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Abstract
AIM: To investigate the occurrence of chromosome 3, 7, 
8, 9, and 17 aneuploidies, TP53  gene deletion and p53 
protein expression in chronic gastritis, atrophic gastritis 
and gastric ulcer, and their association with H pylori  in-
fection.

METHODS: Gastric biopsies from normal mucosa (NM, 
n = 10), chronic gastritis (CG, n = 38), atrophic gastritis 
(CAG, n=13) and gastric ulcer (GU, n = 21) were studied 
using fluorescence in situ  hybridization (FISH) and im-
munohistochemical assay. A modified Giemsa staining 
technique and PCR were used to detect H pylori . An as-
sociation of the gastric pathologies and aneuploidies with 
H pylori  infection was assessed.

RESULTS: Aneuploidies were increasingly found from CG 
(21%) to CAG (31%) and to GU (62%), involving mainly 
monosomy and trisomy 7, trisomies 7 and 8, and triso-
mies 7, 8 and 17, respectively. A significant association 
was found between H pylori  infection and aneuploidies 
in CAG (P = 0.0143) and GU (P = 0.0498). No TP53  dele-
tion was found in these gastric lesions, but p53-positive 
immunoreactivity was detected in 45% (5/11) and 12% 
(2/17) of CG and GU cases, respectively. However, there 
was no significant association between p53 expression 
and H pylori  infection.

CONCLUSION: The occurrence of aneuploidies in be-

nign lesions evidences chromosomal instability in early 
stages of gastric carcinogenesis associated with H pylori  
infection, which may confer proliferative advantage. The 
increase of p53 protein expression in CG and GU may be 
due to overproduction of the wild-type protein related to 
an inflammatory response in mucosa.
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IntroductIon
Gastric carcinogenesis is considered a multi-step and multi-
factorial process that proceeds from normal gastric mucosa 
with epithelial hyperproliferation to chronic gastritis with 
variable degrees of  atrophy, intestinal metaplasia, dysplasia, 
and ultimately carcinoma[1]. In most cases, chronic gastritis, 
frequently associated with H pylori infection, precedes the 
formation of  gastric cancer, and a great proportion of  the 
clinical tumors occurs in connection with severe atrophic 
gastritis and extensive intestinal metaplasia[2]. Efforts have 
been made to identify changes of  a precancerous nature in 
the gastric epithelium. The identification of  such changes 
may help to prevent the occurrence of  gastric cancer[3].
    Gastritis may also play a role in the pathogenesis of  
peptic ulcer disease by impairing the resistance of  the 
gastric mucosa and consequently increasing the risk of  
ulcer[3]. In practice, the cancer risk in peptic ulcer disease 
applies exclusively to gastric ulcer. Epidemiological data 
on the incidence of  peptic ulcer disease with gastric 
cancer suggest that ulcer disease may not be an important 
precursor of  gastric cancer. However, possible links 
between these two are suggested by a similar relationship 
with chronic gastritis[2].
    H pylori infection is accepted as the major causal 
factor for the histological features leading to severe 
gastroduodenal disease, including chronic gastritis, peptic 
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ulcer disease, intestinal-type gastric cancer and gastric 
MALT lymphoma. Only a small proportion of  the infected 
cases will develop clinically significant disease. About one 
in 5-6 individuals will develop peptic ulcer disease during 
their lifetime, and <1% will develop gastric cancer[4]. 
    It is particularly important to recognize and define 
the characteristics of  benign and pre-malignant lesions 
for application to studies of  carcinogenesis and cancer 
prevention. Hence, in this study, we aimed to verify the 
occurrence of  aneuploidies of  chromosomes 3, 7, 8, 
9, and 17, and of  TP53 gene deletions using the FISH 
technique, besides p53 expression, in benign lesions such 
as chronic gastritis, atrophic gastritis and gastric ulcer. The 
results were associated with H pylori infection and other 
clinicopathological features, such as sex, age, smoking and 
alcohol consumption. 

MAtErIALS And MEtHodS
Samples
Chronic gastritis (CG), atrophic gastritis (CAG) and gastric 
ulcer (GU) samples were obtained, respectively, from 38 
(13 males and 25 females), 13 (7 males and 6 females) 
and 21 patients (15 males and 6 females) without gastric 
cancer by biopsy performed during endoscopic evaluation. 
The mean age of  these patients was 53 years (range, 2-89 
years). Biopsies of  histologically confirmed normal and 
H pylori-negative mucosa (NM) were obtained from 10 
healthy individuals (2 males and 8 females) with a mean 
age of  43 years (range, 19-75 years). All specimens were 
collected at the Hospital de Base of  São José do Rio Preto, 
SP, Brazil. All biopsies of  normal mucosa and gastric ulcer 
were collected from the antral region of  the stomach, 
whereas those of  chronic gastritis and atrophic gastritis 
were mainly collected from the antrum and corpus. 
Clinicopathological data were collected using a standard 
interviewer-administered questionnaire and a review of  
the patients’ medical records. The study was approved 
by the National Research Ethics Committee, and written 
informed consent was obtained from all subjects.

Histology
Hematoxylin-eosin (H&E) staining was used for the 
diagnosis and classification of  gastritis[5]. A modified 
Giemsa staining technique was used to visualize H pylori.

DNA extraction and PCR for H pylori diagnosis
DNA was extracted by the phenol-chloroform method 
after digestion with proteinase K[6]. PCR assays were 
performed separately with approximately 100 ng of  total 
DNA, using three different sets of  oligonucleotides. 
One of  them amplifies a 312-bp segment of  the gene 
CYP1A[7] as a DNA quality control, the other amplifies 
a 298-bp product of  the gene encoding species-specific 
H pylori antigen[8], and the last one amplifies a 411-bp 
fragment corresponding to the urease A gene[9]. Positive 
and negative controls were used in all experiments. PCR 
products were separated on 75 g/L polyacrylamide-gel 
electrophoresis, followed by silver nitrate staining. The 
assay was considered positive when at least one of  the 
bacterial PCR products was present[10].

Fluorescence in situ hybridization (FISH)
Nuclear suspensions from all samples were obtained by 
mechanical and enzymatic disaggregation[11]. After washes 
in 600 mL/L acetic acid, the resulting nuclear suspension 
was   dropped onto microscope slides and stored at -70 ℃ 
until use for FISH assay. 
    FISH analysis was performed on interphase nuclei 
using centromere probes (CEP) for chromosomes 3, 
7, and 8 directly labeled with Spectrum Green, and for 
chromosome 9 labeled with rhodamine (Vysis, Inc., 
Downers Grove, IL, USA). Dual-color FISH assays were 
performed using TP53 probe kits (Vysis), including the 
LSI TP53 sequence labeled in Spectrum Orange, with the 
centromere probe for chromosome 17 labeled in Spectrum 
Green. The hybridization and detection protocols followed 
the manufacturer’s instructions. 
    For each probe, signals of  about 300 intact and non-
overlapping nuclei were evaluated by two independent 
observers according to the criteria described by Eastmond 
et al[12]. Cutoff  levels for aneuploidies were based on the 
upper-limit mean +4 SD of  the normal gastric mucosa 
biopsies. By definition, for monosomy of  chromosomes 3, 
7, 8, 9, and 17, the cutoff  values were set at 10.0%, 11.0%, 
11.0%, 8.5%, and 7.5%, respectively, and, for trisomy of  
the same chromosomes, at 10.0%, 9.0%, 8.0%, 8.5%, and 
7.0%, respectively. Tetrasomy and pentasomy were absent 
in the normal mucosa samples; thus, 2% was arbitrarily 
taken as cutoff  value.
    The TP53 gene scores were taken together with those 
of  the chromosome 17 centromere. For TP53 gene 
deletion analysis, the gene-to-centromere ratio (G/C) 
was calculated for each case, that is, the total number of  
gene signals observed was divided by the total number of  
centromere signals. 

Immunohistochemical analysis
To assess p53 protein accumulation, the commercially 
available monoclonal antibody DO-7 (Novocastra, 
Newcastle, UK) was used in combination with the anti-
Ig second-stage antibody and the ABC kit (Novocastra) 
on paraffin-embedded sections. This antibody recognizes 
both mutant and wild types of  p53 protein. The slides 
were counterstained with Harris hematoxylin. As positive 
controls, sections from gastric adenocarcinoma were 
processed, previously shown to express high levels of  p53 
protein. For each sample, 500 epithelial cells were counted.

Statistical analysis
Data were analyzed using χ2 and Fisher’s exact tests. 
P values less than 0.05 were considered statistically 
significant.

rESuLtS
Analysis by the FISH technique showed that 89% to 
99% of  the nuclei of  the H pylori-negative normal 
mucosa cases were disomic for chromosomes 3, 7, 8, 9, 
and 17, so they were considered to have no aneuploidy. 
The gene-to-centromere ratio (G/C) for the TP53 gene 
deletion ranged from 0.97 to 0.99 (mean of  0.98), so, 
in the cases of  benign lesions with a G/C ratio < 0.90, 
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gene deletion was assumed. Low-intensity nuclear p53 
protein immunoreactivity was observed only in 4 of  the 8 
evaluated cases of  normal gastric mucosa, ranging from 
0.2% to 4.0% of  the immunostained nuclei. The positivity 
index was defined as >10% of  cells showing nuclear 
staining, according to a previous report by Gobbo-César et 
al[11].
    Table 1 shows the results regarding aneuploidies of  
chromosomes 3, 7, 8, 9, and 17, TP53 gene deletion, p53 
expression, and clinicopathological data only of  those 
cases with benign lesions (chronic gastritis, atrophic 
gastritis and gastric ulcer) which showed some genetic 
alteration.
    Increasing frequencies of  aneuploidies were detected 
in the CG, CAG and GU cases: 21% (8/38), 31% (4/13), 
and 62% (13/21), respectively. The samples also showed 
an increasing complexity of  the alterations with mainly 
monosomy and trisomy of  chromosome 7 in CG, trisomy 
of  chromosomes 7 and 8 in CAG, and more frequent 
trisomy of  chromosomes 7, 8 and 17 in GU. About 75% 
(6/8) of  CG, 100% (4/4) of  CAG and 69% (9/13) of  
GU with aneuploidies were H pylori-positive. However, 
a significant association between the presence of  

aneuploidies and H pylori infection was found only in CAG 
(P = 0.0143) and GU (P = 0.0498), while parameters such as 
sex, age, smoking and alcohol consumption did not show 
any association with the occurrence of  aneuploidies. 
    No TP53 gene deletion was found in the cases 
evaluated, whether in CG, in CAG or in GU, but low-
intensity nuclear p53-positive immunoreactivity was 
present in 45% (5/11) and 12% (2/17) of  the CG and GU 
cases, respectively, ranging from 12% to 47.2% of  p53-
positive nuclei, as compared to over-expression of  the p53 
protein in positive controls from gastric adenocarcinoma 
(Figure 1). No significant association was found either 
between p53 expression and H pylori infection or with the 
other clinicopathological features investigated.

dIScuSSIon
The development of  gastric carcinoma is considered as a 
multistage progressive process due to alterations in onco-
genes, tumor suppressor genes, cell-adhesion molecules, 
telomerase, as well as to a genetic instability at several mi-
crosatellite loci, possibly related to H pylori infection[13,14]. 
The mechanisms leading to mutations, hyperproliferation 

Table 1 Aneuploidy, TP53 gene deletion and expression, and clinicopathological data in CG, CAG and GU cases

Cases Sex/age Smoking/alcohol
 consumption

H pylori  L
TP53
deletion
(G/C<0.9)

p53
IHC (>10%) Aneuploidy

Chronic gastritis
CG03 M/32 No/No - A ND ND -7, +8a

CG06 M/02 No/No - A 0.97 15.6
CG13 F/56 Yes/No + C 0.95 31.4
CG14 F/36 Yes/No + A 0.94 0 -7
CG16 M/89 Yes/Yes + C 0.98 12.0
CG19 F/54 No/Yes - A 0.90 15.0 +7
CG30 F/41 Yes/No + A ND ND +7a

CG31 M/44 Yes/No + A 0.95 ND +9
CG33 F/57 No/No + A 0.96 12.8
CG34 F/34 Yes/Yes + A ND ND +7
CG35 M/54 Yes/Yes + A ND ND +3, +7, +17
CG36 F/58 No/No + A 0.96 0.8 -7
Atrophic gastritis
CAG05 F/84 No/No + A ND ND +8a

CAG07 M/65 Yes/Yes + A ND ND +7, +8
CAG08 M/57 No/Yes + A ND ND +7 / +7+7
CAG13 M/77 Yes/No + A ND ND +9
Gastric ulcer
GU02 M/73 Yes/Yes - A ND 0.8 +17
GU03 M/52 Yes/Yes - A ND 47.2 +9 / +9+9
GU04 M/78 Yes/Yes - A ND 9.6 +7, +8a

GU05 M/64 Yes/Yes - A ND 0.8 -7a

GU06 M/43 Yes/No + A ND 0 +7 / +7+7, +8,
–9, +17 / +17+17

GU07 F/51 Yes/Yes + A ND 1.2 +3 / +3+3
GU09 F/72 No/No + A 0.97 14.6
GU12 M/28 Yes/Yes + A ND 3.2 -7, -9, -17
GU14 F/83 No/No + A ND 1.2 -9
GU15 M/43 Yes/Yes + A ND 6.4 -7, -8
GU16 F/82 No/No + A ND 0 -8
GU18 M/58 Yes/Yes + A ND ND +7 / +7+7
GU19 F/62 Yes/No + A ND ND +7 / +7+7, +8,

+17 / +17+17
GU20 M/63 Yes/Yes + A ND ND +9 / +9+9a

M: male; F: female; L:location; - : H pylori negative; +: H pylori positive; A: antrum; C: corpus; ND: not done; a: chromosome 17 not analyzed.
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and apoptosis of  the epithelial cells are triggered very early 
in the H pylori gastritis cascade, resulting in atrophic gastri-
tis, intestinal metaplasia and gastric cancer[2,13]. 
    The identification of  genetic alterations in biopsies of  
the epithelium of  patients with gastric dyspepsia may be 
helpful in early diagnosis of  gastric cancer. FISH is an ac-
curate and sensitive technique for the detection of  aneu-
ploidies in interphase nuclei from biopsies, making it pos-
sible to identify changes in early stages of  benign lesions, 
such as gastritis and gastric ulcer. Such changes may be 
used as markers for estimating the risk of  gastric cancer.
    A few studies have evaluated aneuploidy in epithelial 
lesions of  the stomach using DNA flow cytometry. In 
chronic and atrophic gastritis, Weiss et al[15] found DNA 
aneuploidy in 5.2% and in 8.5% of  the cases, respectively. 
Teodori et al[16] observed aneuploidy in 45% (9/20) chronic 
atrophic gastritis specimens, whereas Abdel-Wahab et al[3] 
detected quantitative DNA alterations in 18.8% of  atro-
phic gastritis cases.
    To our knowledge, studies about aneuploidy in gastric 
ulcer are not available in the literature. Our study using the 
FISH technique showed increasing aneuploidy and com-
plexity of  the alterations from chronic gastritis (21%) to-
wards atrophic gastritis (31%) and gastric ulcer (62%). The 
more frequent aneuploidies were monosomy and trisomy 
7 in CG, trisomies 7 and 8 in CAG, and trisomies 7, 8, and 
17 in GU. Moreover, in CAG and GU, these aneuploidies 
occurred more frequently in the H pylori-positive cases, 
probably being responsible for the chromosomal instability 
observed.
    Chromosomes 7, 8 and 17 carry several important genes 
involved in the control of  cell proliferation, such as EGFR 
(7p12-13), c-myc (8q24), HER-2/neu (17q21), and TP53 
(17p13). Therefore, the presence of  trisomy of  these chro-

mosomes in precancerous gastric lesions leading to gene 
imbalance may confer proliferative advantage, increasing 
the risk of  developing into gastric cancer.
    The development of  carcinoma in cases of  gastric ulcer 
disease during long-term H2-blocker treatment is slowly 
increasing, and ulcers that require such treatment exhibit 
the characteristics of  intractable conditions, including 
linear ulcers, simultaneous gastric and duodenal ulcers, 
immature intestinal metaplasia of  the gastric epithelium, 
and atrophic gastritis accompanied by multiple ulcer cica-
trices[17]. Hence, especially in these cases of  gastric ulcer, it 
is suggested that a genetic study should be performed to 
allow early detection of  malignant transformation.
    Inactivation of  the TP53 gene by mutation or deletion 
occurs as an initial event in gastric tumorigenesis, possibly 
associated with H pylori infection[14,18,19]. Using the FISH 
technique, Gomyo et al[20] detected a TP53 deletion in 77% 
(10/13) cases of  gastric carcinoma.
    In the present study, no TP53 deletion was found in ei-
ther chronic gastritis (15 cases), atrophic gastritis (3 cases) 
or gastric ulcer (3 cases), although it was observed in 60% 
(3/5) of  the intestinal metaplasia and 110% (3/3) of  the 
adenocarcinoma cases in a previous study conducted by 
our group[11], thereby corroborating the hypothesis that 
these pathologies share genetic alterations and progress 
jointly.
    The p53 gene products are known to regulate cell 
growth and proliferation. Wild-type p53 protein sup-
presses cell growth by controlling the G1 checkpoint, and 
has several additional physiological functions, including 
control of  the G2 cell checkpoint, as well as mediation of  
apoptosis[21]. The products of  wild-type p53 can hardly be 
detected in normal cells by immunohistochemical assays 
because of  their short half-life. However, TP53 gene al-
terations induced by many missense mutations may modify 
the conformation and stabilize the proteins, leading to 
their accumulation[22]. Therefore, over-expression of  a p53 
protein is a useful marker for detecting a mutated TP53 
gene[23,24].
    In this study, an increase of  detectable low-intensity 
p53 was observed in 45% (5/11) of  chronic gastritis 
and 12% (2/17) of  gastric ulcer cases. These positive 
immunostaining findings may be a consequence of  point 
mutations or small deletions. However, these changes are 
not detected by FISH, so were not tested in the current 
study. Alternatively, such alterations are more likely to be 
due to over-expression of  the wild-type protein related to a 
physiological response brought about by the inflammatory 
process of  the gastric epithelium. The lack of  association 
between p53 expression and H pylori infection may be 
related to the reduced number of  specimens from benign 
lesions evaluated.
    Although some studies have described p53 protein 
accumulation in benign gastric lesions[13,25-28], its association 
with H pylori infection in gastric carcinogenesis is not yet 
clear. Whereas some authors reported over-expression 
of  p53 protein in H pylori-positive chronic gastritis and 
intestinal metaplasia[13,25,27,28], Craanen et al [29] did not 
observe p53 protein accumulation in either atrophic 
gastritis or intestinal metaplasia and suggested that this 
process may be a late event in gastric carcinogenesis. On 

Figure 1 p53 protein expression on paraffin-embedded sections (400X original 
magnification). Low-intensity nuclear p53 protein immunoreactivity in chronic 
gastritis (A) and gastric ulcer (B) in comparison with p53 over-expression in the 
positive controls from gastric adenocarcinoma of intestinal type (C) and diffuse 
type (D). 

A B

DC
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the other hand, Lan et al[13] reported that H pylori infection 
might first cause severe imbalance of  proliferation and 
apoptosis in the precancerous lesions, leading to p53-
Rb tumor suppressor system mutation and telomerase 
reactivation, and finally causing gastric cancer.
    In conclusion, our study has clearly shown the 
occurrence of  aneuploidies, which increases with the 
progression of  lesions from chronic gastritis to atrophic 
gastritis and to gastric ulcer, is frequently associated with 
H pylori infection, evidencing chromosomal instability in 
benign gastric lesions that may play an important role in 
gastric carcinogenesis. We observed no TP53 gene deletion 
in the benign gastric lesions, whereas p53 protein over-
expression was detected in some cases of  chronic gastritis 
and gastric ulcer, thus suggesting that an accumulation 
of  wild-type p53 protein occurs, probably due to an 
inflammatory response.
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