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ABSTRACT hGPX1germ-line codon 198 (Pro198leu) polymorphism among mem-
bers of a cancer prevention trial in Finland and explored the associ-
ation between the polymorphism and lung cancer risk. We also
examined whether age, smoking behavior, serum antioxidant levels,
or the trial antioxidant supplementation could modify H@PX%lung
cancer association.

Human cellular glutathione peroxidase 1 (hGPX1) is a selenium-depen-
dent enzyme that participates in the detoxification of hydrogen peroxide
and a wide range of organic peroxides. We conducted a case-control study
nested within the a-Tocopherol, B-Carotene Cancer Prevention Study
cohort to evaluate the association between the proline to leucine polymor-
phism at codon 198 ohhGPX1and lung cancer risk. Casesif = 315) were
matched to controls on age £5 years), intervention group, and study PATIENTS AND METHODS
clinic using incidence density sampling in a 1:1 ratio. The prevalence of
the hGPX1 Prol98leuvariant allele was 58% for controls and 71% for Study Cohort. The cases and controls for this study were selected from the
cases P < 0.001). Using conditional logistic regression, we found a Sig- ¢ohort of thea-Tocopherol 8-Carotene Cancer Prevention Study, a random-
nificant association betweerhGPX1 genotype and lung cancer risk. The 7o placebo-controlled prevention trial designed to determine whether
odds ratio for hetgrozygo_tes was 1.8 (95% confidence interva\_l, 1.2-2.8) copherol (50 mg/day)B-carotene (20 mg/day), or both would reduce the
and 2.3 (95% confidence interval, 1.3-3.8) for homozygous variants com- incigence of lung, prostate and other cancers. The overall design, rationale, and
pared to wild-type individuals. Due to its high prevalence, thehGPX1  ,piactives of this study have been published, as have the main trial findings
variant may contribute significantly to lung cancer risk among Cauca-  (4_g). The trial was conducted between 1985 and 1993 in southwestern
sians but not among ethnic Chinese who do not exhibit this polymorphism.  ginjand as a joint project between the National Public Health Institute of

Finland and the National Cancer Institute of the United States. Potential
INTRODUCTION participants, all men aged 50—69 years residing in southwestern Finland
(n = 290,406) were identified from the computer list of the national population

Although environmental and industrial exposures such as radon ¢agistry of Finland. Participants (29,133) had to be current smokers of five or
increase lung cancer risk, it is well established that tobacco smokenisre cigarettes per day, eligible and willing to participate, and give informed
principally responsible for the incidence of this malignancy. Howevegpnsent. Information on variables that possibly could confound the association
not all persons exposed to high concentrations of airborne carcinogBgigveen the polymorphism 6GPX1and lung cancer risk were available from
develop lung cancer. Differences in lung cancer risk among indiVig;Tocppherol,B-Carotene Cancer Prevention Study baseline questionnaires.
uals with similar carcinogen exposures may be due to genetic pretgg_si(la:gz measurements of serartocopherol angB-carotene levels were also
posmor_l and d_letary factqrs that_ haye bee_n shown to modulate OIgelection of Cases and ControlsThe cases consist of 315 men diagnosed
neu”a“%e CarCInogen-.derlved 0X|qatlve rad_lcals. with primary lung cancer (ICD-9, 162) during the years 1985-1994 among

The risk of developing cancer is determined by both the numbgfge \ho gave a whole blood sample in 1992 and 1993. Seventy-eight percent
and nature of cumulative carcinogenic exposures and by individylihe cases donated blood before cancer diagnosis. Using incidence density
genetic variation (1). For example, genetic polymorphisms in detogampling, the controls were selected from cohort participants who were alive
ification enzymes can substantially alter the magnitude of exposureatal free of cancer at the time the matched case was diagnosed. Controls were
carcinogenic substances. hGPXi$ a selenium-dependent enzymeselected from those who donated blood matched to cases on+&gge@rs),
that participates in the detoxification of hydrogen peroxide and a wid@ervention group, and study clinic in a 1:1 ratio.
range of organic peroxides with reduced glutathione (2). From aGenotype Analyses.PCR primgrs and dual-labelgd allele discrimination
sequence analysis of lung tumor specimens, Moseowl. (3) re- probes were designed using PrimerExpress version 1.0 (PE Biosystems).

. oo o Probes were selected that have a predictgddar 68°C, with the polymorphic
ported a nucleotide substitution at codon 1981GIPX] resulting in base near the center. Flanking PCR primers were selected based on the

the SUbSt'tPt'on of leucine for Pro“”e- Thgy also repprted that. Ot,hgélculated penalty score,,[J length, and amplimer size. Primers and probes
POlym_Orph'_sms cosegregate with thg proline to |eu‘_3'ne SUbSt't_Ut'%re synthesized and purified by PE Biosystems. Oligonucleotide sequences
including six alanines in the polyalanine sequence (instead of five @f primers and probes to detect the C to T polymorphism in codon 198 of
seven alanines with the wild-type proling) T for C substitution at hGPX1were: PCR forward, TGTGCCCCTACGCAGGTACA; PCR reverse,

+2, and a G for A substitution at592. CCCCCGAGACAGCAGCA; C allele probe/*CTGTCTCAAGGGCCCA-
In the present study, we sought to confirm the presence of &ETGTGC""?4; and T allele probe7""'CTGTCTCAAGGGCTCAGCTG-
TGCCTAVRA,

Received 3/2/00: accepted 9/13/00. Reactions (1Qul) contamed_~20 ng of genomic DNA isolated from whole

The costs of publication of this article were defrayed in part by the payment of pao0d, IX TagMan Master Mix, dual-labeled probes (100 each), and PCR
charges. This article must therefore be hereby masgdartisemenin accordance with primers (900 m each). Reactions were performed in 96-well MicroAmp
18 U.S.C. Section 1734 solely to indicate this fact. Optical reaction plates and caps (PE Biosystems). Plates were incubated in PE

-Supported by USPHS National Cancer Institute contract NO1-CN45165 from ttf':ﬁ’gsystems 9600 thermal cyclers at 50°C for 2 min, 95°C for 10 min, followed
National Cancer Institute, NIH, Department of Health and Human Services. The contg;{ o N .
of this publication does not necessarily reflect the views or policies of the Department®f 40 cycles of 95°C for 15 s and 62°C for 1 min. Fluorescence was measured
Health and Human Services, nor does mention of trade names, commercial productgjsing the ABI Prism 7700 Sequence Detector and analyzed with Sequence
0f9§‘$'zat;?“ imply efldoffsemef‘ttby ;he Ilalrgtedd%tates go‘ieéﬂn?'%m-  Clinical Sci Detection System version 1.6.3. Amplified DNA from several individuals

0 whom requests for reprints should be addressed, at Division of Clinical Sciencgsy.:y.::: ’

Cancer Prevention Studies Branch, 6006 Executive Boulevard, MSC 7058, Bethesda,%lb_mng gach genotype was eIeCtro_phoresed on an agarose gel tQ confirm
20892-7058. E-mail: DR132K@NIH.gov. amplimer size and sequenced to confirm each genotype. When possible, each

3 The abbreviation used is: hGPX1, human glutathione peroxidase 1. plate contained two control DNA samples for each homozygous genotype and
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Table 1 Medians of selected subject baseline characteristics by case-control%tatusEvaluation of age, cigarette smoking, ser[mctocopherol and/or

Characteristic Cases (= 315)  Controls i = 315) pb B-carotene at baseline, and trial interventioneefocopherol and/or
Age (y1) 60 59 0.93 B-carotene as potgntial modifiers of the.associgtiqr? betvyeen hQPX1
Cigarettes per day 20 20 <0.001 and lung cancer risk showed no statistically significant interactions
Yr smoked 40 39 <0.001
Age started smoking 18 19 <0.001 (data not ShOWI‘l).
Body mass index (kg/f) 25.3 26.0 <0.04
Alcohol (g/day) 8.9 9.6 0.85
Seruma-tocopherol (mg/l) 11.3 11.5 0.09 DISCUSSION
Serump-carotene fg/l) 169 166 0.12

- - - - , A large proportion of lung cancers have a deletion of the short arm
Based on unmatched data with continuous variables expressed as the median. . . . .
b P determined by Wilcoxon rank-sum tests. of chromosome 3, in the region of 3p21 (7, 8). hGPX1 is a selenium-
dependent detoxifying enzyme that has been mapped to chromosome
3p21 byin situ hybridization of lymphocyte metaphase spreads (3).
four no template controls. All laboratory personnel were blind to the cas&lutathione peroxidases protect cells against oxidative damage by
control status of the samples. A random sample of 10% was repeated fieducing hydrogen peroxide and a wide range of organic peroxides
quality control and was 100% concordant. with reduced glutathione (2). The cytosolic form of hGPX1 belongs to
Statistical Analyses. The x? test for heterogeneity was used to test whetheg family of selenium-dependent peroxidases that include another

the distribution of allele prevalences was the same for cases and contraly,qqjic form, hGPX2 (9), the plasma-based hGPX3 (10), and the
Conditional logistic regression was used to examine the association between ' ! ’

X . ) - ospholipid hydroperoxidase hGPX4 (11).
genotype and lung cancer risk. Potential confounding of the association eM tudies h h that seleni . hGPX1 activit
tween thehGPX1genotype and cancer risk by other related risk factors was any studies have shown that selenium increases actvity

explored using Spearman rank correlation analysis and multivariate logi<ied €xpression (12-14). It is generally assumed that selenium in-
regression models, including stepwise regression models. If the potenhfases the antioxidant capacity of a cell, consequently reducing
confounder caused a significant change in the log likelihood estimaftracellular oxidative stress. The association between prospectively
(P < 0.05) and a>20% change in th@-coefficient, it was kept in the model collected serum selenium and lung cancer has been reported in over a
for further multivariate analysis. Modification of the effect of genotype by ag&lozen studies (15-19). Most of these studies found that selenium

tobacco,a-tocopherol, and/op-carotene supplementation, seriitarotene concentrations were slightly lower in the lung cancer cases than in
and a-tocopherol on lung cancer risk was examined by statistical tests of thgntrols.

first order interaction term in the logistic regression models. Exclusion of cases|, the current study

di d before blood draw did not materially al ¢ the risk estimat we confirm the presence of a germ-line
1agnosed betore blood draw did not matenatly after any ot i€ risk estima Sc)éymorphism in the coding region 6fGPX1with notable prevalence
therefore, all cases were included in the statistical analyses. All analyses

e) . - o
performed using the statistical software package STATA (STATA Corporg—{ a”_ele_ \/_arlants gmong mlddle-aggd Finnish Smokers.. We also shOW
tion, College Station, TX). that individuals with one or two variant alleles were at increased risk

of lung cancer compared with homozygous wild-type individuals. One
possible explanation for the increased lung cancer risk observed
among individuals with just one variant allele is that, because different
Table 1 shows a case-control comparison of selected baselif@PX1 alleles encode structurally differefGPX1 subunits, het-
subject characteristics. As expected, cigarette smoking and age-stagt@dygote individuals may have a less efficient final glutathione
smoking were significantly different in the cases compared witperoxidase complex. In addition, serum antioxidant levels or supple-
controls. Levels of serum antioxidanis;tocopherol, angg-carotene ments ofa-tocopherol (50 mg daily) op-carotene (20 mg daily) did
were not different in lung cancer cases compared with controls. not seem to modify lung cancer risk associated with the variant
Table 2 shows the association between hi&PX1genotype and hGPXlgenotypes. This may be due to lack of chemical reactivity of
lung cancer risk. The distribution diGPX1 alleles was different a-tocopherol and/ois-carotene with hydrogen peroxide or organic
comparing the cases with controlg®(P for distributions<0.001). In  peroxides. Smoking also did not modify the risk of lung cancer due to
addition, we observed an association betweenh@®X1genotype hGPX1variants.
and lung cancer risk. Individuals with the heterozygous genotype werelhe association we report here is complicated by the other poly-
at 80% greater risk for lung cancer compared to those with tteorphisms that cosegregate with the codon 198 polymorphism. These
homozygous wild-type (pro/pro) genotype. Individuals with the hgpolymorphisms include six alanines in the hGPX1 polyalanine se-
mozygous variant genotypée(/ley were at 130% greater risk for quence (instead of five or seven alanines with the wild-type proline),
lung cancer compared with homozygous wild-type individuals. Adx T for C substitution a#-2, and a G for A substitution at592 with
justment for baseline covariates such as years smoked or cigaretiiesproline to leucine substitution. Although the exact structural or
smoked per day did not materially alter the risk estimates. Howevéuinctional consequences of thee&PX1 coding region polymor-
the risk estimates shown in Table 2 were adjusted for years smok#usms are not known, the substitution of thémino acid proline
and cigarettes smoked per day because they were significantly agsgelic amino acid) by leucine is probably the polymorphism that
ciated with lung cancer risk. causes the most profound secondary and tertiary conformational
We also evaluated the association betweenht®X1genotype change of hGPX1, because proline is the only amino acid without a
and histological subtypes of lung cancer. The relative risk estimates
for squamous celln( = 140, odds ratio homozygous wild type, Table 2 Association between the glutathione peroxidase polymorphism and
heterozygous variant, and homozygous variant; 1.0, 2.4, and 3.2, lung cancer risk
respectively) and adenocarcinoma < 56, odds ratio homozygous ,gpx1 codon 198  Cases € 315)  Controls § = 313f Odds ratio
wild type, heterozygous variant, and homozygous variant; 1.0, 3.9,

RESULTS

- e Vel Pro/Pro 91 (29%) 132 (42%) 1.00 (Ref)
and 3.3, respectively) of the lung were statistically significant for both Pro/Leu 157 (50%) 135 (43%) 1.8 (1.2-2.8)
the heterozygous and homozygous variant genotypes compared to Leu/Leu 67 (21%) 46 (15%) 23(1.3-39)

P,2 < 0.001 Pyeng< 0.001

those with the homozygous wild-type genotype. By contrast, risk ef— - — —. . —
I Il lung carcinoman(= 49) was not associated WitiGPX1, 2 Risk estimates from conditional logistic regression after adjusting for total number of
small ce 9 (_ ) cigarettes smoked per day and years of smoking.

possibly due to the relatively small number of cases for this subtype.” PCR failed for two control individuals.
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