
Abstract. Background: The impact of genetic polymorphisms
in CYP1A1 or CYP1B1 on susceptibility to lung cancer has
received particular attention since these enzymes play a central
role in the activation of major classes of tobacco carcinogens.
Several polymorphisms in the CYP1A1 locus have been
identified and their genotypes appear to exhibit population
frequencies that depend on ethnicity. In the current German
study, we investigated the role of CYP1A1 and CYP1B1
polymorphisms as a genetic modifier of risk for individuals
with lung cancers as susceptible genotypes, especially in
relation to tobacco smoking. Materials and Methods: Three
polymorphisms, the CYP1A1 T6235C (CYP1A1 MspI), the
CYP1A1 A4889G-position (CYP1A1 iva) as well as the
CYP1B1 codon 432 polymorphism were determined by real-
time PCR analysis in 446 lung cancer patients and in 622
controls. Results: The observed allele frequencies in the
population were within the range described for Caucasians.
Multivariate analyses of lung cancer patients, who carried at
least one mutant variant allele of CYP1A1 T6235C (OR=1.06;
95%-CI: 0.7-1.6), CYP1A1 A4889G (OR=1.09; 95%-CI:
0.63-1.88) or CYP1B1 Val432Leu (OR=1.01 CI: 0.73-1.39)
did not show any elevated risks. When analysed by histology,
no individual subtype of lung cancer was significantly
associated with the polymorphisms. Lung cancer risk rose
significantly with higher cumulative cigarette consumption.
Stratified analysis between tobacco smoking and variant
genotypes revealed, for heavy smokers (>60 pack-years),
increasing risks with the presence of at least one copy of the
CYP1A1 T6235C variant allele OR=27.74 (95%-CI: 4.34-

177.25), the CYP1A1 A4889G position OR=33.23 (95%-CI:
3.11-354.99) and the CYP1B1 OR=418.70 (95%-CI: 45.45-
3856.89). By analysing the interaction between tobacco
smoking and the genotypes, the combination of smoking and
having the susceptible genotypes did not show a joint effect.
Conclusion: In this study polymorphism of the CYP1A1
T6235C- or A4889G-position as well as CYP1B1-codon 432-
polymorphisms had no relevant modifying effect on lung
cancer risk and cumulative smoking dose. 

An individual difference in susceptibility to chemically-

induced carcinomas is, in part, ascribed to genetic

differences of metabolic activity in the activation or

detoxification of environmental carcinogens. Human lung

cancer requires exposure to carcinogens such as polycyclic

aromatic hydrocarbons (PAH), mainly in cigarette smoke

but also to exposures of carcinogens at the workplace like

asbestos, ionising radiation or other chemical products.

Traditionally, the carcinogenic process is considered to

proceed through three stages, referred to as initiation,

promotion and progression. The first step is the exposure of

a normal cell to an agent that causes a genetic change (see

Figure 1). This cell will have an altered responsiveness to its

environment. Tumor promotion results from the initiated

cell dividing chaotically and thereby enhancing the

probability of accumulation of additional gene damage.

Progression is the cumulation of these changes toward the

malignant phenotype. 

Host factors influence the susceptibility to tobacco

smoking. One type of host factors are the pleiotropic genes

of the cytochrome P-450 system, that control the oxidative

metabolism of environmental carcinogens. Most

environmental carcinogens require metabolic activation by

Phase I enzymes, cytochrome P-450s, to their reactive

electrophilic intermediates (1). Phase I intermediate

compounds covalently bind to nucleic acids and proteins and

form carcinogen-DNA adducts, which may initiate

carcinogenesis. The metabolism of many compounds involves

the action of a number of enzymes, each with different

environmental and genetic determinants of activity. Somatic

mutations are not found at this stage of carcinogenesis. 

189

*Some of the results are included in the thesis of U. Bernges

Correspondence to: Priv.-Doz. Dr. med. Joachim Schneider,

Institut und Poliklinik für Arbeits- und Sozialmedizin der Justus-

Liebig Universität, Aulweg 129/III, D- 35385 Giessen, Germany.

Tel: +49-0641-99-41303, Fax: +49-0641-99-41309, e-mail:

Joachim.Schneider@arbmed.med.uni-giessen.de

Key Words: Lung cancer, CYP1A1 T6235C, CYP1A1 A4889G,
CYP1B1-polymorphisms, tobacco smoking, susceptibility.

CANCER GENOMICS & PROTEOMICS 1: 189-198 (2004)

CYP1A1 and CYP1B1 Polymorphism and Lung Cancer Risk
in Relation to Tobacco Smoking

JOACHIM SCHNEIDER, ULRIKE BERNGES*, MONIKA PHILIPP and HANS-JOACHIM WOITOWITZ

Institut und Poliklinik für Arbeits- und Sozialmedizin der Justus-Liebig Universität, Giessen, Germany

1109-6535/2004 $2.00+.40



Several forms of P-450 have been identified as playing a

role in lung carcinogenesis and P-450 1A1 is associated with

individual differences in susceptibility to carcinogens. P-450

1A1 is expressed in human tissue and metabolises PAH (2, 3).

P-450 1A1 is responsible for the metabolic activation of

benzo[a]pyrene and other carcinogens in cigarette smoke.

Exposed people with an increased CYP1A1 enzyme activity

will produce more reactive metabolites of benzo[a]pyrene.

About 10% of the Caucasian population has a highly

inducible form of the CYP1A1 enzyme, which is associated

with an increased risk of bronchial or laryngeal tumors in

smokers (4). In several studies, a high susceptibility to lung

cancer was associated with the polymorphism of the

CYP1A1 gene (5). 

Different variants of the CYP1A1 gene have been

identified (6), two of which increase enzyme activity (7, 8):

the first is an isoleucine/valine substitution in the heme-

binding region in exon 7 at nucleotide A4889G; the second is

a thymine/cytosine point mutation in the 3’-noncoding region

at nucleotide T6235C. The homocygotes of the variant allele

of each mutation are reported to correlate with an enhanced

susceptibility to smoking-induced lung cancers in a Japanese

population (9). Smokers with the exon 7 Ile-Val mutation

were found to have more PAH-DNA adducts in their white

blood cells than smokers without the variant. 

The isoform CYP1B1 induced metabolic activation of

carcinogens such as arylamines, nitroaromatics and PAH.

CYP1B1 participates in the metabolic activation of

benzo[·]pyrene and catalyses a number of PAH to carcinogenic

epoxides. Several CYP1B1 polymorphisms have been described:

intron 1 (C/T), codon 48 (C/G), codon 432 C/G, codon 449

(C/T) and codon 453 (A/G). In particular the Val432Leu-

polymorphism was associated with an activity of the enzyme

(10). Watanabe et al. (11) described an association of CYP1B1
genetic polymorphism with incidence of breast and lung cancer. 

In the current study we investigated the role of CYP1A1
and CYP1B1 polymorphisms as genetic modifiers of risk for

individuals with lung cancers as susceptible genotypes,

especially in relation to tobacco smoking and the cumulative

cigarette dose. We focused on these polymorphisms with

reported changes in microsomal enzyme activities. In

epidemiological studies, genetic polymorphisms of the

analysed CYP genes were previously demonstrated to be

risk modifiers of tobacco-related cancers. 

Materials and Methods

Study group. The study group consisted of a total of 1068 people.

All persons were interviewed by a questionnaire to obtain

information on lifestyle (including a lifetime history of tobacco use)

and occupational history. The study population included 446
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Figure 1. Simplistic model of multistage lung carcinogenesis (modified according to Shields PG and Harris CC: Molecular epidemiology and the genetic
of environmental cancer. J Am Med Ass 266: 681-687, 1991). 



patients (404 male, 42 female) with histologically confirmed

primary lung cancers and 622 cancer-free subjects (600 male, 22

female), see Table I. The histological classification of the lung

tumors resulted in n=67 small cell carcinoma, n=16 large cell

carcinoma, n=183 squamous cell carcinoma, n=112

adenocarcinoma and n=68 mixed bronchial carcinoma without

classification. The control group consisted of all other persons who

were free of any benign or malignant tumors. The most frequent

final diagnosis included n=30 patients with acute inflammatory

lung disorders, n=179 patients with asbestosis, n=144 with silicosis,

n=20 with other lung fibrosis, n=63 patients with obstructive

airway diseases (COPD) and a group of n=186 healthy subjects.

Real-time PCR and polymorphism detection. Blood samples (about 5

ml) were obtained from patients and controls. Genomic DNA was

isolated from whole blood using the QIAamp Blood Mini Kit

(Qiagen, Hilden, Germany). Real-time PCR-analysis and melting-

curve analysis of cytochrome P450 1A1 A4889G and T6235C
polymorphisms were performed as previously described in Harth

et al. (12). Real-time PCR-analysis and melting-curve analysis of

cytochrome P450 1B1 codon 432- polymorphism was performed as

previously described in Brüning et al. (13). 

In brief, PCR was performed on a Light-Cycler (Roche,

Mannheim, Germany) using hybridisation probes in combination

with the Light-Cycler DNA master hybridisation probes kit

(Roche). Generally, hybridisation is performed with two different

short oligonucleotides that hybridise to two adjacent sequences of

the amplified PCR fragment during the annealing phase of the

PCR cycles. One probe is labelled at the 5’-end with a Light-

Cycler-red fluorophore and is phosphorylated at the 3’-end. The

other probe is labelled with fluorescein. Only after hybridisation

are the probes in close proximity, resulting in fluorescence

resonance energy transfer (FRET) between the two fluorophores.

During FRET, fluorescein, the donor fluorophone, is stimulated by

the light source of the Light-Cycler and part of the resulting energy

is transferred to Light-Cycler-red, the acceptor fluorophore. The

emitted fluorescence of the Light-Cycler-red fluorophore is

quantified. The sequences of PCR-primers, the hybridisation

probes and the conditions for real-time PCR polymorphism

detection including sequencing of PCR products for CYP1B1 codon
432 polymorphisms are described in Brüning et al. (13),

respectively, for CYP1A1 A4889G and T6235C polymorphisms in

Harth et al. (12). 

Both the PCR primers and the fluorescent-labelled detection

probes were commercially synthesized by TIB MOLBIOL (Berlin,

Germany). 

Nomenclature. To describe the different polymorphic variants, the

used systematic nomenclature for CYP1A1 polymorphisms is given

in Table II. 

For the CYP1A1 polymorphisms at position T6235C, the

genotypes were CYP1A1*1/*1 for wild-type (T/T), CYP1A1*1/*2
for heterozygous (T/C) and CYP1A1*2/*2 for mutant genotypes

(C/C). For the CYP1A1 A4889G polymorphism, the genotypes

were CYP1A1*1/*1 for wild-type (A/A), CYP1A1*1/*3 for

heterozygous (A/G) and CYP1A1*3/*3 for mutant genotypes

(G/G). For the CYP1B1 Val432Leu polymorphism, the genotypes

were CYP1B1*1/*1, CYP1B1*1/*2 and CYP1B1*2/*2. 

Statistical analysis. The association between the genotype

distributions and the patient’s status was assessed by Odds Ratios

(ORs) and Confidence Intervals (CIs). The OR and the CI were

calculated by unconditional logistic regression and adjusted for age.

Gender and tobacco smoking were computed to estimate the

association between certain genotypes or tobacco smoking and

diseases. The gene-smoking interaction, adjusted for age and

gender, was also analysed by logistic regression methods. Smokers

were considered to be current smokers at time of diagnosis. Ex-

smokers were all people, who had ever smoked. Information was

collected on the usual number of cigarettes smoked per day, the

age at which the subject started smoking and the age at which the
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Table I. Characteristics of the study subjects.

Variable Cases Controls 

(n=446) (n=622)

Gender, n (%)

Male 404 (90.6) 600 (96.5)

Female 42 (9.4) 22 (3.5)

Age (years)

Mean (SD) 64.4 (8.7) 63.6 (11.1)

Range 32-88 20-96

Smoking status, n (%)

Never-smokers 18 (4.0) 151 (24.3)

Ever- or current smokers 398 (89.3) 469 (75.4)

1-20 pack-years 79 (19.8) 248 (52.9)

21-40 pack-years 123 (30.9) 135 (28.8)

41-60 pack years 93 (23.4) 37 (7.9)

>60 pack-years 55 (13.8) 11 (2.3)

Pack years not calculable 48 (12.1) 38 (8.1)

Unknown smoking status 30 (6.7) 2 (0.3)

Histological type of lung cancer, n (%)

Small cell lung cancer 67 (15.0)

Large cell lung cancer 16 (3.6)

Adenocarcinoma 112 (25.1)

Squamous cell carcinoma 183 (41.1)

Mixed, non classificable lung cancer 68 (15.2)

Table II. Overview of CYP1A1 nomenclature, Bartsch et al. 2000 (5).

Historical  Wild-type allele, MspI allele Ile→Val, exon7, 

nomenclature m1 3’non-coding codon 462

of polymorphism region, m2

Point mutation None 6235 T→C 4889 A→G

Nomenclature for mutations wt m1 m2
by Cascorbi et al. 1996 (6).

Nomenclature for alleles *1 *2A *2B (m1+m2)

by Cascorbi et al. 1996 (6).

Nomenclature proposed *1 *2 *3 (m2)

by IARC 1999.

Nomenclature proposed *1 *2A *2B (m1+m2)

by Nebert et al. 1999 (4). *2C (m2)



subject stopped smoking if the person was an ex-smoker. Pack-

years were calculated for the cumulative cigarette smoking. One

pack-year was defined as smoking 20 cigarettes per day over one

year. The smokers were categorized by the pack-year (py) values.

All statistical analyses were performed using the statistical software

SPSS 11.5. The p-values result from two-sided tests. A p-value

<0.05 was considered statistically significant.

Results

The relevant characteristics of the study subjects are shown

in Table I. There were no significant differences among

cases and controls in terms of mean age and male-female

ratio. More smokers were present in the case group as

compared to the controls (p<0.001). Also the lung cancer

patients had higher values of pack-years smoked than

controls, which reflects the fact that cases were more

susceptible to lung carcinogens by tobacco smoking. 

The prevalence of different genotypes in the control

population and in the lung cancer patients are listed in

Tables IIIa/b. The observed frequencies for the wild-type

CYP1A1 T6235C (T/T) were between 81.2% (large cell

carcinomas) and 91.2% (mixed lung cancers) and for the

CYP1A1 A4889G (A/A) between 90.2% (squamous

carcinomas) and 100.0% (large cell carcinomas). The

homozygous mutant allelic frequency (mt/mt) were rare and

only seen in five persons (one control subject, four lung

cancer patients) for CYP1A1*2/*2 and three persons (one

control, two lung cancer patients) for CYP1A1*3/*3,

respectively. In the studied population the CYP1B1 wt/wt
was found in 31.1% squamous carcinomas, in 41.8% small

cell lung cancers, whereas one mutant allelic frequency was

detectable in 38.4% adenocarcinomas or 56.2% large cell

carcinomas (Table IIIb). The genotype CYP1A1 or CYP1B1-

distributions showed no significant differences between the

control subjects and the lung cancer patients. The study also

did not reveal any differences in genotype frequency with

respect to the different histological types of the lung cancer

groups. 

The risk of lung cancer associated with the CYP1A1 or

CYP1B1 polymorphisms is presented in Tables IVa/b.

Always the calculation was done for wt/wt genotypes vs.
wt/mt and mt/mt genotypes. w refers to wild-type genotype

and m refers to mutant genotype at the studied polymorphic

site, respectively. Lung cancer patients, who carried at least

one mutant variant (wt/mt or mt/mt) allele of CYP1A1
T6235C (OR=1.06; 95%-CI: 0.7-1.6), CYP1A1 A4889G
(OR=1.09; 95%-CI: 0.63-1.88) or CYP1B1 Val432Leu
(OR=1.01; 95%-CI: 0.73-1.39) did not show any elevated

risks. When analysed by histology (adjusted for age, gender

and cumulative smoking dose), no individual subtype was

found to be strongly associated with the polymorphisms,

(Tables IVa/b). 

The risk of lung cancer related to CYP1A1 or CYP1B1
genotypes was further examined with stratification of

smoking status and cumulative smoking dose. Among

smokers, in those carrying the CYP1A1 (T6235C or
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Table IIIa. CYP1A1 genotype frequencies in lung cancer cases and controls.

CYP1A1 T6235C genotype CYP1A1 A4889G genotype

wt/wt wt/mt mt/mt wt/wt wt/mt mt/mt
*1/*1 *1/*2 *2/*2 *1/*1 *1/*3 *3/*3

Controls 517 (83.1) 104 (16.7) 1 (0.2) 562 (90.3) 59 (9.5) 1 (0.2)

Lung cancer (LC) 387 (86.8) 57 (12.8) 2 (0.4) 409 (91.7) 36 (8.1) 1 (0.2)

-Small cell LC 60 (89.5) 6 (9.0) 1 (1.5) 61 (91.0) 6 (9.0) 0

-Large cell LC 13 (81.2) 3 (18.8) 0 16 (100.0) 0 0

-Adenocarcinoma 97 (86.6) 15 (13.4) 0 104 (92.8) 7 (6.3) 1 (0.9)

-Squamous cell LC 155 (84.7) 27 (14.8) 1 (0.5) 165 (90.2) 18 (9.8) 0

-Mixed, non classificable LC 62 (91.2) 6 (8.8) 0 63 (92.9) 5 (7.4) 0

wt=wild-type genotype, mt= mutant genotype at the studied polymorphic site, n (%)

Table IIIb. CYP1B1 Val432Leu genotype frequencies in lung cancer cases
and controls.

wt/wt wt/mt mt/mt

Controls 206 (33.1) 296 (47.6) 120 (19.3)

Lung cancer (LC) 152 (34.1) 199 (44.6) 95 (21.3)

-Small cell LC 28 (41.8) 26 (38.8) 13 (19.4)

-Large cell LC 5 (31.3) 9 (56.2) 2 (12.5)

-Adenocarcinoma 38 (33.9) 43 (38.4) 31 (27.7)

-Squamous cell LC 57 (31.1) 87 (47.6) 39 (21.3)

-Mixed, non classificable LC 24 (35.3) 34 (50.0) 10 (14.7)

wt=wild-type genotype, mt= mutant genotype at the studied

polymorphic site, n (%)



A4889G) wt/wt as well as carrying the wt/mt or mt/mt
genotype, an elevated risk was detectable depending on the

cumulative smoking dose (Tables Va/b). This was also

observed for CYP1B1 polymorphisms (Table Vc). 

For CYP1A1 polymorphisms at position T6235C, the

calculated OR was significantly elevated for all

stratifications and reached up to OR=71.45 (95%-CI: 26.42-

193.23) in patients with a cigarette consumption of more

than 60 pack-years (Table Va). The elevated lung cancer

risk OR=3.23 (95%-CI: 1.69-6.17) was seen even among

individuals who consumed less than 20 pack-years. However

the OR were significantly increased among individuals who

had at least one variant of the CYP1A1*1/*2 or

CYP1A1*2/*2 allele. The highest risk was calculated for

smokers of more than 60 pack-years (OR= 27.74; 95%-CI:

4.34-177.25). Interestingly, there was also an elevated risk

(OR 1.53; 95%-CI: 0.3-7.82) among non-smokers, who had

the variant CYP1A1*1/*2 or CYP1A1*2/*2 genotypes as

compared to the non-smokers with the CYP1A1*1/*1 (wt/wt)
genotype. However, this result was not significant. The

interaction of tobacco smoking and the CYP1A1-

polymorphism did not show a joint effect. Remarkably the

risk of smokers with the CYP1A1*1/*1 (i.e. wt/wt) genotype

was higher than the risk of smokers carrying a genotype

CYP1A1*1/*2 (wt/mt) or CYP1A1*2/*2 (mt/mt). Combined

smoking and having the variant CYP1A1 T6235C genotypes

failed to show a significant interaction between the

susceptible genotypes and pack-years of tobacco

consumption. 

The pattern of gene-smoking interaction was also

analysed among CYP1A1 Ile462Val-polymorphisms, (Table

Vb). A significant association was found between cigarette

consumption both for the wt/wt but also for wt/mt and mt/mt
genotypes. Compared with individuals with the CYP1A1
genotype wt/wt who had never smoked, the ORs were

OR=57.42 (95%-CI: 22.43-147.00), respectively, concerning

CYP1A1*1/*3 or CYP1A1*3/*3 OR=33.23 (95%-CI:3.11-

354.99) for smokers of more than 60 pack-years. Again, the

interaction of tobacco smoking and the CYP1A1
polymorphism did not show a joint effect. The OR for

combined smoking and having the variant CYP1A1 wt/mt or

mt/mt (CYP1A1*1/*3 or CYP1A1*3/*3) genotypes was

OR=7.81 (95%-CI:3.59-16.98) and comparable with the

OR=8.85 (95%-CI:4.93-15.88) for the wt/wt-type

(CYP1A1*1/*1). Stratification by pack-years showed that

lung cancer risk was clearly pronounced with increasing

smoking doses. There were no significant differences

between the individuals carrying the variant CYP1A1 wt/mt
or mt/mt (CYP1A1*1/*3 or CYP1A1*3/*3) and those

carrying the wt/wt-wild-type (CYP1A1*1/*1) in the

corresponding stratified pack-years. 

When sub-grouping the cancer patients into ever-smokers

and non-smokers, the data concerning CYP1B1 indicated
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Table IV. Risk of lung cancer associated with the CYP1A1 genotypes.

CYP1A1 T6235C genotype CYP1A1 A4889G genotype

wt/wta wt/mt or mt/mt ORb (95% CI) wt/wt wt/mt or mt/mt ORb (95% CI)

Controls 517 (83.1) 105 (16.9) - 562 (90.3) 60 (9.6) -

Lung cancer (LC) 387 (86.8) 59 (13.2) 1.06 (0.70-1.60) 409 (91.7) 37 (8.3) 1.09 (0.63-1.88)

-Small cell LC 60 (89.6) 7 (10.4) 1.60 (0.65-3.95) 61 (91.0) 6 (9.0) 0.92 (0.34-2.5)

-Large cell LC 13 (81.2) 3 (18.8) 2.21 (0.28-17.71) 16 (100) 0 n.d.

-Adenocarcinoma 97 (86.6) 15 (13.4) 1.18 (0.61-2.27) 104 (92.8) 8 (7.1) 1.03 (0.46-2.34)

-Squamous cell LC 155 (84.7) 28 (15.3) 0.83 (0.49-1.41) 165 (90.2) 18 (9.8) 1.32 (0.60-2.88)

-Mixed, non classificable LC 62 (91.2) 6 (8.8) 2.21 (0.81-6.05) 63 (92.9) 5 (7.4) 1.54 (0.49-4.89)

a wt = wild-type genotype; mt = mutant genotype at the studied polymorphic site
b OR and CI were calculated by logistic regression and adjusted for age, gender and tobacco smoking

n.d. = not defined

Table IVb. Risk of lung cancer associated with the CYP1B1 Val432Leu
genotypes.

wt/wta wt/mt or mt/mt ORb (95% CI)

Controls 206 (33.1) 416 (66.9) -

Lung cancer (LC) 152 (34.1) 294 (65.9) 1.01 (0.73-1.39)

-Small cell LC 28 (41.8) 39 (58.2) 1.41 (0.76-2.62)

-Large cell LC 5 (31.3) 11 (68.7) 0.42 (0.09-1.97)

-Adenocarcinoma 38 (33.9) 74 (66.1) 1.00 (0.62-1.63)

-Squamous cell LC 57 (31.1) 126 (68.9) 0.91 (0.58-1.42)

-Mixed, non 24 (35.3) 44 (64.7) 1.18 (0.64-2.20)

classificable LC

a wt = wild-type genotype; mt = mutant genotype at the studied

polymorphic site
b OR and CI were calculated by logistic regression and adjusted for

age, gender and tobacco smoking
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Table Va. Interaction of CYP1A1 T6235C genotypes and tobacco smoking on the overall risk of lung cancer.

Smoking status CYP1A1 T6235C genotype

wt/wtc ORd (95% CI) wt/mt or mt/mtc ORd (95% CI) pe

Never-smokers 16 / 130 1.00 2 / 21 1.53 (0.3-7.82) 0.61

Ever- or current smokers 299 / 354 9.59 (5.26-17.51) 51 / 77 7.94 (3.81-16.58) 0.13

1-20 pack-years 63 / 208 3.23 (1.69-6.17) 16 / 40 4.55 (1.92-10.78) 0.30

21-40 pack-years 100 / 107 12.80 (6.17-26.55) 23 / 28 12.34 (4.88-31.21) 0.62

41-60 pack-years 85 / 30 48.28 (20.04-116.29) 8 / 7 15.72 (4.53-54.58) 0.17

> 60 pack-years 51 / 9 71.45 (26.42-193.23) 4 / 2 27.74 (4.34-177.25) 0.26

pack-years not calculable 44 / 32 4.17 (2.74-6.33) 4 / 6 3.10 (1.48-6.50) 0.32

c= No. of cases/no. of controls
d= ORs and 95% CIs were calculated by logistic regression analysis, with the CYP1A1 wild-type genotypes (wt/wt) as the reference group for

never-smokers and adjusted for age and gender.
e= Smoking stratified p-values (Fisher’s exact test (2-tailed)) calculated for wt/wt vs. wt/mt or mt/mt.

Table Vb. Interaction of CYP1A1 A4889G genotypes and tobacco smoking on the overall risk of lung cancer.

Smoking status CYP1A1 A4889G genotype

wt/wtc ORd (95% CI) wt/mt or mt/mtc ORd (95% CI) pe

Never-smokers 17 / 132 1.00 1 / 19 2.29 (0.27-19.30) 0.44

Ever- or current smokers 321 / 393 8.85 (4.93-15.88) 29 / 38 7.81 (3.59-16.98) 0.83

1-20 pack-years 67 / 226 2.99 (1.59-5.61) 12 / 22 5.52 (2.18-13.95) 0.10

21-40 pack-years 116 / 124 12.27 (6.10-24.66) 7 / 11 6.37 (2.01-20.19) 0.24

41-60 pack-years 86 / 33 35.67 (15.86-80.21) 7 / 4 16.60 (4.06-67.82) 0.21

> 60 pack-years 52 / 10 57.42 (22.43-147.00) 3 / 1 33.23 (3.11-354.99) 0.61

pack-years not calculable 42 / 35 3.59 (2.40-5.38) 6 / 3 4.87 (2.26-10.46) 0.34

c= No. of cases/no. of controls
d= ORs and 95% CIs were calculated by logistic regression analysis, with the CYP1A1 wild-type genotypes (wt/wt) as the reference group for

never-smokers and adjusted for age and gender.
e= Smoking stratified p-values (Fisher’s exact test (2-tailed)) calculated for wt/wt vs. wt/mt or mt/mt.

Table Vc. Interaction of CYP1B1 Val432Leu genotypes and tobacco smoking on the overall risk of lung cancer.

Smoking status CYP1B1 Val432Leu genotype

wt/wtc ORd (95% CI) wt/mt or mt/mtc ORd (95% CI) pe

Never-smokers 6 / 62 1.00 12 / 89 0.71 (0.24-2.09) 0.53

Ever- or current smokers 119 / 131 15.19 (5.53-41.73) 231 / 300 17.46 (5.67-53.82) 0.30

1-20 pack-years 25 / 74 5.13 (1.74-15.15) 54 / 174 6.78 (2.08-22.11) 0.85

21-40 pack-years 39 / 41 64.86 (8.20-512.75) 84 / 94 52.45 (7.14-385.60) 0.94

41-60 pack-years 39 / 10 246.16 (28.68-2112.53) 54 / 27 299.60 (25.69-3494.42) 0.09

> 60 pack-years 16 / 6 166.39 (16.87-1641.26) 39 / 5 418.70 (45.45-3856.89) 0.13

pack-years not calculable 15 / 11 9.69 (3.13-30.03) 33 / 27 7.78 (2.80-21.63) 0.77

c= No. of cases/no. of controls
d= ORs and 95% CIs were calculated by logistic regression analysis, with the CYP1B1 wild-type genotypes (wt/wt) as the reference group for

never-smokers and adjusted for age and gender.
e= Smoking stratified p-values (Fisher’s exact test (2-tailed)) calculated for wt/wt vs. wt/mt or mt/mt.



increasing risks with rising cigarette consumption, (Table

Vc). Compared with individuals with the CYP1B1 genotype

wt/wt who had never smoked, the ORs were OR=166.39

(95%-CI: 16.87-1641.26), respectively, OR=418.7 (95%-CI:

45.45-3856.89) for heavy smokers of more than 60 pack-

years (Table Vc). A significantly higher lung cancer risk in

the group of smokers carrying the CYP1B1 wt/mt or mt/mt
allele in comparison to the wt/wt was not found in the

different smoking strata. CYP1B1 polymorphisms had no

relevant modifying effect on the lung cancer risk on

analysing the interaction between cumulative smoking dose

and susceptible genotypes. 

Discussion

The prospect of genetic screening for preventable or

deferrable disease is becoming real. Much interest is

focused on identification of genes and their modifying effect

on cancer risk by environmental pollutants or exposure to

occupational carcinogens. Genetic differences in the

metabolism of carcinogens may co-determine individual

predisposition to lung cancer. Since P-450s are the primary

enzyme interface between environmental carcinogens and

organisms, the genetic susceptibility ascribable to this

enzyme family is expected to be associated with different

dose levels of exposed carcinogens. The extent of

association between human CYP1A1 or CYP1B1 genetic

polymorphisms and lung cancer remains controversial.

Therefore, we conducted a study of lung cancer patients

and controls to estimate the association of the CYP1A1
and CYP1B1 polymorphisms in relation to tobacco smoking

as a paradigm for induced lung cancer, especially by

polycyclic aromatic hydrocarbons (PAH). Phase I

intermediate compounds such as PAH covalently bind to

nucleic acids and proteins and form carcinogen-DNA

adducts, which may initiate carcinogenesis. The metabolism

involves the action of the cytochromoxidases with different

environmental and genetic determinants of activity. So

analysis of somatic mutations, even in tumor biopsies, were

not a subject of this study. 

In our study the observed genotype frequencies were

within the range described for Caucasians (6, 14, 15).

Benzo[a]pyren-diol-epoxides-DNA adduct levels in

bronchial tissue of smokers with high pulmonary CYP1A1

inducibility were higher than in subjects at similar

smoking dose (16). Also smokers with the CYP1A1 exon 7

valine polymorphism had significantly higher (2-fold)

levels of DNA damage than those without (17). A

significant association was found between the combined

heterozygous and homozygous MspI variant of the

CYP1A1 gene (CYP1A1*1/*2 or CYP1A1*2/*2) and lung

cancer, where the estimated odds ratio was 2.8 at a

confidence interval 1.15-3.73 (18). 

In contrast no significant differences in risk between

cases and controls were reported for CYP1A1
polymorphisms by Gsur et al. (19), for CYP1A1 Ile462Val
(CYP1A1 iva) by Carstensen et al. (20) or CYP1A1 MspI

(CYP1A1*1/*2 or CYP1A1*2/*2) by Kelsey et al. (21),

LeMarchand et al. (22) and Tefre et al. (23).

Our results do not show any relation between the

polymorphisms CYP1A1 at position T6235C or A4889G
(CYP1A1*1/*2 and CYP1A1*2/*2 or CYP1A1*1/*3 and

CYP1A1*3/*3), nor any relation to the CYP1B1 codon 432

polymorphism and lung cancer risk. Our findings were

obtained from a relatively large sample consisting of 446

lung cancer cases and 622 control subjects, which should

provide more confident results. Examination by histological

subtype of cancer did not show any significant association.

These results were in accordance with LeMarchand et al.
(22), London et al. (24) and Shields et al. (25). In Japanese

data an association between CYP1A1 polymorphisms and

lung cancer was stronger for squamous cell carcinomas than

for adenocarcinomas of the lung (26, 27). The results from

Caucasians are inconsistent, perhaps due to ethnic

variations (25, 28). Ko et al. (29) reported a significant

influence on the vulnerability of Caucasians smokers with

head and neck squamous cell cancer by CYP1B1 codon 432

polymorphisms. In Finnish lung cancer patients (30) or in

another German study (31) also no association was found

between the risk alleles and the histological tumor types,

which confirmed our data. 

In the present study lung cancer risk rose significantly

with increasing cumulative cigarette smoking dose. The

cumulative cigarette consumption among patients did not

show gradation of the CYP1A1 or CYP1B1 polymorphisms.

We failed to demonstrate that any CYP1A1 or CYP1B1
genotypes appeared to interact with smoking. These results

are in accordance with Shields et al. (25), where analysis of

CYP1A1 MspI genotype by cumulative smoking status did

not reveal an elevated risk among lighter or heavier

smokers. The association of CYP1A1 MspI variant

individuals was not modified by cumulative cigarette

consumption in the study of Xu et al. (18). No association

was found between the risk alleles and lung cancer risk in

Finnish smokers (30). 

In studies of Japanese populations, it was shown that the

susceptibility to lung cancer of individuals with CYP1A1
polymorphisms was remarkably high at a low level of

tobacco smoking and the difference in susceptibility of

high risk genotypes was reduced at high dose levels (26).

Heavy smokers, who had a variant CYP1A1 m1 genotype

(CYP1A1*1/*2 or CYP1A1*2/*2), were at the highest risk

for squamous lung cancer. This effect was not seen with

adenocarcinomas of the lung. Wu et al. (32) found a

nearly multiplicative interaction on risk of lung cancer

between cumulative cigarette dose and CYP2E1 genotypes.
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It was shown that individuals with susceptible genotype

CYP1A1 Val/Val (CYP1A1*3/*3) further increased their

risk at lower cigarette dose levels (26). Ko et al. (29)

demonstrated that the CYP1B1 Val432Leu-polymorphism

is an inheritable predisposing factor for smoking-induced

head and neck squamous cell carcinomas. Also these

authors have shown that CYP1B1 polymorphism is

associated with an increased frequency of smoking-induced

p53 mutations. Our results did not show an association

between genetic polymorphism in CYP1B1 and elevated

risk for lung cancer. There was no evidence that either

CYP1A1 T6235C, CYP1A1 A4889G or CYP1B1 supports an

interaction between cumulative smoking dose and

susceptible genotypes. 

In conclusion, neither the previously identified

CYP1A1*1/*2 and CYP1A1*2/*2 nor the CYP1A1*1/*3 and

CYP1A1*3/*3 polymorphisms were associated with lung

cancer risk and they did not significantly modifying risk in

relation to cigarette consumption. No association was found

between CYP1B1 polymorphisms and lung cancer risk. This

was independent of histological tumor type or cumulative

cigarette consumption. 
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