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Abstract
Polymorphisms in DNA repair genes may be associated
with differences in the repair capacity of DNA damage
and may influence an individual’s susceptibility to
smoking-related cancer. We investigated the association
between two polymorphisms of the DNA repair gene XPA
and risk of lung cancer in the Korean population. Two
XPA polymorphisms (A23G and G709A) were typed in
265 lung cancer patients and 185 healthy controls who
were frequency-matched on age and sex. The XPA G709A
polymorphism was not detected in cases and controls.
The XPA 23 GG genotype was associated with a
significantly decreased risk for lung cancer [odds ratio
(OR), 0.56; 95% confidence interval (CI), 0.35– 0.90]
when the combined AA and AG genotype was used as the
reference. The reduction in risk for the XPA 23 GG
genotype was significant in males (OR, 0.51; 95% CI, 0.30 –
0.86), younger individuals (OR, 0.39; 95% CI, 0.19 – 0.80),
and current smokers (OR, 0.46; 95% CI, 0.25– 0.83). These
results suggest that the XPA A23G polymorphism
contributes to genetic susceptibility for lung cancer.
Introduction
Lung cancer has been considered as a disease determined solely
by exposure to environmental carcinogens. However, there is a
growing realization that genetic constitution is of importance in
determining an individual’s susceptibility to lung cancer (1, 2).
This genetic susceptibility may result from inherited polymor-
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Materials and Methods
Study Population. This case-control study included 265 lung
cancer patients and 185 healthy controls. The cases were all
patients with histopathologically confirmed primary lung cancer who were newly diagnosed between January 1998 and
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phisms in genes involved in carcinogen metabolism and repair
of DNA damage (3, 4).
The complex system of DNA repair enzymes has a vital
role in protecting the genome from carcinogenic damage (5, 6).
In humans, ⬎70 genes are involved in the five major DNA
repair pathways: direct repair, base excision repair, NER,3
mismatch repair and double strand break repair (6, 7). Small
base adducts produced by oxidation, methylation, and radiation
are repaired through the base excision repair pathway, whereas
bulky, helix-distorting adducts induced by chemical carcinogens in cigarette smoke are primarily repaired through the NER
pathway (6 – 8). In human NER, 15–18 polypeptides in six
repair factors act in concert to excise DNA damage in the form
of 24 –32-nucleotide-long oligomers (9, 10).
Molecular epidemiological studies have shown considerable interindividual variation in DRC in the general population.
Individuals with suboptimal DRC are at increased risk of smoking-related cancers, such as lung cancer and squamous cell
carcinoma of the head and neck (11, 12). The variation in DRC
may be the result of functional polymorphisms in DNA repair
genes.
One hypothesis is that genetic polymorphisms of DNA
repair genes may modulate the susceptibility to lung cancer. To
test this hypothesis, we previously studied that the contribution
of polymorphisms in the DNA repair genes X-ray crosscomplementing group 1 and xeroderma pigmentosum group D
to the risk of lung cancer in a Korean population (13, 14). XPA
protein plays a central role in NER through its interaction with
replication protein A, transcription factor IIH, and excision
repair cross-complementing group 1-xeroderma pigmentosum
group F (9, 10). Butkiewicz et al. (15) identified two polymorphisms at the 5⬘ noncoding region (A23G, at position ⫺4 from
the ATG start codon) and codon 228 (G709A, in exon 6) in the
XPA gene. Although the functional effects of these polymorphisms in the XPA gene has not been known, it is possible that
these polymorphisms could have an effect on host capacity for
removing bulky adducts caused by cigarette smoke and thus
modulate the susceptibility to lung cancer. Even with the potential importance of XPA gene in carcinogenesis, none has
investigated the role of polymorphisms of the XPA gene in
relation to cancer. In the present study, we conducted a casecontrol study to evaluate the associations between these two
XPA polymorphisms and lung cancer risk.
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Fig. 1. Representative figure of XPA A23G genotype. The A allele has a single
band with a fragment length of 158 bp. The G allele is cleaved by MspI and yields
two small fragments (132 and 26 bp; the 26-bp product was too small to
accurately resolve). The heterozygote has three bands (158, 132, and 26 bp). Lane
1, marker; Lanes 2– 4, 8, and 9, AG genotype; Lanes 5 and 6, AA genotype; Lane
7, GG genotype.

Biolabs) was used to distinguish the codon 228 polymorphism
in which the loss of a TaqaI restriction site occurs in the
polymorphic allele. The wild-type (G) allele (i.e., 709G), which
has a TaqaI restriction enzyme site, has two bands (127 and 16
bp), and the polymorphic (A) allele (i.e., 709A) has only one
band representing the entire 143-bp fragment. Digestion of the
PCR product was carried out according to the manufacturer’s
instructions (New England Biolabs). Five l of the PCR products were digested overnight with 5 units of MspI at 37°C or 5
units of TaqaI at 65°C. The digestion products were separated
on 8% acrylamide gel. Genotyping was successful for all subjects. The A23G genotyping analysis was repeated twice for all
subjects, and selected PCR-amplified DNA samples (n ⫽ 2,
respectively, for 23 AA, AG, and GG genotypes) were examined
by DNA sequencing to confirm genotyping results.
Statistical Analysis. An ever-smoker was defined as an individual who had smoked at least once a day for ⬎1 year in his
or her lifetime. A former smoker was defined as one who had
stopped smoking at least 1 year before diagnosis in the case of
patients and 1 year before the study began in the case of
controls. Cumulative cigarette dose (pack-years) was calculated
by the following formula: pack-years ⫽ [(pack/day) ⫻ (years
smoked)]. Light and heavy smokers were categorized by the
approximate 50th percentile pack-years value among controls,
i.e., ⱕ30 pack-years and ⬎30 pack-years. Cases and controls
were compared using Student’s t test for continuous variables
and 2 test for categorical variables. Hardy-Weinberg equilibrium was tested by a goodness-of-fit 2 test to compare the
observed genotype frequencies with the expected genotype
frequencies among the cases and controls. The ORs and 95%
CIs were obtained using unconditional logistic regression analysis. Crude ORs and ORs adjusted for age, sex, and pack-years
were calculated. To analyze the association between genotype
and lung cancer risk after stratification into age (median age,
ⱕ62 years/⬎62 years), sex, smoking status and cigarette consumption (ⱕ30 pack-years/⬎30 pack-years), multiple logistic
regression analyses were performed. All analyses were performed using Statistical Analysis Software for Windows, version 6.12 (SAS Institute, Cary, NC).
Results
The details of cases and controls enrolled in this study are
shown in Table 1. There were no significant differences in the
mean age and sex distribution between cases and controls,
suggesting that matching on these two variables was adequate.
Cases showed a higher prevalence of current smokers compared
with controls (P ⬍ 0.01). The pack-years in smokers was
significantly higher in cases than in controls (40.8 ⫾ 21.5
versus 34.8 ⫾ 15.6 pack-years; P ⬍ 0.01). These differences
were controlled in later multivariate analyses.
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December 1998 in Kyungpook National University Hospital.
There was no age, sex, histological, or stage restrictions, but
patients with prior history of cancers were excluded. The tumors of the 265 lung cancer patients were: 136 (51.3%) squamous cell carcinomas, 78 (29.5%) adenocarcinomas, 47
(17.7%) small cell carcinomas, and 4 (1.5%) large cell carcinomas. The demographics and clinical characteristics of cases
were compatible with those of the nationwide lung cancer
survey conducted by the Korean Academy of Tuberculosis and
Respiratory disease in 1998 (16). Controls were randomly selected from a pool of healthy volunteers who visited the general
health check-up center of Kyungpook National University Hospital during the same period. It was difficult to collect enough
controls over age 65 because younger aged persons mainly
visited the health check-up center. Among 927 male volunteers
who visited the health check-up center and agreed to this study
(927 of 1746 males; participation rate, 53.1%), males over age
65 numbered only 57 (6.1%). These numbers were insufficient
to match in a 1:1 ratio with cases because the number of male
lung cancer patients over age 65 was 71. Therefore, controls
were frequency (2:3) matched to cases on sex and age (⫾5
years). All cases and controls were residents of Taegu City and
surrounding regions. A detailed questionnaire was completed
for each case and control by a trained interviewer. The questionnaire included information on the average number of cigarettes smoked daily and the number of years the subjects had
been smoking. For former smokers, the time elapsed since
quitting was recorded.
XPA Genotyping. Genomic DNA was extracted from peripheral blood lymphocytes by proteinase K digestion and phenol/
chloroform extraction. XPA genotypes were determined by a
PCR-RFLP assay. The PCR primers for the A23G polymorphism (GenBank accession no. U16815) were 5⬘-TTAACTGCGCAGGCGCTCTCACTC-3⬘ (bases 1689 –1712 of XPA) and
5⬘-AAAGCCCCGTCGGCCGCCGCCAT-3⬘ (bases 1846 –
1824 of XPA), which generate a 158-bp fragment. The PCR
primers for the codon 228 polymorphism in exon 6 (GenBank
accession no. AL445531) were 5⬘-TTTTCAGAATTGCGTC-3⬘ (bases 5123–5108 of XPA; primer was mutated G3 T at
base 5109) and 5⬘-TTCATATGTCAGTTCATG-3⬘ (bases
4977– 4994 of XPA), which generate a 143-bp fragment. PCR
reactions were performed in a 20-l reaction volume containing
200 ng of genomic DNA, 10 pmol of each primer, 0.2 mM each
deoxynucleotide triphosphate, 1⫻ PCR buffer [75 mM Tris-HCl
(pH 9.0), 15 mM ammonium sulfate, and 0.1 g/l BSA], 2.5
mM MgCl2, and 1 unit of Taq polymerase (Takara Shuzo Co.,
Otsu, Shiga, Japan). The mixture were amplified with a PerkinElmer GeneAmp PCR System 9600 (Perkin-Elmer, Foster,
CA). The PCR profile consisted of an initial melting step of
94°C for 5 min, followed by 36 cycles of denaturation at 94°C
for 20 s; primer annealing, 20 s at 58°C for A23G and 20 s at
48°C for codon 228; and primer extension, 20 s at 72°C for
A23G and 30 s at 72°C for codon 228. The cycles were
followed by a final elongation step at 72°C for 5 min for A23G
and 10 min for codon 228. The PCR products were checked on
a 2% agarose gel, photographed using Polaroid film, and were
then subjected to RFLP analysis.
The restriction enzyme MspI (New England BioLabs,
Beverly, MA) was used to distinguish the A23G polymorphism
in which the gain of a MspI restriction site occurs in the
polymorphic allele. The wild-type (A) allele (i.e., 23A) has a
single band representing the entire 158-bp fragment and the
polymorphic (G) allele (i.e., 23G) results in two bands (132 and
26 bp; Fig. 1). The restriction enzyme TaqaI (New England
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Table 1

Characteristics of the study population
a

Age (yr)
Sex
Male
Female
Smoking status
Currentb
Formerb
Never
Pack-yearsc
Former smokers
Years of cessation

a

Case
(n ⫽ 265)

Controls
(n ⫽ 185)

61.3 ⫾ 8.9

60.4 ⫾ 9.9

219 (82.6)
46 (17.4)

150 (81.1)
35 (18.9)

205 (77.3)
14 (5.3)
46 (17.4)
40.8 ⫾ 21.5

100 (54.1)
37 (20.0)
48 (25.9)
34.8 ⫾ 15.6

6.4 ⫾ 8.9

6.1 ⫾ 4.8

a

The XPA G709A polymorphism was not detected in cases
and controls. The distributions of XPA A23G genotypes (AA,
AG, and GG) among cases and controls are shown in Table 2.
The distributions of the genotypes among controls were in
Hardy-Weinberg equilibrium. The AA and AG genotypes were
more frequent in cases (22.6 and 60.4%, respectively) than in
controls (20.5 and 54.6%), whereas the GG homozygotes were
less frequent in cases (17.0%) than in controls (24.9%). These
findings suggested that the AA and AG genotypes might be risk
genotypes for lung cancer. Because the risk of lung cancer for
the AG genotype was similar to that for the AA genotype, we
combined the AG genotype with the AA genotype into one
susceptible group and compared it with the group with the GG
genotype. When the combined AA and AG genotype was used
as the reference group, the GG genotype was associated with a
significantly decreased risk for lung cancer (adjusted OR, 0.56;
95% CI, 0.35– 0.90).
The association between the XPA A23G polymorphism
and lung cancer was further examined after stratifying for the
potential confounding variables such as age, sex, smoking
status, and pack-years. The risk estimates for the GG genotype
are presented in Table 3. When stratified by the median age, a
significant reduction in risk was observed in younger individuals (ⱕ62 years; adjusted OR, 0.39; 95% CI, 0.19 – 0.80),
whereas there was no significant association in older individuals (⬎62 years; adjusted OR, 0.76; 95% CI, 0.39 –1.48). When
stratified by sex, a significant reduction in risk was observed in
males (adjusted OR, 0.51; 95% CI, 0.30 – 0.86), whereas there
was no significant association in females (adjusted OR, 0.82;
95% CI, 0.25–2.69). When stratified by smoking status, there
was a significant protective effect (adjusted OR, 0.46; 95% CI,
0.25– 0.83) for current smokers with the GG genotype but not
for former or never smokers. When the ever-smokers were
dichotomized by the pack-years of smoking, the protective
effect of the GG genotype was similar in both light smokers
(adjusted OR, 0.48; 95% CI, 0.21–1.08) and heavy smokers
(adjusted OR, 0.58; 95% CI, 0.28 –1.21). When the current
smokers were dichotomized by the pack-years of smoking, the
protective effect of the GG genotype was also similar in both
light smokers and heavy smokers (data not shown).
The contribution of the XPA A23G polymorphism in each
histological subcategory is shown in Table 4. The GG genotype
was associated with significantly decreased risk for small cell
lung cancer (OR, 0.23; 95% CI, 0.07– 0.71) but with nonsignificant decreased risk for squamous cell carcinoma (OR, 0.63;

95% CI, 0.36 –1.12) and adenocarcinoma (OR, 0.57; 95% CI,
0.28 –1.16).
Discussion
This is the first case-control study of XPA polymorphisms in
relation to lung cancer. In our study, the XPA 23GG genotype
was associated with a significantly decreased risk for lung
cancer. The protective effects were evident in younger individuals, males, and current smokers. These findings suggest that
the XPA A23G polymorphism may contribute to inherited genetic susceptibility to lung cancer.
Because the XPA G709A polymorphism was not detected
in cases and controls, we analyzed only the association of the
XPA A23G polymorphism with lung cancer risk. The frequency
of the XPA 23G allele among the healthy controls in this study
was 0.52, which was similar to that (0.57) observed in Polish
population (15).
Although the mechanism responsible for the association
between the XPA A23G polymorphism and lung cancer risk
remains to be elucidated, several lines of evidence presented
herein support the biological plausibility of this association:
(a) The XPA A23G polymorphism had more clear effect on
lung cancer risk in younger individuals than older subjects. This
finding conforms to the current theories that genotype susceptibility is more important in the early onset of disease.
(b) The protective effect of the XPA 23GG genotype was
greatest in current smokers, consistent with a marker of genetic
susceptibility reflecting a gene-environment interaction. However, the failure to see a significant effect in both former and
never-smokers may be attributable to the relatively few subjects
in these groups. Our results therefore need to be confirmed by
larger studies.
If the XPA genotype is indeed a marker of genetic susceptibility rather than a tumor marker, the frequencies of the
various genotypes should not be associated with disease status
or stage of disease. However, certain genotypes could confer a
greater susceptibility to the particular histological type of lung
cancer (17–21). In our study, the protective effect of the XPA
23GG genotype was more evident for small cell lung cancer
than squamous cell carcinoma or adenocarcinoma; this difference may be attributable to the differences in pathways of
carcinogenesis among histological types of lung cancer (18, 22,
23). The histological type of lung cancer may be determined by
the particular initiating agent to which an individual is exposed
(24 –26). Genetic susceptibility to small cell lung cancer is
therefore probably different from genetic susceptibility to squamous cell lung cancer or adenocarcinoma. However, this finding should be interpreted with caution because of the relatively
small numbers in the subgroups.
Whether the XPA A23G polymorphism itself alters the
transcription and/or translation or is in linkage disequilibrium
with other polymorphisms that may affect them remains to be
known. Because this polymorphism is located in the vicinity of
the translation initiation codon, it may alter translation efficiency. The proximal near-by nucleotides to the AUG initiation
codon is important for initiation of translation because the 40S
ribosomal subunit binds initially at the 5⬘-end of mRNA (27).
The G⫹4 as well as each of the Kozak’s consensus nucleotides
(GCCAGCCAUGG) from position ⫺1 through ⫺6 are important determinants of translation efficiency (28, 29). Recently,
Afshar-Khargen et al. (30) reported that the T-5C polymorphism in the glycoprotein Ib␣ gene was associated with a
marked increase in the level of glycoprotein Ib␣ receptor on the
platelet membrane. They explained that this result may be
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Numbers in parentheses, percentage.
b
In current and former smokers, P ⫽ 0.001.
c
In current and former smokers, P ⫽ 0.003.
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Table 2

a
b
c

Distributions of the XPA A23G genotypes among cases and controls

XPA A23G genotype

Cases n
(%)

Controls n
(%)

Crude OR
(95% CI)

Adjusteda OR
(95% CI)

AA (reference)
AG
GG
AA ⫹ AG (reference)
GG

60 (22.6)
160 (60.4)
45 (17.0)
220 (83.0)
45 (17.0)

38 (20.5)
101 (54.6)
46 (24.9)
139 (75.1)
46 (24.9)

1.00
1.00 (0.62–1.62)
0.62 (0.35–1.10)
1.00
0.62 (0.39–0.98)

1.00
1.07 (0.66–1.75)
0.58 (0.32–1.06)b
1.00
0.56 (0.35–0.90)c

Adjusted for age, sex and pack-years.
P ⫽ 0.08.
P ⫽ 0.02.

Table 3

Stratification analysis of the XPA A23G genotype frequencies in cases and controls

Age (yr)
ⱕ62
⬎62
Sex
Male
Female
Smoking status
Current
Former
Never
Pack-yearsf
ⱕ30
⬎30

Controls (n ⫽ 185)

No.

Others

%

No.

Others

%

Crude OR
(95% CI)

Adjusted OR
(95% CI)

16
29

108
112

12.9
20.6

26
20

72
67

26.5
23.0

0.41 (0.21–0.82)
0.87 (0.46–1.65)

0.39 (0.19–0.80)a,b
0.76 (0.39–1.48)a

36
9

183
37

16.4
19.6

39
7

111
28

26.0
20.0

0.56 (0.34–0.93)
0.97 (0.32–2.93)

0.51 (0.30–0.86)b,c
0.82 (0.25–2.69)c

35
3
7

170
11
39

17.1
21.4
15.2

28
8
10

72
29
38

28.0
21.6
20.8

0.53 (0.30–0.93)
0.99 (0.22–4.42)
0.68 (0.24–1.98)

0.46 (0.25–0.83)b,d
0.91 (0.20–4.22)d
0.69 (0.24–2.02)e

13
25

73
108

15.1
18.8

20
16

59
42

25.3
27.6

0.53 (0.24–1.14)
0.61 (0.30–1.25)

0.48 (0.21–1.08)d
0.58 (0.28–1.21)d

a

Adjusted for sex and pack-years.
P ⫽ 0.01.
Adjusted for age and pack-years.
d
Adjusted for age, sex, and pack-years.
e
Adjusted for age and sex.
f
In current and former smoker.
b
c

Table 4

Lung cancer risk related to the XPA A23G polymorphism according
to histological types
XPA 23 GG genotypes
n
(%)

Crude OR
(95% CI)

Adjusteda OR
(95% CI)

Controls
46 (24.9)
1.0
1.0
(n ⫽ 185)
Histological types
Squamous (n ⫽ 136)
26 (19.1) 0.71 (0.42–1.23) 0.63 (0.36–1.12)
Adenocarcinoma (n ⫽ 78) 14 (18.0) 0.66 (0.34–1.29) 0.57 (0.28–1.16)
Small cell (n ⫽ 47)
4 (8.5) 0.28 (0.10–0.83) 0.23 (0.07–0.71)b
a
b

Adjusted for age, sex, and pack-years.
P ⫽ 0.01.

attributable to that the sequence containing C instead T at
position ⫺5, which more closely approximates the consensus
sequence, resulting in more efficient translation. The sequences
(CCAGAGAUGG) around the predicted initiator methionine
codon of the XPA gene agree with the Kozak’s consensus
sequence at positions ⫺3 and ⫹4 (31). Although both the A and
polymorphic variant G nucleotides at the ⫺4 position of the
XPA gene does not correspond to the original consensus Kozak
sequence containing nucleotide C at position ⫺4, it is possible
that a nucleotide substitution of adenine to guanine at position
⫺4 preceding the AUG codon may affect ribosomal binding

and thus alter the efficiency of XPA protein synthesis. To
investigate whether the transition from A to G changes the
translation efficiency, an in vitro transcription/translation analysis (32) and a primer extension assay of initiation complex
(33) will be necessary in the future. An alternative explanation
could be that the protective XPA allele is in linkage disequilibrium with an allele from an adjacent gene, which is the true
susceptible gene.
One must consider potential biases that might influence
the results of case-control studies, primarily selection bias and
information bias (34, 35):
(a) There may be selection bias. Given that most lung
cancer patients are treated at university hospitals in Korea, the
demographics and clinical characteristics of our cases are compatible with those of the nationwide lung cancer survey (16).
Because we included all lung cancer patients diagnosed at a
national university hospital, it might be reasonable to assume
that our case group represents lung cancer cases in our community.
(b) Another selection bias may derive from controls who
did not participate in this study. However, because the age and
sex distribution and the exposure (smoking status and packyears) of nonparticipating controls were similar to those of the
participating controls in our study (data not shown), nonparticipant bias is unlikely.
(c) Disease status may be misclassified. All of our cases
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XPA GG genotype
Cases (n ⫽ 265)

Cancer Epidemiology, Biomarkers & Prevention

References
1. Sellers, T. A., Bailey-Wilson, J. E., Elston, R. C., Wilson, A. F., Elston, G. Z.,
Ooi, W. L., and Rothschild, H. Evidence for Mendelian inheritance in the
pathogenesis of lung cancer. J. Natl. Cancer Inst., 82: 1272–1279, 1990.
2. Shields, P. G., and Harris, C. C. Cancer risk and low-penetrance susceptibility
genes in gene-environment interactions. J. Clin. Oncol., 18: 2309 –2315, 2000.
3. Hecht, S. S. Tobacco smoke carcinogens and lung cancer. J. Natl. Cancer Inst.,
91: 1194 –1210, 1999.
4. Mohrenweiser, H. W., and Jones, I. M. Variation in DNA repair is a factor in
cancer susceptibility: a paradigm for the promises and perils of individuals and
population risk estimation? Mutat. Res., 400: 15–24, 1998.
5. Hoeijmakers, J. H. J. Genome maintenance mechanisms for preventing cancer.
Nature (Lond.), 411: 366 –374, 2001.
6. Wood, R. C., Mitchell, M., Sgouros, J., and Lindahl, T. Human DNA repair
genes. Science (Wash. DC), 291: 1284 –1288, 2001.
7. Yu, Z., Chen, J., Ford, B. N., Brackley, M. E., and Glickman, B. W. Human
DNA repair systems: an overview. Environ. Mol. Mutagen., 33: 3–20, 1999.
8. Thompson, L. H., and West, M. G. XRCC1 keeps DNA from getting stranded.
Mutat. Res., 459: 1–18, 2000.
9. Wakasugi, M., and Sancar, A. Order of assembly of human DNA repair
excision nuclease. J. Biol. Chem., 274: 18759 –18768, 1999.
10. Batty, D. P., and Wood, R. D. Damage recognition in nucleotide excision
repair of DNA. Gene (Amst.), 241: 193–204, 2000.
11. Wei, Q., Cheng, L., Hong, W. K., and Spitz, M. R. Reduced DNA repair
capacity in lung cancer patients. Cancer Res., 56: 4103– 4107, 1996.
12. Cheng, L., Eicher, S. A., Guo, Z., Hong, W. K., Spitz, M. R., and Wei, Q.
Reduced DNA capacity in head and neck cancer patients. Cancer Epidemiol.
Biomark. Prev., 7: 465– 468, 1998.
13. Park, J. Y., Lee, S. Y., Jeon, H-S., Bae, N. C., Chae, S. C., Joo, S., Kim, C. H.,
Park, J-H., Kam, S., Kim, I-S., and Jung, T. H. Polymorphism of the DNA repair
gene XRCC1 and risk of primary lung cancer. Cancer Epidemiol. Biomark. Prev.,
11: 23–27, 2002.
14. Park, J. Y., Lee, S. Y., Jeon, H-S., Park, S. H., Bae, N. C., Lee, E. B., Cha,
S. I., Park, J. H., Kam, S., Kim, I-S., and Jung, T. H. Lys751Gln polymorphism
in the DNA repair gene XPD and risk of primary lung cancer. Lung Cancer, 36:
15–16, 2002.
15. Butkiewicz, D., Rusin, M., Harris, C. C., and Chorazy, M. Identification of
four single nucleotide polymorphisms in DNA repair genes: XPA and XPB
(ERCC3) in Polish population. Hum. Mutat., 15: 577–578, 2000.

16. Lee, C-T., Kang, K. H., Koh, Y., Chang, J., Chung, H. S., Park, S. K., Yoo,
K-Y., and Song, J. S. Characteristics of lung cancer in Korea, 1997. Lung Cancer,
30: 15–22, 2000.
17. Stucker, I., Cosme, J., Laurent, P., Cenee, S., Beaune, P., Bignon, J., Depierre, A., Milleron, B., and Hemon, D. CYP1D6 genotype and lung cancer risk
according to histologic type and tobacco exposure. Carcinogenesis (Lond.), 16:
2759 –2764, 1995.
18. Marchand, L. L., Sivaraman, L., Pierce, L., Seifried, A., Lum, A., Wilkens,
L. R., and Lau, A. F. Association of CYP1A1, GSTM1, and CYP2E1 polymorphisms with lung cancer suggest cell type specificities to tobacco carcinogens.
Cancer Res., 58: 4858 – 4863, 1998.
19. Sugimura, H., Khono, T., Wakai, K., Nagura, K., Genka, K., Igarashi, H.,
Morris, B. J., Baba, S., Ohno, Y., Gao, C., Li, Z., Wang, J., Takezaki, T., Tajima,
K., Varga, T., Sawaguchi, T., Lum, J. K., Martinson, J. J., Tsugane, S., Iwamasa,
T., Shinmura, K., and Yokota, J. hOGG1 Ser326Cys polymorphism and lung
cancer susceptibility. Cancer Epidemiol. Biomark. Prev., 8: 669 – 674, 1999.
20. Gu, J., Spitz, M. R., Yang, F., and Wu, X. Ethnic differences in poly(ADPribose) polymerase pseudogene genotype distribution and association with lung
cancer risk. Carcinogenesis (Lond.), 20: 1465–1469, 1999.
21. Divine, K. K., Gilliland, F. D., Crowell, R. E., Stidley, C. A., Bocklage, T. J.,
Cook, D. L., and Belinsky, S. A. The XRCC1 399 glutamine allele is a risk factor
for adenocarcinoma of the lung. Mutat. Res., 461: 273–278, 2001.
22. Greenblatt, M. S., Bennett, W. P., Hollstein, M., and Harris, C. C. Mutations
in the p53 tumor suppressor gene: clues to cancer etiology and molecular pathogenesis. Cancer Res., 54: 4855– 4878, 1994.
23. Sekido, Y. Fong, K. M., and Minna, J. D. Progress in understanding the
molecular pathogenesis of human lung cancer. Biochim. Biophys. Acta, 1378:
F21–F59, 1998.
24. Deutsch-Wenzel, R., Brune, H., Grimmer, G., Dettbarn, G., and Misfeld, J.
Experimental studies in rat lungs on the carcinogenicity and dose-response
relationships of eight frequently occurring environmental polyaromatic hydrocarbons. J. Natl. Cancer Inst., 71: 539 –544, 1983.
25. Hoffman, D., Rivenson, A., Murphy, S. E., Chung, F-L., Amin, S., and Hecht,
S. S. Cigarette smoking and adenocarcinoma of the lung: the relevance of
nicotine-derived nitrosamines. J. Smoking Relat. Disord., 4: 165–190, 1993.
26. Smith, C. J., Livingston, S. D., and Doolittle, D. J. An international literature
survey of “IARC group I carcinogens” reported mainstream cigarette smoke.
Food Chem. Toxicol., 35: 1107–1130, 1997.
27. Kozak, M. Role of ATP in binding and migration of 40S ribosomal subunits.
Cell, 22: 459 – 467, 1990.
28. Kozak, M. Point mutations define a sequence flanking the AUG initiator
codon that modulates translation by eukaryotic ribosomes. Cell, 44: 283–292,
1986.
29. Kozak, M. At least six nucleotides preceding the AUG initiator codon
enhance translation in mammalian cells. J. Mol. Biol., 196: 947–950, 1987.
30. Afshar-Kharghan, V., Li, C. Q., Khoshnevis-Asl, M., and Lopez, J. A. Kozak
sequence polymorphism of the glycoprotein (GP) Ib␣ gene is a major determinant
of the plasma membrane levels of the platelet GP Ib-IX-V complex. Blood, 94:
186 –191, 1999.
31. Tanaka, K., Miura, N., Satokata, I., Miyamoto, I., Yoshida, M. C., Satoh, Y.,
Kondo, S., Yasui, A., Okayama, H., and Okada, Y. Analysis of a human DNA
excision repair gene involved in group A Xeroderma pigmentosum and containing a zinc-finger domain. Nature (Lond.), 348: 73–76, 1990.
32. Kanaji, T., Okamura, T., Osaki, K., Kuroiwa, M., Shimoda, K., Hamasaki,
N., and Niho, Y. A common genetic polymorphism (46 C to T substitution) in the
5⬘-untranslated region of the coagulation factor XII gene is associated with low
translation efficiency and decrease in plasma factor XII level. Blood, 91: 2010 –
2014, 1998.
33. Kozak, M. Primer extension analysis of eukaryotic ribosome-mRNA complexes. Nucleic Acids Res., 26: 4853– 4859, 1998.
34. Garcia-Closas, M., Rothman, N., and Lubin, J. Misclassification in casecontrol studies of gene-environment interactions: assessment of bias and sample
size. Cancer Epidemiol. Biomark. Prev., 8: 1043–1050, 1999.
35. Grimes, D. A., and Schulz, K. F. Bias and causal associations in observational
research. Lancet, 359: 248 –252, 2002.

Downloaded from http://aacrjournals.org/cebp/article-pdf/2261831/ce1002000993.pdf by guest on 07 October 2022

were pathologically confirmed, and controls were proved by
health examination. Therefore, this type of bias is unlikely as
well.
(d) Exposure may be misclassified because of differential
recall between cases and controls during the interview. However, we interviewed the cases and controls with the same
instrument and rechecked the questionnaires by randomly reinterviewing 10% of the subjects, which generated similar
results. Therefore, recall bias is unlikely as well.
This is the first molecular epidemiological study of XPA
polymorphisms in lung cancer. We found that the XPA A23G
polymorphism was associated with lung cancer risk. The protective effects of the XPA 23 GG genotype were more evident
in younger individuals, males, and current smokers. It is possible that our findings, particularly from the stratified analyses,
are attributable to chance because of the relatively small numbers in the subgroups. Therefore, the functional relevance of
this XPA polymorphism and its role in cancer susceptibility
remain to be determined in larger epidemiological studies.
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