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Abstract: To investigate whether polymorphisms in genes related to oxidative stress act alone or in combination with
antioxidants to modulate pancreatic cancer risk. Cases (n=189), ages > 20 years, were ascertained in 1994-1998
from all hospitals in the Twin Cities and the Mayo Clinic. Controls (n=486) were randomly selected from the general
population and frequency matched to cases by age and sex. After adjustment for confounders, individuals who were
homozygous or heterozygous for the variant allele of SOD2 polymorphism (Alal6Val, rs4880) experienced a 43%
lower risk than those who were homozygous for the wild-type allele [OR (95% CI): 0.57 (0.37, 0.89)]. Conversely, an
increased risk was observed for the variant allele of hOGG1 polymorphism (Ser326Cys, rs1052133) compared with
the wild-type allele [OR (95% CI) for Ser/Cys or Cys/Cys vs. Ser/Ser: 1.57 (1.04, 2.39)]. The protective effect of the
variant allele of SOD2 was more pronounced among subjects with a low dietary intake (<median) of lutein/
zeaxanthin, lycopene, a-carotene, and a-tocopherol [OR (95% Cl): 0.46 (0.27, 0.81), 0.42 (0.23, 0.75), 0.47 (0.26,
0.85), and 0.48 (0.27, 0.87), respectively]. Individual variations in the capacity to defend against oxidative stress and
to repair oxidative DNA damage influence pancreatic cancer risk, and some of these genetic effects are modified by
dietary antioxidants.
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Introduction

Pancreatic cancer is one of the leading causes
of cancer death in the United States and other
Western countries [1-3]. However, little is known
about its etiology, with cigarette smoking as the
only well established risk factor. Diabetes had
been linked to pancreatic cancer in epidemi-
ologic studies but reverse causality could not be
entirely ruled out in some of those studies [4].
Because no effective screening tools are avail-
able for this malignancy, most patients are diag-
nosed at an advanced stage and have a dismal
prognosis. To prevent pancreatic cancer, it is
critical to identify environmental and genetic
factors that influence the occurrence of this
dreadful disease.

Several lines of evidence suggest that oxidative

stress plays a role in pancreatic cancer etiology.
Superoxide dismutase (SOD) and catalase (CAT)
are primary intracellular antioxidant enzymes in
mammalian cells. Mitochondrial manganese
SOD (Mn-SOD or SOD2) catalyzes the dismuta-
tion of superoxides into hydrogen peroxide and
water. Hydrogen peroxide is further converted
into oxygen and water, thereby preventing cells
from attacks by highly reactive oxygen species
[5]. Expression of SOD2 and CAT has been
shown to be lower in pancreatic tumor than in
normal pancreas [6]. Furthermore, enforced
expression of SOD2 into a rapidly-growing pan-
creatic cancer cell line increased SOD2 activity
and decreased growth rate [7]. Cigarette smoke
contains a number of oxidants and a long-term
exposure to cigarette smoking enhances oxida-
tive stress [8]. Chronic pancreatitis has been
associated with an elevated risk of pancreatic
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cancer [9], whereas high dietary intakes of
some antioxidants (e.g. vitamins C and E, lyco-
pene) were reported to reduce risk [2,10,11].

Oxidative stress induces oxidative DNA lesions,
including 8-hydroxy-2-deoxyguanine (8-OH-dG).
A major form of such DNA damage, 8-OH-dG can
cause transversions of GC to TA in oncogenes
and tumor suppressor genes and eventually
leads to carcinogenesis [12-14]. Human
oxoguanine glycosylase 1 (hOGG1) and X-ray
repair cross-complementing group 1 (XRCC1)
are key proteins in the base-excision repair
pathway that is responsible for repairing oxida-
tive DNA damage. After a damaged base is ex-
cised and removed by hOGG1, XRCC1 functions
as a scaffold to bring together a complex of DNA
repair enzymes (polymerase-a, DNA ligase lll,
etc.) in the subsequent restoration of the site
[12-14].

Therefore, it is possible that sequence variants
in genes involved in antioxidant defense and
repair of oxidative DNA damage act alone or in
combination with dietary antioxidants to influ-
ence pancreatic cancer risk. To date, only a few
epidemiologic studies [5,15] have investigated
this hypothesis, with inconsistent results. We
sought to address this question in a population-
based case-control study in Minnesota.

Materials and methods
Study population

The case-control study of pancreatic cancer
conducted from April 1994 to September 1998
in Minnesota has been described in detail else-
where [16,17]. Briefly, cases were patients diag-
nosed with pathologically-confirmed cancer of
the exocrine pancreas (International Classifica-
tion of Disease for Oncology, third edition, code
C25). Cases were ascertained from all hospitals
in the seven-county metropolitan area of the
Twin Cities (Minneapolis and St. Paul) and the
Mayo Clinic. The cases recruited from the latter
were confined to subjects residing in the Upper
Midwest of the US. Because pancreatic cancer
is rapidly fatal in a high proportion of cases, an
ultra-rapid case-ascertainment system was
adopted to maximize response rate of cases. As
a result, the mean and median numbers of days
between diagnosis and first contact for the
study were only 34 and 13 days for the cases
enrolled to the study, respectively. To be eligible
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for the study, subjects had to be 20 years of age
or older, English-speaking, and mentally compe-
tent. Of 460 eligible cases identified, 202 failed
to participate in the study because of occur-
rence of death before contact or interview (n =
85), refusal of cases (n = 79), refusal of physi-
cians (n = 31), and inability to contact cases (n
= 7). After these exclusions, 258 cases partici-
pated in the study with a response rate of 56%.

Controls were recruited from the geographic
areas where cases lived. Specifically, controls
were randomly selected from residents of the
seven-county metropolitan area of the Twin Cit-
ies and the Upper Midwest of the US. Potential
controls were identified from the drivers’ license
and State identity card databases for subjects
aged 20-64 years and from US Health Care Fi-
nancing Administration (now the Centers for
Medicare and Medicaid Services) records for
those aged 65 years or older. Controls were
frequency matched to cases by age (within 5
years) and sex. Inclusion criteria for controls
were the same as those for cases, disallowing
diagnosis of pancreatic cancer. Of 1,141 eligi-
ble controls identified, 676 participated in the
study, which yielded a response rate of 59%. Of
the 934 subjects (258 cases and 676 controls)
who completed at least some portion of the
study, genotyping data were missing for 259
subjects (69 cases and 190 controls) because
they neither donated a blood sample nor had
sufficient amounts of remaining DNA samples
for genotyping the polymorphisms evaluated in
this study. Therefore, a total of 189 cases and
486 controls were available for the present
analysis. The institutional review boards of the
University of Minnesota and the Mayo Clinic
approved the protocol of this study. Each partici-
pant provided written, informed consent prior to
interview.

Data collection

All participants were interviewed in person with
a risk factor questionnaire and a food frequency
questionnaire (FFQ). The risk factor question-
naire elicited information on demographics,
socioeconomics, physical activity, medical his-
tory, family history, and cigarette smoking
(status, duration, and amount).

The diet of cases and controls was assessed by

a slightly modified version of the Willett FFQ
(18), a well-validated dietary assessment instru-
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ment widely used in nutritional epidemiologic
studies. It contained 153 items of food or food
groups commonly eaten in the U.S. diet as well
as questions on alcohol consumption (serving/
week). In the dietary survey, subjects were
asked to recall the average frequency of con-
sumption of each food item included in the
questionnaire during the year before pancreatic
cancer diagnosis for cases or the past year for
controls. Dietary intakes of energy and nutrients
were calculated by multiplying the amount in a
pre-defined portion size of each food item by
the reported frequency of consumption and
summing over all food items. The amounts of
energy and nutrients for the portion size of each
food item were estimated using a nutrient data-
base that was developed for the Minnesota Co-
lon Cancer Prevention Research Unit studies.
The antioxidants used in our data analysis in-
cluded intake of these nutrients from both diet
and supplements in single or multivitamin for-
mulations.

Genotyping

DNA was extracted from peripheral blood lym-
phocytes using a commercial kit (Qiagen Inc.,
Valencia, CA). The polymorphisms examined in
this study were CAT (rs1001179), SOD2
(rs4880), hOGG1l (rs1052133), and XRCC1
(rs25487). These polymorphisms were selected
because they are involved in either defense
against oxidative stress or repair of oxidative
DNA damage, have functional impact (e.g., al-
tered enzyme activity, protein structure or DNA
repair capacity), and are common (>5%) among
Caucasians (vast majority of the participants).
Genotyping of these variants was performed
with TagMan SNP Genotyping Assays (Carlsbad,
CA) at the laboratory (Dr. Kadlubar) of the Divi-
sion of Medical Genetics, University of Arkansas
for Medical Sciences. Quality control measures
were taken to minimize genotyping error. Spe-
cifically, genotyping personnel were blinded to
the case-control status of DNA specimens, and
a 10% of the tested samples were randomly
replicated and were found to be 100% concor-
dant.

Statistical analysis
Prior to data analysis, a test for the deviation
from the Hardy-Weinberg equilibrium was per-

formed among controls to detect potential geno-
typing errors. Characteristics of cases and con-
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trols were compared with t-test for continuous
variables and with chi-square test for categori-
cal variables. Pancreatic cancer risk in relation
to selected polymorphisms was evaluated by
unconditional logistic regression analysis. In the
multivariable models, subjects who were homo-
zygous for wild-type allele were treated as the
reference group to estimate odds ratios (OR)
and 95% confidence interval (95% CI) for those
who were heterozygous or homozygous for vari-
ant allele. Given the relatively small number of
cases (n=189), individuals who carried one or
two copies of variant allele were combined to
maximize statistical power. The confounders
adjusted for in the logistic regression were age,
sex, race, education (three levels), cigarette
smoking (pack-year), alcohol intake (serving/
week), physical activity (hour/week), and energy
intake (kcal/day).

To investigate whether the main effects of
genes of interest on pancreatic cancer risk were
modified by dietary intake of carotenoids and
other antioxidants (vitamin C and a-tocopherol),
an interaction term between each of selected
polymorphisms and each of dietary antioxidants
were put into the multivariable models de-
scribed above. The likelihood ratio test was
used to examine the significance of interaction
terms. Because it is biologically plausible that
antioxidants interact with genetic variation in
antioxidant defense and repair of oxidative DNA
damage, the associations between selected
polymorphisms and pancreatic cancer risk were
stratified by low and high levels of dietary anti-
oxidants (defined as < and > median values of
controls, respectively) regardless of whether the
interaction terms constructed reached statisti-
cal significance level. Statistical analysis was
undertaken with the SAS software (version 9.1;
SAS Institute, Inc., Cary, NC). A two-sided p-
value of < 0.05 was considered statistically sig-
nificant.

Results

Characteristics of cases and controls are pre-
sented in Table 1. Study subjects were predomi-
nantly of European origin (93.5% for cases and
97.9% for controls). Risk of pancreatic cancer in
relation to four selected genetic variants was
shown in Table 2. After adjustment for con-
founders, individuals who were homozygous or
heterozygous for the variant allele of the SOD2
polymorphism (rs4880) appeared to have a
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Table 1. Characteristics of cases and controls in a population-based case-control study of pancreatic

cancer in Minnesota, 1994-1998*

Characteristic Cases (n=189)
Age (years)t 65.9 (11.2)
Sex

Male 112 (60.5%)

Female 73 (39.5%)
Race

Caucasian 173 (93.5%)

African-American 8 (4.3%)

Other 4 (2.2%)
Education

Some high school or less 34 (18.1%)

High school graduate 68 (36.2%)

Some college or more 86 (45.7%)
Cigarette smoking

Never smoker 75 (42.1%)

Former smoker 75 (42.1%)

Current smoker 28 (15.8%)

Pack-yeartt 33.4(22.1)
Alcohol intake (serving/week)t 3.4 (6.9)
Physical activity (hr/week)t 42.9 (26.6)

Controls (n=486) P Value
65.6 (12.4) 0.76

277 (57.0%)

209 (43.0%) 0.41
476 (97.9%)

4 (0.8%)

6 (1.3%) 0.006

56 (11.5%)
121 (24.9%)
309 (63.6%) 0.0001

223 (45.9%)
209 (43.0%)

54 (11.1%) 0.26

33.2(29.1) 0.95
4.7 (8.5) 0.065

50.1 (25.5) 0.003

* Data for some variables were missing for cases and/or controls.

T Values given are mean (standard deviation).

F Means calculated for former and current smokers combined.

Table 2. Risk of pancreatic cancer in relation to SNPs in genes involved in oxidative stress in a popula-
tion-based case-control study of pancreatic cancer in Minnesota, 1994-1998*

Cases (n=189)

Genotype Number
CAT (-262C>T) (rs1001179)
cC 103
CTorTT 86
SOD2 (Alal6Val) (rs4880)
Ala/Ala 60
Ala/Val or Val/Val 129
hOGG1 (Ser326Cys) (rs1052133)
Ser/Ser 100
Ser/Cys or Cys/Cys 88
XRCC1 (Arg399Gin) (rs25487)
Arg/Arg 79
Arg/GlIn or GIn/GIn 110

%

54.5
45.5

31.8
68.2

53.2
46.8

41.8
58.2

Controls (n=486)

Number % OR (95% CI)
271 55.8 1.00%

215 44.2 0.98 (0.65, 1.47)
121 24.9 1.00

365 75.1 0.57 (0.37, 0.89)
299 61.9 1.00

184 38.1 1.57 (1.04, 2.39)
208 42.8 1.00

578 57.2 1.11(0.73, 1.70)

Ala, Alanine; Val, Valine; Ser, Serine; Cys, Cytosine; Arg, Arginine; GIn, Glutamine.

* Data on hOGG1 were missing for one case and three controls due to failed genotyping.

T Adjusted for age, sex, race, education (three levels), cigarette smoking (pack-year), alcohol intake (serving/week),
physical activity (hour/week), and energy intake (kcal/day).

I Reference.

43% lower risk than those who were homozy-
gous for the wild-type allele [OR (95% Cl): 0.57
(0.37, 0.89)]. Conversely, a statistically signifi-
cantly increased risk was observed for the vari-

239

ant allele (326Cys) of hOGG1 polymorphism
(rs1052133) compared with the wild-type allele
(326Ser) [OR (95% CI) for Ser/Cys or Cys/Cys
vs. Ser/Ser: 1.57 (1.04, 2.39)].
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Table 3. Risk of pancreatic cancer in relation to the SOD2 polymorphism (rs 4880) stratified by dietary
intake of antioxidants in a population-based case-control study of pancreatic cancer in Minnesota, 1994

-1998*
Ala/Ala Ala/Val or Val/Val

Antioxidantt Cases/Controls OR% Cases/Controls OR (95% CI)§
Lutein/zeaxanthin

Low 36/62 1.00 57/167 0.46 (0.27,0.81)

High 16/53 1.00 41/177 0.94 (0.44,2.11)
B-cryptoxanthin

Low 26/60 1.00 53/168 0.57 (0.31, 1.05)

High 26/55 1.00 45/176 0.54 (0.29, 1.04)
Lycopene

Low 32/55 1.00 52/174 0.42 (0.23, 0.75)

High 20/60 1.00 46/170 0.84 (0.43, 1.73)
a-carotene

Low 31/58 1.00 52/171 0.47 (0.26, 0.85)

High 21/57 1.00 46/173 0.75 (0.38, 1.51)
B-carotene

Low 30/60 1.00 61/169 0.56 (0.32, 0.99)

High 22/55 1.00 37/175 0.57 (0.28, 1.18)
Vitamin C

Low 25/58 1.00 56/171 0.67 (0.36, 1.27)

High 27/57 1.00 42/173 0.49 (0.25, 0.93)
a-tocopherol

Low 30/60 1.00 46/169 0.48 (0.27, 0.87)

High 22/55 1.00 52/175 0.73(0.38, 1.46)

Ala, Alanine; Val, Valine. * Data on antioxidants were missing for 39 cases and 27 controls. T Median values of con-
trols were used as cut-off points to define low (<median) and high (=median) groups, and were 2.2 mg, 0.05 mg, 3.8
mg, 0.72 mg, 4.9 mg, 210 mg and 8.5 mg for lutein/zeaxanthin, B-cryptoxanthin, ycopene, a-carotene, B-carotene,
vitamin C, and a-tocopherol, respectively. £ Reference. § Adjusted for age, sex, race, education (three levels), ciga-
rette smoking (pack-year), alcohol intake (serving/week), physical activity (hour/week), and energy intake (kcal/

day).

The gene-nutrient interactions on pancreatic
cancer risk were analyzed for the SOD2 poly-
morphism and the hOGG1 polymorphism. A
clear pattern of the interactions between some
dietary antioxidants and the SOD2 missense
mutation was identified. Specifically, a reduced
risk of pancreatic cancer associated with the
valine allele of SOD2 was more pronounced
among subjects with a low dietary intake
(<median) of lutein/zeaxanthin, lycopene, o-
carotene, and o-tocopherol [OR (95% CI): 0.46
(0.27, 0.81), 0.42 (0.23, 0.75), 0.47 (0.26,
0.85), and 0.48 (0.27, 0.87), respectively]
(Table 3). No apparent effect modification of
dietary antioxidants was detected on the asso-
ciation between the hOGG1 polymorphism and
the risk of pancreatic cancer (Table 4). The se-
lected genetic variants of CAT and XRCC1 nei-
ther influenced the risk of pancreatic cancer
alone (Table 2) nor interacted with dietary anti-
oxidants to modulate risk (data not shown).
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Discussion

This study is one of the first investigations of
whether genetic variability in antioxidant de-
fense and repair of oxidative DNA damage inter-
acts with dietary intake of carotenoids and other
antioxidants to modulate the risk of pancreatic
cancer. We found that polymorphisms in SOD2
and hOGG1 were associated with an altered risk
of this malignancy. Furthermore, the protective
effect of the mutant allele of SOD2 (Alal6Val)
was modified by dietary intake of antioxidants.

To date, only two studies have evaluated the
association between polymorphisms in antioxi-
dant genes and the risk of pancreatic cancer. In
a case-control study conducted in Massachu-
setts General Hospital [15], the homozygous
variant genotype of SOD2 (rs4880) was margin-
ally associated with an elevated risk of pancre-
atic cancer [OR (95% Cl): 1.96 (1.0, 3.8) for Val/
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Table 4. Risk of pancreatic cancer in relation to the hOGG1 polymorphism (rs1052133) stratified by die-
tary intake of antioxidants in a population-based case-control study of pancreatic cancer in Minnesota,

1994-1998*
Ser/Ser Ser/Cys or Cys/Cys

Antioxidantt Cases/Controls OR%t Cases/Controls OR (95% CI)§
Lutein/zeaxanthin

Low 49/140 1.00 43/88 1.48 (0.85, 2.55)

High 27/139 1.00 30/89 1.63(0.83, 3.21)
B-cryptoxanthin

Low 42/141 1.00 37/87 1.78 (0.99, 3.25)

High 34/138 1.00 36/90 1.55 (1.02, 2.36)
Lycopene

Low 45/144 1.00 38/83 1.73 (0.98, 3.06)

High 31/135 1.00 35/94 1.39 (0.74, 2.62)
a-carotene

Low 42/136 1.00 41/90 1.52 (0.87, 2.67)

High 34/143 1.00 32/87 1.64 (0.86, 3.14)
B-carotene

Low 42/136 1.00 48/90 1.74 (1.01, 3.01)

High 34/143 1.00 25/87 1.24 (0.63, 2.43)
Vitamin C

Low 44/140 1.00 36/88 1.29(0.72, 2.31)

High 32/139 1.00 37/89 1.76 (0.95, 3.28)
a-tocopherol

Low 41/145 1.00 34/82 1.41(0.79, 2.51)

High 35/134 1.00 39/95 1.67 (0.90, 3.14)

Ser, Serine; Cys, Cytosine. *Data were missing on antioxidants for 39 cases and 27 controls and on genotyping for
one case and three controls. tMedian values of controls were used as cut-off points to define low (<median) and
high (=median) groups, and were 2.2 mg, 0.05 mg, 3.8 mg, 0.72 mg, 4.9 mg, 210 mg and 8.5 mg for lutein/
zeaxanthin, B-cryptoxanthin, lycopene, a-carotene, B-carotene, vitamin C, and a-tocopherol, respectively.  Refer-
ence. § Adjusted for age, sex, race, education (three levels), cigarette smoking (pack-year), alcohol intake (serving/
week), physical activity (hour/week), and energy intake (kcal/day).

Val vs. Ala/Ala]. Of note, this risk estimate was
only based on 64 cases and 166 controls. In a
study of 575 cases and 648 controls recruited
at the MD Anderson Cancer Center [5], a mod-
est reduced risk was observed for the variant
allele (16Val), although this effect was not sta-
tistically significant. Our study showed that indi-
viduals who had one or two copies of the 16Val
allele experienced a 43% lower risk than those
who only carried the wild-type allele (16Ala).
Scarce data are available for the functional im-
pact of this nonsynonymous polymorphism; one
study suggested that it alters the secondary
structure and transport of the protein [18].
More studies are warranted to investigate the
functionality of this common sequence variant
and its influence on pancreatic cancer risk.

It has been reported that hOGG1 polymor-
phisms (rs1052133) had functional significance
[19]. Specifically, the DNA repair capacity of
326Ser allele was 7-fold higher than that of
326Cys allele [19]. Surprisingly, only one epide-
miologic study has evaluated the effect of this
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genetic variant on pancreatic cancer risk [12].
In that case-control study carried out at the
Mayo Clinic, no significant association was de-
tected for all subjects, although an increased
risk was suggested for never smokers [OR (95%
Cl): 1.18 (0.80, 1.74 for Ser/Cys or Cys/Cys vs.
Ser/Ser] [12]. We found a significantly in-
creased risk associated with the variant allele
(326Cys) [OR (95% CI): 1.57 (1.04, 2.39) for
Ser/Cys or Cys/Cys vs. Ser/Ser]. Our results
were consistent with the data available for the
functionality of this polymorphism.

We demonstrated a clear pattern of the interac-
tion between the SOD Alal6Val polymorphism
and dietary intake of some carotenoids and
vitamin E on the occurrence of pancreatic can-
cer. Specifically, reduction in risk associated
with the variant allele (16Val) was greater
among individuals with a low intake (<median)
of lutein/zeaxanthin, lycopene, a-carotene, and
a-tocopherol (one form of vitamin E family with
highest bioavailability). Abundantly present in
fruits and vegetables, lutein/zeaxanthin
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(isomers with identical chemical formulas), lyco-
pene, and o-carotene are carotenoids that pos-
sess antioxidant properties [20]. A long-term low
consumption of foods rich in carotenoids may
promote oxidative stress and hereby induces
oxidative DNA damage. Our results suggested
that the potential beneficial effect of this ge-
netic polymorphism was more remarkable when
oxidative stress was likely present due to habit-
ual suboptimal or inadequate intake of antioxi-
dants. The effect modification observed be-
tween this genetic variant and vitamin E in the
present study was generally confirmed in the
MD Anderson Cancer Center study [5].

Besides the molecular-functional studies men-
tioned above [18,19], gene expression and epi-
demiologic studies lend additional support for
the main effects of the genetic polymorphisms
of interest and their interactions with dietary
intake of antioxidants on pancreatic cancer risk.
In mammals, there are three primary intracellu-
lar antioxidant enzymes to prevent or repair
oxidative DNA damage: SOD, catalase, and glu-
tathione peroxidase. Pancreatitis has been as-
sociated with an increased risk of pancreatic
cancer [9]. An immunohistochemical study [6]
revealed a gradual decrease in the expression
of manganese SOD, copper/zinc SOD, and cata-
lase in pancreatic cells when comparing normal
pancreas to chronic pancreatitis to pancreatic
cancer. Furthermore, another study from the
same research group [7] showed that increased
expression of manganese SOD in the rapidly
growing cell line MIA PaCa-2 by adenovirus
transfection suppressed the growth rate of
these pancreatic cancer cells.

A few epidemiologic studies that have examined
the association between antioxidants and pan-
creatic cancer risk offer another line of credibil-
ity for the interactions of antioxidants with the
candidate genes considered on the occurrence
of this disease. In a Canadian case-control
study [11], a significantly reduced risk was as-
sociated with dietary intake of lycopene among
men and of B-carotene among never smokers.
An inverse and statistically significant associa-
tion was also observed for high intake of vita-
min C and vitamin E from dietary and supple-
mental sources in a case-control study in the
San Francisco Bay Area [10]. The protective
effect of vitamin E was also reported in the Al-
pha-Tocopherol, Beta-Carotene Cancer Preven-
tion study of male Finnish smokers [2]. In the
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latter study, higher serum concentrations of o-
tocopherol were significantly associated with a
lower risk of pancreatic cancer. All of these epi-
demiologic data, although not substantial, indi-
cate that it is biologically plausible that external
antioxidants interact with genetic variants in
internal antioxidant enzymes to influence pan-
creatic carcinogenesis by modulating oxidative
stress and repairing its resultant oxidative DNA
damage.

No significant associations of CAT (-262 C/T,
rs1001179) and XRCC1 (Arg399GiIn, rs25487)
with the risk of pancreatic cancer were ob-
served in the present study. Previous studies
evaluating the effect of these polymorphisms on
pancreatic cancer are scanty and inconsistent.
It has been revealed that catalase activity (in a
red blood cell model) was significantly higher for
the CC genotype than for the CT or TT genotype
[21]. The C allele has been associated with a
lower risk of breast cancer than the T allele in
the Long Island Breast Cancer Study [21]. The
only one study that has examined the associa-
tion between the CAT (-262 C/T) variant and
pancreatic cancer risk yielded null results [5],
which is consistent with the results of our study.
The variant allele of XRCC1 (Arg399GIn) poly-
morphism was reported to increase levels of
aflatoxin B1-DNA adducts in placental tissue,
polyphenol DNA adducts in mononuclear cells,
sister chromatin exchange in lymphocytes, and
somatic glycophorin A mutation in erythrocytes
[22,23]. Therefore, it is possible that this func-
tional variant confers an elevated risk of pancre-
atic cancer. A modest insignificant increase in
risk was found in the present study and the San
Francisco Bay Area study [13] for all subjects
and in the Mayo Clinic study among heavy
smokers (>40 pack-years) [12].

Several limitations need to be considered in
interpreting the results of the present study.
Selection bias might arise from relatively low
response rates for cases and controls (<60%),
although a rate of this size is not uncommon in
studies of pancreatic cancer [11,24]. Assess-
ment of diet by food frequency questionnaire is
subject to recall bias (i.e. under- or over-
reporting of some food items) [25]. This misre-
porting error was less likely to be substantial
because our hypothesis was unknown to the
study participants. The food frequency question-
naire is designed to evaluate usual dietary in-
take. However, changes in dietary habits among
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some patients after the diagnosis and treat-
ment of pancreatic cancer might have affected
the recall of their usual diet. It is unlikely that
such a dietary change was considerable be-
cause cases were invited to participate in the
study within an average of about one month
after diagnosis. Genotyping error should not be
a concern because all polymorphisms examined
were in Hardy-Weinberg equilibrium. Body mass
index was not adjusted as a confounder due to
lack of data, but energy intake and physical ac-
tivity (@ major determinant of energy expendi-
ture [26]) were controlled for in the regression
models. In addition, it is possible that some of
our findings are observed by chance alone be-
cause of small sample size.

In this study, we found that polymorphisms in
SOD2 and hOGG1 were associated with an al-
tered risk of pancreatic cancer and that the po-
tential protective effect of SOD2 (Alal6Val) poly-
morphism was modified by dietary intake of
some carotenoids and vitamin E. Our observa-
tion suggests that oxidative stress may play a
role in the etiology of pancreatic cancer. If the
findings of this study are confirmed in other
epidemiologic studies, it may be possible to
reduce pancreatic cancer risk by increasing in-
take of antioxidants especially among subjects
who carry risk alleles of genes involved in anti-
oxidant defense and repair of oxidative DNA
damage.
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