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ABSTRACT

BACKGROUND

There is a critical role for trace elements in cancer prevention. Since northeast Iran is known
as a high risk area for esophageal cancer, this study was designed to compare the serum levels of
some trace elements in high and low rate areas of Golestan province.

METHODS

We used 240 fasting serum samples obtained in 2011 from eastern and western parts of Goles-
tan province during the non-communicable diseases’ screening program. To carry out laboratory
examinations, the samples were firstly deproteinated and then the concentrations of the intended
elements were measured by an atomic absorption spectrometer. A total of 227 samples were used
in the present study and the remaining 13 samples were excluded due to inappropriate conditions.

RESULTS

The mean serum level of zinc in the high-risk region was significantly lower than that in the
low-risk region. But no significant difference was detected in serum levels of copper, magnesium,
and manganese in the low-risk and high-risk regions.

CONCLUSION

As this study was an ecological study with no comparison between patients with cancer and
healthy population, its results cannot be used for the general population. Therefore, complemen-
tary studies including case-control studies are suggested for further evaluation of the relationship
between these elements and the incidence of esophageal cancer.
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INTRODUCTION

Esophageal cancer is the 8" most common cancer and the 6™ cancer-related
cause of death worldwide.' The highest reported incidence rate of esophageal
cancer in Iran belongs to Golestan province in the northeast of the country.??

Trace elements, in low concentrations, are integral parts of the protein struc-
tures and are essential for biological enzymatic systems to function normally.
For instance, zinc, copper, and manganese are essential elements that play a
vital role as cofactors for enzymes.* Previous animal or cell-culture studies
have shown that zinc, copper, and manganese are involved in the atherogenesis
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process and carcinogenesis.’ And they serve as a cofac-
tor for the enzymes activity responsible in preventing
DNA denaturation.®

Higher concentrations of zinc are thought to have a
cancer preventive role due to the antioxidant properties.’
In fact, zinc exerts a protective role against free radical-
induced damage. Reduction in the zinc concentration po-
tentially reduces the anti-carcinogenic effect of vitamin
A and possibly influences the host immune response.?

Zinc also has an important role in transcription, an-
tioxidation, and DNA repair. Therefore, zinc deficiency
may be involved in DNA breakdown, and as a result,
oxidative changes may increase the risk of cancer.’

Copper is also essential in antioxidant defense, but
higher concentrations of copper is associated with neu-
rodegenerative disorders through induction of cellular
overgrowth and eventually cancer by induction of free
hydroxide radical-DNA damage. On the contrary, copper
deficiency may lead to an increase in oxidative damage.”

Magnesium deficiency may increase or decrease the
risk of carcinogenesis paradoxically, too.*!

This study was designed to evaluate the serum levels
of zinc, copper, magnesium, and manganese in two pop-
ulations living in Golestan province, one from a region
with high and the other from a region with low incidence
of esophageal cancer.

MATERIALS AND METHODS

Sample collection:

We used 240 fasting serum samples obtained in 2011
from eastern and western parts of Golestan province
during the Non-Communicable Diseases Surveillance
Surveys in the form of the National and Subnational
Burden of Diseases, Injuries, and Risk Factors (NAS-
BOD) study. This screening policy has been scheduled
to achieve a road map for policy making as they address
health gaps in Iranian population and the inequality be-
tween provinces.'

These samples had been frozen and banked in the
central laboratory of the Golestan University of Medi-
cal Sciences. To carry out laboratory examinations, the
samples were firstly deproteinated and then the concen-
trations of the intended elements were measured by an
atomic absorption spectrometer.

A total of 227 samples were used in the present study

and the remaining 13 samples were excluded due to in-
appropriate conditions.

According to the mean and standard deviation (SD) of
the serum levels of copper and zinc in the studies done
by Zhang and colleagues and O’Reilly and co-workers,
sample size was calculated as 100 (95% CI, power=80%)
in each group."

Based on the recorded data of the Golestan province
cancer registry system and the incidence rate of the esoph-
ageal cancer, eastern and western regions of the province
were respectively considered as high-risk (N=110) and
low-risk (N=117) regions for esophageal cancer.

Ethical considerations:

The study protocol was approved by the local Ethics
Committee of Golestan University of Medical Sciences.
Informed consent was obtained from all participants be-
fore starting the study.

Statistical analysis:

Data were analyzed using Student t test and Mann-
Whitney U test to compare the mean (+SD) of the stud-
ied trace elements between the two areas with high- and
low-risk esophageal cancer rate.

RESULTS

Of the 227 cases, 88 were men (38.8%), and 139
were women (61.2%) with a mean (+SD) age of 50.12
(£13.8) years. Table 1 compares the demographic fea-
tures of the studied population between the regions
with high and low risk.

DISCUSSION

In the present study, the mean serum level of zinc in
the high-risk region was significantly lower (1.23 mg/L)
than that in the low-risk (1.43 mg/L) region. Previous
studies on different types of cancers also showed sig-
nificant difference of serum zinc level between patients
with cancer and healthy controls.***!> Serum levels of
copper, magnesium, and manganese were not statisti-
cally different between the high- and low-risk regions of
esophageal cancer in Golestan province.

There have been studies regarding the role of zinc in
different cancer development and progression. In a case-
control study from a high-risk area of esophageal can-

Middle East Journal of Digestive Diseases/ Vol.9/ No.2/April 2017



Joshaghani et al. R

Table 1: Demographic features of the individuals enrolled from the high- and low-risk regions in the
non-communicable diseases screening program in Golestan province

Variable High risk region (N=110) Low risk region (N=117) P value

Male 38 (34.5) 50 (42.7)

Sex 0.206
Female 72 (65.5) 67 (57.3)
o Urban 42 (38.2) 70 (59.8)

Living area 0.001
Rural 68 (61.8) 47 (40.2)
<50 54 (49.1) 56 (47.9)

Age group (years) 0.853
>50 56 (47.9) 61 (52.1)

As it is shown in table 2, the mean+SD serum level of copper of women residing in the high-risk region was significantly higher
than men (1.49+0.53 mg/L vs. 1.284+0.34 mg/L, respectively; P=0.02).

Table 2: Mean (SD) serum levels of zinc, copper, magnesium, and manganese in the high-risk and low-risk

regions of Golestan province for esophageal cancer

High-risk region

Low-risk region

Element P value
Mean SD Mean SD

Copper (mg/L) 1.42 0.48 1.53 0.44 0.1*

Zinc (mg/L) 1.23 0.74 1.43 0.76 0.05%*

Manganese (mg/L) 0.64 0.77 0.59 0.75 0.32%

Magnesium (mg/L) 16.95 591 16.44 5.06 0.48%%*

* Student t test ; ** Mann-Whitney U test

cer in India (Kashmir Valley), no association was found
between copper concentration and TP53 mutation status
but lower zinc levels were seen in patients with TP53
mutant tumor compared with those with no mutation.
In addition, the mean level of copper was significantly
higher in patients (169 pg/dL) than controls (149 pg/dL)
and the mean level of zinc in patients (86.8 pg/dL) was
significantly lower than controls (96.1 ug/dL).?

Furthermore, it has been proposed that zinc concen-
tration in tissues is a better marker of cancer develop-
ment and progression compared with the serum levels.
As in a case-control study in China (2005), Abnet and
colleagues detected much lower risk of esophageal can-
cer in subjects with highest quartile of esophageal tis-
sue zinc concentration compared with lowest quartile. In
their study, a strong association was found between high
tissue zinc concentration and reduced risk of developing
esophageal squamous cell carcinoma. But other minerals
such as copper did not show such associations.?

In a very recent cohort study from this area, Hashem-
ian and co-workers reported an inverse relation between
zinc intake and esophageal squamous cell carcinoma
(ESCC), although the association was not significant.

Furthermore, a non-linear association was seen between
the dietary intakes of selenium, magnesium, and copper
and risk of ESCC. Dietary intake of manganese showed
no relation with the risk of ESCC.*

In contrast there are paradoxical results regarding the
zinc level in cancer cases. For example the case-control
study by Pasha and colleagues showed a significantly
higher plasma level of zinc in patients with cancer com-
pared with healthy controls.!

Due to the positive effect of zinc in reducing oxida-
tive stress and improving immune response in patients
with cancer there is a significant reverse relationship
between the plasma or dietary intake of zinc and risk
of cancer. Some authors have even proposed that serum
level of zinc can be considered as a marker for evaluat-
ing the prognosis of cancer.”!*

These conflicts have also been seen about the con-
centration of copper. Some researchers reported higher
serum level of copper in patients with cancer compared
with the control group.*>%121516 But other studies showed
lower serum level of copper in patients with cancer com-
pared with the healthy controls.!”

Previous studies on the serum level of magnesium
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and manganese are scarce with paradoxical results.
Some reported a significantly lower serum level of mag-
nesium and higher serum level of manganese in patients
with cancer compared with the control group.*'* On the
contrary, patients with lung cancer had a lower serum
concentration of manganese compared with the control
group in the study reported by Sadat and co-workers.?

CONCLUSIONS:

Among the trace elements measured in the sera of
healthy individuals, zinc was the only element with signifi-
cantly lower serum level in individuals living in the high-
risk region compared with those living in the low-risk area.

Limitations:

Since this work was an ecological study with no com-
parison between the patients with cancer and healthy
population, its results cannot be used for the general popu-
lation. Therefore, complementary studies including case-
control studies are suggested for further evaluation of the
relationship between these elements and the incidence of
esophageal cancer. In addition there may be a confound-
ing association between the residing area as rural or urban
sites and the changes in trace elements level that should be
noted more in coming studies. Considering the changes in
serum levels of trace elements we had a limitation using se-
rum markers as the cancer biomarkers. But considering the
large cohort study running in the eastern part of the Goles-
tan province, in the near future we would have the result of
measuring these trace elements and other biomarkers in nail
and hair of the people residing in this area to compare with
serum levels and find a better marker to detect cancer at the
very early stages.
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