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INTRODUCTION

Gastric cancer is the fourth most common cause of mortality 
due to malignancies around the world. Despite many advances 
in treatment, the survival rate of  those who underwent surgical 
procedures is less than five years(1,2). It is suggested that genetic 
sensitivity plays an important role in the progression of the gastric 
cancer(3,4). Gastric cancer has an epithelial source that is caused by 
genetic and environmental factors (eg exposure to chronic exposure 
to metals)(5-7).

Metallothioneins (MTs) are members of the family of low mo-
lecular weight cysteine proteins (molecular weights ranging from 
500 to 14,000 daltons)(8). Metallothionein proteins have the ability 
to bind to the physiological heavy metals (zinc, cooper, selenium) 
and non-physiological heavy ions (cadmium, mercury, silver, ar-
senic), using the thiol group of the cysteine amino acids (Cystine 
amino acid consist about 30% of the amino acid content of the 
metallothionein proteins)(9). They exist in all living organisms and 
accumulate in the membrane of the golgi apparatus(10).

MTs have multiple cellular functions including the protection 
against the heavy metal toxicity, adjustment and absorption of 
physiological heavy fluorides, aid in the transport and disposal of 
heavy metals, metabolism of  essential metals, immune response 
and protection against oxidative stress(6,11). The four main groups 
of MTs are expressed in humans, which include MT4, MT3, MT2, 
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MT1, each of which contains several subgroups(12,13). The levels of 
MTs vary in different tissues. MT3 is expressed mainly in neural, 
heart, renal, gastric, and tongue cells(2,14,15). MT4 is seen only in 
some epithelial cells(16). MT1, MT2A is extensively expressed in 
the tissues, and MT2A seems to be more expressed than MT1(17).

The expression of MTs can be c by several stimuli factors such 
as exposure to flask, oxidative stress, glucocytocoids and gene poly-
morphism(18). The response to these stimuli also depends on the MT 
gene. Since MTs play important roles in regulating over-the-counter 
factors, toxicity related to heavy metals, etc., then malfunctioning 
or disturbances in the expression of  MTs results in the lack of 
controlling the cells and eventually cancer(19-21).

Previous studies have been shown to increase or decrease the 
expression and polymorphism of MTs in some cancers, such as the 
kidney, liver, lung, prostate, mouth and skin. The most common 
form of human genetic differences is single nucleoid polymorphisms 
(SNPs), and they may play an important role in individual aller-
gies(22). Single-nucleotide polymorphism is a change in just one 
base of DNA. These single-nucleotide variations cause different 
phenotypes, predisposing to or susceptibility to certain diseases(23). 
Regarding the high prevalence of non-surgical advanced gastric 
adenocarcinomas and the low response of patients to conventional 
treatments (surgery, radiotherapy chemotherapy) in Mazandaran 
and also due to the role of MT-2A subtype (MT2A) polymorphism 
in the development of cancer we decide to evaluate this issue.
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In this study, the polymorphism of the C>T region of the nu-
cleotide position 609 of the MT-2A gene induced the transfer of 
C-to-T into codon 187, the exon of six proline amino acids to the 
serine(24-26), and also the region G>A polymorphism in rs28366003 
the nucleotide G mutant has been replaced by an ancestral nucleo-
tide A, in which the genomic DNA extracted from peripheral blood 
leucocytes in patients with gastric cancer and healthy subjects was 
investigated. Identifying genetic polymorphisms in people with 
gastric cancer, in addition to helping to recognize the mechanism 
of the disease, is effective in identifying and screening people who 
are prone to illness and as a result of their prevention.

METHODS

This case-control study was performed on 95 patients with gas-
tric cancer who referred to the Toba Clinic, Mazandaran University 
of Medical Sciences, (Informed consent was taken for testing) who 
had no family history of  gastric cancer and identified by expert 
physician based on the results of endoscopic and pathologic stud-
ies. Also, 90 healthy individuals matched according to age, sex, and 
living area of Mazandaran province were studied as control group. 
The genomic DNA was extracted using DynaBio extraction kit, a 
biochemical assay, and extracted from peripheral blood leukocytes. 
A spectrophotometer was used to determine the quality and amount 
of the extracted DNA. After examining the quality of the DNA 
extracted from the control and the patient samples, in the follow-
ing, we mixed 2 μL of the sample with 12.5 μL of mastermix and 
0.8 μL of the relevant primers, and eventually Distilled water was 
dispersed in a volume of 25 μL in order to to prepare the required 
samples for PCR (TABLE 1). 

Then the polymerase chain reaction was performed using a 
Bio-Rad apparatus according to the initial annealing temperature 
program at 94°C for 5 minutes, secondary annealing was done at 
94°C for 30 seconds, the primer binding temperature (rs1610216 
(58) and (rs28366003) 60°C for 30 seconds, initial amplification 
of the product at 37°C for 30 seconds to 36 cycles, and finally the 
reproduction temperature of  the secondary product at 72°C for 
10 minutes (TABLE 2). After polymerase chain reaction to ensure 
reproduction, the product was applied to 1% agarose gel using TBE 
solution at test temperature The apparent and 100 mV voltage cre-
ated using the power lab Bio-Rad device was electrophoresed in 
the vicinity of the marker, then, they were stained using ethidium 
bromide, and identified using a dye gel device.

After observing the desired fragment, 8 μL of PCR product 
(rs1610216) C>T and (rs28366003) G>A were mixed with 1 μL of 
the enzyme x10 buffer and 0.2 μL of the enzyme SmaI and BsgI, 
respectively for enzymatic digestion of each SNP, and were finally 
distilled into 10 μL distilled water and placed at 37°C for 2 hours. 
After the adjuvant time with the product enzyme, electrophoresis 
of 1.5% agarose gel was performed, then electrophoresis bands were 
detected and the polymorphism was detected by Doc gel method. 
Statistical analysis was performed using Medcalc software, the 
results are presented below.

Statistical analysis
The association between cases and controls were examined 

by chi-square test with medcalc software. Value of  P<0.05 was 
considered to be significant. Also the genotype frequencies were 
checked for consistency among groups.

RESULTS

This case-control study was performed on 95 patients with 
gastric cancer and 90 healthy individual age range of 22–90 years 
(TABLE 3).

TABLE 1. Primer feature.

PCR product sequence PCR product Restriction Enzyme Primer Sequence Location

56608619 to 56608263 T: 396bp
C: 268+128bp SmaI Forward: GCTAGAGTCGGGACAGGTTG

Reverse: CAGGTTCGAGTACAGGACAGG
C>T

(rs1610216)

56608522 to 56608650 A: 39+107bp
G: 146bp BsgI Forward: GGGGCTTTTGCACTCGTC

Reverse: GTTGGGATCCATGGCGAG
(rs28366003)

G>A

TABLE 2. Temperature protocol for ThermoCycler device.

Denaturing at a temperature of 94°C for 5 
minutes A single cycle

Denaturing at 94°C for 30 seconds

Annealing
rs1610216 at a temperature of 

58° for 30 s 35 cycles

rs28366003 at 60° for 30 s
Extension at 72°C for 30 seconds
Extension temperature of 72°C for 10 minutes A single cycle

TABLE 3. Questionnaire information for people with gastric cancer.

City (number) Man (number) Woman (number)

Sari (42 people) 28 14

Ghaemshahr (14 people) 10 4

Behshahr (7 people) 5 2

Neka (15 people) 11 4

Juybar (6 people) 4 2

Mahmoud Abad (3 people) 2 1

Galoogah (2 people) 1 1

Surk (3 people) 2 1

Savadkuh (3 people) 2 1

Total (95 people) 65 30

The two groups were examined for single-nucleotide poly-
morphism (rs1610216) C>T and (rs28366003) G>A in the MT-
2A gene, and a significant difference was observed between the 
polymorphism of the MT-2A gene in control and control groups 
[OR: 3.8533; 95% CI, 1.3155-11.2869; P=0.0139] rs1610216 and 
rs28366003 [OR: 4.0978; 95% CI, 1.2521-13.4108; P=0.0197] The 
distribution of genotypic and allotropic abnormalities in patients 
with gastric cancer and control group is summarized in sections 
4 and 5.

In genotypic study conducted in this study between two groups 
of patients and control in polymorphism (rs28366003) MT-2, the 
comparison of homozygote genotype (AA) with mutant homozy-
gous genotype (GG) increased the risk of increase of population 
to patient by four times Find (P=0.0197). (TABLE 4)
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In the genotypic study conducted in this study between the 
two groups of patients and control in polymorphism (rs1610216) 
of MT-2, the comparison of normal homozygote genotype (TT) 
with homozygous mutant genotype (CC) showed that the risk of 
population increased to 3.8 folds (P=0.0139). (TABLE 5)

Studying the prevalence of MT-2A allele gene based on chi-
square test in rs28366003 (P=0.1564, x2=2.009), also in rs1610216 
(P=0.2233 = x2=1.483), since P-value isn’t less than 0.05, then 
there is no significant difference in the distribution of  MT-2A 
allele polymorphism between the two patient and control groups.

demonstrated that the down-regulation of  MT constrained cell 
growth and induced apoptosis in MCF-7 cells. This effect was 
related with the induction of  p53 and c-fos expression, while c-
myc and bcl-2 transcripts were down-regulated. Further evidence 
for an antiapoptotic effect for MT was originated from studies 
exhibiting a certain contact between MT and the p50 subunit of 
NF-κB in MCF-7 cells, which leads to the transactivation of this 
transcription factor by MT, so supporting the theory that NF-κB 
may mediate the antiapoptotic effects of MT(29,30). Together, these 
findings support the hypothesis that MT is a growth-promoting 
and antiapoptotic intracellular protein that may contribute to the 
pathogenesis of human malignancies(14).

Epidemiological examination has exposed that individuals 
with a family history of  gastric cancer have a 3-fold increased 
risk of developing gastric cancer as compared with the unaffected 
population. Also, it has recently been shown that cell proliferation 
in the gastric mucosa of these individuals increases independent 
of H. pylori infection. 

The mechanisms leading to overexpression of  MT in tumor 
tissues are mainly unknown. It has been established by numerous 
groups that MT expression is induced by growth factors, cytokines, 
and UV irradiation. Overexpression of  MT resulting from MT 
gene amplification has been demonstrated in cell lines chronically 
exposed to cadmium. Furthermore, Ha-ras mutation may also lead 
to enhanced MT transcription(14,31). Clonal overexpression of MT in 
the colon of mice treated with the mutagen dimethylhydrazine was 
linked to somatic mutations in the morphologically normal mucosa. 
In this model, it has been proposed that MT overexpression may 
be the consequence of cis-activating mutations of the MT gene or 
trans-activating mutations of regulatory genes(31).

Considering the high prevalence of gastric cancer in the north 
of Iran (Mazandaran) and even behind the patients even after sur-
gery, this study was designed to investigate the association between 
MT-2A promoter polymorphism and gastric cancer awareness. 
However, genetic polymorphism can have a widespread effect in 
the sensitivity and spread of gastric cancer. As stated, in a study by 
Dong-Wang Yan (2012) on cancer cell lines using real time-PCR 
and immunohistochemistry, to detect multiple metallothionein 
isoforms, they observed that the MT1F, MT1G isoforms, MT1X 
and MT2A have been reduced(32). In another study conducted by 
Starska et al. In Poland (2014), using a PCR-RFLP method for 
throat cancer, they observed that metallothionein polymorphism is 
involved in the development of this cancer, and they separate DNA 
from blood cells and then, the polymorphisms rs28366003, rs1610216 
were examined for the promoter region and rs10636 for the 3’UTR 
region(8). In another report by Krześlak et al. in Poland (2014) on 
prostate cancer using the PCR-RFLP method, they observed that 
rs28366003 polymorphism is associated with the metallothionein 
promoter region in the expression of the gene in metallothionein(33), 
These studies are consistent with our research, which shows that fac-
tors that are involved in the development of gastric cancer such as 
race and people, geographical location and type of nutrition among 
different communities should be evaluated. So Metallothionein-2A 
(rs1610216&rs28366003) gene polymorphisms can consider as a valid 
method for diagnosis of gastric cancer in feature. 

It is suggested that in order to be more certain about the rela-
tionship between this polymorphism and gastric cancer, more SNPs 
of this gene and other genes should be involved and in different 
individuals in terms of  race, geographical areas and with more 
people. As well as on different genetic treasures.

TABLE 4. Genotypic and Allelic Polymorphism Frequency (2836600 rs) 
MT-2G>A.

Genotype /
Allele

Case 
(n=95)

Control 
(n=90) OR (95% CI) *P- value

AA 44 52 Ref 1.00 –

GA 39 34 1.3604(0/7564-2.4468) 0.3041

GG 12 4 4.0978(1.2521-13.4108) 0.0197

AG+GG 51 38 1.6211(0.927-2.8394) 0.0902

AA+GG 56 56 Ref 1.00 –

AG 39 34 1.1338(0.6429-1.9995) 0.6644
OR: odds ratio; CI: confidence interval. * Significant differences between cases and controls.

TABLE 5. Genotypic and Allelic Polymorphism Frequency (rs1610216) 
MT-2C> T.

Genotype /
Allele

Case 
(n=95)

Control 
(n=90) OR (95% CI) *P- value

TT 43 46 Ref 1.00 –
TC 36 40 0.9788(0.5421-1.7672) 0.0711
CC 16 4 3.8533(1.3155-11.2869) 0.0139
TC+CC 52 44 1.2721(0.7297-2.2178) 0.3961
CC+TT 59 50 Ref 1.00 –
CT 36 40 0.7801(0.4435-1.3722) 0.3887

OR: odds ratio; CI: confidence interval. * Significant differences between cases and controls.

DISCUSSION

Gastric cancer is currently one of the most common cancers 
and the fourth leading cause of cancer deaths in the world. Due to 
poor prognosis, this cancer is diagnosed in advanced stages, and 
because of the inadequacy of conventional treatments in advanced 
stages, most patients, even after surgery, survive only for five years 
and then die. The causes of the difference in the incidence of gastric 
cancer are geographical differences, genetic features, individual 
lifestyle and associated illness. The number of deaths from stom-
ach cancer is much lower than in previous years, but this number 
is still high in countries such as Japan, China, and Chile(27,28). The 
cause of gastric cancer is not clear, and so many factors have been 
reported. Factors such as Helicobacter pylori infection, genetics, 
environmental factors, nutrition, alcohol, terrestrial diseases such 
as benign stomach polyps and chronic ulcers have been identified. 
The best method for identifying gastric cancer is endoscopic and 
pathologic studies. 

Generally, normal tissues usually do not show MT expression. 
However, following treatment with cytokines, metal ions, or UV 
irradiation, expression of MT is stimulated. Besides its potential 
favorable effect via detoxification of  metal ions, MT may also 
apply an antiapoptotic and mitogenic effect. New reports have 
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