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A Case-Control Study Exploring the Role of Serum Manganese Superoxide
Dismutase (MnSOD) Levels in Gastric Cancer

BACKGROUND: The role of serum manganese superoxide dismutase (MnSOD) in the development of
gastric cancer has not been clearly defined. 
METHODS: We conducted a case-control study to address the potential relationship between serum
MnSOD levels and gastric cancer. Cases were 275 gastric cancer patients and controls were 275 sex-
and age-matched healthy persons. Serum MnSOD levels were determined by a commercially available
enzyme-linked immunosorbent assay (ELISA).
RESULTS: The mean(±standard deviation) of serum MnSOD levels was 177.4±87.3 ng/mL among
cases and 169.4±56.7 ng/mL among controls. Gastric cancer patients had slightly higher serum
MnSOD levels than the controls. After adjustment for pack-years of cigarette smoking and Helicobacter
pylori infection, the odds ratio was 1.54(95% confidence interval; 0.79-3.01) for subjects in the highest
quartile versus the lowest quartile. No significant differences were observed for serum MnSOD levels in
gastric cancer patients according to clinicopathological factors such as disease stage, histological type,
venous invasion, and lymph node metastasis.
CONCLUSION: Our study suggested that serum MnSOD levels are not significantly associated with the
increased risk of gastric cancer, although a weak association may exist. 
J Epidemiol 2005; 15:90-95.
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Gastric cancer is a disease of complex etiology involving multiple
risk factors including dietary, infectious, occupational, genetic,
and preneoplastic factors, and remains one of the major health
burden in Japan. Gastric carcinogenesis may be attributed in part
to reactive oxygen species, which has been shown to participate
in the multistage carcinogenesis from initiation to malignant con-
version by causing oxidative DNA damage and mutations in
proto-oncogenes and tumor suppressor genes, and by activating
signal transduction pathways.1 In response to oxidative stress, the
body has formed an elaborate antioxidant system to detoxificate
reactive oxygen species. In this antioxidant system, manganese
superoxide dismutase (MnSOD) is the major antioxidant that con-
verts superoxide radical to hydrogen peroxide and molecular oxy-
gen within mitochondrial matrix. Previous studies on MnSOD

expression in cancer were mainly based on the small number of
tumor tissues or cell lines, and the findings have been conflict-
ing.2-4 Few studies, however, have examined serum MnSOD lev-
els in a large number of patients with gastric cancer and apparent-
ly healthy persons.

We sought to evaluate the potential relationship between serum
MnSOD levels and the risk of gastric cancer in a case-control
study.

METHODS

Case subjects were patients who were newly diagnosed with pri-
mary gastric cancer at one of nine hospitals in the Tokyo
Metropolitan Area between 1993 and 1995. Patients were includ-
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and then incorporated this data into the logistic model as a single
variable. All analyses were conducted using SAS® release 6.12
(SAS institute, Inc., Cary, NC).

The study was approved by the Ethics Board of Aichi Medical
University School of Medicine.

RESULTS

The mean age ± standard deviation was 53.5 ± 10.5 years in
cases, and 53.6 ± 10.5 years in controls (Table 1). The range of
serum MnSOD levels was 0-1013.5 ng/mL among case subjects
and 0-442.5 ng/mL among control subjects. The mean(± stan-
dard deviation) of serum MnSOD levels was 177.4 ± 87.3 ng/mL
in case subjects, as compared with 169.4 ± 56.7 ng/mL among
control subjects. Cases subjects had a statistically marginal
increase in serum MnSOD levels than control subjects (p=0.09).
Ninety-four percent of case subjects and 62% of control subjects
had H. pylori infection (Table 1).

Cases had a higher proportion of atrophy of gastric mucosa, but
the mean of serum MnSOD levels did not differ significantly
among controls with or without atrophy of gastric mucosa.
Among control subjects, the mean of serum MnSOD levels  was
significantly higher in men (176 ± 56.5 ng/mL) than in women
(159.0 ± 55.2 ng/mL, p=0.002). This result was also observed
for each age group (Table 2). The mean of serum MnSOD levels
did not differ significantly between those with H. pylori infection
(174.3±5.02 ng/ml) and those without H. pylori infection (166.9
± 60.4 ng/mL).

Table 3 presents ORs for gastric cancer according to serum
MnSOD levels. After adjustment for pack-years of smoking and
H. pylori infection, the OR for subjects in the highest quartile ver-
sus the lowest quartile was 1.54 (95% CI; 0.79-3.01).

Table 4 shows mean values of MnSOD in gastric cancer
patients according to clinicopathological findings. Overall, there
were no statistically significant differences between the two
groups categorized by variables such as disease stage, histological
type lymph invasion, lymph node metastasis, liver metastasis, and
distant metastasis. We also examined serum MnSOD levels
according to site classification, and found no significant differ-
ences among the upper, middle, and lower third part (data not
shown).

DISCUSSION

Very few studies have examined the role of serum MnSOD levels
in the etiology of gastric cancer. Only one earlier study measured
serum MnSOD levels in a small number of patients with gastric
cancer.6 In that study, patients with gastric cancer had relatively
higher levels of MnSOD than healthy individuals. Our study,
which was based on a relatively large number, showed a statisti-
cally marginal increase in serum MnSOD levels among gastric
cancer patients compared with matched controls. The mean of
serum MnSOD levels among our controls, however, was higher

ed into our study if they were 20-69 years of age and did not
undergo surgical treatment for gastric cancer. An endoscopy was
performed on all eligible cases and the diagnosis was confirmed
by an examination of the resection or biopsy specimen. Data on
pathological findings, including the type and stage of the cancer,
were recorded for each case. Gastric cancer was further catego-
rized into early and advanced cancer, as well as intestinal and dif-
fuse type, based on the criteria proposed by the Japanese
Research Society for Gastric Cancer.5 Control subjects were
recruited from apparently healthy persons who underwent med-
ical checkups at a health promotion center in the same area.
Written informed consent was obtained form each of the study
participants before he or she provided a blood sample. Besides,
both case and control subjects were asked to fill out a question-
naire regarding smoking and drinking habits. Information on
smoking included smoking status (nonsmoker, ex-smoker, or cur-
rent smoker), the number of cigarettes smoked per day, and years
of smoking. Between 1993 and 1995, we enrolled 788 gastric can-
cer patients and 1,007 apparently healthy controls. Since our
study is an exploratory investigation, we selected 275 gastric can-
cer patients to form the case group. The process of selection is as
follows: first, because of the small number of gastric cancer
patients under 40 years of age, we selected the majority of them
in this age group. Second, in consideration of sex and age distrib-
ution, we randomly selected the other patients in each 10-year age
group. For each case subject, one control subject was selected at
random and matched for case on sex and age(±2 years).
Serum samples of cases and controls were collected in the same
method and were frozen at -80℃ until analysis. Serum levels of
MnSOD were determined by a commercially available enzyme-
linked immunosorbent assay (ELISA, Amersham,Pharmacia
Biotech, NJ, USA) using the manufacturer's assay procedure.
During measurement, serum samples were analyzed in randomly
ordered duplicates in order to reduce systematic and interassay
error. Sera were also analyzed for H. pylori immunoglobulin G
antibodies by ELISA kits (J-HM-CAP, Kyowa Medex, Japan).
The cut-off value for Helicobacter pylori infection was 2.7
ELISA value (EV). Additionally, serum pepsinogen was mea-
sured using radioimmunoassay (RIA), with pepsinogen I ≤ 70
ng/mL and pepsinogen I/II ≤ 3 indicating atrophy of gastric
mucosa. All the assays were carried out and interpreted by indi-
viduals who were blinded to the case-control status of samples. 

The differences in means between case subjects and control
subjects were tested by t-test or Wilcoxon's rank sum tests.
Differences in percentages were tested by Chi-square test. Serum
MnSOD levels were categorize into quartiles on the basis of their
distributions among the controls. Odds ratios (ORs) and 95% con-
fidence intervals (CIs) from conditional logistic regression model
were used to evaluate the strength of the association. The ORs
were presented with the lowest quartile being the reference cate-
gory, and were adjusted for potential confounding factors such as
pack-year of smoking and H. pylori infection. To test for a linear
trend across the quartiles, we coded each quartile as 0, 1, 2, and 3,
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Sex
Men
Women

Age (mean ± standard deviation)

MnSOD* level (mean ± standard deviation)

Cigarette smoking
Nonsmokers
Smokers

Helicobacter pylori infection
Negative
Positive

Atrophy of gastric mucosa 
Yes
No

Table 1. Characterisitics of the Study Subjects. 

Cases (n=275)
N (%)

142 (51.6)
133 (48.4)

53.5±10.5

177.4±87.3

127 (46.5)
146 (53.5)

18 (6.5)
257 (93.5)

156 (56.7)
119 (43.3)

Controls (n=275)
N (%)

142 (51.6)
133 (48.4)

53.6±10.5

169.4±56.7

141 (52.4)
128 (47.6)

105 (38.2)
170 (61.8)

96 (34.9)
179 (65.1)

P
for difference

0.09

0.17

<0.01

<0.01

*: Serum manganese superoxide dismutase.

Age (year) Men (N=142) Women (N=133)
20-39 182.6±35.1 (13) 148.0±29.8 (19)
40-49 183.0±56.8 (31) 155.6±39.4 (27)
50-59 175.7±51.9 (48) 151.6±52.3 (43)
60-69 180.8 ±65.5 (50) 173.0±71.0 (44)

No. of subjects in parentheses.

Table 2. Serum manganese superoxide dismutase (MnSOD) levels 
(mean ± standard deviation) by sex and age among controls.

Cases Controls
Serum MnSOD levels (ng/mL) N (%) N (%) OR (95% CI)

0-131.6 63 (22.9) 68 (24.7) 1.00 (reference)
131.7-153.8 48 (17.5) 69 (25.1) 0.85 (0.43-1.66)
153.9-202.0 82 (29.8) 69 (25.1) 1.67 (0.89-3.16)
202.1- 82 (29.8) 69 (25.1) 1.54 (0.79-3.01)

p for trend= 0.06
CI: confidence interval.
Adjusted for pack-years of smoking and Helicobacter pylori infection.

Table 3. Odds ratios (Ors) for gastric cancer according to quartile of serum manganese superoxide
dismutase (MnSOD) Levels.
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between patients with early and advanced gastric cancer and the
ORs were also similar for these two groups (data not shown).
Additional prospective studies are needed to investigate the causal
link between serum MnSOD and gastric cancer.

The mechanisms linking serum MnSOD levels and gastric can-
cer risk are plausible but merit further exploration. First, epidemi-
ologic studies have suggested that gastric cancer may be caused
by reactive oxygen species and dietary antioxidant such as vita-
min C may be protective against gastric cancer.8,9 The production
of reactive oxygen species was increased in the mucosa of per-
sons with H. pylori infection.10 Infection with H. pylori was asso-
ciated with an abundant inflammatory response, and could
increase the susceptibility of epithelial cells to reactive oxygen
species-associated cell injury.11 Although we did not observe a
significant association between H. pylori infection and serum

than that in controls in that previous study.6 We consider that the
differences in the kit used, the characteristics of the study partici-
pants, and the condition of serum preservation may have con-
tributed to the variation in serum MnSOD levels. However, in
another study that compared serum MnSOD levels in patients
with malignant melanoma to normal controls, the mean level was
126 ± 34 ng/mL for 11 normal controls, which approximated the
result of our study.7

We found that people with serum levels of MnSOD in the high-
est quartile had a 1.5-fold increased risk of gastric cancer com-
pared with those in the lowest quartile; however, the association
was statistically insignificant. This finding should be interpreted
cautiously as elevated serum MnSOD may be a result of the
malignancy. However, we consider that this possibility was mini-
mal since serum MnSOD levels did not differ significantly

Table 4. Mean values of serum manganese superoxide dismutase (MnSOD)
in patients with gastric cancer according to clinicopathological 
findings.

Variables N MnSOD(ng/mL) P value
Stage

Early 123 176.9± 70.2 0.45
Advance 151 178.9± 98.5

Histological type
Intestinal 120 186.8± 103.3 0.23
Diffuse 155 170.1± 72.1

Lymph invasion
No 97 172.8± 67.2 0.48
Yes 114 192.5± 104.5

Venous invasion
No 155 176.7± 69.7 0.57
Yes 55 203.9± 129.4

Disseminated to peritoneal
No 242 178.5± 89.8 0.68
Yes 26 178.4± 64.8

Lymph node metastasis
Negative 165 177.1± 68.2 0.73
Postive 97 184.0± 113.8

Liver metastasis
No 264 174.2± 70.1 0.008
Yes 4 467.0± 373.5

Distant metastasis
No 258 179.9± 87.0 0.23
Yes 3 236.3± 87.2

Mean ± standard deviation.
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