calculated to be
2.48 (95% Cl. 1.08-5.71) for GSTI(-) at the lower cigarette dose
level of less than 32.1 X IO4. 7.76 (95% CI. 3.32-18.I4) for GSTI-

( + >.and 10.16 (95% CI. 4.44-23.26) for GSTlf-> at the higher dose

level, taking the risk of GSTK + ) at the lower dose level to be at a
baseline of 1.0.

The increased susceptibility of combined genotype C and GSTI(-)

at the lower dose level was ascribed to a remarkable risk elevation of
6.55 for genotype C synergistically working with a risk elevation of
2.48 for GSTH-) at the lower cigarette dose level, compared with

moderate risk elevations of 1.50 (8.32/5.55. not significant) and 1.31
(10.16/7.76. not significant) for genotypes C and GSTII-), respec

tively, at the higher dose level. When we shifted the cutoff point of
cumulative cigarette dose to between 30 and 40 X IO4, the above

results remained qualitatively unchanged (some categories of com
bined genotypes in cases or controls included only one subject or null
when the cutoff point was out of the range).

The distributions of the same patients and controls by combined
genotypes of the Ile-Val polymorphism and GS77 polymorphism are

shown in Table 7 where the cutoff point of cumulative cigarette dose

Table 5 Cigarette consumption of patients in combined ^enolypinÃ>tif the Ile-Val
polymorphism of CYPIAI mill the GSTI polymorphism

CombinedgenotypesCYPIAI

OSTI"Ile/Ile

+-Ile/Val

+-Val/Val

+-No.

of subjects
(frequency)19(0.224)31

(0.365)13(0.153)13(0.153)1

(0.012)8(0.094)Age

(yr. mean Â±SD)65.2

Â±8.864.9
Â±9.264.5
Â±9.267.2
Â±7.26564.6

Â±5.8Cigarette

consumption
(xlO4. mean Â±SD)47.9

Â±25.340.9
Â±18.839.5

Â±21.135.5
Â±20.445.328.7

Â±7.3
"+.GSTH +I;-. GSTII-I.
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Table 6 Kelttti\'i' risk estimate nn the /w.v/.vof the tlistrihutian oj patients tinti ftmtnils hy ctimbint'tl genotypinn ttj Mspl tinti G.S77 pttlymorpliisnis ami cigarette tlttse

CYPIA I

ABC

GSTK+) GSTI(-) GSTII + GSTIf-l

Cumulative cigarette dose of Â£32.1x IO4

Patients 3
Controls 30

1.0
Odds ratios

81658
.11 28 27 6 5

2.58 10.65-10.311" 0.36 |0.04-3.35| 2.22 |0.52-9.51| 8.33' 11.80-38.66] 16.00'' 13.76-68.02]

1.0

Cumulative cigarette dose of >32.l x IO4
Patients 9
Controls 10

13
M

13
II)

0.71 10.26-1.94]

13
g

6.55 ^ [2.49-17.24]

(Xids ratios

9.W [2.30-35.251 11.82''13.24-43.13] 13.00''13.54-47.73] 16.25''14.35-60.76] 10.00'' [ 1.36-73.64] 20.00''|3.52-l 13.59]

5.55''12.45-12.54] 8.01 â€¢¿�'[3.49-18.37] 8.32' |2.34-29.62]

" Numbers in brackets. 95% CI.
h P < 0.05.
'/><O.OI.
''/>< 0.001.

Table 7 Relative risk estimate an the /w.vr'.vaf tile tlistrilnititin uf patients anil ctmlwls by ettnibinetl .tientityriin^ uf lle-Vttl tint! GSTl pofynotpUsHH tinti cigarette tlttse

CYPIAI

Cumulative cigarette dose of <32.l x IO4

Patients
ControlsOdds

ratiosGS3

41
1.0lie/lieTK

+ I GSTK-I1138

3.96 ''[1.10-14.24]"1.0Ile/Val621 3.91GSTK

+ )GSTII-)523

10.95-15.99]2.97|0.68-12.9I|1.41

[0.59-3.37]Val/ValGSTH+)

GSTI<->0

6
2 2

4 1.00''18.68-193.61]8.46

''[2.48-28.85]

Cumulative ciearelle dose of >32.1 x IO4

PatientsControlsOdds

ratios16

2016
1513.67''

[4.14-45.1 1] 18.22'' [5.69-58.31]6.55

''[3.23- 13.30]7

815
5119.

13'' [4.72-77.641 21.87'' [5.52-86.621\3.67h[8.46

''| 3.43-20.89)211.22-153.39]

27.33 ''[3.72-200.6018.46'

[1.68-42.73]

" Numbers in brackets. 95% CI.
* P < 0.05.
' P < 0.01.
''P<O.OOI.

was taken to be the same as that in Table 6 for comparison. The
numbers of subjects in some of the combined genotype categories
were insufficient for reliable estimation of odds ratios because of a
lower allelic frequency of susceptible genotype Val/Val. The genetic
difference in susceptibility was extremely large with an odds ratio of
41.00 (95% CI, 8.68-193.61) for combined genotype of Vai/Val and
GSTI(-) at the lower dose level, although the difference decreased to

2.00 (16x2/16/1 or 27.33/13.67, not significant) at the higher dose
level. The differences in susceptibility ascribable to the single Ms/A or
Ile-Val polymorphism were almost the same in degree when results in

Tables 6 an 7 were compared.

DISCUSSION

We studied the difference in susceptibility to squamous cell carci
noma of the lung in terms of germ line polymorphisms of the CYPIAI
and GST I genes, taking account of consumed cigarette amounts. Since
P-450s are the primary enzyme interface between environmental car
cinogens and host organisms, the genetic susceptibility ascribable to
this enzyme family is expected to be associated with different dose
levels of exposed carcinogens. The mean cumulative cigarette con
sumption among patients showed a clear gradation in genotypes of the
CYPIAI gene and also in combined genotypes of the CYP1AÃŒand
GSTl genes, i.e., the genotypes with lower mean cigarette consump
tion showed more increase in frequency among patients compared to
those among controls, which can be calculated from Tables 6 and 7.
The lowest cigarette dose was observed for the patients with combined
genotype of C and GSTI(-) (frequency of 14.1% (12 of 85) in patients
compared to 4.1% (7 of 170) in controls from Table 6. P < 0.05] and

for those with combined genotype of Val/Val and GSTI(-) [9.4% (8 of

85) in patients compared to 1.8% (3 of 170) in controls from Table 7.
P < 0.01]. A case-control study was carried out to estimate the relative
risk to the combined six genotypes of CYPIAI and GSTl in dichot-

omous cigarette dose. It was shown that the individuals with suscep
tible genotype Cor Val/Val of the CYPIAI gene further increased their
risk to an odds ratio of 16.00 or 41.00 at the lower cigarette dose level
when they were genotyped as deficient GSTl. The patients, who were
genotyped as at least one of C, Val/Val, and GSTl(-), accounted for

87.1% (27 of 31) of those who contracted carcinoma at the lower
cigarette dose [45.2% (14 of 31) genotyped as either C or Val/Val],
although the proportion of these susceptible patients decreased to
59.3% (32 of 54) at the higher dose [14.8% (8 of 54) genotyped as C
or Val/Val, P < 0.05 for the decrease]. On the other hand, the pro
portion among controls was 54.3 (69 of 127) or 53.5% (23 of 43) at
the lower or higher cigarette dose level [9.4 ( 12 of 127) or 9.3% (4 of
43) genotyped as C or Val/Val}, respectively. The difference at the
lower dose between 45.2% in patients and 9.4% in controls was
significant (P < 0.001 ), although no statistical significance was found
in other comparisons. This indicates that the genetic susceptibility
ascribable to CYP1AÃŒor GSTl plays an important role in occurrence
of lung cancer, especially when the cigarette dose is low. Because of
the limited number of subjects in this study, analyses stratified by age
groups to estimate possible induction periods may not be able to be
conducted, and determination of precise dose-response relations with

respect to a sufficient number of dose levels for each of genotype
groups may not be able to be conducted. This remains an important
topic for future study.
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Recently, two studies have reported a lack of association between
the Msp\ polymorphism and lung cancer among Norwegian (18) and
Finnish populations (19). On the other hand, the association of the
Msp\ polymorphism with lung cancer was reconfirmed with respect to
an increased frequency of genotype C among patients and a lower
cumulative cigarette dose of genotype C by a subsequent study in a
different Japanese population."4 This discrepancy may be mainly as

cribed to an ethnic difference in allelic frequency of the polymor
phism, i.e.. susceptible genotype C in Caucasians so far studied was
about 10-fold less frequent than that in Japanese population, and.

hence, a required size of study cases and controls to detect the asso
ciation in Caucasians should be much larger than that of our study
because those Caucasian studies (18. 19) found only two subjects or
fewer with genotype C in study cases or controls. The large difference
in genotype frequencies among races may indicate that the attributable
risk or etiological fraction ascribable to the A/.V/J!or Ile-Val polymor

phism can vary among races. Of interest is a moderate risk elevation
of heterozygous genotype B in a Finnish study population (19): the
odds ratio to squamous cell carcinoma of the lung was calculated from
their data to be 1.85 (95x14/30/24, \2 = 2.439 with d.f. = I. P =

0.125). A lower risk elevation of genotype B was also observed with
odds ratio of 1.24 (172x20/47/59) in a Norwegian study population
(18). It is possible that, in Caucasian populations, the heterozygous
genotypes B and Ile/Val contribute much to the attributable risk.
Clearly, studies involving a large number of study subjects will be
required to disclose the association of the Msp\ and Ile-Val polymor

phisms with lung cancer in each of different ethnic population.
As for the association of the CYPIAI polymorphisms with pheno-

typic expressions, cosegregation of the Msp\ polymorphism and the
inducibility phenotype of P450IA1 enzyme (AHH activity) was re
ported, i.e.. individuals with genotype B showed a higher inducibility
than those with genotype A. although genotype C was not included in
study subjects (20). On the other hand, the Ile-Val polymorphism

resulted in two different P4501A1 proteins, and their catalytic activity
toward benzo(Â«)pyrene was examined by use of the isoleucine- and
valine-type of P450IAI expressed in yeast microsomes (21). The
valine-type P4501A1 showed a higher AHH activity and mutagenicity
than that of the He-type. These results may indicate that the two

polymorphisms of CYPIA1 involve different biochemical mecha
nisms, which is consistent with the result in Table 3. However, further
studies are needed to draw any definitive conclusion on this matter.
For example, detection of carcinogen-induced DNA damage such as

DNA adducts in lung tissues of individuals with different genotypes of
CYP1AI may be helpful, although the smoking amounts, medication,
and other associating factors must be adjusted among study subjects.

To summarize, our study in a Japanese population indicates that the
two CYPIAI polymorphisms and the OSTI polymorphism were as
sociated with squamous cell carcinoma of the lung in terms of not only
the increased frequencies of patients with susceptible genotypes com
pared to those of controls but their lesser cigarette doses than those
with other genotypes. Combined genotyping of susceptible CYPIAI
and GSTl genes revealed higher relative risk than that ascribed to a
single susceptible gene. The genetic difference in lung cancer suscep
tibility derived from either single or combined polymorphism was
remarkably large at the low cigarette dose, although the difference was
decreased at the high dose. Our results thus provided a model for
cancer prevention that very susceptible individuals to environmental
carcinogens can be identified by combined genotyping of the suscep
tible genes, which are involved in carcinogenic metabolisms, and that

4 T. Okada. K. Kawashima, S. Fukushi. T. Minakuchi, and S. Nishimura. Association

of cytochrome P4501AI genotype with human lung cancer and metastasis, manuscript in
preparation.

their susceptibility must be studied in relation to exposure levels
because a high cancer susceptibility at low exposure level observed in
this study is one of the most important problems for individual-based

cancer prevention in future.
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