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CYP 1A1 polymorphism and risk of lung cancer in relation to
tobacco smoking: a case–control study in China

Nan Song, Wen Tan, Deyin Xing and Dongxin Lin1 world’s tobacco smokers, a major epidemic of lung cancer is
predicted (3,4). However, although risk of lung cancer has
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may be important genetic components in the etiology. Thus,1To whom correspondence should be addressed
identification of genetic susceptibility factors for lung cancerEmail: dlin@public.bta.net.cn
has broad implications in understanding and preventing occur-The impact of genetic polymorphisms in CYP1A1 on suscep-
rence of the cancer.tibility to lung cancer has received particular interest in

Accumulating evidence has suggested that genetic poly-recent years since this enzyme plays a central role in
morphisms in genes controlling carcinogen metabolism under-activation of major classes of tobacco carcinogens. Several
lie individual variation in cancer susceptibility (5,6). In recentpolymorphisms in the CYP1A1 locus have been identified
years the impact of inherited polymorphisms in the CYP1A1and their genotypes appear to exhibit population frequen-
gene on susceptibility to lung cancer has received particularcies that depend on ethnicity. We have assessed the role of
interest since this enzyme plays a central role in the metabolicCYP1A1 genotype in lung cancer risk in the Chinese
activation of major classes of tobacco procarcinogens such aspopulation via a case–control study. Three polymorphisms,
polycyclic aromatic hydrocarbons (PAHs) and aromatic aminesm1 (MspI), m2 (exon 7 Ile→Val) and m4 (exon 7 Thr→Asn),
(7–9). Several important single nucleotide polymorphisms havewere determined by PCR–RFLP in 404 controls and 217
been identified in the CYP1A1 locus. The CYP1A1 m1 allelelung cancer cases. While no polymorphic alleles were
has a T→C mutation in the 3� non-coding region, which hasdetectable in the m4 site among our study subjects, the
been associated with elevated enzyme activity (10–13). Anallele frequencies for CYP1A1 m1 and CYP1A1 m2 were
A→G transition in exon 7 creates the second allelic variantfound to be 35.6 and 25.6% among controls, compared
(m2), which leads to an amino acid substitution of Val for Ilewith 42.6 and 34.2% among cases. Multivariate analysis
in the heme-binding region and results in an increase inshowed an elevated risk for lung cancer in subjects having
microsomal enzyme activity (12,14,15). The variant CYP1A1at least one m1 allele [odds ratio (OR) � 2.0, 95%
m3 has a mutation in intron 7 and appears to be African-confidence interval (CI) � 1.4–2.8] or having at least one
American specific (16). Another polymorphism (m4), locatedm2 allele (OR � 1.9, 95% CI � 1.3–2.7). However, this
two bases upstream of the m2 site, also causes an amino acidincreased risk was limited to squamous cell carcinoma
substitution of Thr for Asn in the heme-binding region of the(SCC), but not adenocarcinoma or other histological types
enzyme (17), but the effect of this polymorphism on enzymeof lung cancer. Stratified analysis indicated a multiplicative
activity is not yet clear. The CYP1A1 genotype has been showninteraction between tobacco smoking and variant CYP1A1
to exhibit population frequencies that depend on ethnicity andm1 genotypes on the risk of SCC. The ORs of SCC for the

variant CYP1A1 m1 genotype, tobacco smoking and both significantly higher frequencies of CYP1A1 m1 and CYP1A1
factors combined were 2.8, 9.1 and 29.9, respectively. When m2 alleles have been reported among Asians compared with
the data was stratified by the pack-year values, this joint Caucasians and African-Americans (18,19).
effect was consistent and stronger among the heaviest The relationship between CYP1A1 genetic polymorphism
smokers. The interaction between tobacco smoking and and lung cancer risk in various ethnic populations has been
the variant CYP1A1 m2 genotypes followed the same investigated in more than 20 studies (reviewed in ref. 20). In
pattern. Our findings support the conclusion that CYP1A1 most reports from Japan the CYP1A1 m1 and m2 polymorph-
m1 and CYP1A1 m2 polymorphisms are associated with isms were shown to be strongly associated with the risk of
smoking-related lung cancer risk in Chinese. lung cancer, especially in relation to tobacco smokers and in

lung squamous cell carcinoma (SCC) (21–24). These findings
were not confirmed in studies conducted in Caucasian popula-

Introduction tions, where the prevalence of the CYP1A1 m1 and m2 alleles
is very low (25–28). However, larger studies in mixed AmericanIn the last decade the incidence and mortality rates of lung
populations do point to an elevated risk of lung cancer incancer in China have increased significantly and constantly.
relation to the m1 allele (29–31). In two Brazilian populationsTobacco smoke is an established major cause of lung cancer,
an increase in lung cancer risk was significantly associatedresulting in an ~3-fold increased risk among individuals who
with the presence of the m2 allele (32,33). An elevated riskhave ever smoked and about 50% lung cancer death in China
for lung adenocarcinoma (AC) among African-Americans(1,2). Since China accounts for one third of one billion of the
carrying the m3 allele was also observed (34,35), although the
polymorphism was not associated with overall lung cancer

Abbreviations: AC, adenocarcinoma; BP, benzo[a]pyrene; BPDE, benzo[a] risk (36,37). However, little is known about the impact ofpyrene-7,8-diol-9,10-epoxide; CI, confidence interval; CYP, cytochrome P450;
CYP1A1 polymorphisms on the risk of lung cancer in theOR, odds ratio; PAHs, polycyclic aromatic hydrocarbons; RFLP, restriction

fragment length polymorphism; SCC, squamous cell carcinoma. Chinese population (38,39).
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In view of the prevalence of tobacco smoking and lung
Table I. Characteristics of the study subjectscancer in China and the lack of data on the biggest population

in the world, a larger case–control study was warranted to
Variable Cases (n � 217) Controls (n � 404)evaluate the role of CYP1A1 polymorphism as a genetic

modifier in the etiology of lung cancer, especially in relation Gender, n (%)
Male 174 (80.2) 338 (83.7)to tobacco smoking. Here we report a large contribution of
Female 43 (19.8) 66 (16.3)CYP1A1 m1 and m2 polymorphisms to the risk of lung

Age (years)cancer, especially lung SCC, in a case–control study conducted
Mean (SD) 57.5 (9.2) 58.3 (6.8)

in China. Range 31–83 41–76
Smoking status, n (%)

Materials and methods Never 49 (22.6) 166 (41.1)
Current 168 (77.4) 238 (58.9)a

Study subjects
�20 pack-years 38 (22.6) 110 (46.2)

This case–control study consisted of 217 patients with lung cancer and 404 �20 pack-years 130 (77.4) 128 (53.8)a

cancer-free controls. All subjects were unrelated Chinese. The cases with Mean years smoked (SD) 29.4 (11.1) 34.7 (10.8)b

histologically confirmed primary lung cancer were recruited from January Histological type, n (%)
1997 to December 1999 in the Cancer Hospital, Chinese Academy of Medical SCC 130 (59.9)
Sciences, Beijing. All cases were newly diagnosed and previously untreated. AC 64 (29.5)
Population controls were accrued from a nutritional survey conducted in the Otherc 23 (10.6)
same region. Randomly selected controls were frequency matched to the cases
by age and sex. At recruitment, each participant was personally interviewed aTwo-sided χ2 test, P � 0.0001.
to obtain detailed information on demographic characteristics and lifetime bMann–Whitney rank sum test, P � 0.0001.
history of tobacco use. The research protocol was approved by the Institutional cOther includes non-differentiated cancer (n � 11), bronchioalveolar
Internal Review Board. carcinoma (n � 7) and mixed cell carcinoma (n � 5).
CYP1A1 genotyping
Genomic DNA was isolated, using standard methods (40), from peripheral Results
blood samples of controls or from surgically resected normal tissues adjacent
to the tumor of lung cancer patients. CYP1A1 genotypes at the m1, m2 and m4 The relevant characteristics of the study subjects are shown in
sites were analyzed by PCR-based restriction fragment length polymorphism Table I. There were no significant differences among cases
(RFLP) methods as previously described (17,41). Genotyping was conducted and controls in terms of mean age and gender distributions.
with blinding to case/control status. The primers for the m1 site were M1F

Although an effort was made to obtain a frequency match on(5�-CAG TGA AGA GGT GTA GCC GCT-3�) and M1R (5�-TAG GAG TCT
smoking status between cases and controls, more smokersTGT CTC ATG CCT-3�), which produce a 340 bp fragment. The primers for

the m2 and m4 sites were 5�-TTC CAC CCG TTG CAG CAG GAT AGC C- were present in the case group as compared with the controls
3� and 5�-CTG TCT CCC TCT GGT TAC AGG AAG-3�, which generate a (χ2 � 21.4, P � 0.001). Moreover, the cancer cases had a
204 bp fragment. These fragments were amplified separately but under the higher value of pack-years smoked than controls; 77.4% ofsame conditions as follows: a 25 µl reaction mixture consisted of ~100 ng

cases smoked �20 pack-years compared with 53.8% of controlstemplate DNA, 10 µM each primer, 0.2 mM each dNTP, 2.4 mM MgCl2, 1.0
U Taq DNA polymerase with 1� Reaction buffer (Promega, Madison, (χ2 � 23.7, P � 0.001). The mean duration of smoking was
WI) and 2% dimethylsulfoxide. PCR was performed in a GeneAmp 2400 significantly shorter among cases with lung cancer (29.4 �
thermocycler (Perkin-Elmer, Norwalk, CT). To amplify the fragment containing 11.1 years) than that among controls (34.7 � 10.8 years) (t-
the m1 site the PCR profile consisted of an initial melting step of 5 min at

test, P � 0.0001), which might reflect the fact that cases were94°C, followed by 30 cycles of 1 min at 94°C, 1 min at 61°C and 1 min at
more susceptible to lung carcinogenesis induced by tobacco72°C, and a final elongation step of 10 min at 72°C. PCR conditions for the

fragments containing the m2 and m4 sites were 35 cycles of 94°C for 30 s, smoke since the mean age of the cases and controls were
63°C for 30 s and 72°C for 30 s. very similar.

The restriction enzyme MspI (New England BioLabs, Beverley, MA) was Genotyping results (Table II) show that the allele frequenciesused to distinguish the m1 polymorphism; gain of a MspI restriction site
for CYP1A1 m1 and CYP1A1 m2 were 35.6 and 25.6% amongoccurs in the polymorphic allele. The wild-type allele has a single band

representing the entire 340 bp fragment and the variant allele results in two the control population compared with 42.6 and 34.2% among
fragments of 200 and 140 bp. The restriction enzymes BsrDI and BsaI (New lung cancer cases. The m2 mutation is in close linkage
England BioLabs) were used to distinguish the m2 and m4 polymorphisms, disequilibrium with the m1 mutation in this study; 73% m1
respectively, from the same 204 bp fragment. Both cleavage sites were lost

mutants had the mutation in the m2 site. The expected allelein the case of the mutations and give a single band, whereas the wild-type
frequencies of both m1 and m2 were not significantly differentalleles generate 149 and 55 bp (for the m2 site) or 139 and 65 bp (for the m4

site) bands, respectively. The restricted product was analyzed by electrophoresis from the observed frequencies, indicating that they were in
in 3% agarose gel containing ethidium bromide. Hardy–Weinberg equilibrium. However, no polymorphic
Statistical analysis alleles were detectable in the m4 site of the CYP1A1 locus
Pearson’s χ2 test was used to examine differences in distributions of genotypes among our 621 study subjects. The distributions of CYP1A1
studied between cases and controls. Odds ratios (ORs) with 95% confidence genotypes at the m1 and m2 sites were then compared,interval (CI) calculated using unconditional logistic regression and adjusted

respectively, among lung cancer cases and controls. It wasfor age, gender and tobacco smoking were computed to estimate the association
between certain genotypes or tobacco smoking and diseases. The gene– found that 72.3% of cancer cases carried the CYP1A1 w1/m1
smoking interaction, adjusted for age and gender, was also analyzed by logistic or CYP1A1 m1/m1 genotype; this was significantly higher than
regression methods and fit models (42). Smokers were considered current that of controls (57.2%) (χ2 test, P � 0.001). Similarly, the
smokers if they smoked up to one year before the date of diagnosis for cancer

CYP1A1 m2 variant alleles were more prevalent among canceror up to the date of the interview for controls. Information was collected on
cases than controls (64.1 versus 48.0%, P � 0.001). Thosethe usual number of cigarettes smoked per day, the age at which the subject

started smoking and the age at which the subject stopped smoking if the who carried at least one CYP1A1 m1 or CYP1A1 m2 variant
person was an ex-smoker. Pack-years smoked was calculated to indicate allele were at a 2-fold elevated risk overall for lung cancer
cumulative cigarette dose and lighter and heavier smokers were categorized (OR � 2.0, 95% CI � 1.4–2.8 and OR � 1.9, 95% CI �by the approximate 50th percentile pack-years value among controls, i.e. �20

1.3–2.7, respectively). However, an elevated risk was observedpack-years and �20 pack-years. All of the statistical analyses were performed
with Statistical Analysis System software v.6.12 (SAS Institute, Cary, NC). only among SCC patients; no significant association between
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Table II. CYP1A1 genotype frequencies in lung cancer cases and healthy controls

CYP1A1 m1 genotypea CYP1A1 m2 genotypea

w1/w1 w1/m1 m1/m1 Pb w2/w2 w2/m2 m2/m2 Pb

Controls 173 (42.8) 175 (43.3) 56 (13.9) 210 (52.0) 181 (44.8) 13 (3.2)
Lung cancer 60 (27.7) 129 (59.4) 28 (12.9) 0.0003 78 (35.9) 130 (59.9) 9 (4.2) 0.0008

SCC 32 (24.6) 83 (63.9) 15 (11.5) 0.0002 45 (34.6) 81 (62.3) 4 (3.1) 0.002
AC 22 (34.4) 33 (51.6) 9 (14.0) 0.41 26 (40.6) 35 (54.7) 3 (4.7) 0.23
Otherc 6 (26.1) 13 (56.5) 4 (17.4) 0.29 7 (30.4) 14 (60.9) 2 (8.7) 0.08

aw refers to wild-type genotype and m refers to mutant genotype at the studied polymorphic site, respectively.
bP for χ2 test for comparison with controls.

Table III. Risk of lung cancer associated with the CYP1A1 genotypes

CYP1A1 m1 genotypea CYP1A1 m2 genotypea

w1/w1 w1/m1 or m1/m1 OR (95% CI)b w2/w2 w2/m2 or m2/m2 OR (95% CI)b

Controls 173 231 210 194
Lung cancer 60 157 2.0 (1.4–2.8) 78 139 1.9 (1.3–2.7)

SCC 32 98 2.2 (1.4–3.5) 45 85 1.9 (1.3–2.9)
AC 22 42 1.5 (0.8–2.6) 26 38 1.6 (0.9–2.7)
Otherc 6 17 2.2 (0.8–5.8) 7 16 2.4 (0.9–6.0)

aw refers to wild-type genotype and m refers to mutant genotype at the studied polymorphic site, respectively.
bORs and 95% CIs were calculated by logistic regression, with the CYP1A1 wild-type genotypes (w1/w1 or w2/w2) as the reference groups. ORs are adjusted
for age, gender and tobacco smoking.
cOther includes non-differentiated cancer (n � 11), bronchioalveolar carcinoma (n � 7) and mixed cell carcinoma (n � 5).

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

Smoking status CYP1A1 m1 genotype CYP1A1 m2 genotype

w1/w1a ORb (95% CI) w1/m1 or m1/m1a ORb (95% CI) w2/w2a ORb (95% CI) w2/m2 or m2/m2a ORb (95% CI)

Non-smokers 11/76 1.0 38/90 3.2 (1.5–6.7) 19/90 1.0 30/76 1.8 (0.9–3.5)
Smokers 49/97 4.5 (1.8–11.1) 119/141 8.4 (3.7–19.0) 59/120 4.0 (1.9–8.4) 109/118 6.9 (3.4–14.3)

�20 pack-years 11/44 2.6 (0.9–7.4) 27/66 3.6 (1.5–8.6) 15/55 2.0 (0.8–4.8) 23/55 3.1 (1.4–7.1)
�20 pack-years 38/53 4.2 (1.7–10.6) 92/75 11.4 (4.8–27.1) 44/65 4.8 (2.2–10.7) 86/63 9.3 (4.3–20.1)

aNo. of cases/no. of controls.
bORs and 95% CIs were calculated by logistic regression, with the CYP1A1 wild-type genotypes (w1/w1 or w2/w2) as the reference groups and adjusted for
age and gender.

these CYP1A1 genetic polymorphisms and risk of AC or other CYP1A1 m1 allele (P � 0.05, test for homogeneity). This
pattern of gene–smoking interaction, although somewhat lesshistological types of lung cancer was found (Table III).

The risk of lung cancer related to CYP1A1 genotypes was strong, was also seen among the CYP1A1 w2/m2 and CYP1A1
m2/m2 alleles (Table IV).further examined with stratification of smoking status and

cumulative smoking dose. Among smokers, those carrying the The interaction of CYP1A1 polymorphisms and tobacco
smoking was also assessed separately for SCC and AC.CYP1A1 w1/m1 or CYP1A1 m1/m1 genotype had an elevated

risk that was nearly twice that of those carrying the CYP1A1 Compared with individuals with the CYP1A1 w1/w1 genotype
who had never smoked, the ORs of SCC for the variantw1/w1 genotype (P � 0.05, test for homogeneity). Interestingly,

there was also an elevated risk (OR � 3.2, 95% CI � 1.5– CYP1A1 m1 genotypes alone and smoking alone were 2.8
(95% CI � 0.7–10.6) and 9.1 (95% CI � 2.1–40.0), respect-6.7) among non-smokers who had the variant CYP1A1 m1

genotypes as compared with those with the CYP1A1 w1/w1 ively, however, the OR for combined smoking and having the
variant CYP1A1 m1 genotypes was 29.9 (95% CI � 7.0–genotype (Table IV). When the OR for the CYP1A1 m1

polymorphism was investigated within strata of pack-years 127.3), indicating that the joint effect was multiplicative. When
the data was stratified by cumulative smoking dose, a strongsmoked, a joint effect of tobacco smoking and the CYP1A1

m1 allele was seen only among individuals who consumed and significant interaction between the susceptible genotypes
and pack-years of tobacco consumption existed, with the�20 pack-years. Among individuals who consumed �20 pack-

years and carried the CYP1A1 w1/w1 genotype the OR for heaviest smokers being at a remarkably elevated risk (Table
V). The joint effects of the variant CYP1A1 m2 genotype andlung cancer was 4.2 (95% CI � 1.7–10.6). However, the OR

was increased to 11.4 (95% CI � 4.8–27.1) among individuals tobacco smoking followed the same pattern, although the
extent of increased risk appears to be less pronounced (Tablewho consumed �20 pack-years and carried at least one variant
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Table V. Interaction of CYP1A1 genotypes and tobacco smoking on the risk of SCC

Smoking status CYP1A1 m1 genotype CYP1A1 m2 genotype

w1/w1a ORb (95% CI) w1/m1 or m1/m1a ORb (95% CI) w2/w2a ORb (95% CI) w2/m2 or m2/m2a ORb (95% CI)

Non-smokers 3/76 1.0 10/90 2.8 (0.7–10.6) 7/90 1.0 6/76 1.1 (0.3–3.3)
Smokers 29/97 9.1 (2.1–40.0) 88/141 29.9 (7.0–127.3) 38/120 8.5 (2.7–26.3) 79/118 13.1 (4.6–37.6)

�20 pack-years 5/44 5.1 (1.3–19.6) 16/66 7.9 (1.8–35.6) 9/55 3.7 (1.0–13.4) 12/55 4.3 (1.3–14.5)
�20 pack-years 24/53 11.8 (2.1–42.1) 72/75 48.7 (9.4–252.7) 29/65 9.4 (2.9–30.0) 67/63 17.8 (6.0–53.0)

aNo. of cases/no. of controls.
bORs and 95% CIs were calculated by logistic regression, with the CYP1A1 wild-type genotypes (w1/w1 or w2/w2) as the reference groups and adjusted for
age and gender.

Table VI. Interaction of CYP1A1 genotypes and tobacco smoking on the risk of AC

Smoking status CYP1A1 m1 genotype CYP1A1 m2 genotype

w1/w1a ORb (95% CI) w1/m1 or m1/m1a ORb (95% CI) w2/w2a ORb (95% CI) w2/m2 or m2/m2a ORb (95% CI)

Non-smokers 8/76 1.0 22/90 2.7 (1.1–6.6) 12/90 1.0 18/76 1.8 (0.8–4.1)
Smokers 14/97 1.6 (0.5–5.0) 20/141 1.6 (0.6–4.5) 14/120 1.5 (0.5–4.3) 20/118 2.1 (0.8–5.7)

�20 pack-years 5/44 1.4 (0.4–5.5) 5/66 0.8 (0.2–3.0) 4/55 0.9 (0.3–3.6) 6/55 1.3 (0.4–4.5)
�20 pack-years 9/53 1.7 (0.5–5.5) 15/75 2.4 (0.8–7.6) 10/65 1.9 (0.6–6.0) 14/63 2.8 (0.9–8.4)

aNo. of cases/no. of controls.
bORs and 95% CIs were calculated by logistic regression, with the CYP1A1 wild-type genotypes (w1/w1 or w2/w2) as the reference groups and adjusted for
age and gender.

V). In contrast to SCC, however, no significant joint effect 50% of cases were AC and 45% were women. This may not
between tobacco smoking and the CYP1A1 polymorphisms on reflect the natural distribution of histological types of lung
risk of AC was observed, although an excess risk (OR � 2.7; cancer in the Chinese population, where SCC is predominant,
95% CI � 1.1–6.6) related to the variant CYP1A1 m1 genotypes although the rates of AC are increasing (43). While AC of the
was seen among non-smokers (Table VI). lung is the most common histological type in women, the

incidence of lung cancer is far higher in men than in women,
Discussion both in China and world wide. Because most patients in their

small case group were AC and women (38) and because ACIn the present study we have investigated the prevalence of
among Chinese women was shown not to be strongly relatedthree single nucleotide polymorphisms in the CYP1A1 locus
to tobacco smoking (44,45), it was not surprising for Perssonand the association between these genetic polymorphisms and
et al. to note a negative association between lung cancer andlung cancer risk in the Chinese population. We observed a
the CYP1A1 polymorphisms. In fact, in our study, despitesignificant difference in the distribution of CYP1A1 m1 and
demonstrating that an elevated risk for SCC was related toCYP1A1 m2 genotype frequencies among healthy controls
polymorphisms in CYP1A1, we failed to observe such anand lung cancer patients. Our data clearly demonstrate an
association for overall risk of AC. However, when we stratifiedassociation between these genetic polymorphisms in the
the data by smoking status, an elevated risk for AC wasCYP1A1 locus and elevated risk of lung SCC among Chinese.
seen among non-smokers. This finding suggested that otherWhile a number of studies have been conducted in various
carcinogenic factors involved in the development of AC amongethnic populations to examine the impact of genetic polymorph-
non-smokers might also be substrates of CYP1A1 becauseisms in CYP1A1 on risk of lung cancer (reviewed in ref. 20),
most AC patients (57%) in our study were women who hadfew studies carried out in the Chinese population have been
never smoked. Recently, Lin et al. (39) reported a case–controlpublished. Persson et al. (38) analyzed the CYP1A1 m1 and
study among Chinese in Taiwan and their data are essentiallym2 polymorphisms among 76 Chinese lung cancer cases and
consistent with ours, showing that elevated risk of lung SCC122 healthy controls and found no association of lung cancer
but not AC was significantly associated with polymorphismswith these polymorphisms, which is in contrast to our findings.
in the CYP1A1 and microsomal epoxide hydrolase (HYL1)However, small sample size and perhaps inappropriate sam-
genes. Together, these findings suggest that caution should bepling of lung cancer cases and controls in their study may
taken in interpreting results concerning the complex origin ofhave biased the results obtained by these authors. Although
lung cancer and specific exposures relevant to the investigatedthe allele frequencies for the CYP1A1 m1 and CYP1A1 m2
genetic polymorphism.alleles among control subjects in the two studies are similar,

Our results showing that the susceptible effect of the CYP1A1estimation of the allele frequencies for these variant alleles
polymorphisms on lung cancer among Chinese was mainlyamong cases in the study by Persson et al. was based on only
limited to SCC are consistent with those of previous studies76 patients with lung cancer (38). In contrast, our findings
conducted in other ethnic populations. In Japanese data anwere obtained from a relatively large sample consisting of 217
association between these CYP1A1 polymorphisms and lunglung cancer cases, which should provide more confident results.

More importantly, in the case–control study by Persson et al. cancer was clearly stronger for SCC than for AC (21–23).
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