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Abstract

AIM: To investigate the role of the polymorphism of p53
codon 72 in early gastric cancer (EGC) and advanced
gastric cancer (AGC) in Korean patients.

METHODS: DNA was extracted from blood samples of
gastric cancer patients (7 = 291) and controls (7 = 216).
In the p53 codon 72 genotypes were determined by
PCR-RFLP.

RESULTS: Patients with gastric cancer had a significantly
higher frequency of the homozygous proline (Pro) allele
than the control (P = 0.032). Patients with AGC had a
significantly higher frequency of the Arg/Arg (arginine)
allele (P = 0.038) than EGC and a similar Pro/Pro allele.
The signet ring cell type had a higher frequency of
the Pro/Pro allele than other types (P = 0.031). The
Pro/Pro genotype carries a 3.9-fold increased risk of
developing gastric cancer (95% CI, 1.3-15.4, 7 = 0.039)
when compared to Arg/Arg and Arg/Pro genotypes and
to develop EGC is a 5.25 fold increased risk (95% CI,
1.8-19.6, P = 0.021).

CONCLUSION: The Pro/Pro genotype of the p53 codon
72 polymorphism carries a higher risk for gastric cancer
in general and is also associated with a much higher risk
for EGC than AGC.
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INTRODUCTION

Gastric cancer is one of the most common malignancies
worldwide, although the overall incidence of gastric cancer
has been decreasing over the past few decades. Chronic
H pylori infection and dietary factors, such as those high
in salt or nitrate, and nutritional deficiencies have been
associated with gastric cancer!". Gastric carcinogenesis is
a complex, multistep, and multifactorial process, in which
many factors are implicated. The majority of gastric
cancers are thought to be caused by environmental factors
that result in damage to the mucosa and that inhibit its
ability to repair itself?. This response is regulated, in part,
by inhibitory and stimulatory factors that are products of
proto-oncogenes and tumor supptessor genes' .

TP53 gene, an important tumor suppressor gene,
encoded p33 protein. The p53 tumor suppressor protein
was initially isolated in 1979 as a 53 kDa protein that
was associated with SV 40 large T antigenw. It was a
decade before p53 was recognized as an important tumor
suppressor because of its frequent mutation in human
cancers. A large number of human cancers show the
evidence of inactivation of the p53 pathway, suggesting
that malignant transformation requires reduction or
elimination of p53’s function as “guardian of the genome”.
It is estimated that up to 50% of human cancers carry a
mutation of the p53 gene™.

Germ line polymorphism of genes involved in multiple
steps of carcinogenesis may also account for genetic
difference in stomach cancer susceptibility. The p53
gene is the most intensively studied human gene because
of its role as a central tumor suppressor, and has been
widely studied in gastric cancer. However, although more
than 75% of gastric cancer showed p53 overexpression,
less than 30% had mutation in this genem. The codon
72 polymorphism is located in exon 4 of the p53 gene,
a region involving very few mutations'™. At least two
forms of wild-type p53 protein exist among major human
populations; these forms are ascribed to amino acid
replacement at codon 72 of Arg (CGC) by Pro (CCC) in
the domain of transactivation of the p53 protein, though
the functional difference between them is unknown. Pro
variant allele of this p53 polymorphism has been studied
as a potential risk factor for cancer of the lung, breast,
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and large bowel, with inconsistent results. Shepherd
et al®. examined the relationship between codon 72
polymorphism and their susceptibilities to gastric cancer in
a group of American gastric cancer patients.

In this study, we examined the genotypic frequency
of codon 72 in eatly gastric cancer (EGC) and advanced
gastric cancer (AGC) in 292 Korean patients to investigate
the role of the p53 polymorphism.

MATERIALS AND METHODS

Patients

Two hundred twenty two diagnosed gastric cancers were
recruited from Ewha Womans University Mokdong
Hospital from 2001 to 2005. Their mean age was 56 years
(range, 260-88 years); 171 were males and 121 were females.
Of the 292 patients, 189 (64.7%) showed advanced gastric
cancer, 103 (35.3%) showed early gastric cancer. Two
hundred sixteen controls were randomly selected from
subjects attending routine medical check-ups (mean age
58 years; range 24-85 years; 128 males and 88 females)
who were not affected with stomach cancer by endoscopy.
Their details are presented in Table 1. Blood specimens,
including serum, plasma, and white blood cells, from the
study subjects were also obtained and frozen at -70°C
for subsequent analysis. Informed written consent was
obtained from all the enrolled patients.

DNA extraction

Genomic DNAs were isolated from peripheral whole
blood, 200 uL (which has been treated with EDTA) by a
DNA purifying kit (QIAamp DNA kit Blood Mini Kit,
Qiagen, Germany, Hilden) according to the manufacture’s
instructions.

p53 codon 72 polymorphism

Genotyping of p53 at codon 72 in exon 4 [M22884.
Human phosphoprotein (gi:189467)] was carried out by a
polymerase chain reaction (PCR) amplification procedure
using primers (p53-S: 5-ATC TAC AGT CCC CCT TGC
CG-3 and p53-AS: 5-GCA ACT GAC CGT GCA AGT
CA-3’). The amplification reaction was performed in a 6
uL (0.1 pg/pL) genomic DNA template, 0.1 pl. (10 nmol/
mL) of each primer, 1.6 uL. (5 mmol/L per mL) dNTP,
0.1 uL (0.5 U/pL) Taq polymerase (Promega, Madison,
WI, USA), and 2 pLL of 10X reaction buffer (200 mmol/L
per mL Tris-HCL (pH8.3), 500 mmol/L per mL KCL,
and 30 mmol/L per mL. MgClz). PCR was cattied out by
30 cycles under the following conditions: 1 min at 95°C
for denaturation, 1 min at 62°C for primer annealing, and
1 min at 72°C for primer extension, using the GeneAmp
PCR System 9600 (Applied Biosystem, Foster City, CA).
The PCR product was visualized on a 2% agarose gel by
electrophoresis, followed by ethidium bromide staining,
This generates a 296-base pair fragment. The restriction
enzyme BstUI (10 unit, New England Biolabs, Berverly,
MA) digests (for 3 h at 60°C) within the sequence
corresponding to the Azg codon (CGC) at position 72 to
generate two visible fragments of 169 bp and 127 bp and
leaves the Pro allele uncut (Figure 1).
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Table 1 Demographic characteristics of patients
with stomach cancer (7 = 292)
n
Median age 56 (22 -88)
Gender
Male 171
Female 121
Type of stomach cancer
Early cancer (EGC) 103
Advanced cancer (AGC) 189
Codon 72 polymorphism
Arg/Arg 101
Arg/Pro 126
Pro/Pro 65
Laurence classification
Intestinal type 140
Diffuse type 152
Differentiation
Well/Moderate 114
Poor 132
Signet ring cell 46
1 2 3 4 5 6 7 8 9 10 11 12 M
<— 296 bp
R T, | <— 169 bp

Ll
ul—!i—tl—iﬁn—-‘—-'--i-lr'-—': 127 bp

Figure 1 Restriction fragment length polymorphism of PCR-amplified fragment by
BstUI. The Lane 1-3 showed only a single undigested band at 296 bp (homozygote
of Pro), the fragment from lane 4-7 gave two bands at 169 and 127 bp (homozygote
of Arg), while the fragment from lane 8-12 showed three bands at 296, 169 and
127 bp (heterozygote of Arg/Pro). M was a DNA marker.

Statistical analysis

Frequency tables were constructed using the SPSS (11.0
version) statistical package with statistical significance using
the ¥ test. The odd ratios and 95% Confidence interval (CI)
were calculated as an approximation of relative risk and
adjusted for confounding factors such as age and gender
using a logistic regression model.

RESULTS

Distribution of the three genotypes of the p53 gene
We determined the frequency of the three phenotypes
of the p53 gene in the patients with stomach cancer and
controls (Table 2). Genotypes Arg/ Arg, Arg/Pro, and
Pro/ Pro were found 41.2%, 47.7%, and 11.1% in individual
controls and 34.5%, 43.1%, and 22.3% in the patients of
stomach cancer, respectively. Distribution patterns of the
germ line p53 polymorphism of the patients with stomach
cancer included EGC and AGC showed in Table 2. We
observed a dramatically increased frequency of Pro/Pro
allelotype in stomach cancer patient, especially in the
patients of EGC.

A logistic regression analysis suggests that the
homozygous 72 Pro genotype carries a 3.9-fold increased
risk of developing gastric cancer (95% CI, 1.3-154, P =
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n Arg/Arg (%) Arg/Pro (%)  Pro/Pro (%)

Control 216 89/216 (412) 103/216 (47.7) 24/216 (11.1)
Stomach cancer 292 101/292 (345) 126/292 (43.1) 65/292 (22.3)"
AGC 189 75/189 (39.7)°  76/189 (39.9) 38/189 (20.4)°

EGC 103 26/103 (25.8)  50/103 (48.1) 27/103 (26.1)%

P = 0.032, control vs stomach cance; °P = 0.029, control vs AGC; P = 0.027,
control vs EGC; “P = 0.038, AGC vs EGC; 'OR = 3.9 (95% CI, 1.3-15.4, P =
0.039); OR =5.25 (95% CI, 1.8-19.6, P = 0.021); OR: Odd ratio; CI: Confidence
interval.

0.039) when compated to Arg homozygous and Arg/Pro
heterozygous. The risk for 72 Pro homozygous patients to
develop early gastric cancer is 5.35 (95% CI, 1.8-19.6, P =
0.021).

p53 polymorphism and histology grading of stomach
cancer

We examined the frequency difference in each genotype of
53 by histological type of all stomach cancers. Germ line
P53 polymorphism was associated with stomach cancer,
especially the signet ring cell type of adenocarcinoma
(P = 0.031, Table 2). There was no relationship between
patient gender, tumor stage, the depth of invasion in the
wall, histologic type of cancer (Laurence classification:
intestinal and diffuse types) and the distribution of codon
72 genotypes.

DISCUSSION

The identification of genes involved in cancer
development is critical for uncovering the molecular basis
of cancer. The p53 tumor suppressor protein is essential in
the control of cell growth, apoptosis and the maintenance
of genomic stability. Loss of p53 function caused by
genomic alterations or interaction with environmental and
bacterial products has been suggested as a critical step in
multistage human carcinogenesis[9J .

The p53 gene consists of 11 exons; exons 2-11 code
for the protein of 393 aminoacids. The majority of
53 mutations identified have been found in exons 5-8.
However, mutations outside exons 5-8 may occur and they
were chiefly observed in exons 4 and 10", At least 10
different polymorphisms have been detected in the human
genomic p53lm. The functional significance of these
polymorphisms is currently unknown. The hypothesized
relationship between the codon 72 p53 polymorphism
and cancer susceptibility dose not have any mechanistic
basis. The Pro variant allele of the p53 polymorphism at
codon 72 may not directly affect the p53 function. It may
be in linkage disequilibrium with an as-yet-unidentified
functional polymorphism. However, the single-codon
difference of the p53 gene has been demonstrated to result
in structurally different proteinsm. The polymorphism is
localized within a region of polypeptide that was lacking
in a deletion mutant of mouse p53 that had an enhanced
ability to immortalize primary rat cells™*",

In a literature review, there was little report about
investigation of p53 gene polymorphism between AGC
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Histopathological P53 genotypes
classification () Arg/Arg Arg/Pro Pro/Pro
Control (216) 89/216(412)  103/216(47.7) 24/216(11.1)
Differentiation
Well to poorly (246)  88/292 (30.1)  151/292 (51.7) 53/292 (18.2)
Signetring cell (46)  17/46 (37.0)  11/46 (23.0) 18/46 (39.1)*"
Tumor histologic type
Intestinal type (140)  48/140 (34.2)  60/140 (42.8) 31/140 (22.1)
Diffuse type (152) 53/152 (34.8)  66/152 (43.4) 34/152 (22.4)

°P = 0.031, Well to poorly differentiation vs Signet ring cell; "P = 0.019,
Control vs Signet ring cell.

and EGC comparing with control. We have observed that
TP53 codon 72 genotype in stomach cancer and control
subjects. Our data further suggest that a p53 genetic
polymorphism was associated with the susceptibility for
stomach cancer, especially advanced stomach cancer.

There were several studies conducted to investigate
the association between the codon 72 p53 polymorphism
and lung cancer or gastric cancer. The risk increased
approximately twofold for smoking-related lung cancer
among individuals carrying the Pro/Pro genotype
compared with those with other genotypes of the codon
72 p53 polymorphismw)‘m]. A recent study in the patients
of gastric cancer showed the significant difference from
healthy control, with 48.6% .4rg/ Arg and 3.6% Pro/Pro in
gastric cancer patients compared with 41.5% and 10.9% in
healthy controls'”. They showed an increased frequency
of Arg/ Arg genotype in cancer patients at age 75 or more
than at a younger age. They suggested the prognosis in
patients with Pro allele (proline homozygote or Pro/ Arg
heterozygotes) was worse than that those with Arg/ Arg
genotype. They also showed that preferential frequency of
codon 72 Arg p53 acts as a survival factor in gastric cancer
patients who have homozygous Arg alleles which confer a
late start of gastric cancer when compared with those with
the Pro allele.

In this study we found that the distribution of
genotypes had significant difference between the patients
of stomach cancer and controls, with 34.5% Arg/ Arg and
22.3% Pro/Pro in stomach cancer patients compared with
41.2% and 11.1% in controls (P = 0.032). We observed a
significantly higher distribution of Pro/Pro genotype in the
patient with stomach cancer, especially in the patients with
EGC than control. Also in compatison between AGC and
EGQC, the frequency of Arg/ Arg genotype was higher than
the frequency of AGC, statistically (P = 0.038).

The reason for the tissue-specific difference of the
germ line p53 polymorphism was unknown, though an
association with histopathologic grading was suggested
for gastric cancer”. In this study, we divided two groups
whether signet ring cell type or not. Generally, we knew
that the stomach cancer with signet ring type was highly
malignant and had worse prognosis than other cell types.
There was statistically significant difference that the
patients with signet ring cell type had a higher ratio of
Pro/ Pro genotype than non-signet ring cell type (P = 0.031,
Table 3). So the association with histopathologic grading



Yi SY et al. p53 polymorphism of gastric cancer

6539

may suggest that germ line p53 polymorphism is involved
in survival as a clinical prognostic factor as well as cancer
susceptibility. Further studies are needed to examine this
possibility.

There were several explanations about the role of
different genotypes. First, transcriptional properties are
different. It has been shown that the Arg/Arg and Pro/
Pro variants differ in binding activity at transcription, to
activate transcription, and to induce apoptosis or cell
cycle arrest™. The p53 Arg/ Arg variant induces apoptosis
with faster kinetics more efficiently than the p53 Pro/Pro
variant and the p53 Arg/ Arg variant is a better inducer of
transcription”. Namely, if there was a high proportion
of Arg/Arg genotype in stomach cancer, it induced the
efficient apoptosis or cell cycle arrest, and then it could be
better prognosis. Second, wild-type p53 protein is rapidly
degraded, and has a short half-life and low intracellular
levels. Stabilization of the protein following an appropriate
stimulus such as DNA damage is a physical regulation to
increase function”. Different structure of p53 proteins
resulting from a substitution of Pro for Arg at codon 72
may have different functions in the responsiveness to
different stimuli caused by diverse carcinogens such as
H pylori, dietary, or nutritional deficiency. The reaction
of Pro genotype and various carcinogens may have
more carcinogenic properties. H pylori is the well-known
cause of chronic gastritis, gastro-duodenal ulcer, and
gastric cancer. Some reports studied the relationship
between p53 polymorphism and H pyleri and found the
genotypic frequency of p53 was similar between cases
and controls”"*. We cannot confirm results of H pylori
status of all patients with stomach cancer in this study, we
cannot represent the relationship between H pylori and p53
polymorphism.

In conclusion, the Pro/Pro genotype of the p53 codon
72 polymorphism carries a higher risk for gastric cancer in
general (3.9-fold) and is also associated with a higher risk
for EGC (5.25-fold) than AGC. Although this finding is
provocative, it should be considered preliminary because
of the limited sample size. Cleatly, a well-designed follow-
up study with a larger number of samples is needed to
confirm these findings.
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