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Introduction

Myeloperoxidase (MPO), is a phase I enzyme
found in neutrophils and monocytes, and it activa-
tes a wide range of tobacco smoke procarcinogens
such as benzo(a)pyrene and aromatic amines’. The

-463G >A polymorphism in the promoter region of
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the MPO gene leads to the loss of a SP1 binding
site in an Alu hormone-responsive element, and this
has been shown to reduce gene expression and act
ivity™. Therefore, it is possible that carriers of the
-463A allele may have a decreased risk of lung
cancer because of the decreased metabolic activation
of procarcinogens. A number of case-control studies
have been conducted to evaluate the potential role of
this MPO polymorphism on the risk of lung cancer,
but the estimates of the nature and extent of the
association have shown considerable variation be-
tween the different studies’®. Moreover, only a few
studies have explored the relationship between this
MPO polymorphism and lung cancer in Asian po-
pulations7'8. In the present study, we have conducted

a case—control study to evaluate the association
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between the MPO -463G>A polymorphism and the

risk of lung cancer in a Korean population.
Materials and methods
1. Study population

This case—control study included 432 lung cancer
patients and 432 healthy controls. The details of the
study population have been described elsewhere” !,
In brief, the eligible cases included all the patients
who were newly diagnosed with primary lung cancer
between January 2001 and February 2002 at Kyung-
pook National University Hospital, Daegu, Korea.
There were no age, gender, histological or stage re-
strictions, but patients with a prior history of camr
cers were excluded from this study. The cases inr
cluded 210 (486%) squamous cell carcinomas, 141
(32.6%) adenocarcinomas, 73 (16.9%) small cell car-
cinomas, and 8 (1.9%) large cell carcinomas. The
demographics and clinical characteristics of the cases
were consistent with those of a nationwide lung
cancer survey conducted by the Korean Academy of
Tuberculosis and Respiratory Disease in 1998" The
control subjects were randomly selected from a pool
of healthy volunteers who visited the general health
check—up center at Kyungpook National University
Hospital during the same period. The control su-
bjects were frequency matched (1:1) to the cancer
cases based on gender and age (£ 5 years). All the
cases and the controls were ethnic Koreans and they
resided in Daegu City or the surrounding regions. A
detailed questionnaire was completed for each patient
and control by a trained interviewer. The question
naire included information on the average number of
cigarettes smoked daily and the number of years the
subjects had been smoking. For smoking status, a
person who had smoked at least once a day for > 1

year in his or her lifetime was regarded as a smo
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ker. 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 date
signed on an informed consent for blood sample
collection in the case of controls. Cumulative ciga-
rette dose (pack-years) was calculated using the
following formula: pack-years = (packs per day) x
(years smoked).

2. MPO genotyping

The MPO -463G>A genotype was determined
using the PCR-RFLP method as was reported
previously” (Figure 1). For the quality control, gen-
otyping analysis was performed “blind” with respect
to the case/control status. About 10% of the samples
were then randomly genotyped again by a different
author, and the results were 100% concordant. To
confirm the genotyping results, selected PCR-amr
plified DNA samples (n = 2, respectively, for each
genotype) were examined by DNA sequencing, and

the results were also 100% concordant.
3. Statistical analysis

Cases and controls were compared using the

Student’s t-test for continuous variables and the x°



test for categorical variables. Hardy—Weinberg equ-
ilibrium was tested with a goodness—of-fit X test
with one degree of freedom for the comparing the
observed genotype frequencies with the expected
genotype frequencies among the subjects. Uncondi-
tional logistic regression analysis was used to cal-
culate odds ratios (ORs) and 95% confidence intervals
(ClIs), with adjustment for the possible confounders
(gender as a nominal variable; age and pack-years
of smoking, as continuous variables). The ORs were
calculated as the combined AA + GA genotype re-
lative to the GG genotype since the number of ho-
mozygous variant AA genotype was small among
the cases and controls. Multiple logistic regression
analyses were performed to analyze the association
between the genotypes and risk of lung cancer after
stratification into age (median age, <62 years/>62
years), gender, smoking status, cigarette consumption
(median pack-years, <40 pack-years/>40 pack-
years) and histological types of lung cancer. All
analyses were performed using Statistical Analysis
Software for Windows, version 812 (SAS institute,
Gary, NC, USA).

Results

The demographics of the cases and controls

enrolled in this study are shown in Table 1. There

Table 1. Characteristics of the study population
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were no significant differences between the cases
and controls in mean age or sex distribution, su-
ggesting that the matching based on these two
variables was adequate. Cases had a higher pre-
valence of current smokers than controls (P < 0.001),
and the number of pack-years in smokers was
significantly higher in cases than in controls (39.9 *
179 versus 344 + 176 pack-years; P < 0.001). Th-
ese differences were controlled for later by multi-
variate analyses.

The distributions of MPO -463G>A genotypes
among the cases and controls were in Hardy-
Weinberg equilibrium (Table 2). The frequency of
the -463A allele among the controls was 0.093 and
similar to that previously reported in a Korean po-
pulation14. The genotype distribution and the fre-
quency of -463A allele among the cases were not
significantly different from those among the controls.
The risk estimate for lung cancer of the combined
-463 AA + GA genotype was not significantly diffe-
rent from that of the -463GG genotype (adjusted
OR = 1.03, 95% CI = 0.72-1.47). When the analyses
were stratified by age, gender, smoking status, and
pack-years of smoking, no significant association
was found between the genotypes and risk of lung
cancer. Moreover, the genotypes exhibited no
apparent relationship with any of histological types

of lung cancer.

Variable Cases (n = 432) Controls (n = 432)
Age (years) 616 £ 90 44 £ 176
Gender 105 (24.3)
Male 352 (815)° B (27)
Female 80 (185) 229 (53.0)
Smoking status®
Current 317 (734) 80 (185)
Former 39 (90 352 (81.5)
Never 76 (17.6)
Pack-years® 99 + 179 609 + 93

@ Numbers in parenthesis, percentage.
® P =0001.
° In current and former smokers, P < 0.001.
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Table 2. MPO -463G>A genotype frequencies, and adjusted ORs (95% Cls) for lung cancer by selected variables

Cases Controls Adjusted OR (95% Cl)
GG GA AA Ice GA AA for AA + GA vs GG

All subjects 353 (81.7) 76 (17.6) 307 356 (824) 72 (16.7) 4 (09 1.08 (0.72-1.47°
Age (years)

<62 163 (81.5) 36 (18, 1 (05 194 (822 39 3 (1. 105 (064-173°

>62 190 (81.9) 40 (17.2) 209 162 (82.7) 1 (05 101 (061-1.68°
Gender

Male 285 (81.0) 65 (185 2 (06 285 (81.0) 82 308 099 (068-1.45°

Female 63 (85.0) 11 (138 1(12 71 (888 8 (100 1(1.2) 122 (046-320)°
Smoking status

Never 68 (89.5 8 (105 00 91 (86.7) 13 (124) 109 0.79 (0.31-2.00°

Former 33 846 5 (128 126 80 (81.6) 17 (174) 1 (10 085 (0.30-2.37°

Current 252 (795) 63 (19.9) 2 (06 185 (80.8) 42 (183 209 1.04 (068-1.61°
Pack-yearsf

<40 pack-years 176 (789 45 (202) 209 190 (81.5) ) 2 1.17 (0.74-1.87°

>40 pack-years 109 (820) 23 (17.3) 107 75 (79.8) 1 1) 1(1.1) 087 (044-1.70°
Histological type

Squamous 71 (81.4) 38 (18.1) 105 3% (824) 72 (16.7) 409 1.02 (0.65-1.58"°

Adeno 117 (830) 23 (163) 107 3% (824) 72 (16.7) 409 1.08 (0.64-1.81°

Large 7 875 1 (125 0 (00 3% (824) 72 (167) 409 071 (009591

Small 58 (79.5) 14 (19.2) 1 (13 3% (824) 72 (16.7) 409 1.13 (060-2.11°

# Dominant model for the variant allele.

b Adjusted for age, sex and pack-years of smoking.
¢ Adiusted for sex and pack-years of smoking.

9 Adiusted for age and pack-years of smoking.

° Adjusted for age and sex.

"In current and former smokers.

Discussion

In present study, we found no significant asso-
ciation between the MPO -463G>A genotype and
the risk of lung cancer. In addition, we observed no
evidence of effect modification by age, gender, smo-
king history or tumor histology. These results su-
ggest that this polymorphism does not affect the
susceptibility to lung cancer in Koreans. Except for
one study of a Chinese poptﬂationg, this 1s the only
report to analyze a large number of lung cancer
cases for MPO genotype and the risk of lung
cancer in Asian populations.

The frequency of the —463A allele among the he-
althy controls in this study was significantly lower
(P < 0.05) than those of Japanese (0.169; Ref. 7)),
Chinese (0.155; Ref. 8), Caucasians (0.204-0.259; Refs.
4-7 and 13) and African-Americans (0.299; Ref. 13).

Several studies of Caucasian populations have
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indicated that the -463A allele was protective for
lung cancer™”. A meta-analysis' has showed that
Caucasians carrying the —463A allele have approx-
mmately 209 reduced risk for lung cancer. However,
several studies have found no association of MPO
-463G>A genotype with lung cancer risk in Cauca-
sians™. A recent French Caucasian study by Che
vrier et 81.16, showed that the MPO haplotypes of 8
variants, including -463G>A polymorphism, did not
have an effect on the risk of lung cancer. The pre-
vious studies of Caucasian populations are also not
in agreement regarding the histology-specific effect
of the MPO -463G>A polymorphism. Cascorbi et
al.”” have observed a significant protective effect of
this polymorphism for adenocarcinoma and squamous
cell carcinoma, while Schabath et al.® showed pro-
tective effect for adenocarcinoma and small cell car-
cinoma, but not for squamous cell carcinoma. Dally

et al’® have recently reported that a significant ass-



ociation was observed only for small cell lung cancer.

Only a few studies have studied the association
between the MPO -463G>A polymorphism and the
risk of lung cancer in Asian populations, but their
results were relatively consistent in suggesting an
association. In a small Japanese study7, the -463AA
genotype was associated with a reduced risk of lung
cancer as compared with the -463 GG genotype, al-
though this difference was not statistically signi-
ficant. A Chinese study has also shown that the
-463A allele was associated with a reduced risk of
squamous cell carcinoma’. However, in the current
study, the MPO -463G>A genotype was not associ-
ated with the risk of lung cancer. Moreover, the ge-
notypes exhibited no apparent relationship with any
of the histological types of lung cancer.

Although it is hard to decipher the reasons for the
observation that there is no apparent association of
the MPO -463G>A polymorphism with lung cancer
risk, this may be due to Koreans' specific genetic
background and/or environmental factors. Lung can-
cer is known to be a polygenic disease, and the ge-
netic susceptibility to lung cancer may result from
several polymorphisms in the genes that are invol-
ved in various cellular processes such as carcinogen
metabolism, DNA repair and apoptosis. Therefore,
some of the polymorphisms, which exhibit stronger
effects on the susceptibility to lung cancer in Kore-
ans, can mask potential influence of the MPO poly-
morphism on lung cancer. Another reason may be
due to low prevalence of the variant —463A allele in
Koreans. The rarity of the variant —463A allele may
possibly attribute to the lack of statistical power in
our study. Alternatively, the results may be due to
unmeasured contributing factors such as enviro-
nmental ozone exposure””.

A major strength of the current study is the in-
clusion criteria for the controls. The MPO -463G>A
polymorphism has been previously associated with

Tuberculosis and Respiratory Diseases Vol. 59. No. 2, Aug. 2006

various inflammation related diseases, such as He-
licobacter pylori infection™, Moreover, the MPO
genotype frequencies may differ in nonmalignant
lung diseases’. In the present study, we have in-
cluded in the control group only healthy persons
who were free of disease on a health check-up.
Therefore, the effect of nonmalignant disease on the
genotype distribution in our control group can be
excluded. There are a number of possible limitations
in this study. Since this study was a hospital-based
case—control study, there might be some selection
bias. Given that most lung cancer patients are treated
at the University Hospital in Korea, the demographics
and clinical characteristics of the cancer patients in
the current study were compatible those of a nati-
onwide lung cancer Surveylz. Furthermore, since all
the lung cancer patients who diagnosed at the
University Hospital were included in this study, it is
reasonable to assume that the case group represents
the lung cancer cases in our community. Another
selection bias may be derived from the controls that
did not participate in this study. However, because
the age and gender distribution of non—participating
controls were similar to those of the participating
controls in the current study (age; 52.2 + 11.4 versus
52.1 £ 11.3, respectively; P = 0.80; and % of male:
52.5% versus 52.1%, respectively; P = 0.80), a self-
selection bias is unlikely. Moreover, the controls in
the current study were extensively evaluated for
711 and the genotype distribu-
tion for each polymorphism met the conditions for

other polymorphisms

Hardy-Weinberg equilibrium, this further supports
the randomness of our control selection.

For overall lung cancers, this study had 809
power (two-sided test of significance, a = 0.05) to
detect an OR < 058 (assuming a protective effect)
or an OR > 159 (assuming a risk effect) for the
carriers of —463 AA or GA genotype relative to the
carriers of 463 GG genotype. Because of the low
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prevalence of the —463 AA genotype, we combined
this genotype with the heterozygous -463 GA geno-
type into one group. Therefore, we cannot rule out
a small effect of the homozygous -463 AA genotype
on lung cancer risk. For the analyses of the specific
histological types of lung cancer, the numbers in the
subgroups, especially the small cell lung cancer
group, were relatively small. Therefore, it should be
kept in mind that the analyses for specific histological
types might have type II error.

Although there is variability in the results among
the published studies, there is relatively consistent
epidemiologic evidence of an association between
the MPO -463G>A genotype and the risk of lung
cancer. However, publishing null studies as well as
positive studies is certainly necessary to elucidate
the range of effects associated with this polymorphism
and the risk of lung cancer. In the current study, we
found no significant association between the MPO
-463G>A genotype and the risk of lung cancer,
regardless histological type, age, gender, or smoking

behavior.
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