BIOMEDICAL REPORTS 8: 433-438, 2018

Association of P53 gene polymorphism with gastric
cancer in Northern Iran as a high-risk region
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Abstract. Gastric cancer has the fourth highest morbidity rate
of all cancers worldwide. Genetic factors including alterations
in oncogenes and tumor suppressor genes serve an important
role in gastric cancer development and progression. The P53
gene acts as a tumor suppressor gene by regulating the cell
cycle, DNA transcription and repair, apoptosis, senescence
and genome stability. In addition to somatic P53 mutations
in cancer development, germline polymorphisms are also
involved in different malignancies. The polymorphism of P53
at codon 72 (Arg72Pro) is established as a common variant
that increases susceptibility to various cancers. The present
case-control study was conducted to evaluate the possible
association between this P53 polymorphism and gastric
cancer in the Iranian population. A total of 59 patients with
gastric cancer and 59 healthy controls were enrolled in the
present study. Genomic DNA was extracted from peripheral
blood mononuclear cells and genotype analysis was performed
using a polymerase chain reaction-based restriction fragment
length polymorphism assay. Genotype frequencies did not
differ significantly between the patients and controls (P=0.4);
the frequencies of the three genotypes Arg/Arg, Arg/Pro and
Pro/Pro in gastric cancer patients were 28.8, 49.2 and 22.0%,
and in controls were 37.3,49.2 and 13.6%. Additionally, there
were no differences in genotype frequencies based on tumor
location, histological differentiation or tumor stage. Based
on these findings, it may be concluded that the P53 codon 72
polymorphism does not contribute to gastric cancer suscepti-
bility in Northern Iran.

Introduction

Gastric cancer has the third highest mortality and fourth
highest morbidity rates of all cancers worldwide (1). In 2012,
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GloboCan statistics reported almost 1 million new cases of
gastric cancer, and more than 700,000 mortalities caused
by gastric cancer (1). Gastric cancer is a multifactorial
disorder, in which genetic and environmental interactions
serve an important role in development and progression (2).
Increasing age, gender, lifestyle, dietary regime, environ-
mental factors and Helicobacter pylori infections are among
the known risk factors for stomach cancer (3,4). While
dietary regime and lifestyle are the most recognized factors,
more effective identification of the genetic risk factors is
expected to improve understanding of the basic molecular
events involved in tumorigenesis (5). Various genetic and
epigenetic changes that have the potential to convert normal
epithelial cells in the stomach into malignant neoplasms
may be responsible for the development of both familial and
sporadic gastric cancer (6,7). Studies performed recently
have demonstrated that a high number of genes and various
environmental factors are the causal agents of gastric
cancer, and the presence of different forms of alleles in
genes (polymorphisms) may promote the development of
cancers; in this regard, the P53 gene has been a research
focus due to its role as a major tumor suppressor gene (8,9).
The P53 gene is located on the short arm of chromosome 17
and includes 11 exons (10). The P53 codon 72 (Arg72Pro)
polymorphism, located in exon 4, has been investigated in
numerous types of cancer (11). Substitution of a guanine
base for cytosine in this codon leads to the replacement of an
arginine amino acid to proline, which influences the activity
of the resulting protein (12). The proline variant is effective
in the repair of DNA damage, while the arginine variant
leads to a strong induction of apoptosis (13). To date, studies
have been performed on the P53 codon 72 polymorphism
in breast, colorectal, skin and stomach cancers; however, no
comprehensive result has been obtained (13-16). Considering
the controversial results regarding the role of P53 gene
polymorphism in gastric cancer, dependence of variants
on geographical conditions, racial differences and genetic
differences probably exists in different communities. This
is indicated when considering the increase in incidence of
stomach cancer and associated mortalities in Iran, particu-
larly in northern parts of the country (17-20). Therefore, the
aim of the present study was to determine the association
of P53 gene polymorphism with gastric cancer in Northern
Iran as a high-risk region.
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Materials and methods

Study population. This was a case-controlled study intending
to determine the association between P53 gene polymorphism
and gastric cancer in patients referred to the Tuba Clinic
(Academic Referral Center for the Mazandaran Province)
from October 2016 to April 2017 in Sari, Iran, compared with
non-cancer patients. The patients with gastric cancer (n=59)
were diagnosed by oncologists and confirmed by pathological
examination, while the non-cancer or control subjects (n=59)
were healthy patients referred to the Tuba Clinic for routine
laboratory tests. The exclusion criteria were the following:
Presence of a tumor in a site other than the stomach and a
non-adenocarcinoma type of gastric cancer in the case group,
and a history of cancer and/or pregnancy in the control group.
Study and control subjects were compared regarding age
and gender, and study subjects were compared regarding age
(<55 vs. >55 years), gender and tumor differentiation (well vs.
moderate vs. poor), stage (I/II vs. III/IV) and location (proximal
vs. distal) (21). All data for the study population, including age,
gender, clinical and laboratory diagnosis, were collected based
on related checklists of the above variables. The study received
approval from the Ethics Committee of Mazandaran University
of Medical Sciences (Sari, Iran) and written informed consent
was obtained from all subjects following full disclosure of the
study objectives and procedures.

DNA extraction. Samples of 5-10 ml fasting venous blood
were obtained from the subjects and transferred to two tubes:
A serum-separating tube and a tube containing the antico-
agulant EDTA. Subsequently, the samples were transferred to
15 ml Falcon tubes and brought to a total volume of 15 ml with
lysis buffer I (DynaBio™ Blood/Tissue DNA Extraction Mini
kit, cat. no. KIO015; Unilabs, Geneva, Switzerland). The tubes
were agitated, incubated for 5 min at room temperature and
centrifuged (4,000 x g for 10 min at 4°C). The upper layer of
the solution was removed, the tubes were re-filled with 15 ml of
buffer I and the steps listed above were repeated three times. A
total of 2 ml buffer II was added to the tubes, which were then
incubated for 30 min in a 45°C water bath. During incubation,
the tubes were agitated periodically to ensure that the sediment
dissolved. A total of 0.5 ml 5 M sodium perchlorate was added
to the tubes and allowed to combine for 2-3 min. Subsequently,
2 ml cold chloroform was added to each tube under a hood and
the tubes were centrifuged at 4,000 x g for 5-7 min at 4°C. A
total of 3 ml cold ethanol (99% v/v) were added to the upper
layer of the solution containing the DNA, and precipitated
DNA was observed and allowed to settle. Finally, DNA was
removed from the solution using a Pastor pipet and dried in the
open air to allow the ethanol to evaporate. DNA was eluted in
100-200 ml sterilized distilled water.

Amplification of the P53 region. The region of the P53 gene
containing the codon 72 (Arg72Pro) polymorphism on exon 4
was amplified by polymerase chain reaction (PCR) using the
following specific primers: Forward, 5-“TTGCCGTCCCAA
GCAATGGATGA-3' and reverse, 5" TCTGGGAAGGGA
CAGAAGATGAC-3'". The PCR reaction mixture contained 10
pmol of each primer, 200 ng genomic DNA, 1 U Taqg DNA
polymerase (Denazist Asia Co., Mashhad, Iran), 1.5 ymol
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MgCl,, 200 mM of each dNTP and nuclease-free water to a
final volume of 25 ml. The reaction mixtures were preincu-
bated for 10 min at 94°C. The PCR conditions were 94°C for
30 sec and 55°C for 1 min, followed by 72°C for 1 min for
40 rounds. After confirmation of an amplified fragment of the
expected size (199 bp) (20) on a 1.5% agarose gel with ethidium
bromide staining, the PCR products were digested with 0.1 ul
(10 U/ul) BstUI restriction enzyme (Fermentas, Vilnius,
Lithuania) at 60°C for 16 h. The DNA fragments were electro-
phoresed through a 2% agarose gel containing gel stain (DNA
Green Viewer™; Parstous Biotechnology, Mashhad, Iran). The
Pro allele is not cleaved by BstUT at codon 72 and has a single
band with length of 199 bp. The Arg allele is cleaved by BstUI
and digested products are separated as two fragments of
113 and 86 bp in length. The heterozygote genotype has
3 bands of 199, 113 and 86 bp in length (22).

Statistical analysis. Based on the results of a recent study (23)
which estimated the frequencies of the proportions of a poly-
morphism in case and control groups (P1 and P2, respectively)
with 95% confidence (0=0.05) and 80% test power (f=0.20),
the sample size of the present study for the gastric cancer and
non-cancer groups was at least 100 subjects (gastric cancer,
n=59 and non-cancer, n=59). Continuous variables were
expressed as the mean + standard deviation, and categorical
values were expressed as frequencies. Statistical analyses by
unpaired Student's t-test and one-way analysis of variance
were performed using SPSS software version 19 (IBM Corp.,
Armonk, NY, USA). The correlation of gastric cancer with P53
gene codon 72 polymorphism was assessed by logistic regres-
sion analysis. P<0.05 was considered to indicate a statistically
significant difference.

Results

Patient characteristics. In the present study, 59 patients with
gastric cancer and 59 healthy controls from Northern Iran
were assessed for P53 codon 72 genotype. The demographic
characteristics of all subjects are listed in Table I. The sex
distribution was not significantly different between the two
groups (P=0.056); however, the mean age of patients with
cancer was higher than that of the controls (P<0.001).

PCR-RFLP products of P53 codon 72 variants. Band visu-
alization confirmed restriction digestion of the P53 gene.
The electrophoretic pattern of the P53 gene segments were
obtained following BsfUI digestion and 2% agarose separa-
tion (Fig. 1). Electrophoresis of the undigested amplified P53
product detected the expected 199 bp fragment (Fig. 1A). In
the presence of proline, the P53 allele remains unchanged on
cleavage of the PCR product with 10 U/ul BstUI, and the allele
is detected as undigested product. Thus, the homozygote geno-
type (Pro/Pro) yielded a single 199 bp band (Fig. 1B, lane 6).
By contrast, cleavage of the arginine homozygote genotype
(Arg/Arg) generated two bands at 113 and 86 bp (Fig. 1B,
lane 2). The Arg/Pro heterozygote genotype yielded all three
fragments (Fig. 1B, lanes 3-5 and 7).

Distribution of P53 codon 72 polymorphism variants. The
genotype frequencies of the P53 codon 72 polymorphism in



BIOMEDICAL REPORTS 8: 433-438, 2018

Table I. Demographic characteristics of subjects in the patient
and control groups.

Group
Variable Gastric cancer Control P-value
Sex, n (%)
Male 36 (61.0) 45 (76.3) 0056
Female 23 (39.0) 14 (23.7) ’
Age, mean + SD 62.9+11.8 29.8+13.2 <0.001

SD, standard deviation.

Figure 1. Representative results of polymerase chain reaction-restriction
fragment length polymorphism analysis of P53 codon 72 polymorphism.
(A) Lanes 2-4: Undigested amplified P53 product was detected as a single
band at 199 bp (lane 1, 50-bp ladder). (B) Undigested proline homozygote
genotype (Pro/Pro) also yielded a single 199 bp band (lane 6); homozygote
arginine genotype (Arg/Arg) was cleaved into two fragments of 113 and 86 bp
(lane 2); Arg/Pro heterozygote genotype yielded all three fragments
(lanes 3-5 and 7). Lane 1, 50-bp ladder.

Iranian gastric cancer cases and controls are summarized in
Table II. Genotype frequencies did not differ significantly
between the patients and controls (P=0.4); the frequencies of
the three genotypes Arg/Arg, Arg/Pro and Pro/Pro in gastric
cancer patients were 28.8, 49.2 and 22.0%, and in controls
were 37.3, 49.2 and 13.6%. When the patients with gastric
cancer were classified by sex and age group (<55 or >55 years),
there were no significant differences in the genotype distribu-
tions between males and females or patient age groups (Fig. 2).
Fig. 3 presents genotype frequency based on tumor location,
histological differentiation and tumor stage. The location of
the tumor in 60% of patients was proximal and in 40% was
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distal. Histological differentiation of the tumor samples was
defined as well, moderate and poor in 8.3, 41.7 and 50.0% of
the gastric cancer cases, respectively. There were no significant
differences in genotype frequencies based on tumor location,
histological differentiation or tumor stage.

Discussion

In the present study, the genotype frequencies of a P53
polymorphism in Iranian patients with gastric cancer did
not differ significantly to those in healthy controls; the
frequencies of the three genotypes, Pro/Pro, Arg/Arg and
Arg/Pro were 22, 28.8 and 49.2% in the case group and 13.6,
37.3 and 49.2% in the control group. Similar to the present
study, Chung et al (24) reported that there was no specific
genotype of P53 polymorphism in a gastric cancer cohort
compared with other groups with or without H. pylori-associ-
ated chronic gastritis in a Korean population, though another
study by Liu et al identified a significant difference between
P53 expression in primary tumor and non-tumor tissue in
gastric cancer patients (25). In the gastric cancer group in the
current study, the male to female ratio was 1.56, and there
was no significant difference in sex distribution between the
case and control groups. However, the mean age of patients in
the case group was significantly (P<0.0001) higher compared
with that of the control group. Furthermore, the location of the
tumor in 60% of patients was proximal (cardia, body, fundus
and curve of the stomach) and in 40% was distal (antrum
of the stomach). Histological differentiation of the tumor
samples was well, moderate and poor in 8.3, 41.7 and 50%
of gastric cancer patients. These results are in agreement
with the study by Chung et al (24). Additionally, 64% percent
of the gastric cancer cases were stage I/II and 36% were
stage I1I/TV. However, the study failed to identify significant
differences in P53 polymorphism variants between different
tumor locations, histological differentiations or tumor stages
in Iranian gastric cancer cases.

Zhou et al (26) analyzed the association between P53
codon 72 polymorphism and gastric cancer among a Chinese
population. High frequencies of Pro/Pro in cardia gastric
cancer patients and Arg/Arg in advanced gastric cancer patients
suggested that this polymorphism was associated with the
location and stage of gastric cancer. Shen et al (27) identified
that the P53 Arg allele in homozygote and heterozygote
genotypes was associated with increased risk of gastric cancer.
Furthermore, a meta-analysis including 1,665 gastric cancer
patients and 2,358 controls revealed high frequencies of the
Arg/Arg allele in advanced gastric cancer patients, while the
Pro/Pro allele was significantly higher in patients with cardia
gastric cancer compared with healthy controls. They came
to the conclusion that P53 codon 72 polymorphism is likely
associated with gastric cancer among Asian populations (28).
The same results were reported in a meta-analysis by
Liu et al (29); they also demonstrated an association between
polymorphism in P53 at codon 72 and gastric cancer among
Asian populations.

The association of polymorphism at codon 72 of P53 is
not restricted to gastric cancer, and has been discussed in
various types of carcinoma. Buyru ef al (9) reported that
the Arg/Arg genotype was notably correlated with breast
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Table II. Frequency of P53 codon 72 polymorphism genotypes
in the patient and control groups.

Group frequency, n (%)

Genotype Gastric cancer  Control P-value
Proline-Proline 13 (22.0) 8 (13.6)
Arginine-Arginine 17 (28.8) 22 (37.3) 04
Arginine-Proline 29 (49.2) 29 (49.2) ’
Total 59 (100.0) 59 (100.0)
A 1200
P>0.05
100.0 -
80.0-
WArg-Pro
® 600 BArg-Arg
WPro-Pro
40.0-
200
0.0 : :
Female Male
B 1200-
P>0.05
100.0 -
80.0-
W Arg-Pro
£ 600 BArg-Arg
N Pro-Pro
40.0-
200
0.0 v |
<55 >55

Figure 2. Distribution of P53 codon 72 polymorphism genotypes according
to (A) sex and (B) age group.

cancer. In contrast, a Chinese population contradicted any
possible association of P53 codon 72 Pro/Arg polymorphism
with ovarian cancer (30). Tang et al (31) conducted a
meta-analysis on the role of P53 codon 72 polymorphism in
colorectal cancer. They determined no association between
the Pro/Arg variant and the risk of colorectal cancer in
their study population. Meanwhile, a different systematic
analysis identified high frequencies of the Pro/Pro allele in
colorectal cancer patients (32). The risk of oral cancer with
P53 codon 72 polymorphism was investigated in a study by
Jing et al (33). They reported that the Arg genotype was
associated with a reduced risk of oral cancer, and a high
frequency of the Pro/Pro allele in oral cancer patients.
Furthermore, the Arg/Arg genotype and reduced cancer
risk has also been reported (34). A study performed in a
Japanese population revealed that the Pro/Pro genotype
at codon 72 was associated with increased risk of prostate
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Figure 3. Distribution of P53 codon 72 polymorphism genotypes according
to the (A) location, (B) differentiation and (C) stage of tumors.

cancer and its progression (35). Two separate meta-analyses
by Jia et al (36) and Lao er al (37) suggested that the
homozygote and heterozygote genotypes of Pro participated
in the development of endometriosis in Asian and Caucasian
populations. Analysis of this variant among an Iranian
population revealed that the Arg genotype increased the risk
of breast cancer while Pro served as a protective factor (38).

As study limitations, the two population groups were not
matched based on age or gender, and there was no evalua-
tion of H. pylori infections, lifestyle or dietary regime. Other
limitations included the small sample size and sampling
of individuals of the same geographical region and race.
Therefore, to confirm the results, further studies considering
different geographical locations and races and a larger number
of participants are necessary. Nonetheless, the present find-
ings failed to indicate an association between P53 codon 72
polymorphism and gastric cancer risk.
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In conclusion, the present study identified no significant
association between Arg72Pro at codon 72 of P53 and gastric
cancer risk in North Iranian patients. Additionally, there were
no differences in genotype frequencies based on tumor loca-
tion, histological differentiation or tumor stage.
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