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Mortality Rates from Cancer or All Causes and SOD Activity Level and Zn/Cu Ratio in
Peripheral Blood: Population-based Follow-up Study

Yoshinori Ito ', Koji Suzuki ', Ryuichiro Sasaki 2, Motohiko Otani ® and Kunio Aoki *

A total of 507 residents (232 males and 275 females) of a rural area of Hokkaido, Japan, were
enrolled in the present follow-up study as the follow-up cohort. We investigated the relationship
between mortality rates from cancer or all causes and blood levels of SOD activity and Zn/Cu
ratio, and serum levels of SOD activity and lipid peroxides (TBARS), by following up our subjects
over the course of 18 years. The hazard ratios of lowest blood levels of SOD activity and Zn/Cu
ratios to mortality rates from cancer were 1.36 (95% C.I., 0.59-3.10) and 1.97 (95% C.I., 0.84-
4.63), and those to mortality rates from all causes were 1.31 (95%C.I: 0.76-2.27) and 1.99
(95%C.1.: 1.14-3.46), respectively, in comparison with subjects with highest values for these
factors. Hazard ratios of lowest serum levels of SOD activity and TBARS to mortality rates from
cancer were 2.68 (95%C.|., 1.05-6.82) and 0.71 (95%C.l.: 0.31-1.67), and those to mortality rates
from all causes were 1.55 (95% C.I., 0.90-2.66) and 0.88 (95%C.I.: 0.51-1.50), respectively. The
results of this follow-up study indicate that high serum SOD activity is associated with protective
effects against mortality from cancer, and that high blood Zn/Cu ratio is associated with low
mortality from other causes. In contrast, serum TBARS levels do not appear to be a biomarker for

the risk of death from cancer.
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INTRODUCTION

Superoxide dismutase (SOD) is an enzyme that plays an
important role in biological defense against carcinogenesis
caused by activated oxygen and/or free radicals by reducing
formation of activated oxygen from superoxide anions *.
SOD activity is well known to be affected by aging and some
diseases ¥ 7. as well as blood and tissue levels of activated oxy-
gen and free radicals “'. There are 3 isozymes of mammalian
SOD: Cu, Zn-SOD, extracellular SOD and Mn-SOD, which
are located in cytosol, extracellular fluid and mitochondrial
matrix, respectively . Cu, Zn-SOD is present in the cytosol
of various tissues (including liver, cerebral gray matter, cardiac
muscle and testes), and serum Cu, Zn-SOD is derived mainly

from cytosol and extracellular fluid of these tissues, although
this enzyme is also released from erythrocytes by hemolysis 2.
Recently, it was reported that blood activity of SOD, inctuding
SOD in erythrocytes, appears to be lower among patients with
cancer of the lung, esophagus, stomach, colorectum or pan-
creas . Although SOD activity in erythrocytes is elevated in
patients with hematologic neoplasms ¥, SOD activity in ery-
throcytes decreases with increasing duration of treatment for
leukemia and various visceral cancers ®, Serum SOD activity
in patients with leukemia or non-Hodgkins lymphoma is sig-
nificantly lower than normal . It has been reported that serum
Cu, Zn- and Mn-SOD activities in serum and pleural fluids are
higher in patients with squamous cell carcinoma of the lung or
tuberculosis than in controls ', whereas serum Cu, Zn-SOD
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activity levels are reportedly lower in malignant tissues of
stomach mucosa than in normal tissues ®. However, there
have been scarcely any reports of population-based follow-up
studies demonstrating that cancer death is related to blood
SOD activity level.

Some trace metals are essential elements which function as
cofactors of various enzymes or have other biological func-
tions [e.g., zinc (Zn) and copper (Cu) are cofactors of SOD],
although some metals can be toxic at excessively high levels **?.
It has been reported that Zn levels in plasma, erythrocytes and
whole blood are lower in cancer patients #. In malignant tis-
sues, Zn levels are reportedly low, whereas copper levels are
reportedly high 2. Similarly, in serum from cancer patients,
levels of zinc are reportedly low and levels of copper are
reportedly high %%,

In this study, we investigated whether subjects with high lev-
els of SOD activity in their serum or blood and high Zn/Cu
ratios in their blood have a low risk of mortality from cancer or
all causes.

SUBJECTS AND METHODS

SUBJECTS

The subjects consisted of a population cohort of 507 healthy
residents (232 males and 275 females) of a rural area of
Hokkaido, Japan, who attended a health check in August,
1982. All participants were over 40 years of age, and the
majority of them worked in dairy farming, fishing or com-
merce.

Medical examinations for these subjects continued for 20
years following the initial health check. Public health nurses
interviewed individuals and administered questionnaires on
health and lifestyle at the time of the health check. Lifestyle
habits queried included smoking (current smoker, ex-smoker,
never smoked), alcohol consumption (regular drinker, occa-
sional drinker, non-drinker) and dietary intake of major food
groups ?. Prior history of disease, dietary habits and other
lifestyle factors did not differ significantly between the present
cohort and other residents of their town . Subjects (residents
of Y-town) were not randomly selected, but their residences
were scattered across their town relatively evenly (not in clus-
ters), and their sex and age distributions were similar to the
overall distributions of their town. There were no significant
differences in history of previous diseases, diet or lifestyle
between our cohort and the overall population of their town.

The cohort was followed up until the end of December.
1999, using mortality records at the Public Health Center to
confirm whether subjects had survived for the entire follow-up
period or had died. Permission to use these records was
obtained from the Agency of General Affairs and the Ministry
of Health and Welfare. Death certificates were examined to
determine the main cause of death and contributing factors.
Only 18 of the cohort subjects changed residence during the

observation period. Because the number of deaths was reliably
reported, we calculated mortality rates using the person-year
method.

METHODS

Fasting blood samples were taken at the time of the health
check, and the sera were separated from blood cells by cen-
trifugation within one hour. Biochemical analysis of the sera
was performed using an autoanalyser. Serum TBARS was flu-
orometrically measured by the thiobarbituric acid-reaction
method %. Blood and serum SOD activity was determined
using superoxide anions produced by NADPH cytochrome ¢
reductase in rat microsomes as the substrate and neo-tetrazoli-
um salt as the color reagent ®, after removal of hemoglobin ®.
Serum and blood SOD activity levels and serum TBARS lev-
els were estimated using an established method within 2
months of sample collection. Blood samples were collected
into metal-free tubes at the time of the health examinations and
stored in a freezer at -80°C. Blood levels of Zn and Cu were
determined by anodic stripping voltammetry * after bumning the
blood samples to ash with a mixed acid solution (HNOsz :Hz SO4
:HCIO: = 24:1:4, v/v), within 2 months of sample collection.
We could not determine serum levels of Zn and Cu, because of
inadequate sample volume and/or failure to ensure that the
sample storage cup was metal-free.

STATISTICAL ANALYSIS

Statistical analyses for each age group were carried out using
a Cox proportional hazard model (statistical package: StatView
5.0, Power Macintosh), after adjusting for sex and age (Model
1). Statistical analyses for Model 2 were performed after
adjusting for sex, age, BMI. smoking status and alcohol con-
sumption. Statistical significance was set at p<0.05. The
ANOVA was conducted using the StatView 5.0 statistical
package, after adjusting for sex and age. Deaths from all caus-
es were separated into 2 groups: deaths from all causes and
deaths from all causes other than accidents or cancer of all
sites. The hazard ratios (H.R.) and 95% confidence intervals
(95% C.1.) were calculated for groups of subjects classified
according to their quartile distribution for levels of the assayed
blood factors: Q1 (low), within the first quartile; Q2, in the sec-
ond quartile; Q3. in the third quartile; Q4 (high), in the fourth
quartile.

RESULTS

Table 1 shows the subject characteristics of the present
study. The subjects were separated into 2 groups: below 60
years of age, and 60 years of age or older. The group of sub-
jects 60 years of age or older had a smaller percentage of
females. Current smokers and regular alcohol drinkers
accounted for 52.6% and 66.0% of all males, respectively, and
5.5% and 11.3% of all females. During the 18-year follow-up
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period, 106 deaths (73 males and 33 females) occurred among
the cohort. The breakdown of the deaths was as follows: 40
from malignant neoplasm (30 males and 10 females); 13 from
ischemic heart diseases (6 males and 7 females); 11 from cere-
brovascular diseases (7 males and 4 females); 8 from accidents
(6 males and 2 females); and 29 from other causes (19 males
and 10 females). No deaths occurred during the first year of the
follow-up. Eighteen subjects changed residence (5 males and
13 females) during the 18-year follow-up period.

Serum SOD activity was lower for subjects who died of can-
cer, but there were no significant differences between subjects
who died and those who remained alive (Table 2). Serum
TBARS levels tended to be higher for subjects who died than
for those who remained alive. There were no clear differences
in levels of blood SOD activity or Zn/Cu ratios between sub-
Jects who died and those who remained alive, although blood
levels of Zn and Cu could not be determined for one of the
subjects who died because of inadequate sample volume.
Among deaths from all causes other than accidents and deaths
from cancer of all sites, there were similar levels of blood SOD
activity and similar Zn/Cu ratios between subjects who died
and those who remained alive, whereas serum SOD activity
appeared to be lower for subjects who died than for those who

remained alive, but not significantly. In contrast, serum
TBARS levels tended to be higher among subjects who died.

Blood levels of SOD activity, blood Zn/Cu ratios and serum
levels of SOD activity and TBARS were each categorized into
4 groups according to quartile distribution, from Q1 (low) to
Q4 (high). Hazard ratios of blood levels of SOD activity, blood
Zn/Cu ratios and serum levels of SOD activity and TBARS to
cancer mortality rates calculated after adjusting for sex and age
(Model 1) are shown in Table 3. The hazard ratios of blood
SOD activity levels to cancer mortality were higher for the
lowest-level group (Q1) than for the highest-level group (Q4).
The hazard ratios of blood Zn/Cu ratios appeared to be higher
for subjects with the lowest Zn/Cu ratios (Q1) than subjects
with the highest ratios (Q4), but this difference was not statisti-
cally significant. The hazard ratios of serum SOD activity to
cancer mortality were higher for subjects with the lowest (Q1)
and middle (Q2 and Q3) activity levels than for subjects with
the highest levels (Q4); the difference between the lowest-level
group (Q1) and the highest-level group (Q4) was statistically
significant. In contrast, hazard ratios of serum TBARS levels
tended to be lower for subjects with lowest (Q1) and middle
(Q3) serum TBARS levels, but this was not statistically signifi-
cant.

Table 1. Baseline characteristics of the follow-up subjects.

Males (%) Females (%)

Item Total (%) Age group Age group
) e 40-59 60-86 Overall (%) 40-59 60-86 Overall (%)
Subjects 507 (100.0y 128 (100.0) 104 (100.0) 232 (100.0) 188 (100.0) 87 (100.0) 275 (100.0)
Habits  Current smoker 137 ( 27.0) 75( 60.0) 47 ( 45.2) 122( 52.6) 7( 3.7 8( 92) 15( 55)
Alcohol drinker 184 ( 36.3) 83 ( 66.4) 70( 67.3) 153( 66.0) 15¢ 8.0) 22( 253) 31( 11.3)
Death  All causes 106 (100.0) 22 (100.0) S1(100.0) 73 (100.0) 11(100.0) 22(100.0) 33(100.0)
Cancer of all sites 40 ( 37.7) 11( 50.0) 19( 37.3) 30( 41.1) 7( 63.6) 3(13.6) 10( 30.3)
Circulatory disease 29( 27.4) 4(182) 14( 275) 18( 24.7) 1( 91) 10( 455 11( 33.3)
Ishemic heart disease 13( 12.3) 1L( 45) 5( 9.8) 6( 8.2) 0( 0.0 7( 31.8) 7(21.2)
Cerebrovascular disease 11( 10.4) 1( 4.5) 6( 11.8) 7( 9.6) 1( 9.1 3( 13.6) 4( 12.1)
Accidents 8( 7.5 4( 182) 2( 39 6( 8.2) 2( 18.2) 0( 0.0 2( 6.1
B Others 29( 27.4) 3(13.6) 16( 31.4) 19( 26.0) 1( 91) 9(409 10( 30.3)

Table 2. Comparison of blood levels of SOD activity and Zn/Cu ratio, and serum levels of SOD activity and TBARS between the alive

and the dead.

o Cancer of all sites All causes

omponent - , .

o p o - Alive Dead p Alive Dead (1) p Dead (2) p
Blood SOD activity (unit/ml) 462 (188) 475 (212) 0.68 462 (189) 4.64(1.92) 0.92 470 (195) 0.69
Blood Zn/Cu ratio 7.83(2.46) 8.02(2.83) 0.64 7.84(2.52) 7.83(2.05) 098 7.85(2.39) 0.98
SerumSOD activity (unit/ml) 2.55(1.13) 2.42(1.13) 047 2.57(1.18) 242 0.86) 036 243(094) 0.27
§ﬂm TB/&S (ngcﬂ/ml) ] 5.09 (1.47) 5.31(1.59) 0.35 5.09 (1.49) ) 5.12(1.31) 0.87 5.!7 (1:14) 0.61
Number 467 40 401 58 106 B

Data represented are mean values and standard deviation in parenthesis.

Statistical analyses were conducted using ANOVA after adjusting for sex and age.

Dead (1): except for deaths from accidents and cancer of all sites.
Dead (2): total deaths.
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Table 3. Hazard ratios of mortality for cancer of all sites by blood levels of SOD activity and Zn/Cu ratio, and serum levels of SOD

activity and TBARS among the follow-up residents.

. No. of Person No.of  Mortality Model 1 Model 2
Components Quartile subjects  years  death rates H.R.(95%C.1.) P H.R.(95%C.1.) P
Blood SOD Q1 (low) 129 2131.5 13 6.10 1.36 (0.59-3.10) 047 1.20 (0.51-2.80)  0.68
activity Q2 135 2226.0 9 4.04 0.99 (0.40-2.43)  0.98 0.86 (0.35-2.16) 0.75
(unit/ml) Q3 115 1880.5 8 4.25 1.05 (0.41-2.67)  0.92 0.92(0.36-2.37)  0.86
Q4 (high) 128 21775 10 4.59 1.00 1.00
trend p=0.95 trend p=0.88
Blood Zn/Cu Q1 (low) 126 2038.5 13 6.38 1.97 (0.83-4.63)  0.12 1.99 (0.84-4.69)  0.11
ratio Q2 129 2146.0 9 4.19 1.14 (0.45-2.88)  0.78 1.06 (0.41-2.69)  0.90
Q3 125 2055.0 9 4.38 1.11 (0.44-2.79)  0.83 1.15(0.45-291)  0.77
Q4 (high) 126 21715 9 4.14 1.00 1.00
trend p=0.36 trend p=0.32
Serum SOD Q1 (low) 156 2580.0 17 6.59 2.68 (1.05-6.82)* 0.04 3.16(1.18-8.41)*  0.02
activity 2 115 1838.5 8 4.35 1.27 (0.44-3.68)  0.65 1.39(0.48-4.04)  0.55
(unit/ml) 3 116 1963.5 9 4.58 1.54 (0.55-4.33) 041 1.77 (0.62-5.05)  0.29
Q4 (high) 120 2033.0 6 2.95 1.00 1.00
trend p=0.12 trend p=0.08
Serum TBARS Q1 (low) 143 2411.5 10 4.15 0.71(0.31-1.67) 043 0.80(0.34-1.90)  0.62
level Q2 118 1951.0 11 5.64 1.00 (0.45-2.24) 099 1.14 (0.50-2.60)  0.76
(nmol/m}) Q3 130 2145.0 6 2.80 0.43(0.16-1.13)  0.09 0.46(0.17-1.22)  0.12
Q4 (high) 116 1908.0 13 6.81 1.00 1.00
trend p=0.30 trend p=0.31

Hazard ratios (H.R.) and 95% confidence intervals (95%C.1.) were calculated using Cox proportional hazard model(StatView statistical
package. Power Macintosh), after adjusting for sex and age (Model 1), or after adjusting for sex, age, habit of smoking status and

alcohol consumption, and BMI (Model 2).
* 1 p<0.05.
Mortality rates = [No. of deaths/person years] X 1000

After adjusting for sex, age, BMI, smoking status and alco-
ho!l consumption (Model 2), the hazard ratios of blood or
serum levels of SOD activity to cancer mortality were higher
for subjects with the lowest activity levels (Q1) than the sub-
jects with the highest activity levels (Q4); for serum SOD
activity, the difference was statistically significant. Also, the
hazard ratios of blood Zn/Cu ratio were higher for subjects
with the lowest ratio (Q1). In contrast, hazard ratios of serum
TBARS levels were lower for subjects with the lowest (Q1)
and middle (Q3) levels, but this was not statistically significant.

Among deaths for all causes, except from deaths of acci-
dents or cancer of all sites, hazard ratios of blood SOD activity
were higher for subjects with low and middle activity levels
than for those with the highest activity levels (Q4) (Table 4).
The hazard ratios of blood Zn/Cu ratios were also higher for
subjects with low and middle Zn/Cu ratios, but these differ-
ences were not statistically significant. The hazard ratios of
serum SOD activity appeared to be higher for subjects with the
lowest (Q1) and middle (Q2) activity levels, similar to the pat-
tern seen above with hazard ratios of blood Zn/Cu ratio. There
was a statistically significant difference in hazard ratios of
serum SOD activity levels between subjects with middle activ-
ity levels (Q2) and those with the highest activity levels (Q4).
We found that subjects with the lowest (Q1) serum TBARS
levels tended to have slightly lower hazard ratios to mortality
from cancer of all sites.

Similar results were obtained after adjusting for sex, age.

BMI, smoking status and alcohol consumption (Model 2).
However, compared to Model I, there was less of a difference
in hazard ratios of serum SOD activity between the lowest lev-
els (Q1) and the highest levels (Q4). There was a statistically
significant difference in hazard ratios of blood Zn/Cu ratio
between Q2 levels and Q4 levels.

Among deaths from all causes, hazard ratios of blood SOD
activity were higher for subjects with low and middle activity
levels than for those with the highest activity levels (Q4)
(Table 5). The hazard ratios of blood Zn/Cu ratios were also
higher for subjects with low and middle Zn/Cu ratios, and the
differences between subjects with the lowest levels (Q1) and
those with the highest levels (Q4) were statistically significant.
The hazard ratios of serum SOD activity to mortality from all
causes appeared to be higher for subjects with the lowest (Q1)
and middle (Q2) activity levels; the differences were not sig-
nificant. We found that subjects with the lowest (Q1) serum
TBARS levels tended to have slightly lower hazard ratios to
mortality from all causes.

After adjusting for sex, age, BMI. smoking status and alco-
hol consumption (Model 2), the hazard ratios of subjects with
the lowest blood and serum SOD activity levels and blood
Zn/Cu ratios (Q1) to mortality from all causes were higher than
for subjects with higher levels; the differences between the
lowest (Q1) and highest (Q4) blood Zn/Cu ratios were statisti-
cally significant. The hazard ratios of serum TBARS levels to
mortality from all causes were slightly lower for subjects with
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Table 4. Hazard ratios of mortality for all causes, except for accidents and cancer of all sites by blood levels of SOD activity and Zn/Cu
ratio, and serum levels of SOD activity and TBARS among the follow-up residents.

c ¢ il No. of Person No.of  Mortality Model 1 Model 2
omponents Quartile  gipiects  years  death rates H.R.(95%C.L.) p H.R.(95%C.L) p
Blood SOD QI (low) 115 2010.0 15 7.46 1.20 (0.56-2.58)  0.64 1.35(0.64-2.97)  0.46
activity Q2 123 2092.5 20 9.56 1.80(0.87-3.70)  0.11 1.61(0.77-3.35)  0.21
(unit/ml) Q3 104 1812.5 11 6.07 1.48 (0.64-3.39)  0.36 1.48 (0.63-3.45)  0.37
Q4 (high) 117 2052.0 12 5.85 1.00 1.00
trend p=0.40 trend p=0.63
Blood Zn/Cu Q1 (low) 108 1874.0 12 6.40 1.99 (0.87-4.56)  0.10 1.95(0.85-4.48) 0.12
ratio Q2 120 2056.5 18 8.75 1.98 (0.93-4.26)  0.08 2.23(1.03-4.79)*  0.04
Q3 116 1987.0 17 8.56 1.71 (0.80-3.67)  0.17 1.94 (0.90-4.21)  0.09
Q4 (high) 115 2049.5 11 5.37 1.00 1.00
trend p=0.28 trend p=0.20
Serum SOD Q1 (low) 139 2429.5 17 7.00 1.67 (0.80-3.49)  0.14 1.64 (0.76-3.55)  0.21
activity 2 103 1738.0 19 10.93 2.15(1.04-4.42)*  0.04 2.07(0.99-4.31)  0.05
(unit/ml) Q3 106 1857.0 9 4.85 1.04 (0.44-2.48)  0.93 0.84 (0.36-2.14)  0.78
Q4 (high) 111 1942.5 13 6.69 1.00 1.00
trend p=0.12 trend p=0.09
Serum TBARS QI (low) 130 2274.0 13 5.72 0.88 (0.41-1.92)  0.76 0.74 (0.33-1.67) 047
level Q2 106 1854.5 12 6.47 1.19(0.54-2.64)  0.66 1.03(0.45-2.34)  0.94
(nmol/ml) 3 123 2086.5 20 9.59 1.11 (0.55-2.25)  0.77 1.18 (0.58-2.42)  0.65
Q4 (high) 100 1752.0 13 7.42 1.00 1.00
trend p=0.88 trend p=0.65

Hazard ratios (H.R.) and 95% confidence intervals (95%C.1.) were calculated using Cox proportional hazard model (StatView
statistical package, Power Macintosh), after adjusting for sex and age (Model 1), or after adjusting for sex, age, habits of smoking status
and alcohol consumption, and BMI (Model 2).

*:p<0.05.

Mortality rates = [No. of deaths/ person years] X 1000

Table 5. Hazard ratios of mortality from all causes by blood levels of SOD activity and Zn/Cu ratio. and serum levels of SOD activity
and TBARS among the follow-up residents.

C . No. of Person  No.of  Mortality Model 1 Model 2
omponents Quartile subjects years death rates H.R.(95%C.1.) p H.R.(95%C.L)
Blood SOD Q1 (low) 129 2131.5 29 13.61 1.31(0.76-2.27)  0.33 1.35(0.77-2.37)  0.29
activity 2 135 2226.0 32 14.38 1.55(0.90-2.65)  0.11 1.45(0.84-2.50)  0.18
(unit/ml) Q3 115 1880.5 22 11.70 1.36 (0.76-2.45)  0.30 1.26 (0.69-2.31)  0.45
Q4 (high) 128 2177.5 23 10.56 1.00 1.00
trend p=0.46 trend p=0.57
Blood Zn/Cu Q! (low) 126 2038.5 30 14.72 1.99 (1.14-3.46)*  0.02 2.02(1.16-3.52)*  0.01
ratio Q2 129 2146.0 27 12.58 1.49 (0.85-2.62)  0.17 1.50 (0.85-2.66)  0.16
Q3 125 2055.0 25 12.17 1.35(0.76-2.38)  0.30 1.40(0.79-2.48)  0.25
Q4 (high) 126 21715 22 10.13 1.00 1.00
o o trend p=0.10 trend p=0.09
Serum SOD Q1 (low) 156 2580.0 36 13.95 1.55 (0.90-2.66)  0.11 1.64 (0.92-291)  0.09
activity Q2 115 1838.5 29 15.77 1.44 (0.83-2.50)  0.19 1.51(0.86-2.67)  0.15
(unit/ml) Q3 116 1963.5 19 9.68 0.92(0.50-1.71)  0.80 0.96 (0.51-1.81) 091
Q4 (high) 120 2033.0 22 10.82 1.00 1.00
B S - trend p=0.17 trend p=0.14
Serum TBARS Q1 (low) 143 2411.5 26 10.78 0.88 (0.51-1.50)  0.63 0.85(0.48-1.48) 0.56
level Q2 118 1951.0 24 12.30 1.05(0.61-1.81) 0.86 1.06 (0.61-1.85)  0.85
(nmol/ml) Q3 130 2145.0 27 12.59 0.87 (0.52-1.48) 0.61 0.92(0.54-1.56) 0.76
Q4 (high) 116 1908.0 29 15.20 1.00 1.00
trend p=0.87 trend p=0.87

Hazard ratios (H.R.) and 95% confidence intervals (95%C.I.) were calculated using Cox proportional hazard model (StatView

statistical package, Power Macintosh). after adjusting for sex and age (Model 1), or after adjusting for sex, age, habits of smoking status
and alcohol consumption, and BMI (Model 2).

*:p<0.05.

Mortality rates = [No. of deaths/ person years] X 1000
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low serum TBARS levels, but the difference was not statisti-
cally significant, similar to the pattern seen above with hazard
ratios to cancer mortality.

DISCUSSION

The aim of this study was to assess whether there was a rela-
tionship between lower mortality rates from cancer (at all sites)
or all causes among this population cohort and higher blood
and serum SOD activity levels. Three isozymes of SOD, which
dismutate superoxide anions and play an essential role in
defense against oxidative stress in the human body, are known
to exist: Cu, Zn-SOD derived from tissue cytosol of various
tissues, Mn-SOD in mitochondrial matrix and extracellular
SOD in extracellular fluids *. Thus, serum and blood SOD
activity levels are usually due to activity of Cu, Zn-SOD,
released mainly from tissue cytosol and extracellular fluids,
and from blood cells, respectively. Serum and blood SOD
activity levels obtained in this study must be indicative of Cu,
Zn-SOD activity. Serum and blood SOD activity levels
observed in this study were similar to results reported else-
where %%,

It has previously been shown that Cu, Zn-SOD detoxifies
superoxide anions, which cause lipid peroxidation in various
cells and tissue membranes and play a role in risk for various
diseases, including cancer and cardiovascular diseases *"***%,
There have been several case-control studies of correlation
between cancer and Cu, Zn-SOD activity in serum and ery-
throcytes. In 2 studies, no correlation was found between
serum Cu, Zn-SOD activity levels and several types of cancer .
In 2 other studies, inverse correlations were found between
SOD activity in erythrocytes and esophageal, gastric, colorec-
tal, hepatic and pancreatic cancer ***. In a histochemical
study, it was found that Cu, Zn-SOD protein and activity were
significantly decreased in patients with colorectal carcinoma ,
It has also been reported that cellular proliferation and inci-
dence of diploidy are high in cancer tissue that exhibits low
SOD activity . Another study found that active superoxide
production and low SOD activity may cause malignant cells to
be highly sensitive to inhibition of SOD . In an experimental
study, results suggested that SOD plays a role in dismutating
reactive oxygen species that participate in the pathogenesis of
various clinical disorders, and indicated that SOD functions as
an antioxidant enzyme in cellular defense against oxidant-
mediated tissue injury ©.

In the present population-based followed-up study, medical
data obtained over the 18-year follow-up period showed an
inverse correlation between cancer mortality and SOD activity
in peripheral blood. In addition, the inverse correlation
between SOD activity levels and cancer mortality rates was
clearer for serum SOD activity than for blood SOD activity.
These findings suggest that SOD activity, especially serum
SOD activity, may be used as a biomarker in prevention of

cancer mortality in the general population.

There was good correlation between blood levels of Zn and
Cu obtained in this study by anodic stripping voltammetry and
levels obtained by atomic absorption in other studies *". Blood
Zn and Cu levels we obtained were similar to results reported
elsewhere %9 We observed relationships between blood
Zn/Cu ratios and mortality rates from all causes.

It has been reported that Zn levels in plasma and erythro-
cytes are significantly lower in cancer patients than in controls,
and that Cu levels in plasma and erythrocytes are significantly
higher in cancer patients *. We found that the hazard ratios of
the lowest blood levels of Zn and Cu to cancer mortality rates
were 1.30 (95% C.1L, 0.56-3.02) and 0.97 (95% C.I., 0.40-
2.35), compared to the highest levels, respectively, in the pre-
sent cohort. It is well known that some trace metals (including
Zn and Cu) act as cofactors of enzymes, in addition to other
biological functions they may have **. Zn and Cu have been
shown to play a role in antioxidant activity via enzymatic
oxidative reactions catalyzed by enzymes such as SOD and
ceruloplasmin *'*2 Thus, the present findings also suggest
that Zn is more effective than Cu as a cofactor in SOD activity
and a protective factor in mortality from cancer and other dis-
eases.

Moreover, TBARS is generally produced in part by the reac-
tion of various unsaturated fatty acids contained in tissues with
activated oxygen species such as hydroxyl radicals and super-
oxide anions ¥ . Superoxide anions are dismutated to oxygen
and hydroperoxide by SOD, and this can reduce levels of lipid
peroxides such as TBARS %% Production of serum
TBARS is known to be induced by unsaturated fatty acids **
and to have a positive correlation with serum n-3 polyunsatu-
rated fatty acid levels #”. However. it has been reported that
serum TBARS levels are an unsuitable biomarker of lipid per-
oxide substances produced by lipid peroxidation “ In the
present study, although serum TBARS levels were similar to
levels reported elsewhere %%, we did not obtain clear evi-
dence (hazard ratios) of an inverse correlation between serum
TBARS levels and mortality rates from cancer and all causes.
It appears that serum TBARS levels are not reliable as a bio-
marker of risk for mortality from cancer and other diseases.

In conclusion, the results of the present follow-up study of
rural Japanese inhabitants indicate that peripheral blood SOD
activities, especially serum SOD activity, and blood Zn/Cu
ratios may be useful as btomarkers of protective effects against
mortality from cancer and other disorders, respectively.
However, we did not observe a clear inverse correlation
between low serum TBARS levels and mortality from cancer
and/or all causes.

ACKNOWLEDGMENTS

This study was supported in part by a Grant-in Aid from the
Ministry of Education, Science and Culture for Monbusho



20

Y. lto, et al.

Cancer Research Program. Great help was provided by the
staff of the health check-up programs for the residents of Y-
town, Hokkaido. We wish to thank Prof. R. Shinohara, Fujita
Health University School of Health Sciences, for his support.

12.

14.

REFERENCES

. McCord JM, Fridovich I. Superoxide dismutase. An

enzymic function for erythrocuprein (hemocuprein). J
Biol Chem, 1969; 244: 6049-6055.

McCord JM, Fridovich I. Superoxide dismutase: a histo-
ry. In; Michelson AM, McCord JM, Fridovich I, eds.
Superoxide and superoxide dismutase, Academic Press ,
London 1977: 1-10.

Halliwell B, Gutteridge JMC. Free radicals in biology
and medicine, 3rd ed. Oxford University Press, Oxford,
1999.

Tolmasoff JM, Ono T, Cutler RG. Superoxide dismutase:
correlation with life-span and specific metabolic rate in
primate species. Proc Natl Acad Sci U S A, 1980; 77:
2777-2781.

. Yu BP. Oxidative damage by free radicals and lipid per-

oxidation in aging. In; Yu BP, ed. Free radicals in aging,
CRC Press, Boca Raton, 1993: 57- 88.

. Oberley TD, Oberley LW. Oxygens and cancer, In; Yu

BP ed. Free radicals in aging. CRC Press, Boca Raton,
1993: 247- 267.

. Janero DR. Myocardial ischemia-reperfusion injury and

the cardioprotective potential of natural antioxidants. In;
Frei B ed. Natural antioxidants in human health and dis-
ease. Academic Press, 1994: 411- 445.

Tappel AC. Lipid peroxidation damage to cell compo-
nents. Fed Proc, 1973; 32: 1870-1874.

Totter JR. Spontaneous cancer and its possible relation-
ship to oxygen metabolism. Proc Natl Acad Sci U S A,
1980; 77: 1763-1767.

Kehrer JP, Smith CV. Free radicals in biology: sources,
reactivities, and roles in the etiology of human diseases.
In; Frei B ed. Natural antioxidants in human health and
disease. Academic Press, San Diego, 1994: 25-62.

. Taniguchi N. Clinical significances of superoxide dismu-

tases: changes in aging, diabetes, ischemia, and cancer.
Ad Clin Chem, 1992; 29: 1-59.
Casado A, de la Torre R, Lopez-Fernandez ME, Carrascosa
D, Casado MC, Ramirez MV. Superoxide dismutase and
catalase blood levels in patients with malignant diseases.
Cancer Lett, 1995; 93: 187-192.

. Puscas I, Baican M. Coltau M, Puscas C, Domuta G.

Erythrocyte superoxide dismutase activity in patients with
digest cancer: adjuvant diagnosis test. Cancer Lett, 1999:
143: 95-98.

Franco ME, Carrillo MC, Hermandez C, Medina C. Ibarra
B. Vaca G, Cantu JM. Erythrocyte superoxide dismutase

15.

16.

17.

18.

19.

20.

21.

89}
[}

25.

26.

27.

29.

30.

activity in patients with malignant neoplasms. Arch
Invest Med (Mex), 1990; 21: 285-288.

Gonzales R, Auclair C, Voisin E, Gautero H, Dhermy D,
Boivin P. Superoxide dismutase, catalase, and gluthatione
peroxidase in red blood cells from patients with malig-
nant diseases. Cancer Res, 1984; 44: 4137-4139.
Abdel-Aziz AF, El-Naggar MM. Superoxide dismutase
activities in serum and white blood cells of patients with
some malignancies. Cancer Lett, 1997; 113: 61-64.
Durak I, Canbolat O, Kavutcu M, Ozturk HS, Yurtarslani
Z. Activities of total, cytoplasmic, and mitochondrial
superoxide dismutase enzymes in sera and pleural fluids
from patients with lung cancer. J Clin Lab Anal, 1996;
10: 17-20.

Janssen AM, Bosman CB, von Duijn W, et al. Superoxide
dismutases in gastric and esophageal cancer and the prog-
nostic impact in gastric cancer. Clin Cancer Res, 2000; 6:
3183-3192.

Clayton BE. Clinical chemistry of trace elements. Ad
Clin Chem, 1987; 21: 147-176.

Koyama H. Zinc. In; Sato H, ed. Toxicology today,
Kinposha, Tokyo, 1994: 193-202. (in Japanese)

Salem H, Baskin SI. The toxicology of antioxidants. In;
Baskin SI. Salem H eds. Oxidants, antioxidants, and free
radicals, Taylor & Francis, Washington, 1997: 207- 226.

. Powell SR. Zinc as a cardioprotective antioxidant. In;

Baskin SI, Salem H, eds. Oxidants, antioxidants, and free
radicals. Taylor & Francis, Washington, 1997: 143- 166.

. Aldor Y, Walach N, Modai D, Hom Y. Zinc and copper

levels in plasma, erythrocytes, and whole blood in cancer
patients. Klin Wochenschr, 1982; 60: 375-377.

. Margalioth EJ, Schenker JG, Chevion M. Copper and

zinc levels in normal and malignant tissues. Cancer,
1983: 52: 868-872.

Kok FJ, Van Duijn CM, Hofman A, et al. Serum copper
and zinc and the risk of death from cancer and cardiovas-
cular disease. Am J Epidemiol, 1988; 128: 352-359.
Coates RJ, Weiss NS, Daling JR, Rettmer RL, Warnick
GR. Cancer risk in relation to serum copper levels.
Cancer Res, 1989; 49: 4353-4356.

Ito Y, Suzuki S, Yagyu K, Sasaki R, Suzuki K, Aoki K.
Relationship between serum carotenoid levels and cancer
death rates in the residents, living in a rural area of
Hokkaido, Japan. J Epidemiol, 1997; 7: 1-8.

. Yagi K. A simple fluorometric assay for lipoperoxide in

blood plasma. Biochem Med, 1976; 15:212-216.
Shinohara R, Ogishi K, Nagamura Y, Makino H, Ishiguro
1. Application of superoxide dismutase to clinical chem-
istry. 1. Simple colorimetric determination method of
human serum superoxide dismutase. Rinsho Byori, 1976;
24: 926- 930. (in Japanese)

Minami M. Yoshikawa H. A simplified assay method of
superoxide dismutase activity for clinical use. Clin Chim



31

32.

33.

34.

35.

36.

37.

38.

39.

41.

Mortality Rates from Cancer or All Causes and Blood Levels of SOD Activity and Zn/Cu Ratio

Acta, 1979; 92: 337-342.

Searle B, Chan W, Davidow B. Determination of lead in
blood and urine by anodic stripping voltammeiry. Clin
Chem, 1973; 19: 76-80.

Ishiguro I, Ohta Y, Sasaki E. Ito Y, Shinohara R. Effects
of aging and sex difference on superoxide dismutase con-
tent in human red blood cell. Jpn J Clin Chem, 1984; 13:
85-92.

Ito Y, Murai Y, Niiya Y, et al. Studies on serum lipid per-
oxides and superoxide dismutase activities of workers
exposed to lead. J Science Lab, 1984; 60:53-64. (in
Japanese)

Yagi K, Goto Y (ed.). Lipid peroxides and allied diseases,
Igaku-Shoin, Tokyo, 1981: 133-271. (in Japanese)
McCord JM. The evolution of free radicals and oxidative
stress. Am J Med, 2000; 108: 652-659.

Arivazhagan S, Kavitha K, Nagini S. Erythrocyte lipid
peroxidation and antioxidants in gastric cancer patients.
Cell Biochem, 1997; 15: 15-18.

Van Driel BE, Lyon H, Hoogenraad DC, Anten S,
Hansen U, Van Noorden CJ. Expression of CuZn- and
Mn-superoxide dismutase in human colorectal neo-
plasms. Free Radic Biol Med, 1997; 23: 435-444.

Satomi A, Murakami S, Hashimoto T, Ishida K, Matsuki
M. Sonoda M. Significance of superoxide dismutase
(SOD) in human colorectal cancer tissue: correlation with
malignant intensity. J Gastroenterol, 1995; 30: 177-182.
Huang P, Feng L, Oldham EA, Keating MJ, Plunkett W.
Superoxide dismutase as a target for the selective killing
of cancer cells. Nature, 2000; 407: 390-395.

. Ho Y-S, Magnenat J-L, Gargano M, Cao J. The nature of

antioxidant defense mechanisms: a lesson from trans-
genic studies. Environ Health Perspect, 1998; 106 (Suppl
5): 1219-1228.

Tto Y. Otani M, Hishida H, et al. A study on blood levels
of heavy metals among inhabitants without exposure to
heavy metals. Bull Fujita Med Soc, 1983: 7: 79-83. (in

42.

43.

45.

46.

47.

48.

49.

50.

Japanese)

Kubota J, Lazar VA, Losee F. Copper, zinc, cadmium,
and lead in human blood from 19 locations in the United
States. Arch Environ Health, 1968; 16: 788-793.

Hatano S, Nishi Y, Usui T. Copper levels in plasma and
erythrocytes in healthy Japanese children and adults. Am
J Clin Nutr, 1982; 35: 120-126.

Guven M. Ozturk B, Sayal A, Ozeturk A, Ulutin T. Lipid
peroxidation and antioxidant system in the blood of can-
cerous patients with metastasis. Cancer Biochem Biophys,
1999; 17: 155-162.

Allard JP, Kurian R, Aghdassi E, Muggli R, Royall D.
Lipid peroxidation during n-3 fatty acid and vitamin E
supplementation in humans. Lipids, 1997; 32: 535-541.
Janero DR. Malondialdehyde and thiobarbituric acid-
reactivity as diagnostic indices of lipid peroxidation and
peroxidative tissue injury. Free Radic Biol Med, 1990; 9:
515-540.

Ito Y, Shimizu H, Yoshimura T, Ross RK, Kabuto M,
Takatsuka N, Tokui N, Suzuki K, Shinohara R. Serum
concentrations of carotenoids, « -tocopherol, fatty acids,
and lipid peroxides among Japanese in Japan, and
Japanese and Caucasians in the US. Int J Vitam Nutr
Res, 1999; 69: 385-395.

Kojima T, Kikugawa K, Kosugi H. Is the thiobarbituric
acid-reactivity of blood plasma specific to lipid peroxida-
tion? Chem Pharm Bull (Tokyo). 1990; 38: 3414-3418.
Ito Y, Niiya Y, Kurita H, Shima S, Sarai S. Serum lipid
peroxide level and blood superoxide dismutase activity in
workers with occupational exposure to lead. Int Arch
Occup Environ Health, 1985; 56: 119-127.

Ito Y, Shimizu H, Yoshimura T, Hashimoto T,
Hayakawa N, Shinohara R, Takatsuka N, Tokui N,
Kasamatsu T, Suzuki K. Relationship between serum lev-
els of lipid peroxides and carotenoids among residents in
Japan. Vitamins, 1997, 71: 427-434. (in Japanese)



