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Abstract

Superoxide dismutase (SOD) is an antioxidant enzyme that acts to degrade superoxide, a major causitive
factor for oxidative stress associated with cancer, cardiovascular disease, and various other ailments. Here, to
assess an association between antioxidants and lifestyle factors related to cancer risk, we analyzed serum SOD
activity among the subjects within a large-scale cohort study in Japan. As results, significant differences in
serum SOD activity were found between the sexes (lower in males), among female age groups (lower in younger
individuals), and in males with the BMI (lower in those with a high BMI). Linear increase in serum SOD
activity with aging and decrease with BMI were observed in females. Significantly low SOD activity was evident
in male heavy smokers. In contrast, elevation was noted in female frequent drinkers. In conclusion, our findings
do suggest associations between serum SOD activity and lifestyle factors. However, for further study,
establishment of a standard measurement method for SOD activity should be a high priority.
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Introduction risk, serum SOD activity was analyzed in subjects within
a large-scale cohort study in Japan.

Evidence has been presented that oxidative stress
causes cancer, cardiovascular disease, and various otiz\gaterials and Methods
ailments (Kinnula et al., 2004; Weinberg et al., 2009;
Fearon et al., 2009). The main causal factor is excestudy Population and Serum Samples
generation of reactive oxygen species (ROS), for example This study was conducted as a cross-sectional study
in cigarette smoke, which may lead to carcinogenesisbout lifestyle factors within the Japan Collaborative
(Valavanidis et al., 2009). One of the most important RO% ohort Study (JACC Study), the details of which were
species is superoxide, and therefore superoxide dismutagescribed previously (Ohno et al., 2001; Tamakoshi et
(SOD), the enzyme that catalyzes breakdown o#l., 2005). A baseline survey was conducted from 1988
superoxide into oxygen and hydrogen peroxide, is regarded 1990. Thirty-five percent of the all cohort participants
as a critical protective factor in cells exposed to oxygen39,242 subjects aged 40 to 79 at baseline) donated blood
Manyin vitro studies have shown SOD overexpression irsamples, and these were stored at -80°C until analyses
cell lines to exert inhibitory effects on cancer cell growthwere performed.
(Kinnula et al., 2004). Levels of SOD activity in human  Causes and dates of death were determined by
tumor cells may also be elevated, although some studiesviewing all death certificates (official) in each study
have shown opposite results (Kinnula et al., 2004). Furthetrea until 1997. Those who had died in this period or
data are thus needed to clarify the roles of SOD invho had been diagnosed as suffering from cancer by 1994
development of cancer. were regarded as cases for nested case-control studies.

In the present study, to assess possible associatioRer each case, we randomly selected 3 or 4 controls,
between antioxidants and lifestyle factors related to cancenatching them for gender, age and residential area. For
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the purpose of the present study, we excluded all caseRable 1. Mean Values for Serum SOD Activity (U/mL)
According to this criterion, 10,350 (5,388 males and 4,962and 95% Confidence Intervals (Cls) for Different Age
females) controls were selected as subjects. Groups
The study design and use of serum were approved y A N
. . . b M 95% ClI P value*
the Ethical Board at the Nagoya University School ot o ge Tumber ean - vale
Medicine, where the central office of the JACC StudyMale 40-49 288 342 (3.07-377)  0.864

; 50-59 1,191 3.09 (2.96-3.22) 0.062

was located at that time.
60-69 2,858 3.20 (3.11-3.28) 0.347
70-79 1,051 3.32 (3.17-3.46) Ref.

Categorization of Lifestyle Factors Pfortrend 0.684
Body mass index (BMI) was calculated based ortemale 40-49 421 322 (2.96-3.48) 0.002

individual’'s height and weight collected through self- 50-59 1,062 3.52 (3.36-3.67) 0.106
reporting. BMI was classified into three categories as 60-69 2,150 3.44 (3.32-3.56) 0.004
follows; less than 18.5 kghfregarded as underweight 70-79 1,329 3.76 (3.59-3.93) Ref.
by World Health Organization), from greater than or equal Pfortrend 0.002

to 18.5 to less than 25 kgfrtnormal), from greater than * compared with the reference category by Dunnett’s test
or equal to 25 to less than 30 k§/(overweight), and .
from greater than or equal to 30 kd/fabese). Table 2. Crude and Adjusted Mean Levels of Serum

Subjects who answered “yes” to the question forrOD Activity (U/mL) and 95%CI among Different

smoking habit were categorized into the “Current” groupBNII Groups
and those who answered “quit” or “never” were Sex BMI (kg/m) Number Mean 95% P
categorized into the “Former” or the “Never” groups. Male Crude Adjusted* ClI value
smokers were further categorized by the number ofjale <18.4 287 3.58 3.52 (3.23-3.85) 0.039
cigarettes smoked per day. 18.5-24.9 4,052 3.19 3.21 (3.10-3.31) Ref.
Subjects who answered more than once a week to the 25.0-29.9 836 3.13 3.10 (2.91-3.30) 0.302
question for drinking habit were categorized into the “>4 230.0 45 3.05 3.15 (2.37-3.93) 0.887
(more than four) times per week”, or the “1-4 (once to P for trend 0.321
four times per week)” groups. Those who answered ledsemales18.4 313 3.87 3.94 (3.46-4.41) 0438

18.5-24.9 3,285 3.53 3.80 (3.45-4.16) Ref.

25.0-29.9 1,019 3.47 3.70 (3.32-4.08) 0.307

>30.0 93 3.04 3.27 (2.57-3.96) 0.091
P for trend 0.047

than once a week or “seldom” were categorized into the
“<1 (less than once per week)” group. Those who
answered “quit” were categorized into the “Former(quit)”

group. Frequent male drinkers were further categorized

. ClI: confidence interval; *Age, smoking and drinking adjusted,;
by the average amount of alcohol intake per day. *Compared with the reference category by the Dunnett’s test

Laboratory Assays Table 3. Serum SOD Activity (U/mL) and 95%Cls
Serum samples were assayed in 1999 and 2000 agong Lifestyle Groups

described previously (lto et al., 2005). Serum SOD activit
was estimated from decreasing rate of nitrite produce
by hydroxylamine and superoxide anions by improved -
nitrite methods (Oyanagi, 1984). The assay range was 0.3M0king Male

10.0 U/mL, and intra- and interassay coefficients of ﬁ-lzo 142%73 :’;103; %%15 ((22'271‘_33;22%)) %‘%Ai%
variation were 4.02-6.79%, and 2.79-5.82%, respectively ’ ' ’ ) ' :

ifestyle/Sex Number Mean 95% P
Status Crude Adjusted* CI vatue

<10 357 342 343 (3.18-3.69) 0.387
(Ito et al., 2005). Former 1,226 328 324 (3.10-3.38) 0.568
Never 912 3.25 3.30 (3.14-3.47) Ref.
Statistics Female
Male and female data were separately analyzed Current 121 3.69 3.80 (3.26-4.33) 0.839
because of differences in lifestyle factors and the rangesFormer 72 332 3.68 (3.00-4.37) 0.621
of serum SOD activity. Comparisons of continuous data Never 4,066 349 385 (3.60-4.10)  Ref.
between groups were performed by t test or one-way""king Male

ANOVA with a post-hoc Dunnett's test. Characteristics -~ d2ys per week
. X . 2309 285 321 325 (2.97-3.54) 0.981
and lifestyle-adjusted mean levels of serum SOD activity

: . 20-29¢9 835 3.21 327 (3.10-3.44) 0.854

among different BMI and lifestyle groups were compared <19g 1,057 328 326 (3.11-341) 0.926

by analysis of covariance (ANCOVA) with a post-hoc 1.4 days 674 327 3.27 (3.08-3.46) 0.874

Dunnett's test. A test for linear trend was performed by a <1 day 1,024 3.23 3.25 (3.10-3.40) Ref.

polynomial contrast analysis. All statistical analysis were Former 260 296 295 (2.66-3.25) 0.079
performed by SPSS 15.0J (SPSS Inc.). Female

>4 days 502 3.72 3.68 (3.33-4.02) 0.035

1-4 days 333 337 332 (2.93-3.71) 0.656

Results <1 day 3,387 348 3.39 (3.11-3.67) Ref.

The mean level of serum SOD activity in male group. Former _37 4'27_ _4'71_ (3.78-5.64) 0.904
is 3.21 (95%Cl: 3.14-3.28), and in female group is 3.52 Age, BMI, smoking and drinking adjustedzompared with
(95%Cl: 3.45-3.60). There was a significant differencene reference category by the Dunnett's test
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between each sex (P<0.001). The mean levels of serugllular SOD activity (such as in erythrocytes or lung cells)
SOD activity in different age groups stratified by sex arehas been commonly measured in past studies.
shown in Table 1. Significant differences and a linear trenflevertheless, according to one study in which both
in serum SOD activity were observed in female age groupsiethods were performed, similar patterns were observed
(lower in younger). in common, such as increase in SOD activity with aging
The crude and adjusted mean levels of serum SOMecocci et al., 2000). Next, the number of female
activity in different BMI groups stratified by sex are smokers and drinkers were too small to be compared with
shown in Table 2. We observed a significant difference ithe other groups. In addition, since measurement methods
serum SOD activity in male BMI groups (Underweightof SOD activity have not been standardized, it is difficult
vs. normal BMI) and a linear trend in female BMI groupsto compare results across different studies. Ranges of SOD
(lower in higher BMI). The crude and adjusted mearactivity in the reports cited above therefore mostly differ
levels of SOD activity in different lifestyle groups are from each other.
shown in Table 3. Significant lower SOD activity was  In conclusion, our findings suggest an association
observed in male heavier smokers. Also, significant highasetween serum SOD activity and some lifestyle factors.
SOD activity was observed in female frequent drinkersHowever, there is still insufficient evidence to determine
the significance of SOD for lifestyle related diseases. In
Discussion our next study, we will also assess other lifestyle factors,
such as exercise. For further investigations, establishment
We here observed a linear increase in serum SOBf a standard measurement method for SOD activity
activity with aging, particularly in females. While many should be a high priority.
studies have focused on the relationship between aging
and antioxidants, the results have been controversial. Opgember list of the JACC Study Group
of these studies was in line with our findings (Mecocci et
al., 2000), whereas others showed opposite results or no The present members of the JACC Study who co-
correlation (Andersen et al., 1997; Andriollo-Sanchezuthored this paper together with their affiliations are as
et al., 2005; Lubkowska et al., 2009). follows: Dr. Akiko Tamakoshi (present chairperson of the
Some studies reported that exercise or diet programsudy group), Aichi Medical University School of
for weight loss can increase the level of SOD activityMedicine; Drs. Mitsuru Mori & Fumio Sakauchi, Sapporo
(Skrha et al., 2005; Shih et al., 2006). With the metabolitiedical University School of Medicine; Dr. Yutaka
syndrome, oxidative stress and endothelial dysfunctiomotohashi, Akita University School of Medicine; Dr.
are accompanied by increased ROS production capacityhiro Tsuji, Tohoku University Graduate School of
and down-regulation of SOD isoforms (Roberts et al.Medicine; Dr. Yosikazu Nakamura, Jichi Medical School;
2006). Consistent with these reports, SOD activity irDr. Hiroyasu Iso, Osaka University School of Medicine;
higher BMI groups was found to be lower in our study. Dr. Haruo Mikami, Chiba Cancer Center; Dr. Michiko
An influence of smoking on SOD activity in blood Kurosawa, Juntendo University School of Medicine; Dr.
has been variously reported in previous studies (Bolzavioshiharu Hoshiyama, University of Human Arts and
etal., 1997; Mulholland et al., 1999; Kocyigit et al., 2001;Sciences; Dr. Naohito Tanabe, Niigata University School
Orhan et al., 2005; Garg et al., 2006). There has been afi Medicine; Dr. Koji Tamakoshi, Nagoya University
inconsistency in how SOD activity is regulated byGraduate School of Health Science; Dr. Kenji Wakai,
smoking. Here, although an obvious dose dependence wlagoya University Graduate School of Medicine; Dr.
not observed, our data do suggest that smoking can dowBhinkan Tokudome, National Institute of Health and
regulate serum SOD activity in males. Since cigarett®utrition; Dr. Koji Suzuki, Fujita Health University
smoke contains a lot of ROS, direct smoke exposur8chool of Health Sciences; Dr. Shuji Hashimoto, Fuijita
should increase SOD demand in cells. Correspondinglyealth University School of Medicine; Dr. Shogo Kikuchi,
it has been reported that antioxidant gene expressigkichi Medical University School of Medicine; Dr.
including SOD in lung cells is higher in smokers (GilksYasuhiko Wada, Kansai Rosai Hospital; Dr. Takashi
etal., 1998; Harju et al., 2004). Therefore, if it is true thaKawamura, Kyoto University Center for Student Health;
SOD activity in blood is down-regulated, there may beDr. Yoshiyuki Watanabe, Kyoto Prefectural University of
an indirect regulation by smoking. Medicine Graduate School of Medical Science; Dr. Kotaro
Our results show that lower alcohol intake tends t@zasa, Radiation Effects Research Foundation; Dr.
down-regulate serum SOD activity in female. In otherTsuneharu Miki, Kyoto Prefectural University of Medicine
studies, a significant difference in SOD activity was notGraduate School of Medical Science; Dr. Chigusa Date,
found between drinkers and non-drinkers in healthyraculty of Human Environmental Sciences, Nara Women's
females (Casado et al., 2008), or the serum SOD activityniversity; Dr. Kiyomi Sakata, lwate Medical University;
in alcoholic groups was lower (Peng et al., 2005; Huan@®r. Yoichi Kurozawa, Tottori University Faculty of
et al., 2009). As such, because there are few reports thdedicine; Dr. Takesumi Yoshimura, Fukuoka Institute of
support our results about the effect of alcohol to SODHHealth and Environmental Sciences; Dr. Yoshihisa Fujino,
we need further studies to clarify this point. University of Occupational and Environmental Health;
Limitations of this study need to be mentioned. It isDr. Akira Shibata, Kurume University School of Medicine;
unclear whether serum SOD activity represents th®r. Naoyuki Okamoto, Kanagawa Cancer Center; and Dr.
general oxidative condition in human body, becausgélideo Shio, Moriyama Municipal Hospital.

Asian Pacific Journal of Cancer Prevention, Vol 10, 2009: JACC Serum Component Suppl&8ent



Masanori Nojima et al

Kinnula VL, Crapo JD (2004). Superoxide dismutases in
malignant cells and human tumoFsee Radic Biol Med
Acknowledgements 36 716.44

. Kocyigit A, Erel O, Gur S (2001). Effects of tobacco smoking
The JACC Study has been supported by Grants-ir- on plasma selenium, zinc, copper and iron concentrations

Aid for Scientific Research (Nos. 61010076, 62010074, .4 related antioxidative enzyme activitietin Biochem

63010074, 1010068, 2151065, 3151064, 4151063, 34, 629-33

5151069, 6279102, 11181101, 17015022, 18014011ubkowska A, Dolegowska B, Szygula Z, et al (2009). Activity

20014026) from Ministry of Education, Culture, Sports,  of selected enzymes in erythrocytes and level of plasma

Science and Technology, Japan. antioxidants in response to single whole-body
The authors declare that there are no conflicts of cryostimulation in humansScand J Clin Lab Inves69,

interest. They would like to express their sincere 387-94 _

appreciation to Dr. Kunio Aoki, Professor Emeritus,M&cocci P, Polidori MC, Troiano L, et al (2000). Plasma

. . . antioxidants and longevity: a study on healthy centenarians.
Nagoya University School of Medicine and a former Free Radic Biol Med28, 1243-8

Cha'rperson of the JACC Study, t_o Dr. Haruo Sugano, thﬁlulholland CW, Elwood PC, Davis A, et al (1999). Antioxidant
former Director of the Cancer Institute, Tokyo, who greatly  enzymes, inflammatory indices and lifestyle factors in older
contributed to the initiation of the JACC Study, and  men: a cohort analysiQuart J Med 92, 579-85
Dr.Yoshiyuki Ohno, Professor Emeritus, NagoyaOhno Y, Tamakoshi A (2001). Japan collaborative cohort study
University School of Medicine, who was also a former  for evaluation of cancer risk sponsored by monbusho (JACC
chairperson of the study. The authors also wish to thank study).J Epidemiol 11, 144-50 o

Dr. Tomoyuki Kitagawa, Director Emeritus of the Cancer©rhan H, Evelo CT, Sahin G (2005). Erythrocyte antioxidant
Institute of the Japanese Foundation for Cancer Research d€fense response against cigarette smoking in humans--the

: A S glutathione S-transferase vulnerability.Biochem Mol
and a former chairperson of a Grant-in-Aid for Scientific Toxicol 19, 226-33

Resr—_zarch on Priority Area ‘Cancer’, for his valuable Suppoﬂyanagi Y (1984). Establishment of nitrite-kit for SOD activity
of this study. determinationEnshg 4, 67-73
Peng FC, Tang SH, Huang MC, et al (2005). Oxidative status in
patients with alcohol dependence: a clinical study in Taiwan.
J Toxicol Environ Health 268, 1497-509
References Roberts CK, Barnard RJ, Sindhu RK, et al (2006). Oxidative
stress and dysregulation of NAD(P)H oxidase and
Andersen HR, Nielsen JB, Nielsen F, et al (1997). Antioxidative  antioxidant enzymes in diet-induced metabolic syndrome.
enzyme activities in human erythrocyt€in Chem 43, Metabolism 55, 928-34
562-8 Shih LY, Liou TH, Chao JC, et al (2006). Leptin, superoxide
Andriollo-Sanchez M, Hininger-Favier I, Meunier N, et al dismutase, and weight loss: initial leptin predicts weight loss.
(2005). Age-related oxidative stress and antioxidant Obesity 14, 2184-92
parameters in middle-aged and older European subjectSkrha J, Kunesova M, Hilgertova J, et al (2005). Short-term
the ZENITH studyEur J Clin Nutr 59 Suppl 2 S58-62 very low calorie diet reduces oxidative stress in obese type
Bolzan AD, Bianchi MS, Bianchi NO (1997). Superoxide 2 diabetic patient$?hysiol Res54, 33-9
dismutase, catalase and glutathione peroxidase activities famakoshi A, Yoshimura T, Inaba Y, et al (2005). Profile of the
human blood: influence of sex, age and cigarette smoking. JACC studyJ Epidemiol 15 Suppl, S4-8
Clin Biochem 30, 449-54 Valavanidis A, Vlachogianni T, Fiotakis K (2009). Tobacco
Casado A, Castellanos A, Lopez-Fernandez ME, et al (2008). smoke: involvement of reactive oxygen species and stable
Relationship between oxidative and occupational stressand free radicals in mechanisms of oxidative damage,
aging in nurses of an intensive care ulsge 30, 229-36. carcinogenesis and synergistic effects with other respirable
Fearon IM, Faux SP (2009). Oxidative stress and cardiovascular particles.Int J Environ Res Public HealtB, 445-62
disease: novel tools give (free) radical insighMol Cell ~ Weinberg F, Chandel NS (2009). Reactive oxygen species-
Cardiol, 47, 372-81 dependent signaling regulates canéxll Mol Life Scj
Garg N, Singh R, Dixit J, et al (2006). Levels of lipid peroxides  [Epub ahead of print]
and antioxidants in smokers and nonsmokEpPeriodontal
Res 41, 405-10
Gilks CB, Price K, Wright JL, et al (1998). Antioxidant gene
expression in rat lung after exposure to cigarette sméike.
J Patho] 152, 269-78
Harju T, Kaarteenaho-Wiik R, Sirvio R, et al (2004). Manganese
superoxide dismutase is increased in the airways of smokers'
lungs.Eur Respir J24, 765-71
Huang MC, Chen CH, Peng FC, et al (2009). Alterations in
oxidative stress status during early alcohol withdrawal in
alcoholic patients] Formos Med Assp&08 560-9
Ito 'Y, Nakachi K, Imai K, et al (2005). Stability of frozen serum
levels of insulin-like growth factor-I, insulin-like growth
factor-I1, insulin-like growth factor binding protein-3,
transforming growth factor beta, soluble Fas, and superoxide
dismutase activity for the JACC studyEpidemigl15 Suppl
1, S67-73

40 Asian Pacific Journal of Cancer Prevention, Vol 10, 2009: JACC Serum Component Supplement



