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Aim: Myeloperoxidase (MPO) and glutathione S-transferase pi 1 (GSTP1) are important carcinogen-metabolizing enzymes. The aim of
this study was to investigate the association between the common polymorphisms of MPO and GSTP1 genes and lung cancer risk in
Chinese Han population.

Methods: A total of 266 subjects with lung cancer and 307 controls without personal history of the disease were recruited in this case
control study. The tagSNPs approach was used to assess the common polymorphisms of MOP and GSTP1 genes and lung cancer risk
according to the disequilibrium information from the HapMap project. The tagSNP rs7208693 was selected as the polymorphism site

for MPO, while the haplotype-tagging SNPs rs1695, rs4891, rs762803 and rs749174 were selected as the polymorphism sites for
GSTP1. The gene polymorphisms were confirmed using real-time PCR, cloning and sequencing.

Results: The four GSTP1 haplotype-tagging SNPs rs1695, rs4891, rs762803 and rs749174, but not the MPO tagSNP rs7208693,
exhibited an association with lung cancer susceptibility in smokers in the overall population and in the studied subgroups. When
Phase 2 software was used to reconstruct the haplotype for GSTP1, the haplotype CACA (rs749174+rs1695 + rs762803+rs4891)
exhibited an increased risk of lung cancer among smokers (adjust odds ratio 1.53; 95%CI 1.04-2.25, P=0.033). Furthermore,
diplotype analyses demonstrated that the significant association between the risk haplotype and lung cancer. The risk haplotypes
co-segregated with one or more biologically functional polymorphisms and corresponded to a recessive inheritance model.
Conclusion: The common polymorphisms of the GSTP1 gene may be the candidates for SNP markers for lung cancer susceptibility in

Chinese Han population.
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Introduction

The genetic variations of carcinogen-metabolizing enzymes
may lead to interindividual differences in the levels of the
internal carcinogenic dose and lead to a differential risk in
individuals with similar exposures! . Phase I enzymes such
as myeloperoxidase (MPO) and cytochrome P450 can meta-
bolically activate a wide range of tobacco mutagens to DNA-
damaging metabolites™ *. After phase I bioactivation, phase
II enzymes (such as glutathione S-transferase) can detoxify
the DNA-damaging metabolites via conjugation with endog-
enous molecules to form hydrophilic conjugates® ®. The
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accumulated levels of the reactive metabolic intermediates are
partly dependent on the metabolic balance of the phase I and
II enzymes. Thus, interindividual genetic differences in this
metabolic balance may affect an individual’s, and especially a
smoker’s, susceptibility to lung cancer.

MPO is a phase I metabolic enzyme found in neutrophils
and monocytes. In experimental systems, it has been shown
that MPO can metabolize tobacco smoke procarcinogens
into highly reactive intermediates that can damage DNA.
In addition, recent research has shown that MPO may play
a major role during pulmonary carcinogenesis, such as the
inhibition of nucleotide excision repair in human pulmonary
epithelial cells®, DNA damage caused by hypochlorous acid
and other reactive oxygen species’” and the methylation of
P16™. Clinical and epidemiological studies on the association
between the MPO G463A polymorphism and lung cancer sus-



ceptibility indicate that the association exists in Caucasian and
Chinese populations, although it is not significant"". Because
both experimental and epidemiological studies indicated that
MPO could play an important role in pulmonary carcinogen-
esis, the hypothesis that polymorphism(s) of MPO may affect
lung cancer risk deserved further study, both independently
and at the genome-wide level.

Glutathione S-transferase pi 1 (GSTP1), a member of the
GST superfamily, has been identified as the major metabolic
GST enzyme in the human lung"”. In experimental systems,
it has been shown that GSTP1 plays a critical role in the devel-
opment of lung carcinogenesis following exposure to tobacco-
related carcinogens, such as the detoxification of electrophilic
diol-epoxides produced by the metabolism of polycyclic aro-
matic hydrocarbons® ® and aberrant promoter methylation of
the P16 tumor suppressor gene and the O(6)-methylguanine-
DNA methyltransferase (MGMT) DNA repair gene! ',
However, some epidemiological studies demonstrating the
association between polymorphisms of GSTP1 and lung can-
cer risk yielded inconclusive results">?). Thus, further study
of GSTP1 as a candidate gene in lung cancer risk alone or at
the genome-wide level was necessary.

The International HapMap project (www.hapmap.org) is the
most important post-genomic project that is able to provide
relatively exact SNP information for the Chinese population
and provide a systematic framework of linkage disequilibrium
(LD) and haplotype structure for SNPs™™. After considering
the common disease-common variant hypothesis, association
analysis using LD mapping would seem to be a reasonable
approach in narrowing down the number of potential risk
genes or variants for the disease. It is conceivable that the tag-
ging SNPs for GSTP1 and MPO may be used to test the asso-
ciation between polymorphisms and susceptibility.

The HapMap project had just completed collecting phase II
data for the Chinese population when we initiated our study
in November 2008 (HapMap Data Rel#24/phase II on NCBI
B36 assembly, dbSNP b126). The HapMap project provided
6 common SNPs for the GSTP1 gene and 1 common SNP for
MPO (frequency >5%) and the linkage disequilibrium infor-
mation for the Chinese Han population. In our study, we
aimed to evaluate the association between the common vari-
ants in GSTP1 and MPO and the susceptibility to lung cancer
using the tagSNPs approach and integer analyses.

Materials and methods

Study population and data collection

This research was based on a case control study on lung
cancer conducted at the Tianjin Medical University General
Hospital and Tianjin Key Laboratory of Lung Cancer Metas-
tasis and Tumor Microenvironment, Tianjin Lung Cancer
Institute, China. Patients that were diagnosed histologically
and cytologically with lung cancer and a comparable group
of hospital-based control subjects without the disease were
recruited from February 2008 and October 2009. The informa-
tion from a total of 266 patients with lung cancer and 307 con-
trols was collected. The cases included 120 (45.1%) squamous
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cell carcinomas (Scc), 99 (37.2%) adenocarcinomas (Ad), 23
(16.9%) small-cell lung carcinomas (SCLC) and 24 (9.0%) other
lung carcinomas. The control subjects were randomly selected
from a pool of healthy volunteers who had visited the General
Health Check-up Center at Tianjin Medical University General
Hospital during the same period. The cases and controls were
all ethnic Han Chinese.

A detailed questionnaire was completed for each patient
and each control by a trained interviewer. The questionnaire
included information on their gender, age, tobacco smok-
ing history, tumor histotype, environmental exposure and
diet. For the smoking status of the subjects, a person who
had smoked at least 100 cigarettes during his or her lifetime
was considered to be a smoker™. The cumulative cigarette
dose (pack-years) was calculated using the following formula:
pack-years=(packs per day)x(years smoked). We further
categorized the subjects as never smokers, light smokers (<27
pack-years, the mean of the pack-year) and heavy smokers
(>27 pack-years) according to their smoking status. Informed
consent was obtained from all participants, and the study was
approved by the Research Ethics Committee of the Tianjin
Medical University General Hospital.

Selection of haplotype-based tagSNPs

Genotypes for SNPs in GSTP1 representing the Han Chinese
were downloaded from the HapMap database (http://www.
hapmap.org, HapMap Data Rel#24/phase II on NCBI B36
assembly, dbSNP b126). LD and haplotypes in the GSTP1
gene were determined using the Haploview 4.1 software
(Broad Institute of MIT and Harvard, Cambridge, MA, USA)
at default values. LD was estimated between the pairs of
SNPs using the D-statistic. The haplotype block structure was
determined using the confidence interval option. Four tag-
SNPs, rs1695, rs4891, rs762803, and rs749174, were chosen to
capture the common variants within GSTP1; these four SNPs
had also been validated by other submissions (http://www.
ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?locusld=2950).
In the HapMap Data Rel#24, there is only 1 common SNP for
MPO, rs2071409 (in intron). However, in the dbSNP, there
are three common SNPs - rs7208693 (in the 53 acid position,
the allele T—G could cause a phe—val change), rs35921530 (in
intron) and rs2856857 (in intron). Hence, we chose rs7208693
to capture the common variants within MPO (http://www.
ncbinlm.nih.gov/projects/SNP/snp_ref.cgi?rs=7208693).

DNA extraction

Genomic DNA was isolated from peripheral blood using a
standard kit-based method (Axygen). The DNA concentra-
tion was adjusted to 40 mmol/L with TE buffer, and all DNA
preparations were stored at -20°C until they were used for

genotyping.

Genotyping

A TagMan® (ABI) genotyping assay was employed to geno-
type all samples for the 5 selected tagSNPs. For each of the
SNPs, primer-probe sets (Table 1) were designed using the
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Table 1. Primers and probes used for genotyping and cloning sequencing of tagging single nucleotide polymorphisms.

dbSNP Variants Primers or probes sequence for genotyping Primers for cloning sequencing (5'-3')

rs1695 A/G F: CCTGGTGGACATGGTGAATGAC F: CCTGGTGGACATGGTGAATGA
R: CAGATGCTCACATAGTTGGTGTAGA R: CCCGTTACTTGGCTGGTTGA
P1: Y. TGCAAATACATCTCCC-""
P2: PM.TGCAAATACGTCTCCC-"

rs4891 A/G F: CCAGGAAGGCCTTGAGCTT F: CTGATCCATGAGGTCCTAGCC
R: CCCCTGCTCTCAGCATATGTG R: TCCCGCTCAGAGTCCCCCCAA
P1: VC-CCTCAGTGCCCGGCC-"™ (reverse)
P2: FAM-CTCAGCGCCCGGCC-™

rs762803 A/C F: TGGGCCGCACCCTTG F: GGACGGAGACCTCACCCTGTA
R: CCATGCCTGCCCTGGA R: GGCTTGACCTTGGGCAAACTA
P1: YC.TGAGTCTTGAAACTCCAAG-""
P2: "M.TGAGTCTTGAACCTCCAAG-"™

rs749174 C/T F: CCCCATTGCCCTTAGGAGACT F: CTCACATTCAGACACAGCCCT
R: GAGATGGGCGGGCAGTAG R: CCAGAGGTGGAGGAGGATTT
P1: "TTGAACCCACTGGTTTGG-"" (reverse)
P2: AMTTGAACCCACTAGTTTGG-"™

rs7208693 T/G F: GGAGCTCAGCACCAACGA F: CTCCCTGCTGCCTGCTGCTTCT
R: GCCCATTCCTGACTTTGTGATC R: GGCCCATTCCTGACTTTGTGA

P1: V°-CCCAGGAAAGCTG-"™
P2: "M_CCCCAGGACAGCTG-"™ (reverse)

F, forward primer; R, reverse primer; P41, probe 1; P2, probe 2; NFQ, nonfluorescent quencher. Polymorphic site is shaded.

Applied Biosystems design service (Applied Biosystems, Fos-
ter City, CA, USA). We carried out real-time PCR on 10 ng of
genomic DNA using the TagMan® universal PCR master mix
(Applied Biosystems), forward and reverse primers and FAM-
and VIC-labeled probes. Real-time PCR was performed using
5.0 pL of the universal master mix (Applied Biosystems), 0.25
pL of the primer-probe mix, 2.25 uL of RNase- and DNase-free
water and 2.5 pL. of DNA (40 mmol/L). The assay conditions
were as follows: 10 min at 95°C and 40 cycles of 15 s at 92°C
and 1 min at 58°C. The real-time PCR 7500 system (Applied
Biosystems; SDS version 1.4 software) was used to perform
and analyze the genotyping. For the purposes of quality con-
trol, more than 2 negative controls containing all reagents but
substituting water for DNA were included in each amplifica-
tion set. The genotyping was carried out blinded to the case
control status. A 10% random sample was repeated to verify
the genotyping results. Each genotype of the 5 SNPs was
cloned and sequenced randomly.

Statistical analysis

Demographic and clinical information between the cases and
controls was compared using chi-square tests for categori-
cal variables and Student’s t-test for continuous variables,
where appropriate. The Hardy-Weinberg equilibrium was
confirmed by chi-square analysis. The departure of genotype
frequencies from those expected under the Hardy-Weinberg
equilibrium was assessed among Chinese controls by the
asymptotic Pearson’s chi-square test with one degree of free-
dom. The estimated GSTP1 haplotypes for the 266 cases and
307 controls were determined using the PHASE Version 2
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software (http://www.stat.washington.edu/stephens/soft-
ware.html), which uses a Bayesian algorithm for haplotype
reconstruction. The best-pairs diplotypes were estimated for
each individual, and the diplotypes for each individual were
split into individual haplotypes. The diplotypes with the risk
haplotype were designated as the at-risk diplotypes, while the
other diplotypes were combined and designated as the non-at-
risk diplotypes. Odds ratios (ORs) and 95% confidence inter-
vals (CIs) were calculated using a logistic regression analysis
where the log odds of lung cancer were adjusted for smoking
(as a categorical variable), age (as a continuous variable) and
sex (as a categorical variable). To detect important differences
in the population subgroups, stratification by a subgroup anal-
ysis of clinically relevant factors (eg, smoking status and histo-
logical types) was performed. All tests were two-sided, and a
P value of 0.05 or less was considered significant. All analyses
were performed using SPSS (Statistical Package for the Social
Sciences) software, version 11.5 (Chicago, USA).

Results

General characteristics of the included subjects

The demographics of the cases and controls enrolled in this
study are shown in Table 2. There were no significant differ-
ences between the cases and controls in terms of the mean age
or gender distribution, suggesting that the matching based
on these two variables was adequate. The case group had a
higher prevalence of smokers than the control group (P<0.01)
and the smoking index of pack-years for the smokers in lung
cancer group was significantly higher than that in the control
group (P<0.01). These differences were adjusted using multi-



Table 2. Characteristics of the study subjects.

Characteristics Cancer (266)  Control (307) X/t P value
Age (years)

Mean 60.39+9.58 60.38£10.05 0.017 0.987
range 37-84 34-84

Gender, n (%)

Male 191 (71.8%) 218 (71%) 0.044 0.834
Female 75(28.2%) 89 (29%)

Smoking®

Never 87(32.7%) 166 (54.1%) 86.37  0.000
Light-smoking 44 (16.5%) 99 (32.2%)

Heavy smoking 127 (47.7%) 41(13.4%)

Missing 8 (3%) 1 (0.3%)

Histologic type,n(%)°

Sce 120 (45.1%)
Ac 99 (37.2%)
SCLC 23 (8.6%)
Others 24 (9.0%)

2 Two-sided x> or t-test, cases versus controls. ° Pack-years (a measure
of cumulative smoking exposure) was defined as the average number
of packs (20 cigarettes/pack) of cigarettes smoked per day multiplied
by the number of years of smoking. °Scc, squamous carcinoma; Ac,
adenocarcinoma; SCLC, small cell lung cancer.

variate analysis.

Smoking and lung cancer risk

After adjustments for age at diagnosis, gender and smoking
history, a statistically increased lung cancer risk (OR=3.30,
95% CI 2.18-4.99, P<0.01) was confirmed for the cases when
compared to the never smokers. The further stratified analy-
sis according to smoking status indicated that the association
appeared mainly in the heavy smokers subgroup (>27 pack-

Table 3. Risk of lung cancer associated with smoking.
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years) (OR=8.98, 95% CI 5.40-14.96, P<0.01). Stratified by his-
tological type, tobacco smoking had a significantly increased
lung cancer risk (OR=8.28, 95% CI 4.24-16.20, P<0.01), mainly
in the squamous cell carcinoma subgroup (Table 3). Further-
more, a strong and significant dose-response relationship
between lung cancer risk and the pack-years of smoking
(P<0.01) was found, especially in the squamous carcinoma
subgroup.

Genetic polymorphisms of MPO and GSTP1 and lung cancer
susceptibility

The distribution of the rs1695 (A/G), rs4891 (A/G), rs762803
(C/A), 15749174 (C/T), and rs7208693 (C/ A) genotypes among
the cases and controls is shown in Table 4. The genotype
distributions of the 5 SNPs in the 573 subjects are consistent
with the data from Phase 3 of the HapMap project (by the time
our genotyping was completed, the HapMap data had been
updated to Phase 3). The genotype distributions of the 5 poly-
morphisms among the controls were in Hardy-Weinberg equi-
librium. The distribution of the rs7208693 (C/A) genotype of
MPO was not different between the cases and controls, not
only in the overall population but also in the subgroups strati-
fied according to smoking and histological type. The distribu-
tions of the rs1695 (A/G), rs4891 (A/G), rs762803 (C/A), and
15749174 (C/T) genotypes of GSTP1 were different between
the cases and controls in the overall population, especially
in the smoking and squamous cell carcinoma subgroups. In
general, no significant association between the four genotypes
of GSTP1 and lung cancer risk was found when adjusted for
age at diagnosis (continuous), gender (male and female) or
smoking status (no smoking, light smoking, heavy smoking)
(Table 4). However, in the subgroup analysis, the G allele of
rs1695 (A/G), G allele of rs4891 (A/G), A allele of rs762803
(C/A) and T allele of rs749174 (C/T) statistically decreased the
lung cancer susceptibility in the smoking and squamous cell
carcinoma patients (P<0.05). The result is concordant with the
conclusion that tobacco smoking is the major risk factor for
squamous cell carcinoma.

. Cases (266) Controls (307) .

Possible factors to lung cancer o o Adjusted OR (95% CI)® P-value
n % n %

Scc”
Never smokers (O pack-years) 19 15.8 166 54.1 1.0
Smokers 98 81.7 140 45.6 8.28 (4.24-16.20) 0.000
Light smokers (<27 pack-years) 18 15.0 99 32.2 2.27 (1.00-5.10) 0.048
Heavy smokers (>27 pack-years) 79 65.8 41 13.4 24.35 (11.35-52.25) 0.000
Ac®
Never smokers (O pack-years) 50 50.5 166 54.1 1.0
Smokers 45 45.5 140 45.6 1.68 (0.95-2.99) 0.076
Light smokers (<27 pack-years) 18 18.2 99 32.2 0.97 (0.49-1.49) 0.935
Heavy smokers (>27 pack-years) 27 27.3 41 13.4 3.80(1.88-7.67) 0.000

2 Adjusted for age at diagnosis (continuous), gender (male and female). °Scc, squamous carcinoma; Ac, adenocarcinoma.

Acta Pharmacologica Sinica



®

www.nature.com/aps
Gu JD et al

640

Table 4. Association between the tagSNPs of the GSTP1, MPO gene, and the risk for lung cancer.

All Scc Ac
Genotype Adjusted OR (95% CI)® P value Adjusted OR (95% CI)® P value Adjusted OR (95% CIy* P value
GSTP1
rs1695(A/G)
AA 1.0 1.0 1.0
AG 0.79 (0.54-1.18) 0.248 0.64 (0.37-1.19) 0.117 0.84 (0.50-1.40) 0.507
GG 0.46 (0.169-1.28) 0.138 - - - -
trend 0.75 (0.54-1.04) 0.086 0.59 (0.37-0.96) 0.033 0.79 (0.52-1.21) 0.28
rs4891(A/G)
AA 1.0 1.0 1.0
AG 0.75 (0.50-1.11) 0.146 0.57(0.33-1.00) 0.050 0.80 (0.48-1.34) 0.40
GG 0.56 (0.21-1.47) 0.236 - - - -
trend 0.75 (0.54-1.03) 0.078 0.66(0.41-1.04) 0.076 0.73 (0.47-1.12) 0.15
rs749174(C/T)
cc 1.0 1.0 1.0
cT 0.70 (0.51-1.14) 0.196 0.56 (0.31-0.99) 0.048 0.86 (0.51-1.44) 0.555
T 0.62 (0.22-1.73) 0.360 - - - -
trend 0.78 (0.56-1.08) 0.135 0.64 (0.40-1.02) 0.063 0.78 (0.50-1.21) 0.270
rs762803(C/A)
cc 1.0 1.0 1.0
AC 0.68 (0.46-1.02) 0.061 0.49 (0.28-0.88) 0.017 0.71(0.42-1.20) 0.204
AA 0.81 (0.30-2.22) 0.682 - - - -
trend 0.75 (0.54-1.05) 0.098 0.59 (0.36-0.95) 0.03 0.75 (0.48-1.18) 0.210
MPO
rs7208693(G/T)
GG 1.0 1.0 1.0
TG 1.08 (0.66-1.79 0.752 1.32 (0.65-2.70) 0.448 1.02 (0.53-1.96) 0.95
T - - - - - -
trend 0.87 (0.57-1.34) 0.534 0.94 (0.53-1.68) 0.837 0.79 (0.44-1.42) 0.43

# Adjusted for age at diagnosis (continuous), gender (male and female), smoking status (no smoking, light smoking, heavy smoking). Scc, squamous

carcinoma; Ac, adenocarcinoma.

Phase 2 software was used to reconstruct the haplotypes of
the rs1695 (A/G), rs4891 (A/G), rs762803 (C/A), and rs749174
(C/T) loci of GSTP1, and 13 out of the possible 16 (2*) haplo-
types were observed. For statistical advantage, 11 haplotypes
with a rare frequency (<2%) were combined with others for
further analysis (data not shown). Table 5 shows the inferred
haplotype distributions for the cases and controls as well as
the lung cancer risk according to haplotype. The haplotype
CACA (rs749174+1s1695 + rs762803+rs4891) was associated
with an increased risk of lung cancer (adjusted OR=1.39, 95%
CI 1.01-1.91, for the overall population; adjusted OR=1.53, 95%
CI 1.04-2.25, for the smoker sub-population). Because diplo-
type analysis showed that the diplotype with 0 or 1 copies of
CACA decreased the risk of lung cancer, we selected the com-
bined diplotypes with 0 or 1 copies of CACA as the reference
against which to analyze the OR. Diplotype analysis showed
that the diplotype with 2 copies of CACA increased the lung
cancer risk in the overall population and in the smoker and
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Table 5. Distribution of the haplotpe CACA (rs749174+rs1695 +
rs762803+rs4891) of GSTP1 in the cases and controls.

Cases, Controls, Adjusted OR
Haplotypes n (%) n (%) (95% Cl) P-value
Overral
CACA 424 (79.7) 464 (75.5) 1.39% (1.014-1.908) 0.055
TGAG 91 (17.1) 120 (19.5) 1.0 (ref)
Others 17(3.2) 30 (5)
Smokers
CACA 276 (79.2) 205 (73.2) 1.53(1.036-2.245) 0.033
TGAG 60 (17.2) 61 (21.8) 1.0 (ref)
Others 12 (3.6) 14 (5)

@ Adjusted for age at diagnosis (continuous), gender (male and female),
smoking status (no smoking, light smoking, heavy smoking). bAdjusted for
age at diagnosis (continuous), gender (male and female).



squamous cell carcinoma sub-populations (Table 6).

Discussion

China is experiencing rapid industrialization, and lung cancer
incidence has increased over the years and become the most
common type of malignant tumor, especially in some metrop-
olises such as Tianjin and Shanghai® *\. In addition, further
attention needs to be paid to new epidemiological factors,
such as an increase in the number of female cases and adeno-
carcinoma subtypes, as these may suggest that a new etiologi-
cal factor or a previously unknown factor is influencing the
incidence of lung cancer!.

The MPO gene is located on chromosome 17q23.1 contain-
ing 12 exons and 11 introns. When we initiated the present
study in November 2008, the HapMap project had just been
completed for phase II data. Therefore, we retrieved SNP
data from the HapMap database and found 1 common SNP
(rs2071409, in an intron). However, the dbSNP contains 3
common SNPs- rs7208693 (in the 53 acid position, the allele
T—G could cause a phe—val change), rs35921530 (in intron)
and rs2856857 (in intron). In addition to the tagSNP approach,
a previously utilized method was to investigate functional
SNPs in coding regions. Moreover, the HapMap project was
ongoing and the data were continuously updated. Hence,
we chose the rs7208693 SNP to capture the common vari-
ants within MPO. In our study, the allelic distribution of
7208693(A/C) was 0.91 for the C allele and 0.9 for the A allele,
which is consistent with the dbSNP and HapMap phase 3
data (rs7208693 was reported as a tagger in the updated phase
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3 data in February 2009). In the updated HapMap 3 data,
157208693 and rs2071409 (in intron 7) are listed as common
SNPs and are in complete LD. We can conclude that the com-
mon variants of MPO are not associated with lung cancer risk.
In addition, the percentage of the TT genotype for MPO is only
1.4%, which cannot be used to evaluate an association between
polymorphisms and lung cancer susceptibility.

There is another common SNP of the MPO gene, rs2333227,
located in the promoter region 463 base pairs upstream. The
possible mechanism by which rs2333227 may affect lung can-
cer risk is to decrease MPO gene expression by destroying
a transcript-binding site. Rs2333227 has been investigated
extensively for the association with lung cancer risk, and
a recent pooled-analysis indicated that the association did
exist, although with weak significance" =,
not choose this SNP for the present study. We also evalu-

Hence, we did

ated the relationship between the myeloperoxidase G463A
genetic polymorphism and lung cancer susceptibility by meta-
analysis, and the results indicated that the polymorphism was
not significantly associated with lung cancer risk in the Cauca-
sian or East Asian population®.

The GSTP1 gene, mapped to chromosome 11q13 and located
in a 2.8 kb region, consists of 7 exons and 6 introns. In the
experimental system, it has been proven that GSTP1 plays
an important role in the metabolism of lung carcinogens and
DNA damage™ * *I. Singh et al®”! examined 230 subjects,
including 115 workers occupationally exposed to organophos-
phate pesticides, to determine the association between genetic
polymorphisms of GSTP1 and susceptibility to DNA dam-

Table 6. Association between the diplotype combined of haplotpe CACA of GSTP1 gene and the risk for lung cancer.

. Cases (266) Controls (307) .
Dilotype of GSTP1 gene Adjusted OR (95% ClI) P
n % n %
All
0 copy or 1 copy 95 35.7 132 43 1.0
2 copies 171 64.3 175 57 1.49%(1.02-2.17) 0.040
Scc®
0 copy or 1 copy 42 35 132 43 1.0
2 copies 78 65 175 57 1.96%(1.17-3.17) 0.015
Ac®
0 copy or 1 copy 34 34.3 132 43 1.0
2 copies 65 65.7 175 57 1.42%(0.86-2.33) 0.167
Smoking
0 copy or 1 copy 63 36.2 66 471 1.0
2 copies 111 63.8 74 52.9 1.70°(1.06-2.71) 0.027
No smoking
0 copy or 1 copy 28 333 66 39.8 1.0
2 copies 56 66.7 100 60.2 1.34°(0.77-2.35) 0.304

® Adjusted for age at diagnosis (continuous), gender (male and female), smoking status (no smoking, light smoking, heavy smoking). °Adjusted for age
at diagnosis (continuous), gender (male and female). °Scc, squamous carcinoma; Ac, adenocarcinoma.
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age. The results showed that GSTP1 polymorphisms might
be related to interindividual differences in DNA damage aris-
ing from the gene-environment interactions in occupationally
exposed workers™,

The rs1695 (Ile105Val, A/G) polymorphism of GSTP1 has
been investigated extensively, and the results were not con-
clusivel'® *#*4 We also evaluated the relationship between
the GSTP1 Ile105Val (rs1695) genetic polymorphism and lung
cancer susceptibility by meta-analysis, and the results indi-
cated that the polymorphism was not significantly associated
with lung cancer risk in the Caucasian or East Asian popula-
tions or with gender, smoking status or histological type sub-
groups. The meta-analysis did not research the association in
the subgroups based on the amount smoked, as some studies
were not able to provide the number of pack-years of cigarette
smoking™. Cote performed a pooled-analysis to investigate
the association and found that the G allele of rs1695 decreased
the risk of lung cancer in Caucasian heavy-smokers (>48
pack-years) and that there was a statistically significant trend
between the amount smoked and the risk of lung cancer; there
was an increased risk in the adenocarcinoma and non-smoker
subgroups in the Asian population. We reviewed the stud-
ies adopted in the pooled analysis and found that the sample
size of the Asian population (adenocarcinoma subgroup) was
only 195" I Our study indicates that the G allele of rs1695
decreased lung cancer risk in Chinese smokers, which is con-
sistent with the conclusion for the Caucasian population in the
Cote study.

If we select haplotype CACA (rs749174+1rs1695+1s762803+
rs4891) as the risk factor, it corresponds to a recessive inheri-
tance model. According to the our literature review, a rea-
sonable explanation for the decreased lung cancer risk due
to the G allele of rs1695 is that the G allele of rs1695 results in
reduced GSTP1 enzymatic activity in the cell”. However,
the exact mechanism by which the other three SNPs of GSTP1
decrease the Iung cancer risk in the smoking or Scc subgroups
was not clear. GSTP1 belongs to a family of enzymes that play
an important role in detoxification by catalyzing the conjuga-
tion of many hydrophobic and electrophilic compounds with
reduced glutathione. GSTP1 is also known as a polymorphic
gene encoding active, functionally different GSTP1 variant
proteins that are thought to function in xenobiotic metabolism
and play a role in susceptibility to cancer and other diseases.
Nevertheless, these characterizations, while important for
developing a hypothesis regarding the biologic mechanisms
through which carcinogenesis evolves, do not necessarily
represent what is occurring in the environment of the human
lung.

Timofeeva et al investigated the association between the
151695, 15947895 (+991C>A) and rs4891 genetic polymor-
phisms of GSTP1 and early onset lung cancer®. Their study
included 638 Caucasian patients under the age of 51 with con-
firmed primary lung cancer and 1300 cancer-free control indi-
viduals, matched by age and sex. Their results revealed that
no significant association was found for any of the analyzed
polymorphisms and overall lung cancer risk, although their
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subgroup analysis revealed smoking-specific effects®. The
latest study of a Turkish population showed that the GSTP1
exon 6 polymorphism (rs4891) may be an important factor in
determining lung cancer susceptibility™*”.

There is no risk genotype or allele for rs7208693, so it is dif-
ficult to evaluate the combination of GSTP1 and MPO with
risk. We attempted to analyze the association by selecting the
combination of the CC genotype of 157208693 and 0 or 1 copies
of CACA as the reference and investigating the risk caused by
the combination of the AC genotype of rs7208693 and 2 copies
of CACA. This resulted in an OR of 1.64 (95% CI, 0.86-3.12,
P=0.134) in the overall population and 1.84 (95% CI, 0.81-4.2,
P=0.148) in the smoker population. This was no different from
the OR caused by a single GSTP1 polymorphism. Hence, in
our opinion, there is no combined contribution of the common
polymorphisms of GSTP1 and MPO.

There are several limitations to this study. First, as this is
a hospital-based case control study, our control group was
not ideal. Second, although the results had been adjusted for
smoking variables in our analysis, variables such as exposure
to secondhand smoke, diet and exposure to environmental
and occupational factors were not adjusted in our logistic
regression models because of incomplete and missing infor-
mation. It is likely that if the confounders involved in the
smoking populations were controlled, the ORs would increase
significantly. The third limitation was our low statistical
power for the sample size of our current study. Although the
sample size of our study met the requirement according to the
SNPs-selecting standard (MAF>5%), it was still low enough to
restrict the significance. Finally, using the tagSNP approach
may have resulted in the loss of important SNP information,
such as the SNPs (MAF<5%) and the untyped SNPs.

In conclusion, our study investigated the association
between common MPO and GSTP1 polymorphisms and lung
cancer risk using the tagSNP approach, which may reflect
extensive information regarding the candidate genes. Our
study suggested that the common polymorphisms of GSTP1
could be candidate SNP markers for lung cancer susceptibility
in the Chinese population in future GWAS studies.
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