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Association of p53 genomic instability with the
glutathione S-transferase null genotype in gastric
cancer in the Portuguese population

A R Conde, G Martins, C Saraiva, J RueV, C Monteiro

Abstract
Aims—p53 gene mutations are the most
common genetic changes known to occur
in human cancer. In previous studies, the
presence of alterations to the p53 gene has
been linked to the null phenotype of the
glutathione S-transferase µ gene
(GSTM1). GSTM1 appears to be part of a
protective mechanism against the develop-
ment of cancers in which environmental
chemical carcinogens are involved. To
screen for such an association in stomach
cancer, p53 allelic loss and genomic insta-
bility and GSTM1 genotypes were investi-
gated in gastric tumour DNA samples
from 113 patients.
Methods—The polymerase chain (PCR)
reaction was used to amplify a (CA) repeat
array in the p53 locus; electrophoresis,
genotyping, and allele quantification were
performed using an automated DNA se-
quencer and Genescan software. The
presence of the GSTM1 gene was deter-
mined by means of a diVerential PCR in
which multiple genes were co-amplified in
the same reaction tube.
Results—Loss of heterozygosity (LOH) of
the p53 gene was found in 36 of 87
informative cases and genomic instability
was present in eight of 113 cases. Further
analysis into histological subtypes and
sites of tumours did not show any positive
association with p53 loss. An association
between the presence of LOH and the
GSTM1 null genotype was not seen;
however, all the samples with genomic
instability of the p53 gene (eight of 113)
also showed a GSTM1 null genotype.
Conclusion—This study does not support
the hypothesis of an association between
LOH in the p53 gene and the GSTM1 null
genotype, but suggests that the GSTM1
null genotype might influence p53 ge-
nomic instability.
(J Clin Pathol: Mol Pathol 1999;52:131–134)
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The development of cancer requires the accu-
mulation of multiple genetic lesions, which

leads to the progressive disturbance of cell
growth and diVerentiation control. Despite the
recent decline in incidence in most countries,
gastric carcinoma still remains a common
worldwide cause of cancer related deaths. The
prognosis of gastric cancer is extremely poor,
with a five year survival rate ranging from 10%
to 25%.1 Several molecular genetic studies are
underway in an attempt to clarify the mecha-
nisms of carcinogenesis in these tumours.

The human p53 gene, located on chromo-
some 17p13, is a tumour suppressor gene
whose inactivation is involved in carcinogenesis
in various organs.2 Functional inactivation of
this gene by mutation and allelic deletion is
thought to play an important role in the develop-
ment of many human cancers.

Some reports on the association between
alterations in the p53 gene and glutathione
S-transferase µ (GSTM1) genotypes have been
published but the issue still remains
controversial.3–10 GSTM1 appears to be part of
a protective mechanism against the develop-
ment of cancer in which environmental chemi-
cal carcinogens are involved. Human GSTM1
is polymorphic and various studies have shown
that the percentages of diVerent populations
with the GSTM1 null genotype range from
35% to 65%.11 We undertook DNA analysis of
113 gastric carcinomas to investigate p53
allelic loss and genomic instability and
GSTM1 genotypes to check for an involve-
ment of this carcinogen metabolising enzyme
in p53 gene disturbance.

Materials and methods
We obtained gastric carcinoma samples, in-
cluding all locations and histological types
using World Health Organisation criteria,12

from 113 patients; in addition, blood was
drawn from 84 healthy individuals. We ex-
tracted DNA from paraYn wax embedded tis-
sues from biopsies or surgical specimens using
a phenol/chloroform method,13 and obtained
DNA from blood by means of the guanidine/
HCl extraction method.14 Polymerase chain
reactions (PCRs) were carried out in a Perkin-
Elmer thermocycler model 9600.
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p53 ANALYSIS

In the DNA samples obtained from tumours
and adjacent tissues, we amplified a (CA)n
flanking marker by the PCR using the fluoro-
chrom TET (Perkin-Elmer ABD, Branchburg,
New Jersey, USA) attached to the 5' end of one
of the PCR primers. The PCRs contained
∼ 100 ng genomic DNA, 5 pmol of each
primer,15 0.2 mM dNTPs, and 0.5 U Taq
DNA polymerase (AmpliTaq-PE; Perkin-
Elmer ABD) in 1× reaction buVer (Perkin-
Elmer ABD). The PCR amplification protocol

was as follows: an initial denaturation step at
95°C for five minutes, followed by 35 two step
cycles of two minutes at 60°C and one minute
at 94°C, with a final extension step at 72°C for
five minutes.

We determined loss of heterozygosity
(LOH) of the p53 gene by size separation of
PCR products in 6% polyacrylamide gels con-
taining 8.3 M urea in the presence of 350-
TAMRA size standard (Perkin-Elmer ABD).
Electrophoresis was performed for three to
four hours in an automated DNA sequencer
373A (Perkin-Elmer ABD, Foster City, Cali-
fornia, USA) and the results were analysed
with Genescan 672 software (Perkin-Elmer
ABD).

GSTM1 ANALYSIS

In the DNA samples obtained from gastric
tumours and from healthy individuals we
determined the presence or absence of the
GSTM1 gene using a protocol in which the
sequences of two genes (GSTM1 and N-ras)
are co-amplified in the same reaction tube. The
PCR amplification protocol was as follows:
94°C for five minutes, followed by 37 cycles of
94°C for 20 seconds, 55°C for 20 seconds,
72°C 30 seconds, and a final extension at 72°C
for five minutes. We detected GSTM1 geno-
types using oligonucleotide primers to the 5'
region of exon 4 and to the 3' region of exon 3
of this gene.16

Primers flanking codon 12 of the N-ras 12
gene were included as an internal positive
reaction control because individuals with the
GSTM1 null phenotype produce no PCR
product. We performed a second amplification
of the samples in which the GSTM1 gene was
absent, and this proved to be essential for
avoiding false null results, because preferential
amplification of the small fragments (N-ras 12)
occurred in some samples.17

PCR amplified products were electro-
phoresed on a 3% agarose gel and visualised
using ethidium bromide and UV light.

Results
We tested gastric primary tumours and corre-
sponding normal mucosal tissues for retention
or loss of the p53 gene, p53 instability (replica-
tion errors phenotype) and for GSTM1
polymorphism.

We evaluated LOH by comparing the areas
and the shapes of the allele peaks in normal and
matched tumour samples. In addition, we used
the following formula to assess the eventual
allele reduction: (T1/T2)/(N1/N2), where T1
and N1 are the areas of the shorter length allele
product peaks for the tumour and normal sam-
ples, respectively, and T2 and N2 are the areas
of the longer length allele product peaks for the
tumour and normal samples, respectively.18

Tumour samples were considered to have LOH
when a 34%19 or more area of reduction was
detected in one of the alleles compared with the
normal sample. Eighty nine of the 113
individuals assayed were heterozygous (in-
formative); of these, 36 of 87 patients showed
LOH in their tumour samples. Figures 1A and
B show examples of LOH and retention of het-

Figure 1 (A) Electrophoretogram showing p53 loss of heterozygosity (sample number
240). Normal DNA alleles are shown in blue; DNA alleles of the matched tumour sample
are shown in red. Constitutional alleles are indicated by the arrows. A reduction of one of
the constitutional alleles can be seen in tumour DNA when compared with the matched
normal sample. (B) Electrophoretogram showing retention of heterozygosity of p53 (sample
number 411). Normal DNA alleles are shown in blue; DNA alleles of the matched tumour
sample are shown in red. The allelic profiles are identical.

Figure 2 Electrophoretogram showing p53 microsatellite instability (sample number 256).
Normal sample DNA alleles are shown in blue; DNA alleles of the matched tumour sample
are shown in red. Constitutional DNA alleles are indicated by the arrows. The areas of the
constitutional alleles are reduced in the tumour sample in favour of new ones.
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erozygosity, respectively. There was no signifi-
cant variation in p53 LOH frequency among
diVerent histological types or diVerent tumour
sites.

Microsatellite instability within the p53 gene
was identified by: (1) the presence of novel
(smaller and/or larger) alleles in the tumour
samples that were not seen in matched normal
samples; and (2) a reduction in the areas of the
constitutional alleles in favour of the areas of
the stutter bands, with no evidence of other
new alleles, but with the persistence of the
constitutional ones. Instability was present in
eight of 113 cases (7.1%). Figure 2 shows an
example of microsatellite instability. Size sepa-
ration of p53 PCR products using an auto-
mated DNA sequencer and Genscan analysis
demonstrated microsatellite instability of the
p53 gene.

The enzyme encoded by GSTM1 plays an
important role in the detoxification of chemi-
cals in the diet, and a higher cancer risk is
reported to be associated with the GSTM1 null
phenotype. However, in a previous study we
found no significant diVerence between a
group of Portuguese patients with gastric can-
cer and a control population (wild-type geno-
type: patients, 52%; controls, 48%; null
genotype: patients, 48%; controls, 52%).17

In our study, we used the co-amplification of
two DNA target regions: the GSTM1 gene and
an internal control of the N-ras gene (fig 3).
Because our DNA samples were extracted
from formalin fixed tissue, some DNA degra-
dation would probably have occurred, so that

PCR amplification of larger fragments would
be more diYcult. Therefore, we screened all
the samples that initially gave null genotype
results with the GSTM1 pair of primers only,
in case preferential amplification of the smaller
fragment (N-ras 12 target region) had oc-
curred, to avoid false null GSTM1 genotypes.

Recent studies have revealed that genetic
instability and LOH are two of the most
important predisposing factors for human
multistep carcinogenesis.20–22 We found no
association between the presence of LOH and
the GSTM1 null genotype in our study (table
1). In addition, subset analysis of tumour site
and histological subtypes did not reveal any
association between p53 LOH and instability
profiles and the GSTM1 genotype. However,
the samples with genomic instability of the p53
gene (eight of 113) also showed a GSTM1 null
genotype. Therefore, because the GSTM1 null
phenotype has a frequency of one in two in the
Portuguese population,17 the probability that
all eight tumour samples show this phenotype
is one in 256 (one in 28).

Discussion
Functional inactivation of the p53 gene
through mutation or allelic deletion might play
an important role in the development of a vari-
ety of human tumours. Several studies have
shown that many tumours with allelic deletion
of chromosome 17p had point mutations of the
p53 gene in the remaining allele and that the
presence of p53 LOH might be an important
factor involved in the association between p53
gene abnormality and the development of
cancer.23

Population studies have associated the pres-
ence of the GSTM1 null polymorphism with
an increased risk for certain cancers, based on
the role of this enzyme in the cellular detoxifi-
cation of noxious chemicals.

Our study of the Portuguese population
shows an incidence of p53 LOH of 36 of 87
(41%) in human gastric carcinomas. Microsat-
ellite instability was detected in eight of 113
cases (7.1%). We have previously described the
frequency of the diVerent GSTM1 genotypes
in Portuguese patients with gastric cancer and
in a control population (wild-type genotype:
patients, 52%; controls, 48%; null genotype:
patients, 48%; controls, 52%).17

A compararison of the instability profile of
gastric cancer with the histolological classifi-
cation of Laurén24 has been attempted by
several authors but their data are still debate-
able. Although some authors found no correla-
tion between microsatellite instability and
histological subtype,25–28 others did find such a
correlation.29–33 In our study, we analysed the
samples with both microsatellite instability in
the p53 gene and the GSTM1 null genotype
for any correlation with histological subtypes
according to the Laurén classification. We
found no such association with any of the sub-
groups (four of eight intestinal type; four of
eight diVuse type).

Until now, controversial results regarding the
association of alterations in the p53 gene and
GSTM1 genotypes have been reported. Perrett

Figure 3 Glutathione S-transferase µ (GSTM1) and
N-ras 12 PCR products. Electrophoresis of co-amplified
products GSTM1 (273 bp) and N-ras 12 (109 bp). Lane
1, pUC18/HaeIII DNA marker; lane 2, GSTM1 wild-type
phenotype; lanes 3 and 4, GSTM1 null phenotype.

1 2 3 4

273 bp

109 bp

Table 1 Results of p53 allele profiles and GSTM1
genotypes

GSTM1
positive

GSTM1
negative

p53 LOH 36/87 18/36 18/36
p53 no LOH 43/87 21/43 22/43
p53 genomic instability 8/113 0/8 8/8

GSTM1, glutathione S-transferase µ; LOH, loss of heterozygos-
ity.
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et al described studies in pituitary tumours and
found no association between GSTM1 geno-
type and altered p53 expression.4 Ohshima and
Xu reported that there was no significant rela-
tion between p53 mutations and GSTM1
genotypes in lung cancer.9 Studying oral carci-
nomas, Lazarus et al found that the highest p53
mutation prevalence was seen in individuals
with a GSTM1 positive genotype.10 However,
these reports contrast strongly with the data
provided by McGlynn et al, who found that
individuals with the GSTM1 null genotype
might be at greater risk of developing p53
mutations when exposed to the human hepato-
carcinogen aflatoxin B1.3 Furthermore, Kawa-
jiri et al reported a remarkably high risk of hav-
ing a mutation of the p53 gene when combined
with the GSTM1 null genotype.6 In addition,
Sarhanis and colleagues7 found a strong associ-
ation between overexpression of p53 and the
GSTM1 null genotype in epithelial ovarian
cancer and Brockmoller and colleagues5 re-
ported that, in bladder cancer, low/deficient
activities of conjugating enzymes, such as
GSTM1, might influence acquired mutations
in the p53 gene.

Our data show that all the gastric cancer
samples with the instability profile also have the
GSTM1 null genotype. Our study does not
support an association between LOH in the
p53 gene and the GSTM1 null genotype, but
suggests that the GSTM1 null genotype may
influence p53 genomic instability.

The influence of GSTM1 and other poly-
morphic carcinogen metabolising enzymes on
mutational events is not yet well understood
and, no doubt, will have important implica-
tions in disease prognosis or prevention.
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