
Abstract. Background: The genetic events involved in
gastric cancer, the third most frequent cancer in the world
with a high incidence in Pará State, Brazil, remain largely
unknown. Materials and Methods: Twenty-one primary
gastric adenocarcinomas were investigated by comparative
genomic hybridization (CGH) and the relationships between
genomic abnormalities and histopathological features were
evaluated. Results: Eighty-one percent of cases presented
DNA copy-number changes. Chromosomal gains were the
most frequent finding, losses occurring only in the diffuse
type. The main copy-number gains were on chromosome 8,
principally on 8q24.1 (8/21 cases), 8p21 (3/21) and 8p23.2-
8p12 (2/21). Gain of region 8q24.1, where C-MYC is located,
was the main finding, exclusively in the intestinal type with
metastasis. Conclusion: C-MYC locus amplification may be
predictor of aggressiveness in intestinal-type gastric cancer,
playing an important role in its development and progression.
Moreover, other genes on 8q24 should be investigated.
Gastric adenocarcinomas of differing histopathological
features were associated with distinct genetic alterations,
supporting the hypothesis that they evolve through distinct
genetic pathways. 

Gastric cancer is the third most frequent cancer type (1) and
the second most important cause of cancer deaths in the
world (2). In northern Brazil, Pará State presents a high
incidence of this neoplasia and its capital, Belém, was
ranked eleventh in number of gastric cancers per inhabitant
among all cities in the world with cancer records (2). Food
factors may be related to the high incidence of this
neoplasia in Pará, especially the considerable consumption
of salt-conserved food, reduced use of refrigerators and the
low consumption of fresh fruit and vegetables (3).

The molecular events in gastric carcinogenesis remain
largely unknown. Carcinogenesis is widely regarded as a
multistep process involving the accumulation of genetic
alterations in cellular oncogenes, tumor-suppressor genes,
cell cycle regulators and DNA repair genes (4).

Comparative genomic hybridization (CGH) enables the
detection of genetic imbalances and for chromosomal map
determination of chromosome or chromosomal subregion
gains and losses in relation to the normal reference metaphase
(5). Importantly, CGH has facilitated the identification of
consistent sites of chromosomal imbalance in a wide variety
of solid tumors (6).

Many chromosomal alterations have been identified by
CGH in gastric cancer, but there are significant
discrepancies among the reported results. In several studies,
gains on 1p, 3p, 3q, 5p, 6p, 7p, 7q, 8p, 8q, 11q, 12q, 13q, 16p,
17q, 20q and 22q and deletions on 1p, 3p, 4p, 4q, 5q, 6p, 9p,
15q, 16q, 17p, 18q, 19p, 20q and 21q were observed in
gastric cancer (7-23).

In the present investigation, a CGH study was carried out
on 21 samples of primary gastric adenocarcinoma to define
the pattern of chromosomal imbalance and to compare the
results with clinical and histopathological data.
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Materials and Methods

Tissues specimens and DNA extraction. Surgical samples of primary
tumors were obtained from 21 patients at Pará State João de
Barros Barreto University Hospital (HUJBB), Brazil. Patient
ethnicity, age and tumor anatomical sites were obtained from the
tumor registries. The study cohort comprised males in the age
range 42 to 71 years (mean age, 56.5 years). These patients had
never undergone chemotherapy or radiotherapy prior to surgery,
nor had they any other diagnosed cancer. The Ethics Committee
of HUJBB approved this genetic study. 

The tumor samples were collected immediately after surgical
resection, frozen in liquid nitrogen and stored at –80ÆC prior to
DNA extraction. The DNA was isolated by digestion with
proteinase K (2 Ìg/ml), followed by phenol-chloroform extraction.
The tumors were classified according to the TNM classification of
the International Union Against Cancer (UICC) criteria (24) and
the Lauren classification (25).

Comparative genomic hybridization. Metaphase chromosomes were
prepared using phytohemaglutinin-stimulated peripheral blood
lymphocytes from a subject with a normal karyotype (26). The slides
were 3 to 5 days old prior to treatment with pepsin (20 Ìg/ml) in
0.01M HCl at 37ÆC. Before hybridization, normal lymphocyte
metaphases were denatured at 72ÆC in 70% formamide/2xSSC and
dehydrated in ethanol series. Tumor and reference DNA were
labeled by nick translation using biotin-14-dATP (GIBCO BRL,
USA) and digoxigenin-11-dUTP (Boehringer, Mannheim,
Germany), respectively. The nick-translation reaction was stopped
by heating at 70ÆC for 15 min. The CGH procedure was similar to
published standard protocols (5). Only strong uniform hybridization
metaphases were included in the analysis. A minimum of ten
metaphases per specimen were analyzed using a Zeiss Axiophot
fluorescence microscope (Zeiss, Oberkochen, Germany) with single
band pass excited filters for UV/FITC (490 nm), DAPI (360 nm)
and rhodamine (570 nm), and were analyzed using the ISIS digital
image analysis system (MetaSystems, Altlussheim, Germany). At
least ten representative metaphases were fully analyzed and
combined to produce an amplification-deletion map for each
chromosome.

An internal control with differentially labeled normal DNA was
performed and 15 successfully hybridized metaphases were
analyzed. In cases of no gains or losses, the green-to-red
fluorescence ratio (FR) was 1. Gains in a tumor were detected as
an increased FR, whereas losses were observed as a decreased
ratio. Chromosomal regions were interpreted as over-represented
(gains) when the ratio exceeded 1.20 and under-represented
(losses) when the ratio was less than 0.80. When the ratio exceeded
1.5 it was considered to be a highly amplified region. All findings
were confirmed with a confidence interval of 99%. Repetitive
heterocromatic, telomeric and subtelomeric regions were excluded
from the analysis.

Results

Copy number changes in the DNA sequences were detected
in 81% of the 21 primary gastric adenocarcinomas. The
CGH analysis demonstrated that chromosomal gains were
more common than losses (Table I). A schematic summary

of the CGH imbalances detected is shown in Figure 1.
Normal profiles were seen in only four gastric cancer (cases
10, 12, 20 and 21). Copy number gains were frequently
detected along chromosome 8, mainly on 8q24.1 (by just the
position of different segments in 8/21 cases), 8p21 (3/21) and
8p23.2-8p12 (2/21). A gain on 14q31 was observed in two
cases. Losses on 2q12-q14.3, 2q32.2-q33, 5q35.2, 7p21 9p23-
p12, 9q13-q34.1, 16p13.2, 17q21.3-q24, 18q11.2, 20p11.2 and
20q13.2 were found in two patients for each region. In one
case, copy number changes varied across the genome. The
most frequently observed chromosomal aberration involved
chromosome 8 (Figure 1). Over-representation of 8q24.1-
q24.2 was found in three tumors (cases 11, 15, 18) and five
other cases (1, 2, 4, 5 and 7) showed an increased copy
number in the same region. The relationships between the
CGH results and clinical and histological parameters were
also investigated (Table I).

Discussion

Both environmental and genetic factors contribute to the
occurrence of gastric cancer (27). CGH analysis of solid
tumors revealed a number of recurrent copy number
aberrations that had not been detected previously by any
other technique (28). Cytogenetic changes are found in the
majority of gastric carcinomas and may lead to increased or
decreased gene expression. However, it is still unclear
whether these abnormalities are the cause or consequence
of the malignant phenotype of gastric carcinoma (29).

It is likely that these chromosomal aberrations reflect
selective retention of genomic fragments housing "driver"
genes, the products of which functionally contribute to
gastric carcinogenesis (30). Many groups have tried to
identify cytogenetic alterations that could be related to
clinical and histological parameters, aiming to use the data
with diagnostic, prognostic or even therapeutic intent. Our
team had previously found chromosomal aberrations in
gastric cancer by conventional cytogenetics and the FISH
technique, with the goal of establishing a possible clinical
application based on differences in aggressiveness,
histological data or patient outcome (31, 32).

From the CGH analysis of 21 primary gastric
adenocarcinomas, originating from patients living in a high
incidence area in Brazil, some important differences between
intestinal and diffuse types (according to Lauren’s
classification), as well as some cytogenetic alterations related
to specific stages and patterns of numerical aberrations, were
revealed. A very interesting finding in our analysis was the
exclusive pattern of gains and losses. Each sample presented
either one or the other, suggesting that tumors evolve in two
different ways by either losing or gaining DNA (33).

We also identified many differences among the
histological types and staging groups. Numerical aberrations
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were detected in every intestinal-type tumor. Diffuse
tumors, which nonetheless presented fewer numerical
aberrations, were the only histological type where losses
were detected (five cases). Four patients with diffuse tumors
without systemic metastasis (M0) had no detected
chromosomal imbalances. Each case of intestinal-type
adenocarcinoma had chromosomal gains, but none showed
DNA losses. The DNA gain patterns in intestinal tumors
varied according to the TNM/UICC classification (Table I).

It is particularly noteworthly that the gains at region
8q24.1, where the C-MYC oncogene is located, were
identified exclusively and in every case of intestinal-type
adenocarcinoma with systemic metastasis (M1). Reports
from CGH studies included gains on 8q in approximately 18-
56% of cases (4, 13, 34, 35). In a CGH-array study, Takada
et al. (23) reported a high level of amplification on 8q24.1 in
six poorly-differentiated gastric adenocarcinoma cell lines. 

We detected a high amplification of 8q24.1-q24.2 in three
tumors (cases 11, 15, 18), all of them intestinal-type with M1

metastasis. The overexpression of MYC is associated with
over 50% of human cancers and is frequently related to a
worse prognosis and a more invasive phenotype. MYC has
been shown to contribute to tumorigenesis by inducing
unrestrained cellular growth, proliferation, angiogenesis and
genomic instability (36, 37).

The constitutive expression of C-MYC due to
chromosomal translocation, mutation or amplification
contributes to the development and progression of many
cancers (12). Additionally, C-MYC induces incorrect
replication initiation, DNA breakage, alterations of DNA
repair, point mutations and causes remodeling of the 3D
nuclear organization of telomeres and chromosomes, thus
creating topological conditions that initiate genomic
instability (38).

The enhanced expression of the MYC protein contributes
to almost every aspect of tumor cell biology. Whereas the
ability of MYC to drive unrestricted cell proliferation and
to inhibit cell differentiation has long been recognized, a
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Table I. Histological diagnosis and DNA copy number changes in 21 cases of gastric adenocarcinomas.

Case Age Location Laurena UICCb/AJCCc Gains Losses

1 47 Antrum Diffuse T3N0M0 – 2q12-q14.3, 2q32.2-q33, 9p22-p12, 9q13-q34.1, 
14q11.2-q24.2, 5q31.1-q31.3, 12p13.2-p11.2, 12q14, 

17p12-p11.2, 17q21.3-q24, 18q11.2-q12.1
2 59 Antrum Intestinal T4N1M0 11p15.4-p15.3 –
3 57 Antrum Diffuse T3N2M0 – 5q35.2
4 71 Antrum/body Intestinal T3N2M1 2p23.1-p22.2, –

6q16.2-qter, 8q13-qter
5 47 Antrum Intestinal T3N2M0 16p12, 19p13.1 –
6 51 Body Intestinal T3N2M0 6p21.1, 10q23.1-q26.2, –

14q31-q32.2, 16p13
7 55 Antrum/body Diffuse T3N2M1 – 1p22.3, 1q43, 2p25.2-p12, 2q12-q36, 3p25-p12, 

3q25.1-q28, 5p15.2-p12, 5q11-q35.2, 7p21-p12, 
7q11.22-q31.2, 9p23-p12, 9q13-q34.2, 11p14-p11.12, 

11q13.2-q14.1, 13q12.1-q33, 16p13.2-p11.2, 
16q12.1-q23, 17q21.1-q24, 18q12.1-q21.2, 

20p12-p11.2, 20q11.2-q13.2
8 50 Cardia Diffuse T3N1M0 7q21.3 –
9 41 Antrum Intestinal T3N2M1 2q31, 8q24.1, 19q13.1-q13.2 –

10 62 Antrum Diffuse T3N1M0 – –
11 61 Antrum Intestinal T3N2M1 8p21, 8q23-q24.2 –
12 54 Antrum Diffuse T3N0M0 – –
13 42 Antrum/body Intestinal T3N2M1 7p21, 8p23.2-p11.2, 8q12-q24.2 –
14 49 Antrum Intestinal T3N2M1 8q24.1 –
15 45 Antrum Intestinal T3N2M1 8q24 –
16 45 Antrum Diffuse T3N2M0 – 16p13.2, 20p11.2, 20q13.2
17 54 Antrum/body Intestinal T3N2M1 8q21.1-8q24.1 –
18 46 Body Intestinal T3N2M1 8p23.2-8p12, 8q24, –

14q23-q31, 20p13-p12
19 50 Antrum/body/fund Diffuse T3N2M1 – 7p21
20 46 Antrum Diffuse T3N1M0 – –
21 60 Antrum/body Diffuse T3N2M0 – –
Control 37 Lymphocytes – –

aLauren classification; bInternational Union Against Cancer classification; cAmerican Joint Committee on Cancer.



recent work indicated that deregulated expression of MYC
can drive cell growth and angiogenesis, reduce cell adhesion
and promote metastasis and genomic instability. Conversely,
the loss of the MYC protein not only inhibits cell
proliferation and cell growth, but can also accelerate
differentiation, increase cell adhesion and lead to an
excessive response to DNA damage. Results in animal
models suggest that MYC may be a target for the treatment
of human cancer, but it is still unknown whether such drugs
will be useful (39).

The C-MYC oncogene seems to be fundamental in the
carcinogenesis process. C-MYC locus amplification may be a
predictor of aggressiveness and poor outcome in intestinal-
type gastric cancer and might play an important role in the
development and progression of this neoplasia.

We previously demonstrated C-MYC amplification in
intestinal-type adenocarcinoma by the FISH technique, as
well as translocation of this gene in the diffuse-type. The
highest amplification level, including the occurrence of
double minutes, were also shown in intestinal-type gastric
cancer with systemic metastasis (32), supporting our CGH.
These results should provide useful information for the
development of more accurate strategies in the management
of gastric cancer. Moreover, some genes, other than  C-MYC,
on 8q24 should be investigated.

Other regions on chromosome 8 were also amplified,
such as 8p21 (3/21) and 8p23.2-8p12 (2/21). These
alterations suggest that the presence of trisomy 8 is a
common biological phenomenon in adenocarcinoma of the
stomach (32, 40, 41).
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Figure 1. Summary of the chromosomal alterations determined. Bars to the right of the chromosomes indicate gains. Bars to the left indicate losses.
High levels of amplification are shown with bold lines. The numbers on the bars indicate the case study.



Several CGH studies identified the 20q region as the
most frequent site of DNA gain in gastric cancer (10, 13, 14,
17, 28, 42-48). Among our samples, this or other cytogenetic
abnormalities referred to could not be found, perhaps due
to regional differences or to the limited sample number.

A gain on 7q31 was observed in the single case of cardiac
cancer that we analyzed. The expression of the C-MET gene,
located on 7q31, was associated with clinical stage and/or
prognosis in gastric cancer (4). Other genetic aberrations
occurred only in a few cases and could not be related to any
specific clinical or pathological pattern, thus requiring further
investigation in additional tumors.

Based on our results, we affirm that gastric adeno-
carcinomas of differing histopathological features are
associated with distinct patterns of genetic alterations,
suggesting their evolution through different genetic pathways. 
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