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Abstract Gastric carcinogenesis is attributable to interacting environmental and genetic factors, through a
sequence of events including intestinal metaplasia. Using a fluorescence in situ hybridization tech-
nique, we investigated the occurrence of aneuploidies of chromosomes 3, 7, 8, 9, and 17, TP53
gene deletion, and expression of p53 in 21 intestinal metaplasia (IM) samples from cancer-free
patients and in 20 gastric adenocarcinoma samples. Aneuploidies were found in 71% (15/21) of
the IM samples. Trisomy of chromosomes 7 and 9 occurred mainly in complete-type IM; in the
incomplete type, trisomy of chromosomes 7 and 8 were more commonly found.The TP53 gene deletion
was observed in 60% (3/5) of the IM cases, and immunohistochemistry revealed p53 overexpres-
sion in 12% (2/17) of the analyzed IM cases. All gastric adenocarcinoma cases presented higher
frequencies of trisomy or tetrasomy of chromosomes 3, 7, 8, 9, and 17. The TP53 deletion
was found in all three of the gastric adenocarcinoma analyzed for it, and immunohistochemistry
detected overexpression of protein p53 in 80% (12/15) of the analyzed cases. Our study revealed
for the first time the presence of aneuploidies of chromosomes 7, 8, 9, and 17 and of TP53 gene
deletion and overexpression in IM samples from cancer-free patients. These results suggest that IM
and gastric adenocarcinoma may share the same genetic alterations. � 2004 Elsevier Inc. All
rights reserved.
1. Introduction

Gastric intestinal metaplasia (IM) has been considered a
precancerous lesion, because of its frequent association with
adenoma and well-differentiated adenocarcinoma [1]. This
type of gastric cancer, classified as intestinal, is preceded
by a sequence of morphologic events: chronic gastritis, atro-
phy, metaplasia, dysplasia, early carcinoma, and invasion
[2].

Intestinal metaplasia has been categorized on the basis
of morphology and enzyme histochemistry into complete
and incomplete types [3]. Complete (type I) metaplasia is
believed to carry the lowest risk of gastric cancer, where-
as those forms of incomplete metaplasia that present large
intestinal characteristics (type III metaplasia) have been
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closely linked to carcinoma by some authors [4–6], but not
by others [7,8].

The development and progression of gastric tumors is
generally driven by an accumulation of genetic alterations
[9,10] that have also been detected in precancerous le-
sions, such as intestinal metaplasia adjacent to gastric carci-
noma [2,6,11–14].

Among the genetic alterations, mutations in the TP53 gene
seem to be the key factor in the development of gastric
carcinoma [6]. Other alterations, such as mutations in genes
APC and KRAS and amplification of genes ERBB2, MET,
and CCNE1, are important events involved in progression
of gastric carcinogenesis [10,15,16].

Metaplasia has been associated with various inflamma-
tory processes, the most frequent of which is Helicobacter
pylori infection [17]. There are no reports in the literature
about regression of intestinal metaplasia after H. pylori eradi-
cation. It is possible, however, that the eradication of H.
pylori interrupts the progression of gastric carcinogenesis
[18].
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Our objective was to verify the occurrence of aneuploidies
of chromosomes 3, 7, 8, 9, and 17 (which carry important
genes involved in cell cycle control) and of TP53 gene
deletions by means of a fluorescence in situ hybridization
(FISH) technique, in addition to p53 expression, in early
stages of gastric carcinogenesis, such as intestinal metaplasia
in cancer-free patients. The results were compared with H.
pylori infection and other clinicopathologic variables, and
also with gastric adenocarcinoma, to investigate their poten-
tial relationship.

2. Materials and methods

2.1. Samples

Intestinal metaplasia samples were obtained from 21 pa-
tients (11 men and 10 women) without gastric cancer through
biopsy performed immediately after endoscopic evaluation.
The mean age of these patients was 65 years (range 22–94
years). The metaplasia was histopathologically diagnosed
and classified according to the Sydney classification [3].
Tumor specimens were collected shortly after surgery from
20 patients (16 men and 4 women) diagnosed with gastric
adenocarcinoma who underwent gastrectomy. The mean age
of these patients was 64 years (range 28–93 years). None of
the patients had received either chemotherapy or radiother-
apy before surgery. The tumors were histologically classified
according to Lauren [19] as intestinal-type or diffuse. Biops-
ies of histologically confirmed normal and H. pylori–nega-
tive mucosa were obtained from 10 individuals 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 intestinal
metaplasia were collected from the antrum region of the
stomach; those of adenocarcinomas were collected mainly
from the antrum and corpus. The study was approved by the
Brazilian National Research Ethics Committee, and written
informed consent was obtained from all individuals.

2.2. DNA extraction and polymerase chain reaction for
H. pylori diagnosis

DNA was extracted with the phenol–chloroform method,
after digestion with proteinase K [20]. Polymerase chain
reaction (PCR) assays were performed separately, using ap-
proximately 100 ng of total DNA and three different sets of
oligonucleotides. One of these amplifies a 312-bp segment
of the gene CYP1A1 [21], as a DNA quality control; another
amplifies a 298-bp product of the gene encoding species-
specific H. pylori antigen [22]; and the third amplifies a
411-bp fragment corresponding to the urease A gene [23].
Positive and negative controls were used in all experi-
ments. The PCR products were separated using 7.5% poly-
acrylamide gel electrophoresis, followed by silver nitrate
staining. The assay was considered positive when at least
one of the bacterial PCR products was present [24].
2.3. FISH

All the samples were mechanically and enzymatically
disaggregated with pepsin 0.008%, and the single-cell sus-
pension obtained was treated with hypotonic solution (0.075
mol/L KCl) and fixed in methanol–acetic acid (3:1) over-
night [25]. After washes in 60% acetic acid, the resulting
cell suspension was dropped onto microscope slides and
stored at �70�C until use for FISH assay.

FISH analysis was performed with centromere probes
(CEP) for chromosomes 3, 7, and 8 directly labeled with
digoxigenin and for chromosome 9 labeled with rhodamine.
Dual-color FISH assays were performed using TP53
probe kits (Vysis, Downers Grove, IL): the LSI TP53 se-
quence labeled in SpectrumOrange, with the centromere
probe for chromosome 17 labeled in SpectrumGreen. The
hybridization and detection protocols followed the manufac-
turer’s instructions.

For each probe, signals of �300 intact and nonoverlap-
ping nuclei were evaluated by two independent observers,
according to the criteria described by Eastmond et al.
[26]. 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
control samples; thus, 2% was arbitrarily taken as the
cutoff value.

The scores of the TP53 gene were taken together with
those of the chromosome 17 centromere. To analyze the
TP53 gene deletion, the gene-to-centromere (G/C) ratio was
calculated for each case; that is, the total number of gene
signals observed was divided by the total number of chromo-
some signals. In the control group (normal gastric mucosa),
the mean ratio observed was 0.98 (balanced); so, in the cases
with a G/C ratio less than 0.9, gene deletion was assumed.

2.4. Immunohistochemical analysis

To assess p53 protein accumulation, the commercially
available monoclonal antibody DO-7 (Novocastra, Newcas-
tle upon Tyne, UK) was used in combination with the anti-
Ig second-stage antibody and the ABC kit (Novocastra) on
sections of paraffin-embedded material. This antibody recog-
nizes both mutant and wild-type conformations of the pro-
tein. For the positive control, we processed sections from a
breast adenocarcinoma previously shown to express high
levels of p53 protein. For the normal control, we used 8 of
the 10 available normal gastric mucosa biopsies. For each
sample, 500 epithelial cells were counted. The positivity
index was defined as greater than 10% of cells showing
nuclear staining, because in only four of the eight cases
of normal gastric mucosa was the intensity of p53 protein
expression low (range 0.2–4.0%).
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2.5. Statistical analysis

Chi-square and Fisher’s exact tests were used to deter-
mine statistical significance. Values of P less than 0.05 were
considered significant.

3. Results

Tables 1 and 2 show the results regarding aneuploidies
of chromosomes 3, 7, 8, 9, and 17, TP53 gene deletion and
expression, and clinicopathologic data for the 21 intestinal
metaplasia and the 20 gastric adenocarcinoma samples,
respectively.

In intestinal metaplasia (Table 1), 15 of the 21 (71%)
cases showed aneuploidies. Trisomy of chromosomes 7 and
9 occurred mainly in the complete type, whereas in the
incomplete type chromosome 7 and 8 trisomies were
more frequent. A significant association between aneuploidy
and H. pylori infection was found (P � 0.0105). Sex, age,
tobacco and alcohol consumption, and histology did not
show any association with the evaluated chromosomes.

TP53 gene deletion was observed in 3 of the 5 (60%)
metaplasia cases: IM05, IM11, and IM18. In these three cases,
the G/C ratio ranged between 0.78 and 0.86. The concomitant
analysis of the chromosome 17 centromere and TP53 gene
showed absence of one or two signals for chromosome 17
and TP53 gene in 4.5 and 21.1% of the cells, respectively
(data not shown).
Immunohistochemical analysis revealed p53 overexpres-
sion in 2 of the 17 (12%) metaplasia cases analyzed (IM05
and IM13), but with reduced stain intensity. One case was
intestinal metaplasia of the complete type; the other, the
incomplete type. No association was observed between TP53
overexpression and the clinicopathologic variables investi-
gated, including H. pylori infection.

All cases of gastric adenocarcinoma presented higher
frequencies of trisomy or tetrasomy of chromosomes 3, 7,
8, 9, and 17 (Table 2). A gain of all five chromosomes
occurred in four intestinal-type and two diffuse-type cases.No
association was observed between aneuploidy and location
in the stomach, histologic type, or degree of differentiation of
the gastric adenocarcinoma, nor with any other clinicopatho-
logic parameter tested.

TP53 deletion was found in all three gastric adenocarci-
noma samples analyzed, with a gene/centromere ratio rang-
ing between 0.60 and 0.81. In these cases, the absence of
one or two signals for chromosome 17 and gene TP53
was observed in 2.4 and 32.7% of the cells, respectively
(data not shown).

Immunohistochemical analysis detected overexpression
of nuclear p53 protein in 12 out of 15 (80%) gastric adenocar-
cinoma samples. The nuclear staining was usually strong,
with 15.6–90.4% immunostained nuclei. Nine out of 10
intestinal-type cases (90%) and 3 of 5 diffuse-type cases
(60%) showed p53 overexpression. No association was ob-
served between this overexpression and H. pylori infection
in gastric adenocarcinoma cases, nor with any other of the
clinicopathologic parameters evaluated.
Table 1
Aneuploidy, TP53 gene deletion and expression, and clinicopathologic data in intestinal metaplasia (IM)

TP53
Case Tobacco/alcohol deletion p53 IHC
no. Sex/age consumption H. pylori Histology Location (G/C � 0.9) (� 10%) Aneuploidy

IM01 F/50 �/� � CIM A ND 2.6 �9
IM02 F/54 �/� � CIM A 0.90 0 �7/�7�7, �9/�9�9
IM03 F/67 �/� � CIM A ND ND —
IM04 M/75 �/� � CIM A 0.92 0.6 —
IM05 M/74 �/� � CIM A 0.86 13.0 �17
IM06 M/72 �/� � CIM A ND 1.2 —
IM07 F/73 �/� � IIM A ND 0.8 �7/�7�7
IM08 F/46 �/� � IIM A ND 0 �7, �9a

IM09 M/58 �/� � CIM A ND 0 —
IM10 F/70 �/� � CIM A ND 0.4 �7
IM11 F/68 �/� � CIM/IIM A 0.78 0.8 �3,�3/�3�3, �7/�7�7, �8, �17
IM12 M/73 �/� � IIM A ND 0.4 �8
IM13 F/80 �/� � IIM A ND 20.8 �8a

IM14 M/94 �/� � IIM A ND 3.4 �7/�7�7a

IM15 M/22 �/� � IIM A ND 0.2 —
IM16 F/61 �/� � CIM/IIM A ND 10.0 —
IM17 M/75 �/� � IIM A ND 0 �7, �8, �17
IM18 M/47 �/� � CIM/IIM A 0.78 ND �7/�7�7, �8
IM19 M/57 �/� � IIM A ND ND �7, �17
IM20 M/75 �/� � CIM A ND ND �9
IM21 F/91 �/� � CIM A ND 2.2 �7a

Abbreviations: A, antrum; CIM, complete intestinal metaplasia; F, female; G/C, gene-to-centromere ratio; IHC, immunohistochemistry; IIM, incomplete
intestinal metaplasia; M, male; ND, not done.

a Chromosome 17 not analyzed.
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Table 2
Aneuploidy, TP53 gene deletion and expression, and clinicopathologic data in gastric adenocarcinoma (GC)

Tobacco/
alcohol TNM TP53
consump- H. classification/ deletion p53 IHC

Case no. Sex/age tion pylori stage Location (G/C � 0.9) (�10%) Aneuploidy

Intestinal type
GC03 M/62 �/� � T3N2M0/III A/C ND ND �7/�7�7, �8/�8�8,�9/�9�9,�17/�17�17
GC04 M/63 �/� � T4N1Mx/IV A/C ND 15.6 �3/�3�3, �7/�7�7, �8/�8�8, �9,

�17/�17�17
GC05 M/62 �/� � NA F/C ND 20.8 �3/�3�3, �7, �8/�8�8, �9/�9�9, �17
GC06 M/66 �/� � TxNxM1/IV A ND 2.0 �3/�3�3, �7, �8, �9/�9�9, �17
GC07 M/51 �/� � T4N1Mx/IV A ND 49.0 �3/�3�3, �7/�7�7, �17
GC08 F/86 �/� � NA F 0.81 88.2 �7/�7�7, �8/�8�8, �9/�9�9
GC09 M/76 �/� � T3N0M0/II A 0.80 22.1 �7/�7�7, �9, �17/�17�17
GC10 M/71 �/� � T3N0M0/II A/C ND 22.4 �7/�7�7, �8/�8�8, �9a

GC14 M/72 �/� � TxNxM1/IV A/C ND 21.4 �7/�7�7, �8/�8�8, �9/�9�9, �17
GC15 M/77 �/� � T4N1Mx/IV A/C ND 90.4 �3/�3�3, �7/�7�7, �8/�8�8, �9/�9�9, �17
GC17 M/93 �/� � NA F/C ND 86.4 �3, �7, �8, �17/�17�17
GC19 M/58 �/� � T4N1Mx/IV A ND ND �8, �9/�9�9, �17
Diffuse type
GC01 M/71 �/� � NA Ca ND 88.4 �3/�3�3, �7/�7�7, �8/�8�8, �9a

GC11 F/28 �/� � T4N2/IV A 0.60 ND �3/�3�3, �7/�7�7, �8/�8�8, �9/�9�9,
�17/�17�17

GC12 M/83 �/� � T3N1/III A/C/F ND 32.8 �3/�3�3, �7/�7�7, �9, �17/�17�17
GC13 M/71 �/� � NA Ca/C ND 85.8 �3, �7/�7�7, �8/�8�8, �9/�9�9a

GC16 F/66 �/� � NA A/C ND ND �3/�3�3, �7/�7�7, �8/�8�8, �9/�9�9,
�17/�17�17

GC18 M/44 �/� � T1N0M0/I A ND 0 �7, �8/�8�8, �9, �17
GC20 F/38 �/� � T3N1M1/IV A ND 5.8 �3/�3�3, �7/�7�7, �17
Undifferentiated
GC02 M/48 �/� � T3N2M0/III A ND ND �7, �8/�8�8, �9, �17/�17�17

Abbreviations: A, antrum; C, corpus; Ca, cardia; F, female; F, fundus; G/C, gene-to-centromere ratio; L, location; M, male; M, metastasis; N, node;
NA, data not available; ND, not done; T, tumor; TNM, tumor–node–metastasis.

a Chromosome 17 not analyzed.
4. Discussion

The role of intestinal metaplasia as a precancerous lesion is
widely accepted, although reports showing a connection
between intestinal metaplasia and well-differentiated adeno-
carcinoma of the stomach are rare [13]. To address this
problem, we investigated the occurrence of genetic alter-
ations in intestinal metaplasia samples from patients without a
cancer history and compared it with their occurrence in
gastric adenocarcinoma samples. The frequency of aneuploi-
dies of chromosomes 3, 7, 8, 9, and 17 found in the intestinal
metaplasia cases (71%) was lower than in the gastric adeno-
carcinoma cases. Moreover, the intestinal metaplasia cases
showed TP53 gene deletion (60%) and nuclear overex-
pression of the p53 protein (12%).

Gomyo et al. [6] found cells with nuclear p53 protein in
5 of 23 (22%) specimens of intestinal metaplasia adjacent
to gastric cancer, but they did not detect any numerical
aberrations of chromosome 17, nor a TP53 gene deletion in
these cases. Thus, our results reveal (to our knowledge,
for the first time) a high frequency of numeric alterations
in intestinal metaplasia biopsies from patients with dyspepsia
but still without gastric cancer. In intestinal metaplasia, the
most frequent aneuploidies were trisomy of chromosomes
7, 8, and 9. As for most of the gastric adenocarcinoma
cases, the gain (trisomy or tetrasomy) involved mainly chro-
mosomes 7, 8, 9, and 17. This finding implies that, in many
cases, cancer conserves the status in metaplasia lesions, sug-
gesting a chronological connection between these two differ-
ent lesions. Although the cancer cases studied by Kim et al.
[14] harbored the same genetic abnormalities as the prema-
lignant lesions, providing evidence of monoclonal expansion
of mutated cells, they did not observe an identical mutation of
the p53 gene in intestinal metaplasia and in carcinoma. Thus,
these authors suggested that IM adjacent to gastric carci-
noma, irrespective of its subtype, does not have the genetic
alterations shown in their carcinoma tissues.

According to the hypothesis raised by Duesberg [27],
cancer is initiated by random aneuploidy, generated either
by a carcinogen or spontaneously. Aneuploidy inevitably
generates abnormal phenotypes, as a consequence of abnor-
mal dosages and expression of thousands of normal genes.
The many abnormally expressed genes of cancer cells pre-
dicted by the aneuploidy hypothesis were recently confirmed
experimentally [28–30]. Once cancer-specific aneuploidy
has emerged, its inherent karyotypic instability [31] will
generate ever-new phenotypes, including metastatic and
drug-resistant ones. Preneoplastic aneuploidy may become
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the single most reliable indicator of incipient carcinogen-
esis [27,32].

Chromosomes 7, 8, 9, and 17 carry important genes, such
as MET (7q31), MYC (8q24), CDKN2A (9p21), TP53
(17p13), and ERBB2 (17q21) [9,33–36], that act on cell
proliferation control and homeostasis of gastric mucosa turn-
over. Thus, an imbalance in the expression of these genes
might lead to proliferative advantage. Mutations and overex-
pression of the TP53 gene have been studied previously in
subtypes of intestinal metaplasia. The incidence of TP53
mutations in IM has been reported as ranging from 6.6 to
50%, but these reports included intestinal metaplasia adja-
cent to tumors [2,6,12,14,34], whereas we showed the pres-
ence of TP53 gene deletion in 3 out of 5 cases, and
overexpression of p53 protein in 2 out of 17 cases of IM in
patients who had not yet developed gastric cancer.

Increased immunostaining of p53 can depend on either
increased synthesis of wild-type protein or accumulation of
mutated protein in the cell, since the antibody recognizes
both types of the protein. Therefore, due to the increased
frequency of immunostained nuclei and the greater staining
intensity observed in IM, as compared to normal mucosa,
we suggest that overexpression might be related to the mu-
tated type of p53 protein.

The increase of detectable p53 in IM was shown by Ochiai
et al. [12], who found that 2.5% of cases of incomplete-type
IM were positive for the immunohistochemical p53 staining.
Marinone et al. [37] and Petersson et al. [38] observed p53
overexpression in both gastritis and IM, probably related to
an inflammatory response induced by H. pylori infection.
Other authors, however, have failed to show any increased
expression of p53 in these lesions [39,40]. In gastric cancer,
a significant association between p53 overexpression and
the metastatic spread to lymph nodes has been found by some
authors [41,42], but not by others [43,44]. The contradictory
results may be due to a difference in the antibodies used [44].

In the present study, we observed a significant association
between aneuploidy and H. pylori infection only in intestinal
metaplasia; however, no association was observed, in either
IM or gastric adenocarcinoma, between p53 overexpression
and other clinicopathologic parameters (such as sex, age,
or tobacco and alcohol consumption) previously reported
[44,45]. Helicobacter pylori infection has been linked to
altered proliferation activity changes in various cell cycle
regulating proteins. Petersson et al. [38] showed significantly
increased proliferative activity and expression of p53 in
subjects with H. pylori infection, compared with uninfected
individuals. Persistent H. pylori-associated hyperprolifera-
tion increases the risk of irreversible genetic errors, and
accumulation of such errors may lead to malignant transfor-
mation [37].

In two of the analyzed cases (IM05 and GC09), we ob-
served the presence of TP53 gene deletion concurrently with
a gain of chromosome 17. Generally, in human tumors, the
pattern of somatic mutations in the TP53 gene consists of
a mutation in one allele accompanied by loss or re-
arrangement of the second allele [46]. Another instance of
preneoplastic alteration is Barrett esophagus, which carries
an increased risk of esophageal adenocarcinoma. TP53 gene
mutations, loss of heterozygosity, and some deletions
have been found in peritumoral Barrett epithelium and
esophageal adenocarcinoma [47,48].

In conclusion, our results suggest that IM in cancer-
free patients and well-differentiated adenocarcinoma may
share the same genetic background, supporting the hypothe-
sis that intestinal metaplasia may be a precursor of intestinal-
type adenocarcinoma.
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Di-Cézar and Fernanda da Silva Manoel-Caetano for their
help in the FISH scoring. This study was sponsored by the
Brazilian Agency FAPESP.

References

[1] Correa P, Shiao Y-H. Phenotypic and genotypic events in gastric
carcinogenesis. Cancer Res 1994;54(Suppl):1941s–3s.

[2] Shiao YH, Rugge M, Correa P, Lehmann HP, Scheer WD. p53 alter-
ation in gastric precancerous lesions. Am J Pathol 1994;144:511–7.

[3] Dixon MF, Genta RM, Yardley JH, Correa P. Classification and grading
of gastritis. The updated Sydney System. International workshop on
the histopathology of gastritis, Houston 1994. Am J Surg Pathol
1996;20:1161–81.

[4] Rokkas T, Filipe MI, Sladen GE. Detection of an increased incidence
of early gastric cancer in patients with intestinal metaplasia type III
who are closely followed up. Gut 1991;32:1110–3.

[5] Tosi P, Filipe MI, Luzi P, Miracco C, Santopietro R, Lio R, Sforza V,
Barbini P. Gastric intestinal metaplasia type III cases are classified
as low-grade dysplasia on the basis of morphometry. J Pathol 1993;
169:73–8.

[6] Gomyo Y, Osaki M, Kaibara N, Ito H. Numerical aberration and point
mutation of p53 gene in human gastric intestinal metaplasia and well-
differentiated adenocarcinoma: analysis by fluorescence in situ hybrid-
ization (FISH) and PCR-SSCP. Int J Cancer 1996;66:594–9.
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