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AbstractAbstractAbstractAbstractAbstract

AIM: To investigate the relationship between Helicobacter

pylori (H pylori) infection, microsatellite instability and the

expressions of the p53 in gastritis, intestinal metaplasia and
gastric adenocarcinoma and to elucidate the mechanism

of gastric carcinogenesis relating to H pylori infection.

METHODS: One hundred and eight endoscopic biopsies

and gastric adenocarcinoma were available for the study
including 33 cases of normal, 45 cases of gastritis, 30

cases of intestinal metaplasia, and 46 cases of gastric

adenocarcinoma. Peripheral blood samples of these patients
were also collected. H pylori infection and p53 expressions

were detected by means of streptavidin-peroxidase (SP)

immunohistochemical method. Microsatellite loci were
studied by PCR-SSCP-CE using the markers BAT-26,

D17S261, D3S1283, D2S123, and D3S1611. MSI was

defined as the peak shift in the DNA of the gastric tissue
compared with that of the peripheral blood samples. Based

on the number of mutated MSI markers, specimens were

charac-terized as high MSI (MSI-H) if they manifested
instability at two or more markers, low MSI (MSI-L) if

unstable at only one marker, and microsatellite stable

(MSS) if they showed no instability at any marker.

RESULTS: H pylori infection was detected in the samples

of gastritis, intestinal metaplasia, and gastric adenocarcinoma
and the infection frequencies were 84.4%, 76.7%, and

65.2%, respectively, whereas no H pylori infection was

detected in the samples of normal control. There was a
significant difference in the infection rates between gastritis

and carcinoma samples (P = 0.035). No MSI was detected
in gastritis samples, one MSI-H and two MSI-L were detected
among the 30 intestinal metaplasia samples, and 12 MSI-
H and 3 MSI-L were detected in the 46 gastric carcinomas.
In those gastric carcinomas, the MSI-H frequency in H pylori-
positive group was significantly higher than that in H pylori-

negative group. No p53 expression was detected in the
normal and gastritis samples from dyspeptic patients. P53-
positive immunohistochemical staining was detected in
13.3% of intestinal metaplasia samples and in 43.5% of
gastric carcinoma samples. The levels of p53 in H pylori-
positive samples were higher than those in the negative
group when the carcinoma samples were subdivided into
H pylori-positive and -negative groups (P = 0.013). Eight
samples were detected with positive p53 expression out
of the 11 MSI-H carcinomas with H pylori infection and no
p53 expression could be seen in the H pylori-negative
samples.

CONCLUSION: H pylori affect the p53 pattern in gastric
mucosa when MMR system fails to work. Mutations of
the p53 gene seem to be an early event in gastric
carcinogenesis.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Gastric cancer is one of  the most common forms of malignant
tumors in adults and is the leading cause of death from
carcinomas in China. A close association between Helicobacter

pylori (H pylori) and gastric cancer has been found[1,2], mainly on
the basis of epidemiological data. Although H pylori has
been classified as a type I carcinogen for gastric cancer by
the International Agency for Research on Cancer (IARC),
the exact pathway has remained indistinct[3,4]. It has been
known that some gastric carcinomas are characterized by
microsatellite instability resulting from defect of mismatch
repair. Mismatch repair genes, as house keeping genes, have
a central role in maintaining genomic stability by repairing
DNA replication errors and inhibiting recombination between
non-identical sequences. Loss of MMR genes causes
destabilization of the genome and results in high mutation
rates, which predisposes human to diverse cancers including
gastric carcinoma[5-7]. The p53 protein is a transcriptional
factor that arrests the cell cycle in the G1 phase when DNA
is damaged by inducing the expression of the p21 protein,
an inhibitor of Cdk kinase and PCNA[8,9]. Thus, damaged
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DNA cannot replicate, allowing time for the repair system to
act[8]. If this system fails, p53 induces apoptosis by transacti-
vation of the bax gene[10]. Both mismatch repair and suppressor
are two main pathways involved in the tumorigenesis of
gastric carcinoma. In this study, we examine microsatellite
instability and p53 protein accumulation in patients with
H pylori-infected gastric mucosa and in patients with gastric
adenocarcinoma to elucidate whether any relationship exists
between these genetic alterations and H pylori infection.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS

Patients
One hundred and eight dyspeptic patients (65 men and 43
women; median age, 46 years; range, 20-73 years) undergoing
upper endoscopy, and 46 consecutive patients (29 men and
17 women; median age, 56 years; range, 32-69 years) who
underwent surgical excision for gastric adenocarcinoma at
the hospitals of Dalian area entered the study. Peripheral
blood samples of these patients were also collected. The
ethical approval for this study was granted by the Local
Research Ethics Committee. Endoscopic biopsies were
removed with standard gastric biopsy forceps and then cut
in half with sterile scalpel blades. Half the biopsy sample
was fixed in 10% buffered neutral formalin and embedded
in paraffin and serial sections (4-µm thick), while the other
half was stored at -80 . Hematoxylin-eosin (HE) staining
was used for the histopathological diagnosis. Among the
108 endoscopic biopsies, 33 samples were normal, 45 samples
were gastritis and 30 samples were intestinal metaplasia.

DNA extraction
DNA was extracted from the frozen gastric tissues and
peripheral leukocytes using a regular phenol-chloroform
method and stored at -20  until use.

Microsatellite analysis
Microsatellite instability was studied using five markers
(Table 1), PCR was performed in 12.5 µL of  reaction mixture
containing 1.5 mmol/L MgCl2, 200 µmol/L each dNTP,
0.5 Unit ampli Taq polymerase (TaKaRa Biotech., Dalian,
China), 0.5 µmol/L of each primer, and 50 ng genomic
DNA. The reaction was carried out in a thermal cycler
(Perkin-Elmer Model 2700, CA, USA) at 94  for 30 s,
58-60  for 30 s, and 72  for 30 s, for 35 cycles with an
initial denaturation step of 94  for 5 min and a final
extension step of 72 for 5 min. 0.5 µL each PCR product
was mixed with 1 µL GeneScan 500 size standard and 12 µL
water, and heated at 95  for 10 min, then immediately
put into ice water and kept for 5 min. Microsatellite was
analyzed by an ABI PRISM 310 (Perkin-Elmer, ABI Prism)
with 6% SLPA and 8 mol/L urea as sieving medium under
constant voltage 15 kV at 60 . Single-stranded microsatellite
fragments were detected by LIF and the data were collected
and analyzed by GeneScan. MSI was defined as the peak
shift in the DNA of the gastric tissue compared with that
of the peripheral blood samples. Based on the number of
mutated MSI markers, specimens were characterized as
high MSI (MSI-H) if they manifested instability at two or
more markers, low MSI (MSI-L) if unstable at only one

marker, and microsatellite stable (MSS) if they showed no
instability at any marker.

Table 1  Primers of microsatellite markers

Markers Primers               Tm ( )

BAT-26 5’-FAM- TGACTACTTTTGACTTCAGCC 58
5’-AACCATTCAACATTTTTAACCC

D17S261 5’-HEX-AGGGATACTATTCAGCCCGAGGTG 60
5’-ACTGCCACTCCTTGCCCCATTC

D3S1283 5’-TET-GGCAGTACCACCTGTAGAAATG 60
5’-GAGTAACAGAGGCATCGTGTATTC

D2S123 5’-FAM-AAACAGGATGCCTGCCTTTA 60
5'-GGACTTTCCACCTATGGGAC

D3S1611 5’-HEX-CCCCAAGGCTGCACTT 60
5’-AGCTGAGACTACAGGCATTTG

Immunohistochemical staining
Immunostaining was performed using the streptavidin-
peroxidase (SP) method as previously described by Lan
et al. Negative control sections were processed in the same
manner, replacing the primary antibody with buffered saline.
A total of 300 cells were counted in random fields from
representative areas and the immunoreactive cells were
assessed and expressed as percentages. Samples with p53

staining in more than 10% were considered positive (the
nuclei, staining brown-yellow). However, the H pylori

immunostaining was assessed positive as long as the brown-
black dotish were stained on the surface of mucosa.

Statistical analysis
The χ2 test and the Fisher’s exact probability test were used
to compute the frequencies by SPSS 12.0 for Windows.
P<0.05 was considered to be statistically significant.

RESULRESULRESULRESULRESULTSTSTSTSTS

H pylori status
Sixty-one of the 108 (56.5%) dyspeptic patients and 30 of
the 46 (65.2%) gastric cancer patients showed H pylori

infection. None of  the normal gastric mucosa was infected
with H pylori. The infection rates of gastritis, intestinal
metaplasia and tumor samples were largely more than the
normal. χ2 tests also revealed a significant difference in the
infection rates between gastritis and carcinoma samples
(P = 0.035, Table 2).

Table 2  H pylori infection in the normal, gastritis, intestinal metaplasia,
and tumor samples

Tissue type                  Number of              Infection number Infection
samples  of H pylori rates (%)

Normal       33           0       0
Gastritis       45           38      84.4
Intestinal metaplasia       30           23      76.7
Carcinoma       46           30      65.2

Microsatellite analysis
In the 33 normal and 45 gastritis samples, no microsatellite
status shift was detected. One MSI-H and two MSI-L were



Table 3  MSI frequency according to H pylori status

MSI frequency H pylori positive (30) H pylori negative (16) P1

MSI-H (12)       36.7% (11/30)            6.3% (1/16)                0.035
MSI-L (3)         6.7% (2/30)         6.25 % (1/16)                1.000

1H pylori positive vs H pylori negative.

Figure 1  Electropherograms of five microsatellite loci in the peripheral blood
sample and tumor tissue of one gastric cancer patient. Red peaks: interval
standard peaks.
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detected among the 30 samples of intestinal metaplasia,
whereas in the 46 gastric carcinomas, 12 MSI-H and 3
MSI-L were detected. The MSI status was significantly higher
in H pylori positive samples of carcinomas than that in H pylori

negative samples of  carcinomas (Table 3 and Figure 1).

p53 overexpression
No p53 expression was detected in the normal and gastritis

samples from dyspeptic patients. Four of  the 30 intestinal
metaplasia samples showed p53-positive immunohistochemical
staining, and in the 46 patients with gastric cancer, 20 (43%)
p53-positive samples were identified. Eight manifested p53

positivity out of the 11 MSI-H carcinomas with H pylori infection
and no p53 expression could be seen in the H pylori-negative
group. When the carcinoma samples were subdivided into
H pylori-positive and -negative groups, immunohistochemical
staining revealed that the levels of p53 in H pylori-positive
samples were higher than those in the negative samples
(P = 0.013, Tables 4 and 5, Figures 2A and B).

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

Both genetic and environmental factors are crucial in gastric
cancer development and progression. H pylori infection has
been documented as an important risk factor for gastric
cancer[12]. It is fully agreed that the bacterium is effectively
able to induce chronic mucosal injury with increased mucosal
proliferation that could facilitate malignant transformation[13-15].
In this study, we detected a high infection rate of H pylori in
both dyspeptic samples and gastric adenocarcinoma samples,
which is consistent with the documents[16,17]. The reason why
infection rate was significantly higher in gastritis samples
than that in carcinoma samples is probable that H pylori

density is lower in atrophic gastritis mucosa and very low in
the intestinal metaplasia and in patients with gastric cancer,
the degree of atrophic gastritis and intestinal metaplasia is

Table 4  P53 expression with regard to H pylori status in carcinomas

H pylori status     P53 positive (20) P

H pylori positive (30) 17               0.0131

H pylori negative (16)   3

1H pylori positive vs H pylori negative.

Figure 2  p53 in the normal and gastric carcinoma samples. A: p53-Negative
staining in normal gastric glands from a dyspeptic patient, B: gastric carcinoma

showing nuclear p53 immunoreactivity.

Table 5  Length of representative fragments of five microsatellite loci in the normal tissue and peripheral blood sample of the gastric cancer
patient

      D17S261       D3S1283
BAT-26 D2S123 D3S1611

Peak no.  1# (bp) 2# (bp) 3# (bp) 4# (bp) 5# (bp)   6# (bp)    7# (bp)

Normal  119.15 127.52 133.78 149.12 147.25   209.42    262.76
Tumor  120.30 121.63 131.45 143.23 147.36   209.30    262.85
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higher than in patients without cancer. Another reason may
be that different strains contribute differently to the
occurrence of gastritis or gastric carcinoma, and it is not
adequate to compare H pylori infection only by histology.

Epithelial cell proliferation is not carcinogenic in itself.
It is likely that H pylori promote neoplastic transformation
in combination with additional factors. In this study, we
detected microsatellite instability and p53 protein expression
in accordance with the development from gastric gastritis,
intestinal metaplasia to gastric cancer with regard to H pylori

infection status.
Microsatellites are short sequences of tandem repeats

dispersed throughout the mammalian genome. Repeat units
range from 1 to 4 bp in length, and the entire sequence of a
typical repeat tract is less than 100 bp long[18,19]. Microsatellite
instability is characterized by the insertion or deletion of one
or more repeat units, which is caused by a failure of the
DNA-MMR system to repair errors that occur during the
replication of DNA[20]. MSI has been regarded as one of
the most important indication of MMR defect. In this study,
we detected five microsatellite loci sensitive to gastric cancer
and found MSI-H in 26% carcinoma samples. The frequency
of MSI-H in H pylori-positive group was significantly higher
than that in H pylori-negative group. Among gastritis and
intestinal metaplasia samples, the MSI-H frequency was
0% and 3% respectively although with higher H pylori

infection. MSI existed in intestinal metaplasia samples
although the frequency was much lower than that in carcinoma
samples. That is to say, MMR defect happened before the
malignant transformation of  gastric mucous membrane
cells. These results together indicated that H pylori infection
induce tumorigenesis of gastric carcinoma when MMR
system of gastric mucosa fails to work functionally.

It has been proved that wild type p53 protein can induce
cell apoptosis but the intracellular accumulation of mutant
p53 protein can inhibit cell apoptosis and promote cell transf-
ormation and proliferation, resulting in carcinogenesis. The
overexpression of  p53 protein is generally mutant forms,
for the half-life of wild-type p53 is very short and p53 protein
expression is usually negative in normal tissues. In our present
study, p53 expressions were found in 0% of the control,
0% of gastritis samples, 13.3% of intestinal metaplasia
samples and 43% gastric carcinomas samples. The detection
of p53 expression in intestinal metaplasia indicates that p53

mutation can be an early event in the pathogenesis of gastric
cancer. When the carcinomas samples were subdivided into
H pylori-positive and -negative, and the positive rates of
their p53 expression compared, we found a higher expression
rate in H pylori-positive group than that in H pylori-negative
group. The carcinoma samples from MSI study were also
analyzed to determine whether there was any relationship
with p53 protein accumulation. No significant difference
was shown to exist between samples in terms of  their MSI
status and p53 expression. Nevertheless, MSI was found in
11 with H pylori infection, 8 manifested p53 positive, this
suggests that H pylori infection may play a role by inducing
p53 gene mutations in those MSI or MMR defect gastric
mucosa, but only in certain individuals.

In conclusion, the association between H pylori infection,
MSI and p53 mutations observed in intestinal metaplasia
and gastric carcinoma samples  leads us to hypothesize that
H pylori affect p53 pattern in gastric mucosa when MMR
system fails to work. Mutations of the p53 gene seem to be
an early event in gastric carcinogenesis.
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