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Abstract: Gastric cancer is the fourth most common malighancy and the second leading cause of mortality
among cancer patients in the world. Nutritional and epidemiological studies have indicated that zinc, iron and
copper status modulates the risk of developing cancer and on the other hand, apoptosis has been reported
to play a decisive role in precancerous changes. The aim of this cross-sectional study was to investigate
whether there is any relationship between serum zinc, iron and copper levels and apoptosis (as an early
indicator of gastric cancer changes) in human gastric mucosa. This cross-sectional study was conducted
on 62 subjects with over 18 years of age, referred to 2 hospitals (Shahid Madani and Imam Reza hospitals)
in Tabriz, Iran between October and December 2008 to undergo an upper gastrointestinal endoscopy. Serum
levels of zinc, iron and copper were measured by atomic absorption spectroscopy and apoptosis was
detected by TUNEL technique. Stepwise regression was exploited to access the relationship between
apoptosis rate and serum zinc, iron and copper levels. Mean number of apoptotic (TUNEL positive) cells,
serum zinc, iron and copper levels were 2.15+0.22 111.47+2.18 (pg/dl), 145.2045.24 (pg/dl) and
137.5243.04 (ug/dl) respectively. The present study found no relationship hetween the rate of apoptosis and
baseline serum levels of neither of zinc, iron and copper. Our study showed that serum zinc, iron and copper
levels didn't affect apoptosis in human gastric mucosa. It is suggested that more interventional and
controlled studies be done.
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INTRODUCTION

Gastric cancer is so prevalent all around the world.
Although, the prevalence of this cancer has decreased
in the last 70 years, it is still the fourth most common
malignancy in the world and the second leading cause
of mortality among cancer patients. Incidence of Gastric
cancer is particularly high in East Asia, Eastern Europe
and parts of Central and South America (Brenner et al.,
2009).

According to a population-based cancer registry, among
the Middle East countries Iran has the highest rate of
gastric cancer (Mohagheghi ef af., 2009).

Sporadic gastric cancer is the result of genotypic
changes due to an adverse environment (i.e. diet and
Helicobacter pylori) (Nardone and Compare, 2008; Liu
et al., 2009). Dietary habits and intake of nutrients play
an important role in the both prevention and causation of
gastric cancer (Pelucchi et a/., 2009).

The biochemistry of iron, copper and zinc suggests that
these metals may play an essential role in
carcinogenesis (Toyokuni, 1996; Lauffer, 1992; Johnson
and Fischer, 1992; Linder and Hazegh-Azam, 1996;
Stevens and Kalkwarf, 1990; Swauger et a/, 1991;
Massa and Giulivi, 1993; Clogg ef a/., 1989; Kaim and

Schwederski, 1994; Burke and Fenton, 1985; Prasad,
1983; Duchateau ef al, 1981). Numerous studies
(Stevens et al., 1994; Merk et al., 1990; Stevens et al,
1986; Selby and Friedman, 1988, Hann ef al., 1989;
Nelson et al., 1994; Herrinton ef af., 1995; Akiba et al.,
1991; Huang ef af., 1999, Punsar et af., 1975; Schrauzer
et al., 1977, Halsted and Smith, 1970; Margalioth ef a/,
1983; Magalora ef al, 1999; Jayadeep ef al, 1997,
Haines et al., 1982) examined the relation of these
metals with cancer risk in humans and many found a
significant relationship between them. But the evidence
linking iron, copper and zinc to cancer is far from
conclusive.

Carcinogenesis is a complex process in which a
number of mechanisms including programmed cell
death or apoptosis might be involved (Kok ef af., 1988,
Bir et al, 2007). Moreover, it has been shown that
apoptosis plays a fundamental rcle in precancerous
changes in the gastric mucosa (Yang et af., 2006).
Apoptosis is an early indicator of carcinogenesis in
gastric mucosa. This study was thus conducted to
investigate the association between serum levels of
zing, iron and copper and apoptosis in gastric mucosa
of patients undergoing upper gastrointestinal
endoscopy.
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MATERIALS AND METHODS

This cross-sectional study was carried out in Tabriz
Shahid Madani and Imam Reza hospitals; a city located
in the north west of Iran between October and December
2008.

The patients over 18 years of age, referred to 2 main
hospitals in Tabriz to undergo an upper gastrointestinal
endoscopy were asked to participate in this study. A
check list was completed for the patients willing to
participate in the study, to exclude the ones not meeting
the inclusion criteria. A total of 98 subjects out of 109
interested patients were eligible for the study. The
exclusion criteria were as follows:

Alcohol consumption, smcking, any type of cancer,
gastric surgery, certain cancer syndromes (hereditary
nonpolyposis colorectal cancer, familial adenomatous
polyposis, Peutz Jeghers syndrome), familial gastric
cancer (defined according to the criteria proposed by
International Gastric Cancer Linkage Consortium),
gastric polyp (detected either in previous or present
endoscopy), Menetriers disease, Pernicious anemia
and non-elective endoscopy.

Participants included were given a brief description on
the goals and the procedure of the study and a written
informed consent was acquired from all the subjects.

A skilled gastroenterologist who was completely familiar
with the inclusion criteria of the study performed an
upper Gl endoscopy. On detection of any suspicious
lesion or tumor during the endoscopy, the subject was
excluded from study. Otherwise, two biopsy samples
from the antrum were taken by the physician and one of
which was immediately put in formalin 20% and sent to
clinical pathology laboratory to be studied by a skilled
pathologist. The second sample was kept in buffered
formalin 10% and was taken to histology laboratory in
faculty of medicine, Tabriz university of Medical Sciences,

for detecting apoptosis by TUNEL (terminal
deoxynucleotidyl transferase nick-end labeling)
technique.

After the endoscopy was performed, the patient was lead
to another room where a trained nutritionist completed
a demographic questionnaire for him/her when relaxed
and ready.

Anthropometric measurements were also performed
and Body Mass Index (BMI) was calculated as: BMI =
weight (kg)/stature {m)>.

After 12 h of fasting, blood samples were collected and
centrifuged at 4°C and 500 rpm for 10 min to separate
the sera which were then transferred to a-80°C freezer
until being analyzed for zinc, iron and copper. Levels of
zinc, iron and copper were measured by atomic
absorption spectroscopy. Quality control was strictly
carried out using standard reference materials.

Infection with Helicobacter Pylori (HP) affects the rate of
apoptosis in gastric mucosa. Approximately 2% of
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epithelial cells in the normal stomach are apoptotic. In
gastritis by HP-infection, epithelial proliferation and
apoptosis are moderately increased, with approximately
8% apoptotic epithelial cells (Xu ef al., 2001; Herbay and
Rudi, 2000).

On the other hand infection with HP is common in Iran
and the rate of infection has been reported to be 69-89%
in different parts of the country (Malekzadeh et a/., 2009).
This decided us to examine apoptosis in patients with
HP-induced chronic nonspecific gastritis in the antrum.
62 patients had the very criterion of having HP-induced
gastritis in which HP infection could be omitted as a
confounding factor on apoptosis. These 62 subjects
entered the final phase of the study.
Apoptosis  was  assessed by
deoxynucleotidyltransferase-mediated
triphosphate end labeling (TUNEL) method.

In this phase, sections (4 pm thick) were cut from
paraffin embedded blocks and mounted on microscope
slides. The slides were then incubated in 37°C for 36 h
before being deparaffinized and rehydrated. Next the
sections were deparaffinized, rehydrated in graded
alcohol series and incubated with proteinase K (Roche
diagnostics, Germany) in 37°C for 30 min. TUNEL
solution (Roche diagnostics, Germany) was prepared
according to the instruction manual and the samples
were incubated with this solution for 1 h in 37°C. After
washing, POD solution {Roche diagnostics, Germany)
was added and the slides were incubated for another 30
min in 37°C.

Then DAB (di-amino banzidil) solution (Roche
diagnostics, Germany) was added and after 15 minutes
in room temperature, the slides were washed and
counter stained with methylene blue. The prepared
slides were examined under light microscopy {Nikon x
40). The number of apoptotic cells was counted in 10
High Power Fields (HPF) for each slide and the mean
number of apoptotic cells for each section was
calculated. The study was approved by the ethics
committee of Tabriz University of Medical Sciences.

For all continuous variables normality was tested by Q-Q
test. All values are expressed as MeanszSE at each
time interval. We used ttest for compare of means
(male, female) and Stepwise regression was exploited
to access the relationship between apoptosis rate and
serum zinc, iron and copper.

The level of significance was set at p<0.05. Data was
analyzed by SPSS version 16.00.

the  terminal
deoxyuridine

RESULTS

62 subjects were finally enrolled in this study. Figure 1
shows the flow chart of the participants of the study.
Some of the general characteristics of the patients
(meantSE) including age, BMI, serum zinc, iron and
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Table 1: The general characteristics of participants and serum
level of zinc, iron and copper in male and female

MeantSE MeanSE

(Female) (male) Pv
Age (year) 42.87+2.15 45.09+2.54 0.50
BMI (kg/m?) 25.6010.59 25.00+0.71 0.52
Zinc (pg/dly 112.5143.11 111.0043.14 0.73
Iran (pg/dly 1457417 .44 145.16+7.73 0.96
Caopper (ugl/dl) 145.54+4.25 130.164£3.97 0.01
Apoptosis 2.25+0.33 2.01+0.29 0.58

Subjects were interested

( )

n=109
Had no exclusion criteria
n=98
[ Enrolment )

Entered the final part of study
n =62

Fig. 1: Study flow diagram of participants

Fig. 2. Apoptosis in human gastric mucosa. The arrows
show apoptotic cells

copper and apoptosis are shown in (Table 1) for men
and women separately. Apoptotic cells are shown in Fig.
2.

Total Mean number of apoptotic (TUNEL positive) cells,
serum zinc, iron and copper levels were 2.15+0.22,
111.47+£2.18 (ug/dl), 145.20+5.24 (ug/dl), 137.5243.04
(pa/dl) respectively.

Mean serum copper levels were significantly different for
the two genders (Table 1) (p<0.05). No significant
differences were observed for the other parameters.
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Having employed Stepwise regression, no relationship
was found bhetween the serum levels of zinc, iron and
copper and apoptosis of gastric cells.

DISCUSSION

This was the first study to examine the relationship
between serum zinc, iron and copper levels and
apoptosis in gastric mucosa. In this cross-sectional
study we found no relationship between serum zinc, iron
and copper and occurrence of apoptosis in gastric
mucosa.

Iron, copper and zinc may play an imporant role in
carcinogenesis (Toyokuni, 1996; Lauffer, 1992; Johnson
and Fischer, 1992; Linder and Hazegh-Azam, 1996;
Stevens and Kalkwarf, 1990; Swauger ef al, 1991;
Massa and Giulivi, 1993; Clogg et a/., 1989; Kaim and
Schwederski, 1994; Burke and Fenton, 1985; Prasad,
1983, Duchateau ef af, 1981). Several possible
mechanisms have been proposed for the probable role
of iron, copper and zinc in cancer eticlogy. As transition
metals, iron and copper can produce the reactive oxygen
species such as hydroxyl radicals (Toyokuni, 1996,
Lauffer, 1992; Johnson and Fischer, 1992; Linder and
Hazegh-Azam, 1996). Reactive oxygen species can
attack DNA and cause DNA mutation, which is an
element in the pathological process of cancer. On the
other hand, iron may be a limiting nutrient to the growth
and replication of cancer cells in the human (Stevens
and Kalkwarf, 1990). Copper has been concerned in the
activation of several organic peroxides and making them
more carcinogenic (Swauger et al.,, 1991, Massa and
Giulivi, 1993). On the contrary, zinc may play an anti-
carcinogenic role by stabilizing the structure of DNA,
RNA and ribosome (Clogg et al, 1989). Zinc is also
necessary to the functions of several transcription
factors, proteins that recognize certain DNA sequences
and control gene transcription (Kaim and Schwederski,
1994). Zinc protects against free radical damage (Burke
and Fenton, 1985) and may influence immune response
(Prasad, 1983; Duchateau ef af., 1981).

No significant differences in the rate of apoptosis for
subjects with low or high baseline levels of serum iron,
observed in this study is inconsistent with the findings
from many human studies in which an association
between higher circulating iron levels and increased risk
of cancer has been reported (Stevens ef al, 1988,
Stevens ef af, 1994; Knekt et al., 1994; Merk ef al., 1990;
Stevens ef al,, 1986, Selby and Friedman, 1988; Hann et
al., 1989; Nelson et af., 1994).

Weinberg (1996) has written a general description of the
important role of iron in the development of cancer.
Tumors grow better in an iron-rich condition. In an
animal study conducted in 1989, 19 rats were injected
daily iron for 3 months. Nine animals developed
tumors while all animals in the control group with
no iron injection, remained free of tumors (Okada ef a/,
1989).
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There are a few studies (Herrinton et al., 1995; Akiba et
al., 1991) which our findings are in agreement with. In a
prospective study of 38,538 people who had an average
of 17.7 years of age, no significant association was
observed between transferrin saturation and epithelial,
lung, or stomach cancer incidence in neither men nor
women (Herrinton et a/., 1995). However, taking serum
ferritin and hemoglobin levels intc account may be
crucial to confirming these results and drawing an
evidential conclusion.

In our study no significant differences were found in the
rate of gastric mucosa apoptosis for subjects with low
or high baseline levels of serum copper and zinc. This is
inconsistent with the finding from most of the earlier
studies which have reported higher serum copper levels
in the cases of cancer (breast cancer, hepatic cancer
and gastroesophageal cancer) in comparison to the
controls {Haung et a/., 1999).

The roles of copper and zinc in human cancer etiology
are much less studied. Cross-sectional and case-
control investigations (Punsar ef af., 1975; Schrauzer ef
al, 1977, Halsted and Smith, 1970; Margalioth et af,
1983; Magalora et al., 1999; Jayadeep et al, 1997;
Huang ef al, 1999) have shown higher serum copper
and/or lower serum zinc levels in cancer patients. But
the results of our study were in contrast with many
studies. Many fn vitro studies {(Sunderman, 1995; Fraker
and Telford, 1997; Truong-Tran ef af., 2000) have shown
that apoptosis is induced in a variety of cell types when
zinc is depleted by chelators and infertiled by high
concentrations of zinc (500-1000 M). With lower or more
physiclogic concentrations of zinc, Fraker and Telford
(1997) confirmed that zinc could actually induce death in
various types of cells. Thus, zinc may be a modulator of
apoptosis.

In the present study, we showed that there is no
signhificant relationship between serum zinc, iron and
copper and apoptosis in gastric mucosa. Confliction of
our results to those of previous studies are probably due
to the different effects of zinc, iron and copper on
carcinogenesis different cell types. Having accepted a
key role for these metals in cancer development, altering
apoptosis rate is just one mechanism through which
they may control cell proliferation. Therefore focusing on
mechanisms other than apoptosis, by which zinc, iron
and copper could affect carcinogenesis, may be of great
aid in understanding the association between these
metals and gastric cancer. In other words our findings
which indicated no relationship between serum zinc,
iron and copper levels and apoptosis in gastric mucosa,
do not necessarily mean that these metals are not of any
significance in controlling gastric cancer. Another
possible explanation for our results might be that
different types of HP might interact differently with the
effects of zinc, iron and copper and therefore it might be
mandatory to match the subjects according to their HP
subtype before assessing the relationship between
these metals and apoptosis in gastric mucosa.
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The advantage of the present study was its statistical
method. The concurrency of analysis in this study
minimized the probability of false positive results and
this may be one reason our results were not in
agreement with many other studies.

Our study had several limitations. Because cell
proliferation and cell death are two sides of a coin both
of which influence the process of carcinogenesis,
assessing cell proliferation in addition to apoptosis rate
could have strengthened our study. Furthermore in spite
of the fact that TUNEL is a very well known method for
detecting apoptosis, it suffers from some shortcomings.
So apoptosis detection exploiting TUNEL has false
positives and false negatives. Another limitation was that
many factors including other vitamins and minerals can
effects apoptosis. Moreover because of the limitations of
measuring serum zinc, iron and copper, concentration of
these metals in epithelial cells have been advocated as
a more reliable method for the measurement of these
metals. Larger interventional and controlled studies
taking into account the effects of other micronutrients are
suggested to characterize the relation between these
metals and gastric cancer risk.

Conclusion: Our study showed that there is no
significant relation between levels of zinc, iron and
copper in serum and apoptosis in human gastric
mucosa. As apoptosis is one of the effective
components in the process of gastric cancer, it is worth
designing more elaborate prospective and interventional
studies which will make it possible to examine these
findings more specifically. Studies performed under
more controlled conditions such as cell culture studies,
measuring level of these metals in epithelial cells,
measuring the rate of gastric cell proliferation and
finding better metheods for detecting apoptosis will be
very helpful in determining the effect of certain nutrients
on apoptosis.
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