
Abstract. Background: Gastric cancer is the third most
frequent type of neoplasia. In northern Brazil, the State of Pará
has a high incidence of this type of neoplasia. Limited data are
available so far on the genetic events involved in this disease.
Materials and Methods: Dual-color fluorescence in situ
hybridization (FISH) for the C-MYC gene and chromosome 8
centromere was performed in 11 gastric adenocarcinomas.
Results: All cases showed aneuploidy of chromosome 8 and 
C-MYC amplification, in both the diffuse and the intestinal
histopathological types of Laurén. No correlation was found
between polysomy 8 and the histopathological characteristics
of the tumors. C-MYC amplification, like homogeneously-
stained regions (HSRs) and double minutes (DMs), was
observed only in the intestinal-type. Translocation of C-MYC
was observed only in the diffuse-type. Conclusion:
Chromosome 8 can be used as a marker in the diagnosis of
gastric adenocarcinoma. The C-MYC oncogene requires
further studies in order to verify if it is, when amplified, an
etiological cause of transformation or a consequence of the
proliferation process.

Gastric cancer is the third most frequent type of cancer in

the world (1). With regard to mortality, it represents the

second most important cause of death in the world (2). In

northern Brazil, the State of Pará presents a high incidence

of this type of 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 high consumption of salt-conserved

food, the limited use of refrigerators and the low

consumption of fresh fruit and vegetables (3).

Although gastric tumors are frequent neoplasias, papers

on their cytogenetics are scarce in the literature (4). It is,

therefore, necessary to conduct new studies aimed at

identifying the peculiar genetic characteristics of a tumor,

which might help in the diagnosis and prognosis of this

disease, as well as to more accurately establish the

therapeutic conduct.

Several chromosome alterations have been reported in

gastric cancer, involving various chromosomes, such as

chromosomes 3, 5, 6, 8, 12, 13 and 17 (5-7). Chromosome 8

abnormalities are frequent, not only in gastric neoplasias,

but also in several types of hematopoietic proliferations and

solid tumors (8-10).

Among the genes found on chromosome 8, C-MYC,

located at 8q24, is the most studied one. The C-MYC gene is

a regulator of the cell cycle and plays a major role in the

control of cell growth, differentiation, apoptosis and

neoplastic transformation (11). Overexpression of the 

C-MYC gene is a frequent alteration in human cancer and

has been described in several types of the disease (12-14).

An increased level of expression of the C-MYC gene has

been found in gastric neoplasias (15-17). Nevertheless, there

are few studies relating the ploidy of chromosome 8 with the

number of alleles and/or level of amplification of the 

C-MYC gene in stomach cancer.
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The fluorescence in situ hybridization (FISH) technique,

a useful method in the analysis of numerical chromosome

aberrations, also allows, when used with a probe labeled for

specific genes, for the detection of genetic rearrangements

and the increase of copy numbers, which can lead to the

activation of oncogenes. This methodology, applied to cells

in interphase, is very useful in the study of gastric cancer, as

it does not require high-quality chromosome preparations

which are difficult to obtain, and also avoids in vitro
selection problems, thus revealing in vivo alterations.

The objective of this study was to investigate the existence

of numerical alterations of chromosome 8 and of

amplification and/or translocation of the oncogene C-MYC
in gastric cancer samples from the State of Pará, using the

FISH technique. Possible correlations between these findings

and histopathological characteristics, representing prognostic

parameters of this type of malignancy, were also evaluated.

Materials and Methods

Eleven samples of primary tumors, submitted to surgical

resection, were obtained from male African-Brazilian patients at

the Pará State Joáo de Barros Barreto University Hospital

(HUJBB) Brazil. The ethnicity, sex and age of the patients and

the anatomical sites of the tumors were obtained from tumor

registries. The patients had never been submitted to

chemotherapy or radiotherapy prior to surgery, nor had they any

other diagnosed cancer. The genetic study of the samples was

approved by the Ethics Committee of HUJBB. A part of each

sample was used for routine histopathological diagnosis according

to Laurén’s classification (18).

The tumor samples were processed for the cytogenetic study as

described in other papers (19). The FISH method was performed

on slides with cells fixed in methanol/acetic acid from all patients.

A directly labeled dual-color Qbiogene probe was used for the

alpha-satellite region of chromosome 8 (8q11) and for the region of

the C-MYC gene (8q24). The slides were washed in 2x saline

sodium citrate solution (SSC) and dehydrated in 70%, 80% and

95% ethanol. The samples were then denatured with 70%

formamide/2x SSC (pH 7.0) at 70ÆC for 2 min and transferred to

an iced ethanol (–20ÆC) series at 70%, 80% and 95%. The probe

was denatured at 96ÆC for 5 min. Then, 10ÌL were applied to the

slide under a glass coverslip. In situ hybridization occurred at 37ÆC

in a moist chamber overnight. Post-hybridization washings were

done, and the nuclei were counterstained with DAPI/antifade. The

molecular cytogenetic analysis was carried out under a ZEISS

AXIOPHOT fluorescence microscope with a triple DAPI/FITC/

TRICT filter and an ISIS capture and image analysis system. For

each sample, 200 interphase nuclei were analyzed.
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Table I. Number of signals by percentage of analyzed nuclei.

Percentage of nuclei

Number of signals

Case Age Origin Histopathological  UICC1 Probe 1 2 3 4 5 ≥6

type (HT)

1 47 Anthrum Diffuse T3N0M0 C-MYC 0 17 31 40 2 10

Chrom.8 2 61 31 2 2 2

2 59 Anthrum Intestinal T4N1M0 C-MYC 0 33 5 25 31 7.5

Chrom.8 2 61 31 3 2 1

3 57 Anthrum Diffuse T3N2M0 C-MYC 0 24 7 43 6 20

Chrom.8 0 58 36 5 1 0

4 71 Anthrum/body Intestinal T3N2M1 C-MYC 0 20 15 57 2 9.5

Chrom.8 0 53 47 0 0 0

5 47 Anthrum Intestinal T3N2M0 C-MYC 0 45 39 10 4 4

Chrom.8 1 63 35 1 0 0

6 51 Body Intestinal T3N2M0 C-MYC 0 45 8 32 15 0.5

Chrom.8 2 63 29 4 2 0

7 55 Anthrum/body/fundus Diffuse T3N2M1 C-MYC 0 42 25 13 20 0

Chrom.8 2 65 31.5 1.5 0 0

8 50 Cardia Diffuse T3N1M0 C-MYC 0 28 30 35 4 3

Chrom.8 2 64 5 25 3 1

9 41 Anthrum Intestinal T3N2M1 C-MYC 0 36 15 31 15 5

Chrom.8 4 61 30 4 1 0

10 62 Anthrum Diffuse T3N1M0 C-MYC 0 30 28 10 15 17

Chrom.8 4 63 28 4 1 0

11 77 Anthrum Intestinal T2N1M0 C-MYC 2 55 27 6 6 5.5

Chrom.8 2 57 27 5 5.5 3.5

Control 37 Lymphocytes - - C-MYC 0.5 99.5 0 0 0 0

Chrom.8 1 98.5 0.5 0 0 0
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To avoid misinterpretation due to technical error, normal

lymphocyte nuclei were used as a control. For statistical evaluation,

the Chi-square test was used.

Results

All 11 samples studied were histologically classified as

gastric adenocarcinomas, 5 of them of the diffuse type and

6 of the intestinal type, according to Laurén (Table I).

In peripheral blood lymphocytes, 98.5% of the analyzed

nuclei had two signals for the chromosome 8 probe, and

99.5% had two signals for the C-MYC gene. All cases of

gastric adenocarcinoma studied showed chromosome 8

aneuploidies and amplification of C-MYC (Table I).

Most of the chromosome 8 alterations involved a

numerical increase of this chromosome. The presence of

chromosome 8 trisomy was detected in all cases, varying

from 5% (case #8) to 47% (case #3), and the presence of

chromosome 8 tetrasomy (observed in 90.9% of the cases)

varied from 0% (case #4) to 25% (case #8). The presence

of five signals for chromosome 8 was observed in 8 cases

(72.7%), the highest frequency having been found in case

#11 (5.5%). The presence of 6 or more signals was observed

in 4 cases, with a frequency of up to 3.5% in case #11.

Analysis of the numerical difference between the total

number of signals for the C-MYC gene and the number of

signals for the centromere of chromosome 8, revealed that,

in all cases studied, the number of signals for the gene was

greater than the number of signals for chromosome 8 ploidy.

Cells with more than 6 alleles of the C-MYC gene were

found in 10 cases (90.9%). Cells with amplification of the

Calcagno et al: Chromosome 8 Aneuploidy and C-MYC Amplification in Gastric Adenocarcinoma

4071

Table II. Number of cells with amplification alterations and/or a structural rearrangement for oncogene C-MYC.

Number of amplified and/or translocated C-MYC probe signals 

Case/HT Alteration 1 2 3 4 5 ≥6

1 (D) Rearrangement - 3 cells 1 cell 1 cell - -

HSR - - - - - -

DM - - - - - -

2 (I) Rearrangement - - - - - -

HSR - - - - - 1 cell

DM - - - - - 4 cells

3 (D) Rearrangement - - 3 cells 1 cell - -

HSR - - - - - -

DM - - - - - -

4 (I) Rearrangement - - - - - -

HSR - - - - - 1 cell

DM - - - - - 6 cells

5 (I) Rearrangement - - - - - -

HSR - - - - - 2 cells

DM - - - - - 2 cells

6 (I) Rearrangement - - - - - -

HSR - - - - - 1 cell

DM - - - - - -

7 (D) Rearrangement - 4 cells - 1 cell 1 cell -

HSR - - - - - -

DM - - - - - -

8 (D) Rearrangement - - 2 cells 1 cell - -

HSR - - - - - -

DM - - - - - -

9 (I) Rearrangement - - - - - -

HSR - - - - - 2 cells

DM - - - - - 2 cells

10 (D) Rearrangement - - 2 cells - - -

HSR - - - - - -

DM - - - - - -

11 (I) Rearrangement - - - - - -

HSR - - - - - 2 cells

DM - - - - - 1 cell

HT=histological type; I=intestinal-type; D=diffuse type; DM=double minute; HSR=homogeneously-stained region.



gene in the form of double minutes (DMs) and of

homogeneously-stained regions (HSRs) were included in

this group (Table II). Up to 6 cells with DMs (case #4) and

up to 2 cells with HSRs (cases #5, 9, and 11) were observed.

An amplification of C-MYC as HSR and DMs was seen only

in the histological intestinal-type (Figure 1).

Rearrangements between the C-MYC gene and the

chromosome 8 centromere were discriminated by the

evident separation of the 2 signals. In the tumor samples

studied, the occurrence of a translocation between the 

C-MYC gene and another chromosome was observed in

45.5% of the cases, all of them of the histological diffuse-type.

No statistically significant difference (p<0.05) was

observed between the level of chromosome 8 ploidy and the

site, stage or histological type of the adenocarcinomas

studied (p=0.35). Regarding the C-MYC gene, a statistically

significant difference was observed between the two

histological types. This difference was due to the presence

of HSRs and DMs in Laurén’s intestinal-type, where

multiple (uncountable) signals were found per cell.

Discussion

In solid tumors, the detection of clonal genetic alterations

by conventional cytogenetics was limited by the complexity

of these alterations and by the difficulties in preparing

adequate metaphases. Molecular cytogenetic techniques

have proven useful in solving some of these problems (20).

The present study used interphase dual-color FISH with

direct fluorescent labeling for the chromosome 8

centromere and for the C-MYC gene and compared the

number of copies observed in 11 gastric adenocarcinoma

samples. In all samples studied, a gain of signals, both for

chromosome 8 and for the C-MYC gene, was observed.

Chromosome aberrations involving chromosome 8 have

been described in several types of solid tumors, mainly in

gastric cancer (6, 7, 21-31). The findings of the present study

regarding the presence of chromosome 8 trisomy as a

chromosome alteration that is present in all samples

corroborates previous data obtained by our research team

in gastric adenocarcinoma samples, where this trisomy was

found in all 10 cases studied by direct chromosome analysis

(32). In another study conducted by our team (33),

chromosome 8 trisomy was found in 60% of the analyzed

cells of an ACP01 gastric adenocarcinoma cell line.

In a more recent study, Panani et al. (20) analyzed 33

gastric tumor samples by FISH, using a chromosome 8

alpha-satellite probe. Numerical aberrations involving

chromosome 8 were observed in 62.16% of the studied

samples, where trisomy was detected in 43.24%, tetrasomy

in 10.81% and monosomy in 8.10%. Our results confirm

that trisomy of chromosome 8 is a common biological

phenomenon in adenocarcinoma of the stomach and can be

used as a gastric mucosa malignancy marker. In our study,

100% of the samples presented a gain of chromosome 8 as

a clonal alteration. In case #8, tetrasomy was more frequent

than trisomy of this chromosome, and this was the only case

where the tumor was located in the cardia region of the

stomach. A larger sample number appears to be necessary

to verify this percentage, but, if this finding is confirmed, it

may represent either a regional characteristic or a

cytogenetic subgroup of this neoplasia.

Numerical abnormalities of chromosome 8, on which 

C-MYC is located, are suggested to be an important

mechanism in the increase of the C-MYC copy number. Xia

et al. (7) suggested, after comparing their results with those of

the literature, that trisomy of chromosome 8, associated or not

to other chromosomal aberrations, could occur in early stages

of the disease, possibly prior to the occurrence of metastases.

Kitayama et al. (34) analyzed interphase nuclei of 51 cases

of gastric cancer from pathology archives using 18 centromeric

probes – including the chromosome 8 probe – and a probe for

the C-MYC gene. They observed numerical abnormalities of

chromosome 8 in 56.9% of the samples, which places them

among the most frequent alterations; in 12 cases, a gain of 

C-MYC was observed, and all of them presented gain of

chromosome 8. Amplification of this oncogene was also

reported in other FISH studies in gastric neoplasias (35-37).

The C-MYC oncogene seems to be fundamental in the

carcinogenesis process. Thus, the increase of the number of

alleles of the proto-oncogene C-MYC is directly related to the

degree of aggressiveness of the tumor, considering that the

more copies of it there are, the higher its level of expression.

This gene was amplified in all the samples studied by us, but

without numerically accompanying the ploidy of chromosome

8 to which it maps, that is, in all cases there were more alleles

of the C-MYC gene than copies of this chromosome.
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Figure 1. Interphase nuclei presenting DMs and chromosome 8 trisomy. 



In this study, the presence of 6 or more alleles of the

C-MYC gene was considered as an intermediary degree of

amplification, whereas the cases which presented DMs and

HSRs were classified as presenting a high degree of gene

amplification. Thus, 10 cases (90.9%) presented

intermediary amplification, 6 of which (60%) presented

DMs and HSRs (high degree of amplification). To our

knowledge, there are no reports in the literature regarding

this evidence in primary tumors of the stomach, and only

one describing such a finding in a gastric carcinoma

transplanted to a mouse line (38). It seems likely that, as

our sample presented the chromosome 8 gain as a clonal

characteristic, the amplification of the C-MYC gene is a late

step, a consequence of the clonal expansion of

carcinogenesis in general.

According to the criteria of Union Internationale Contre
le Cancer (39), the tumors studied are classified as

advanced. Our findings reinforce the hypothesis brought

forward by Han et al. (40), who suggested that there is a

relationship between C-MYC expression and the aggressive

phenotype, based on which patients with a high C-MYC
expression would have a worse prognosis.

It is plausible that the intestinal-type presents a greater

number of DMs and HSRs than the diffuse-type, because the

intestinal-type better fits Correa’s multiple-step process (41),

and these aberrations are the result of clonal expansion.

However, it should be taken into account that this sequential

model has been questioned lately. Our findings reinforce the

idea that the two histological types follow different genetic

tumorigenesis mechanisms. Moreover, it could be observed

that translocations, even if not very frequent, were restricted

to the histological diffuse-type.

Stamouli et al. (19) studied two primary gastric

adenocarcinoma cases, one of which a well-differentiated

intestinal-type and the other a poorly-differentiated diffuse-

type, using the multicolor FISH (M-FISH) technique. The

intestinal-type exhibited few structural abnormalities, in

contrast to the diffuse type. In our analysis, all diffuse-type

cases were found to present at least two cells with a

translocation. It seems likely that this histological type is

more susceptible to chromosomal rearrangements than the

intestinal-type, and this finding supports the hypothesis that

the intestinal- and the diffuse-types follow different genetic

pathways (42).

The alterations found in this study have been previously

described in the literature, but the frequencies were higher in

our sample. Given the fact that external factors such as eating

habits and other environmental agents have a direct influence

on the development of this neoplasia, many genetic alterations

may be regional characteristics of a given population.

Thus, chromosome 8 can be used as a chromosomal

marker of the establishment of gastric adenocarcinoma.

However, the C-MYC oncogene needs to be better

investigated in other stages of gastric neoplasias, in order to

clarify if it truly is, when amplified in a greater number of

copies of chromosome 8, an etiologic cause of malignant

transformation or a consequence of the proliferation process.

Acknowledgements

This work was supported by Financiadora de Estudos e Projetos

(FINEP CT-INFRA/FADESP) grant No. 1017-01 and Fundaçáo

de Amparo à Pesquisa do Estado de Sáo Paulo (FAPESP) grant

2003/06540-5; RRB had a post-doctorate fellowship (number

151127/2002-6) granted by Conselho Nacional de Desenvolvimento

Científico e Tecnológico (CNPq), Brazil.

References

1 Instituto Nacional do Câncer (INCA): Estimativa 2005: incidência

de câncer no Brasil. Rio de Janeiro: INCA, pp. 33, 2004.

2 Cancer Databases and Other Resourcess: International Agency

for Research on Cancer (IARC) page. [http://www.iarc.fr].

Accessed January 28, 2005. 

3 Moutinho V: Epidemiologic aspects of gastric cancer in Belém.

ABCD: Arquivos Brasileiros de Cirurgia Digestiva 2: 204-213,

1986.

4 Mitelman Database of Chromosome Aberrations in Cancer:

National Center for Biotechnology Information (NCI) page.

[http://cgap.nci.nih.gov/Chromosomes/Mitelman]. Accessed

January 28, 2005.

5 Abarbanel J, Shabtai F, Kyzer S and Chaimof C: Cytogenetic

studies in patients with gastric cancer. World J Surg 15(6): 778-

782, 1991.

6 Panani AD, Ferti A, Malliaros S and Raptis S: Cytogenetic

study of 11 gastric adenocarcinomas. Cancer Genet Cytogenet

81(2): 169-172, 1995.

7 Xia JC, Lu S, Geng JS, Fu SB, Li P and Liu QZ: Direct

chromosome analysis of ten primary gastric cancers. Cancer

Genet Cytogenet 102(1): 88-90, 1998.

8 Bofin AM, Ytterhus B, Fjosne HE and Hagmar BM: Abnormal

chromosome 8 copy number in cytological smears from breast

carcinomas detected by means of fluorescence in situ
hybridization (FISH). Cytopathology 14(1): 5-11, 2003.

9 Paulsson K, Fioretos T, Strombeck B, Mauritzson N, Tanke HJ

and Johansson B: Trisomy 8 as the sole chromosomal

aberration in myelocytic malignancies: a multicolor and locus-

specific fluorescence in situ hybridization study. Cancer Genet

Cytogenet 140(1): 66-69, 2003.

10 Mark HF, Feldman D, Samy M, Sun C, Das S, Mark S and

Lathrop J: Assessment of chromosome 8 copy number in

cervical cancer by fluorescent in situ hybridization. Exp Mol

Pathol 66(2): 157-162, 1999.

11 Dang CV: c-myc target genes involved in cell growth, apoptosis,

and metabolism. Mol Cell Biol 19: 1-11, 1999.

12 Little CD, Nau MM, Carney DN, Gazdar AF and Minna JD:

Amplification and expression of the c-myc oncogene in human

lung cancer cell lines. Nature 306: 194-196, 1983.

13 Escot C, Theillet C, Lidereau R, Spyratos F, Champeme MH,

Gest J and Callahan R: Genetic alteration of the c-myc
protooncogene (MYC) in human primary breast carcinomas.

Proc Natl Acad Sci USA 83: 4834-4838, 1986.

Calcagno et al: Chromosome 8 Aneuploidy and C-MYC Amplification in Gastric Adenocarcinoma

4073



14 Wang ZR, Liu W, Smith ST, Parrish RS and Young SR: c-myc
and chromosome 8 centromere studies of ovarian cancer by

interphase FISH. Exp Mol Pathol 66: 140-148, 1999.

15 Onoda N, Maeda K, Chung Y-S, Yano Y, Matsui-Yuasa I,

Otani S and Sowa M: Overexpression of c-myc messenger RNA

in primary and metastatic lesions of carcinoma of the stomach.

J Am Coll Surg 182: 55-59, 1996.

16 Kim Y-J, Chu H-D, Kim D-Y, Kim H-J, Kim S-K and Park C-

D: Expression of cellular oncogenes in human gastric

carcinoma: c-myc, c-erb B2, and c-Ha-ras. J Surg Oncol 54: 167-

170, 1993.

17 Xu AG, Li SG, Liu JH and Gan AH: Function of apoptosis and

expression of the proteins Bcl-2, p53 and C-myc in the

development of gastric cancer. World J Gastroenterol 7(3): 403-

406, 2001.

18 Laurén P: The two histological main types of gastric carcinoma:

diffuse and so-called intestinal-type carcinoma. An attempt at

a histo-clinical classification. Acta Pathol Microbiol Scand 64:

31-49, 1965.

19 Stamouli MI, Ferti AD, Panani AD, Raftakis J, Consoli C,

Raptis SA and Young BD: Application of multiplex fluorescence

in situ hybridization in the cytogenetic analysis of primary gastric

carcinoma. Cancer Genet Cytogenet 135: 23-27, 2002.

20 Panani AD, Ferti AD, Avgerinos A and Raptis SA: Numerical

aberrations of chromosome 8 in gastric cancer detected by

fluorescence in situ hybridization. Anticancer Res 24: 155-160, 2004.

21 Tzeng CG, Meng CL, Jin L and Hsieh HF: Cytogenetic studies

of gastric adenocarcinoma. Cancer Genet Cytogenet 55(1): 67-

71, 1991.

22 Seruca R, Castedo S, Correa C, Gomes P, Carneiro F, Soares P,

Jong D and Sobrinho-Simões M: Cytogenetic findings in eleven

gastric carcinomas. Cancer Genet Cytogenet 68(1): 42-48, 1993.

23 Ochi H, Douglass Jr HO and Sanberg AA: Cytogenetic studies in

primary gastric cancer. Cancer Genet Cytogenet 22: 295-307, 1986.

24 Ferti-Passantonopoulou AD, Panani AD, Vlachos JD and

Raptis SA: Common cytogenetic findings in gastric cancer.

Cancer Genet Cytogenet 24(1): 63-73, 1987.

25 Han K, Oh EJ, Kim YS, Kim GY, Lee KY, Kang CS, Kim BK,

Kim WI, Shim SI and Kim SM: Chromosomal numerical

aberrations in gastric carcinoma: analysis of eighteen cases using

in situ hybridization. Cancer Genet Cytogenet 92:122-129, 1996.

26 Koizumi Y, Tanaka, SI, Mou R, Koganei H, Kokawa A,

Kitamura, R, Yamauchi H, Ookubo K, Saito T, Tominaka S,

Matsumura K, Shimada K, Tsuchida N and Sekihara H:

Changes in DNA copy number in primary gastric carcinomas by

comparative genomic hybridization. Clin Cancer Res 3: 1067-

1076, 1997.

27 Kokkola A, Monni O, Puolakkainen P, Nordling S, Haapiainen

R, Kivilaakso E and Knuutila S: Presence of high-level DNA

copy number gains in gastric carcinoma and severely dysplastic

adenomas but not in moderately dysplastic adenomas. Cancer

Genet Cytogenet 107: 32-36, 1998.

28 Beuzen F, Dubois S and Fléjou J-F: Chromosomal numerical

aberrations are frequent in oesophageal and gastric

adenocarcinomas: a study using in situ hybridization.

Histopathology 37: 241-249, 2000.

29 Kitayama Y, Igarashi H and Sugimura H: Different vulnerability

among chromosomes to numerical instability in gastric

carcinogenesis: stage-dependent analysis by FISH with the use

of microwave irradiation. Clin Cancer Res 6: 3139-3146, 2000.

30 Wu M-S, Huang S-P, Tseng C-C, Sheu J-C, Lin Y-W, Shun C-

T, Lin M-T and Lin J-T: Correlation of histologic subtypes and

replication error phenotype with comparative genomic

hybridization in gastric cancer. Genes Chromosomes Cancer 30:

80-86, 2001.

31 Peng D-F, Sugihara H, Mukaisho K-I, Tsubosa Y and Hattori

T: Alterations of chromosomal copy number during progression

of diffuse-type gastric carcinomas: metaphase- and array-based

comparative genomic hybridization analyses of multiple samples

from individual tumours. J Pathol 201: 439-450, 2003.

32 Assumpção PP, Burbano RR, Lima EM, Araújo M, Harada

ML, Demachki and Ishak G: Chromosomal aberrations in

gastric cancer. In: International Gastric Cancer Congress, 4,

2001, New York. Ann International Proceeding Division.

Roma: Monduzzi (ed.), pp. 857-861, 2001.

33 Lima EM, Rissino JD, Harada ML, Assumpção PP, Demachki

S, Guimarães AC, Casartelli C, Smith MAC and Burbano RR:

Conventional cytogenetic characterization of a new cell line,

ACP01, established from a primary human gastric tumor. Braz

J Med Biol Res 37: 1831-1838, 2004.

34 Kitayama Y, Igarashi H, Watanabe F, Maruyama Y, Kanamori

M and Sugimura H: Nonrandom chromosomal numerical

abnormality predicting prognosis of gastric cancer: a

retrospective study of 51 cases using pathology archives. Lab

Invest 83(9): 1311-1320, 2003.

35 Takahashi Y, Shintaku K, Ishii Y, Asai S, Ishikawa K and Fujii

M: Analysis of MYC and chromosome 8 copy number changes

in gastrointestinal cancers by dual-color fluorescence in situ
hybridization. Cancer Genet Cytogenet 107: 61-64, 1998.

36 Hara T, Akishi K, Ooi A, Kobayashi M, Mai M, Yanagihara K

and Nakanishi I: Amplification of c-myc, K-sam, and c-met in

gastric cancers: detection by fluorescence in situ hybridization.

Lab Invest 78(9): 1143-1153, 1998.

37 Koo SH, Kwon KC, Shin SY, Jeon YM, Park JW, Kim SH and

Noh SM: Genetic alterations of gastric cancer: comparative

genomic hybridization and fluorescence in situ hybridization

studies. Cancer Genet Cytogenet 117(2): 97-103, 2000.

38 Seruca R, Suijkerbuijk RF, Gärtner F, Criado B, Veiga, I, Olde-

Weghuis D, David L, Castedo S and Sobrinho-Simões M:

Increasing levels of MYC and MET co-amplification during

tumor progression of a case of gastric cancer. Cancer Genet

Cytogenet 82: 140-145, 1995. 

39 Union Internationale Contre le Cancer: TNM Classification

of Malignant Tumors. Wiley and Sons, Inc., Jersey City, NJ,

USA, 1997.

40 Han S, Kim HY, Park K, Cho HJ, Lee MS, Kim HJ and Kim

YD: C-Myc expression is related with cell proliferation and

associated with poor clinical outcome in human gastric cancer.

J Korean Med Sci 14(5): 526-530, 1999.

41 Correa P: Bacterial infections as a cause of cancer. J Natl

Cancer Inst 2: 95(7): E3, 2003.

42 Tahara E: Genetic pathways of two types of gastric cancer.

IARC Sci Publ 157: 327-349, 2004.

Received May 23, 2005
Accepted September 2, 2005

ANTICANCER RESEARCH 25: 4069-4074 (2005)

4074


