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Introduction

1. Genetics of cancer

Tumor formation results from the accumulation of genetic alterations that disrupt
the control of cell proliferation. This genetic instability of tumors may reflect two
different underlying mechanisms: the hypermutability pathway (MIN), where instability
occurs at the nucleotide level, resulting in base substitutions, deletions or insertions of a
few nucleotides; and the chromosomal instability pathway (CIN), where the instability
occurs at the chromosome level resulting in losses and gains of large portions or whole
chromosomes (Boland, 1997; Lengauer et al, 1997; Lengauer et al, 1998). The MIN
pathway occurs in a small subset of tumors whereas CIN occurs in most other cancers
(Lengauer er al, 1998). In general, there is little overlap between MIN and CIN
pathways, although in late-stage cancers, the two mechanisms may converge (Boland,
1997).

In the hypermutability pathway the instability observed is a consequence of the
inactivation of repair genes that become unable to correct replication errors (MSI
phenotype), leading to an increase of the mutation rate and affecting not only non-
coding DNA but also intragenic regions (Boland, 1997; Wang et al, 1997, Oliveira et al,
1998; lacopetta et al, 1999).

In the chromosomal instability pathway, the gross chromosomal alterations result in
aneuploidy of cancer cells and lead to activation of oncogenes and inactivation of tumor
suppressor genes (Levine, 1993; Rabbitts, 1994; Boland, 1997; Dos Santos and van
Kessel, 1999).

More recently, genes involved in tumorigenesis are classified in gatekeepers and
caretakers (Kinzler and Vogelstein, 1997). Gatekeepers prevent tumorigenesis by
inhibiting cell growth or promoting cell death and caretakers allow cancer development
indirectly, as their dysfunction leads to genetic instability, favoring mutations in others

genes, including gatekeepers.
1.1. Oncogenes and tumor suppressor genes
Oncogenes are altered forms of normal cellular genes, also called proto-oncogenes.

Proto-oncogenes are growth-promoting genes which stimulate, when expressed, cell

proliferation. On the other hand, there is a group of genes that regulate cell proliferation
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in a negative way. These genes are named tumor suppressor genes (TSGs). The
equilibrium between these two types of genes allows the homeostasis of cells.

A single mutational event in a proto-oncogene may be sufficient to activate it,
allowing its oncogenic product to contribute to the abnormal growth of cells (Levine,
1993). An example of oncogene activation is a point mutation that results in a hyper-
functioning protein, as it happens in the RAS family of oncogenes (Park, 1998).
Activation of an oncogene can also be achieved by a chromosomal translocation or
inversion that either juxtaposes the oncogene to an actively transcribing gene or
produces a fusion gene (Rabbitts, 1994; Dos Santos and van Kessel, 1999). C-MYC
translocation in Burkitt’s lymphoma is an example of activation of an oncogene by
juxtaposition with an immunoglobulin (or T-cell receptor) gene, that is naturally
rearranged to generate active antigen receptor genes (Rabbitts, 1994). The consequence
of this rearrangement is that C-MYC becomes actively transcribed. On the other hand,
the Philadelphia (Ph) chromosome in chronic myelogenous leukemia results from the
translocation between chromosomes 9 and 22, leading to the fusion of BCR and ABL
genes and consequently to the expression of an oncogenic fusion protein (Rabbitts,
1994).

Chromosomal amplifications of regions containing one or more oncogenes lead to a
dosage increase of these genes resulting in their overexpression, as it is observed with

N-MYC oncogene in neuroblastomas (Dos Santos and van Kessel, 1999).

As tumor suppressor genes have a negative role in the regulation of cell
proliferation, they will only contribute to the abnormal growth of cells when both alleles
are inactivated. Thus, two independent inactivating mutational events are required to
achieve this (Levine, 1993).

Three lines of evidence suggested the existence of tumor suppressor genes: studies
with hybrid cells, of familial cancers and of loss of heterozygosity (LOH) in sporadic
tumors (Marshall, 1991). The fusion of a cancer cell with a normal cell gives rise to a
hybrid cell line no longer capable of forming tumors in animals. Also, the fusion of a
microcell, containing a single normal chromosome, with a tumorigenic cell can lead to
the suppression of tumorigenicity. These experiments showed that the function of a
tumor suppressor gene can be restored by the introduction of a single wild-type allele,

and thus show that in cancer cells both alleles are inactivated (Levine, 1993).
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As proposed by Knudson (1971) in his two-hit model, on the study of
retinoblastoma, the first hit consists of a somatic mutation (or a germline mutation in
case of familial cancer) and the second hit is the loss of the remaining allele, reducing
the mutant allele to homozygosity. Together with the loss of the second allele, flanking
chromosomal regions may also be lost, suffering a parallel reduction to homozygosity,
or loss of heterozygosity (LOH). Indeed, the consistent observation of LOH of a
specific chromosomal region in cells from a particular tumor type suggests the presence
of a tumor suppressor gene in that region, whose functional loss is involved in tumor
development (Weinberg, 1991).

Retinoblastoma gene (RBI) and TP53 are paradigmatic examples of tumor
suppressor genes, that are involved in the regulation of the cell-cycle (Levine et al,
1993).

The loss of function of the second allele of a tumor suppressor gene can also be
caused by methylation, leading to the silencing of that allele. Examples of tumor
suppressor genes that can be inactivated by this mechanism are the E-cadherin (Graff et

al, 1995) and p! 6"k (Song et al, 2000) genes.
2. Gastric carcinoma

Despite the overall decreasing rates of incidence and mortality, gastric cancer
remains the fourth most common cause of cancer-related death in the European
community (Black et al, 1997) and the leading one in Portugal (Da Motta, 1994). The
incidence rate (31.9 per 100,000) in Portugal is the highest, being approximately twice
the average for the European Union (Black et al, 1997). In this view, it is of major
importance the study of gastric cancer and the understanding of the mechanisms
underlying the disease development.

Environmental factors are thought to have influence in gastric cancer development,
such as diets with high salt content and poor in fruit and vegetables, and bacterial
infection with Helicobacter pylori (Fuchs and Mayer, 1995; Black et al, 1997). The
changing of diet habits and the improvement of food preservation are thought to explain
the decline observed in the prevalence of this disease in most countries (Fuchs and
Mayer, 1995; Black et al, 1997).

Besides environmental factors, host susceptibility and genetic factors play a role in

gastric carcinoma development. It was shown that there is a lower incidence of
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adenocarcinomas in individuals from the blood group O and B, compared to A
individuals (Mourant et al, 1978). In an epidemiological study, where the relationship
between MUC! gene polymorphism and gastric cancer was evaluated (Carvalho et al,
1997), it was shown that individuals with small genotypes for MUC! were at increased
risk for gastric carcinoma development. Recently, it was shown that genotypes of the
IL-1 gene cluster that enhance IL-1P production (a pro-inflammatory cytokine) increase
the likelihood of a chronic hypochlorhydric response to Helicobacter pylori infection
and the risk of gastric cancer (El-Omar et al, 2000).

There are two major histologic types of gastric carcinoma: the intestinal-type
(Laurén, 1965) or glandular carcinoma (Carneiro, 1997) and the diffuse-type (Laurén,
1965) or isolated-cell type carcinoma (Carneiro, 1997). The first type is characterized
by cohesive cells forming a gland-like structure, has an expansive growth and gives rise
to blood born metastases. In contrast, the diffuse-type is characterized by isolated cells
dispersed in the stroma, has an infiltrating growth and tends to invade the surrounding
tissues and to disseminate into the peritoneum and to the regional lymph nodes (through
the lymphatic vessels). The intestinal carcinomas usually occur in the distal stomach, in
elder patients and more often in geographic regions with high risk of gastric carcinoma
(where diet and infection play a role). The diffuse carcinomas occur throughout the
stomach, in younger patients and its incidence is similar in most populations throughout
the world. These two entities seem to have different genetic pathways underlying the

different phenotypic outcome (Correa, 1992; Fuchs and Mayer, 1995; Carneiro, 1997).

2.1. Genetic events in gastric carcinoma

Several chromosomes and genes have been implicated in the development and
progression of hereditary and sporadic gastric cancer, sometimes with conflicting results
between different groups. However, some genes were already shown to have an
unquestionable role in gastric cancer development like E-cadherin in the diffuse
histotype of gastric carcinoma, both in sporadic and in hereditary forms (Becker et al,
1994; Guilford er al, 1998; Machado er al, 1999). Below, a brief review is made of the

genetic alterations described in the past years.
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2.1.1. Classic cytogenetic analysis

In vitro culture of gastric carcinoma cells is difficult, specially in the isolated cell
type, where fibroblasts tend to overgrow tumor cells (Gértner ef al, 1996). As in many
solid tumors, gastric cancer karyotypes are very complex (Rodriguez er al, 1994).
Usually, the tumors that are analyzed are in a late stage of progression, showing
numerous and complex chromosomal abnormalities.

Nevertheless, there are a few cytogenetic studies in gastric carcinomas that
pinpointed several chromosomal abnormalities, both numerical and structural, which
became good candidate sites for molecular characterization.

Polysomies of chromosomes 2 and 20 (Seruca et al, 1993), as well as 16 (Trigo et
al, 1994), were found. Also, trisomies of chromosomes 8, 19 (Xiao et al, 1992; Trigo et
al, 1994; Panam et al, 1995) and 12 (Ochi et al, 1986) were described. Chromosomes
more often involved in structural rearrangements are chromosomes 1 (Ochi et al, 1986;
Seruca et al, 1993; Panani er al, 1995; Chun et al, 2000), 3 (Ochi et al, 1986; Xiao et al,
1992; Seruca et al, 1993; Panani et al, 1995), 6 (Ochi et al, 1986; Seruca et al, 1993;
Barletta et al, 1993; Panani et al, 1995) and 7 (Ochi et al, 1986; Seruca et al; 1993;
Xiao et al, 1992; Chun er al, 2000). Also, chromosomes 5 (Barletta et al, 1993; Panani
et al, 1995; Chun et al, 2000), 13 (Seruca et al; 1993; Panani et al, 1995), 19 (Ochi et
al, 1986; Barletta et al, 1993) 12 and 20 (Ochi et al, 1986; Panani et al, 1995) were
described as being involved in structural aberrations in gastric carcinoma. Some
breakpoints are recurrently involved, like 1p22 (Ochi et al, 1986; Seruca et al; 1993),
3p21 (Ochi er al, 1986; Seruca et al; 1993), 6q21 (Ochi et al, 1986; Seruca et al; 1993;
Panani et al, 1995) and 13q14 (Seruca et al; 1993), suggesting the presence of relevant
genes in these regions.

Although a preferential involvement of certain chromosomes has been described, as
shown above, putatively representing primary cytogenetic abnormalities, data are very

limited to draw conclusions about specific cytogenetic abnormalities in gastric cancer.

2.1.2. Molecular cytogenetic analysis

A method that overcomes the difficulties in obtaining good quality metaphases in
solid tumors is comparative genomic hybridization — CGH (Kallioniemi er al, 1992).

This method is based on the in sitt hybridization of differentially labeled total genomic
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tumor and reference DNAs to normal human metaphases. A single hybridization allows
the analysis of the entire genome for increases and decreases in DNA copy number in
the tumor and maps these changes on normal chromosomes.

Results obtained by CGH in gastric carcinomas showed that the chromosomal
regions where a gain of material is commonly observed are 7p, 7q, 8q, 17q and 20q
(Kokkola et al, 1997; El-Rifai et al, 1998; Nessling er al, 1998; Sakakura et al, 1999;
Okada et al, 2000; Koo et al, 2000), with regions 7q, 17q and 20q showing more
frequently high levels of amplification (Kokkola et al, 1997; Nessling et al, 1998;
Sakakura er al, 1999).

Losses detected by this technique usually involve chromosome arms 1p, 3p, 5q, 6q,
17p and 18q (Koizumi et al, 1997; Kokkola et al, 1997; El-Rifai et al, 1998; Nessling et
al. 1998; Sakakura et al, 1999; Koo et al, 2000; Okada et al, 2000).

2.1.3. Loss of heterozygosity studies

Loss of heterozygosity (LOH) studies in different series of gastric carcinomas
showed that many chromosomal regions are heterozygously deleted in this malignancy.
Many of the chromosome arms involved are coincident with the data obtained by
conventional cytogenetics and CGH.

Chromosome arms lp, 3p, 5q, 6q, 11p, 11q, 13q, 17p and 18q are often found to be
frequently deleted (Uchino er al, 1992; Seruca et al, 1995a; Schneider et al, 1995; Baftfa
et al, 1996; Ezaki et al, 1996; Tamura et al, 1996a; Gleeson et al, 1997; Choi et al,
1998; Yustein et al, 1999). Deletions in chromosome arms 4q, 7q, 16q and 21q were
also reported (Uchino er al, 1992; Tamura et al, 1996b; Gleeson et al, 1997; Mori et al,
1999). Frequencies of LOH vary from study to study, depending on which markers and
number of cases were analyzed, hampering an accurate comparison of the results.

Some of the deletions frequently involved in gastric cancer development are
common to both types of gastric carcinoma (intestinal and diffuse), like 1p, 3p, 6q, 13q,
18q (Seruca et al, 1995a; Schneider et al, 1995; Cho et al, 1996; Gleeson et al, 1997,
Choi et al, 1998; Fang et al, 1998; Yustein et al, 1999). There is some discrepancy
regarding deletions in the short arm of chromosome 17. Some authors argue that these
are common to both histotypes (Schneider et al, 1995; Gleeson et al, 1997; Choi et al,
1998) whereas others argue that 17p deletions are rarely found in diffuse cancers

(Seruca et al, 1995a; Kobayashi et al, 1996). Also 5q deletions give controversial

rJ
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results. While some defend that there is no histological association (Cho et al, 1996;
Gleeson et al, 1997; Yustein et al, 1999), others contend that there is an association with
intestinal carcinomas (Seruca et al, 1995a; Wu et al, 1997a; Wu et al, 1998).

Some of the deletions described above are detected in early stages of development,
like 3p, 6q, 13q, 17p, but some seem related with progression (only detected in

advanced carcinomas), like 5q and 18q (Seruca et al, 1995a; Nishizuka er al, 1998).

2.1.4. Comparison of classical cytogenetics, CGH and LOH data

Comparison of the literature data on structural aberrations detected by cytogenetics
with CGH and LOH, shows that losses at 1p, 3p, 5q, 6q, 13q, 17p and 18q, and gains of

chromosome 20, are the most frequent imbalances in gastric cancer.

2.1.5. Genes in gastric cancer

Several tumor suppressor genes, oncogenes and metastasis-related genes have been
implicated in gastric carcinogenesis. The different pattern of gene alterations detected in
the two main histologic types of stomach cancer (intestinal and diffuse type), as will be
discussed below, supports the existence of two different genetic pathways underlying

these two main entities (Tahara et al, 1996a; Cameiro, 1997).

2.1.5.1. Tumor suppressor genes

The classical form of inactivation of tumor suppressor genes (TSGs), implies
mutation of one allele and loss of the remaining wild-type allele.

TP53 (located at 17p13), one of the genes most frequently implicated in cancer in
general, is also altered (Tahara et al, 1996a) in both intestinal and diffuse types of
gastric carcinoma. As shown by Strickler et al (1994), TP53 mutations occur in early
stages of development, before clonal expansion.

The APC gene, located at 5921, is frequently mutated in colon cancer (Fearon and
Vogelstein, 1990). In gastric cancer, the APC locus is frequently deleted in carcinomas
of the intestinal histologic type but not in the diffuse histotype (Seruca et al, 1995a).
Sanz-Ortega er al (1996) showed that deletions of this locus occurred both in early and

in advanced cases and were already detected in dysplastic lesions and metaplasias,
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suggesting that, as with 7P53, alterations of APC might play a role in early stages of
gastric carcinogenesis. However, inactivating mutations of the remaining allele of the
APC gene were infrequently found in gastric cancer (Ogasawara et al, 1994; Powell et
al, 1996). Thus, the role of APC inactivation in gastric carcinoma is still not clear.

Other TSGs inactivated in gastric cancer are the cyclin-dependent kinase (CDK)
inhibitors, p21 “Y""! and p16 ™** (Tahara et al, 1996a). Here, the loss of function of
one of the alleles appears to be caused by hypermethylation of the promoter region.
Loss of p16 ™** expression by methylation of CpG sites in the promoter region has been
demonstrated in gastric cancer (Song et al, 2000; Shim er al, 2000).

Other examples of TSGs putatively implicated in gastric cancer development are
genes located in chromosomal regions demonstrated to be lost in gastric cancer, like 3p
and 18q.

FHIT (Fragile histidine triad), located at chromosome region 3pl4, has recently
been proposed as a tumor suppressor gene (Ohta er al, 1996), but its role in gastric
carcinogenesis remains controversial. Baffa et al (1998) detected deletions or
rearrangements of this gene in gastric tumors and cell lines with loss of expression in
67% of cases, suggesting a role of this gene in gastric tumorigenesis. On the other hand,
Noguchi et al (1999) found LOH in only 16% of informative cases in a series of 133
gastric cancers and did not find a correlation with any clinic-pathologic parameter.

Recently, the SMAD4 gene (deleted in pancreatic cancer), located at 18q, was
implicated as a TSG in gastric carcinogenesis (Takaku et al, 1999; Xu et al, 2000). It
was shown that mice with SMAD4 haploinsufficiency (+/- for SMAD4) developed
polyps in the antrum that progressed to dysplasia and to in situ carcinoma, and,
eventually, to invasive carcinoma. Loss of the second allele occurred in later stages of
progression.

E-cadherin, previously pinpointed as a TSG involved in breast cancer development
(Berx et al, 1995; Graff et al, 1995), was shown to be associated with the diffuse
phenotype of gastric cancer. E-cadherin encodes a cell-cell adhesion molecule. It was
shown to be inactivated (by germline mutation) in familial gastric cancers, playing a
role in gastric cancer susceptibility (Guilford et al, 1998). Loss of functional E-cadherin
induces the scattered morphology and invasive behavior of diffuse tumors, by loss of
cell aggregation and gain of cell motility (Handschuh er al, 1999; Jawhari et al, 1999).

Machado et al (1999) showed that E-cadherin inactivating mutations constitute the
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genetic basis for the phenotypic divergence of mixed gastric carcinomas (tumors with

both intestinal and diffuse components).

2.1.5.2. Oncogenes

Several genes encoding tyrosine-kinase receptors are altered in gastric carcinoma,
leading to an increased growth potential and abnormal proliferation of tumor cells.
K-RAS, an example of a tyrosine-kinase receptor, is often overexpressed and mutated in
gastric cancer (Motojima et al, 1994; Hongyo et al, 1995) and has been shown to be
involved in intestinal-type cancers, but not in the diffuse-type cancers (Tahara et al,
1996a).

Another tyrosine-kinase receptor, for keratinocyte growth factor, is K-SAM (kato-III
stomach amplified) that was shown to be amplified not only in the Kato-III cell line, but
also in other gastric cancer cell lines (Hattori et al, 1990). This oncogene was shown to
be amplified only in gastric cancers of the diffuse histologic type (Tsujimoto et al,
1997).

Amplifications of the C-MET gene, located at 7q and encoding the receptor for
hepatocyte growth factor, have been observed by different authors (Kuniyasu et al,
1993; Seruca et al, 1995b; Nessling et al, 1998) in both histologic types (Tahara et al,
1996a; Carneiro, 1997) and have been related with gastric carcinoma invasion
(Kuniyasu er al, 1993; Tsugawa et al, 1998; Nakajima et al, 1999).

TPR-MET rearrangements, leading to the activation of C-MET, are often detected in
gastric carcinomas of intestinal-type (Soman er al, 1991). Recently, Yu et al (2000)
showed that this rearrangement, occurring in 47% of the gastric carcinomas analyzed,
can be already detected in normal mucosas of the relatives of patients with gastric
cancer, suggesting that it may be an early event in gastric cancer development.

Amplification of the tyrosine-kinase receptor C-ERBB2 gene, located at 17q, is
often associated with intestinal-type carcinomas (David et al, 1992, Tahara et al, 1996a;
Tsujimoto et al, 1997; Nakajima et al, 1999) and has been related with a more
aggressive behavior of the tumors (David e al, 1992) and late stages of progression
(Tsugawa et al, 1998).

Activation of oncogenes, by amplification and mutation, is also observed in
transcription factor genes like C-MYC (located at 8q) which has been described to be

amplified in gastric cancer (Kim et al, 1993; Tatsuta et al, 1994; Seruca et al, 1995b).
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Recently, the AIB] gene (nuclear receptor co-activator gene) was proposed as the
target gene of the amplification observed at 20q in gastric cancer (Nessling et al, 1998).
Sakakura et al (2000) observed amplification of AIBI in 7% of the cases analyzed and
overexpression in 40% of the cases. Not all the cases with overexpression showed
amplification, suggesting that other mechanisms of activation besides amplification
appear to be involved. However, amplification and overexpression were associated with
the occurrence of lymph nodes and liver metastases and therefore with a poor

prognosis.

Besides receptors and transcription factors, growth factors and cytokines are also
frequently overexpressed in gastric cancer (Tahara, 1995; Tahara et al, 1996a).

Overexpression of the growth factor IGF2 (Insuline-like growth factor 2) was found
in gastric carcinoma (Wu et al, 1997b; Shiraishi et al, 1998). Wu et al (1997b) showed ,
in a series of 70 gastric carcinomas, that loss of imprinting (LOI) of IGF2, leading to
overexpression of the gene, occurred in 34,5% of the informative cases. LOI was more
frequent in diffuse than in intestinal carcinomas.

Another growth factor with a growth inhibitor effect in normal cells, is TGFf!
(transforming growth factor B1). Although the TGF 3] gene normally inhibits cell-cycle
progression, it has an oncogenic role whenever its pathway is altered. Enhanced
expression of TGFfI in gastric cancer cells usually occurs in diffuse-type cancers
(Tahara et al, 1996a). Recently, Ebert et al (2000) showed that TGFfI expression is
detectable, not only in gastric cancer patients, but also in gastric mucosas of first-degree
relatives but not in healthy volunteers, suggesting that 7TGFf/ is a good marker for

detection of individuals with an increased risk of developing gastric cancer.

2.1.5.3. Metastasis-related genes

Gene products frequently described as having a role in metastasis development are
CD44 (adhesion molecule), urokinase-type plasminogen activator (uPA) and matrix
metalloproteinases (MMPs) (Tahara er al, 1996a; Honda et al, 1996; Adachi et al, 1998;
Migita et al, 1999). Different variants of CD44 abnormal transcripts are observed in

intestinal and diffuse carcinomas (Yokozaki et al, 1994; Tahara et al, 1996a).
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Expression of MMP and uPA is more pronounced in the intestinal-type than in the
diffuse-type cancers (Migita et al, 1999).

NM23, a candidate metastasis suppressor gene implicated in several human cancers
like melanomas, breast, colon and hepatocellular carcinomas (Hennessy et al, 1991;
Florenes et al, 1992; Nakayama et al, 1992; Wang et al, 1993), has also been implicated
in gastric cancer progression, although with controversial data. Some authors observed a
significant down-regulation of NM23 gene in invasive and metastatic gastric cancer
cases (Kodera er al, 1994; Hsu et al, 1999), whereas others observed that NM23
expression was positively correlated with aggressive tumor growth and poor prognosis

(Muller et al, 1998; Wang et al, 1998).

2.1.5.4. Microsatellite instability

The microsatellite instability (MSI") phenotype is the consequence of a deficiency in
the mismatch repair mechanisms of cells, leading to the non-correction of replication
errors (RER) occurring during DNA replication (Ionov et al, 1993.). MSI' phenotype is
observed in 23-30% of cases of gastric carcinoma, usually of the intestinal histologic
type, and is associated with a significantly better prognosis when compared to
microsatellite stable (MSS) tumors (Seruca et al, 1995c; Dos Santos et al, 1996).
Sequences with mononucleotide or dinucleotide repeats can lead to slippage of the DNA
polymerase during replication, which, if not corrected, will cause deletions and/or
msertions in these regions. This type of alterations can occur throughout the genome but
also in coding regions that harbor repeat sequences. Target genes (with repeat sequences
in their coding region) like, TGFB RII, IGF IIR, and BAX genes are frequently mutated
in gastric carcinoma (Souza et al, 1996; Wang et al, 1997; Oliveira et al, 1998;
Iacopetta et al, 1999; Yamamoto et al, 1999). Association of mutations in TGFS RII,
IGF IIR, and BAX genes with the intestinal histotype, low prevalence of lymph node
metastases and diminished penetration of the gastric wall, respectively, suggested that
the good prognosis of these tumors may be mediated by mutations in the target genes

(Oliveira et al, 1998).

A summary of the most frequently observed genetic alterations in the two main

types of gastric cancer is shown in Table 1.
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Table 1. Genetic alterations in the two main types of gastric carcinoma *

Intestinal carcinoma Diffuse carcinoma

#20 (polysomy) #20 (polysomy)

# 1p; 3p; 6q; 13q; 18q (LOH) # 1p; 3p; 6q: 13q; 18q (LOH)
#5q, 17p (LOH) &

TP53 (LOH/mutation) TP53 (LOH/mutation)

APC (LOH)

FHIT (LOH) FHIT (LOH)

SAMD4 (LOH)

E-Cadherin (mutation)
RAS (overexpression/mutation)

K-SAM (amplification)
C-MET (amplification) C-MET (amplification)
TPR-MET rearrangement
C-ERBB?2 (amplification)
EGF (overexpression)
AIBI (amplification/overexpression)

IGF2 (overexpression)

TGF 3 (overexpression)
CD44 (abnormal transcripts) CDA44 (abnormal transcripts)
u-PA (overexpression)
MMP (overexpression)
NM23 (loss) NM23 (loss)

MSI*
“Only chromosomes and genes with information regarding their role in the different histologic

types are presented in this table.

" Based in Seruca et al (1995a).

3. Chromosome 6 and cancer

Chromosome 6 is one of the most frequently rearranged chromosomes in human
neoplasia (Teyssier and Ferre, 1992). Non-random deletions of the long arm of
chromosome 6 have been reported, by cytogenetics or LOH studies, in many different
types of neoplasia (Stenman et al, 1989; Millikin et al, 1991; Devilee et al, 1991,
Morita et al, 1991; Foulkes et al, 1993; Taguchi et al, 1993; Griffin er al, 1994;
Menasce ef al, 1994a; Merlo et al, 1994; Mitra et al, 1994; Tibiletti et al, 1997; Seruca
et al, 1995a; Cooney et al, 1996, Tahara et al, 1996b; Huang et al, 1999), suggesting
that the long arm of chromosome 6 might harbor one or more TSGs with a role in

tumorigenesis.
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3.1. Minimal regions of deletion of chromosome 6 in different types of cancer

Deletions of the long arm of chromosome 6 are observed both in hematological

malignancies and in solid neoplasias (see Figure 1).

Deletions of the 6q arm are found in 20-60% of lymphomas (Gaidano et al, 1992;
Offit et al, 1993; Parsa et al, 1994) and in at least 30% of leukemias (Finn et al, 1998;
Merup et al, 1998; Hatta et al, 1999).

The most frequently described deletions in lymphomas are located in the following
regions: (1) 621 (Gaidano et al, 1992; Offit et al, 1993; Menasce et al, 1994a; Offit er
al, 1994; Schlegelberger et al, 1994; Guan et al, 1996; Sherratt et al, 1997; Zhang et al,
2000) (2) 623 (Offit et al, 1993; Menasce et al, 1994a; Zhang Y et al, 1997), and (3)
6925-q27 (Gaidano et al, 1992; Offit et al, 1993; Parsa er al, 1994). These regions
actually cover most of the long arm of chromosome 6, from 6q21 to 6qter.

In leukemias, deletions of 6q usually involve the region around 6q21 (Menasce et al,
1994a; Menasce et al, 1994b; Gerard et al, 1997; Wong et al, 1997; Finn et al, 1998;
Merup et al, 1998; Takeuchi et al, 1998; Hatta et al, 1999, Zhang et al, 2000). Sherratt
et al (1997) have narrowed the 6g21 region to a 2 Mb interval by FISH analysis using
YAC probes, in a panel of 32 cases of lymphomas and leukemias (14 non-Hodgkin
lymphomas - NHL and 18 acute lymphoid leukemias - ALL).

Deletions of 6q are found in several types of solid tumors, including melanomas,
mesotheliomas and epithelial tumors.

In malignant melanomas chromosome 6 abnormalities, leading to loss of 6q
segments distal to 6ql1-q13, have been described as non-random events (Trent er al,
1989; Guan er al, 1998). LOH studies showed that deletions of 6q occur in a high
percentage of cases, between 30% and 40% (Millikin et al, 1991; Walker et al, 1994,
Walker et al, 1995; Healy et al, 1996). Approximately 40% of malignant mesotheliomas
also show deletions of the long arm of chromosome 6 (Taguchi et al, 1993). Several
minimal regions of deletion have been defined within the segment 6ql4-q25 by

microsatellite analysis in a series of 46 malignant mesotheliomas (Bell er al, 1997).

Abnormalities in the long arm of chromosome 6 also play an important role in

tumors of epithelial origin, like breast (Devilee er al, 1991; Orphanos et al, 1995a),
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ovarian (Cliby et al, 1993; Foulkes et al, 1993), cervix (Atkin et al, 1990; Mitra et al,
1994), endometrial (Tibiletti et al, 1997), renal cell (Morita et al, 1991; Thrash-
Bingham et al, 1995), prostate (Cooney et al, 1996), salivary gland (Stenman et al,
1989; Jin et al, 1994), pancreatic (Griffin et al, 1994; Abe et al, 1999), hepatocellular
(Huang et al, 1999) and lung carcinomas (Merlo et al, 1994).

In breast carcinoma, 6q deletions are already present in early tumor stages (Chappell
et al, 1997), as well as in benign lesions. Cin et al (1996) identified a 6q deletion in a
case of benign fibrocystic disease. These results suggest that 6q deletions are an early
genetic event in breast cancer development. The same was suggested for ovarian
carcinoma where deletion of 6q segments are detected in early stage tumors (Orphanos
et al, 1995b; Tibiletti et al, 1996), before the development of aneuploidy (Abeln et al,
1994).

Smallest regions of overlap (SROs) were defined in several types of carcinoma,

pointing to the involvement of different genes in their development.

In breast carcinoma, different groups defined different SROs within the segments
6q13-q21 (Orphanos et al, 1995a; Noviello et al, 1996; Sheng et al, 1996; Theile et al,
1996), 6q23-q25 (Orphanos et al, 1995a; Fujii er al, 1996; Noviello er al, 1996; Sheng
et al, 1996; Theile et al, 1996) and 6q25-q27 (Orphanos et al, 1995a; Noviello et al,
1996; Theile er al, 1996; Chapell er al, 1997). As also described in haematological
malignancies, most regions along 6q arm, from 6q13-g21 to 6qter, are covered. The
same regions are involved in ovarian tumors: one proximal to 6q21 (Cliby er al, 1993,
Orphanos et al, 1995b), one within 6q21-g25 (Wan et al, 1994; Orphanos et al, 1995b;
Colitti et al, 1998; Shridlar et al, 1999) and another within 6q26-q27 (Cliby et al, 1993;
Foulkes er al, 1993; Lastowska et al, 1994; Wan et al, 1994, Orphanos et al, 1995b;
Rodabaugh er al, 1995; Shridhar et al, 1999). In a detailed deletion mapping of 32
ovarian carcinomas, Saito et al (1996) further narrowed the 6q27 region to a segment of

300 kb, a size that allows the search for candidate genes in the region.

In other types of tumors this large region of deletion, from 6q21-q27, was also
described, namely in hepatocellular, renal cell, prostate, salivary gland and pancreatic

carcinomas.
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LOH at 6g26-g27 is found in approximately 60% of hepatocellular carcinomas (De
Souza et al, 1995a). This deletion was detected in 2 out of 3 hepatocellular adenomas of
the analyzed series of 36 tumors, suggesting that this loss is an early event in the
etiology of tumors of the liver. In a study of 25 hepatocellular carcinomas Huang er al

(2000) defined a 2 cM SRO in a different region of the long arm of chromosome 6, at
6q14. This 2 cM size allows the search for candidate genes implicated in hepatocellular

carcinomas.

The region implicated in renal cell carcinoma is 6q27, with LOH described in
almost 40% of informative cases (Morita er al, 1991).

In prostate cancer the region involved is 6q14-21, with a percentage of LOH of 33%
(Cooney et al, 1996).

Queimado e al (1998), in a LOH analysis, defined two SROs in salivary gland
carcinomas, one interstitial at 6q21-q23.3 (1,5 Mb) and another distal at 6q27

(approximately 2 Mb).

In pancreatic carcinoma, Abe et al (1999), defined 3 SROs, one at 6g21 (500 kb),
one at 6q23-q24 (7 cM) and the other at 626 (13 cM), and covered the former region
(500 kb) with overlapping BAC clones in order to start isolating and characterizing
candidate TSGs.

A summary of the deletions of the long arm of chromosome 6 described above for
all different types of neoplasias is depicted in Figure 1. Three regions of the long arm of
chromosome 6 are mainly implicated, two interstitial - 6q16-q21 and 6q23-q24 - and
one terminal — 6q26-q27. Some genes located in these regions are considered tumor

suppressor candidates (to be discussed below).
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Lymphoma Melanoma Breast ca. Renal cell ca. Salivary gland ca. Hepatocellularca.
Leukemia Mesothelioma Ovarian ca. Prostateca. Pancreaticca.

Figure 1. Schematic representation of minimal regions of deletion in different types of human cancer.

Ca., carcinoma.

3.2. Chromosome 6 transfer

Microcell-mediated chromosome transfer studies support the idea of existence of
tumor suppressor genes on chromosome 6. Trent ef al (1990) showed that introduction
of an intact chromosome 6 into melanoma cells suppressed their ability to form tumors
in nude mice. Robertson et al (1996) suggested that suppression of tumorigenicity of
melanoma cell lines after introduction of chromosome 6 is correlated with an increased
chromosome 6 dosage, rather than with the presence of the transferred normal copy of
this chromosome, since no preferential loss of the transferred chromosome was
observed in the clones that reacquired the tumorigenic phenotype. This group also
showed that deletion of the 6q22-q24 segment in the donor chromosome did not prevent
the suppression of tumorigenicity. Welch et al (1994) observed that the introduction of
chromosome 6 into metastatic melanoma cell lines did suppress the formation of
metastases but not tumorigenicity, suggesting the existence of a gene with a metastasis-
suppressing role on chromosome 6. This gene appears to inhibit metastases through
regulation of cellular motility, since hybrids cells (with chromosome 6 introduced) were
found to be less motile than the parental cells (You er al, 1995). Recently, a melanoma
metastasis-suppressor locus was suggested to map at region 6ql6.3-q23 as the

introduction of a chromosome 6 with a deletion in this region, into a metastatic
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melanoma cell line, did not suppress the formation of metastases in athymic mice

(Miele et al, 2000).

Suppression of the tumorigenic phenotype following chromosome 6 transfer was
also obtained by Negrini et al (1994) in breast cancer cell lines. Furthermore, these
authors verified that revertant clones, that reacquired the tumorigenic phenotype,
presented deletions in two region(s) - 6q21-q23 and/or 6q26-q27. A defined
chromosome 6q fragment (6q23.3-q25) was shown to be sufficient to suppress the

malignant phenotype when introduced in a breast cancer cell line (Theile et al, 1996).

Also in ovarian carcinoma, it was shown that the introduction of a normal
chromosome 6 into tumor cell lines leads to the suppression of the tumorigenic
phenotype (Wan et al, 1999). The region previously shown to be sufficient to suppress
the malignant phenotype in breast cancer (6q23.3-q25) (Theile et al, 1996) had the same
effect in ovarian carcinoma, since whenever a 2 cM fragment at this region was deleted
in the donor chromosome 6, ovarian tumor cells regained tumorigenicity (Wan et al,

1299).

Some authors contend that genes at chromosome 6 appear to have a role in cell
senescence. Human cells in culture have a limited life span. After a number of cell
generations, cells become senescent, showing morphological changes and ceasing
proliferation. In contrast, many human tumors overcome senescence and cells grow
continuously, becoming immortal. Hubbard-Smith er al (1992) showed that
immortallized fibroblasts had deletions of the long arm of chromosome 6, distal to
6q21, suggesting that 6q harbors one or more genes related to senescence, which when
inactivated, lead to cell immortalization. The introduction of a human chromosome 6
into immortal human fibroblasts, transformed by SV40 virus (Sandhu et al, 1994) and
into BK virus transformed mouse cells (Gualandi et al, 1994) induced senescence of
these cells; the fact that cells that kept the immortal phenotype, had deletions in 6q21-
g22 and 6q25 (Gualandi et al, 1994), reinforces the hypothesis that these regions harbor
senescence genes. Recently, two senescence genes, SEN6 ( Banga et al, 1997) and
SEN6A (Sandhu et al, 1996), have been mapped to 6q26-q27 and 6ql4-q21,

respectively.
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3.3. Candidate tumor suppressor genes on 6q

Several genes mapping to the long arm of chromosome 6 were already isolated and
implicated as putative TSGs in different cancer models.

In acute leukemias two genes on 6q were described as being partner genes in
translocations with the ALLI/MLL gene at 11q23. One ALL fusion partner is AF6,
located at 6q27, described in the translocation t(6;11)(q27;q23), found in acute myeloid
leukemias (AML) (Prasad er al, 1993) and the other is AF6qg21, involved in acute
myeloid lymphoblastic leukemia (MLL) in the translocation t(6;11)(q21:q23) (Hillion et
al, 1997). The protein AF6 is associated with the cytoskeleton of the cell (Prasad et al,
1993), being one of the components of tight junctions in epithelial cells and of cell-cell
adhesions in non-epithelial cells, and participating in the regulation of cell-cell contacts
(Yamamoto et al, 1997). AF6q21 protein shows strong similarities with forkhead
proteins, that have a DNA binding domain and transcription and regulation properties
(Hillion er al, 1997). Medema et al (2000) demonstrated that overexpression of
forkhead transcription factors causes growth suppression in transformed cell lines. They
conclude that these proteins are involved in cell-cycle regulation and that inactivation of
these proteins is an important step in oncogenic transformation. In a B-cell ALL cell
line, with a t(6;12)(q23;p13), a previously unknown gene at chromosome 6 was
described — STL (six-twelve leukemia gene), that was fused to ETV6 at 12p13 (Suto et
al, 1997). The role of the fusion protein ETV6/STL is still not clear but one hypothesis
is the disruption of the normal function of both transcripts (Suto et al, 1997). Another
gene that was recently described to play a role in human B-cell leukemia is TLX (human
homologue to Drosophila tailess gene — tlx), mapping at 6q21 (Jackson et al, 1998).
TLX appears to be a transcription regulator. Its putative role in the pathogenesis of
hematological malignancies has to be clarified by mutation analysis in patients carrying
6q deletions.

Also mapping at 6g21, the gene CCNC, encoding human cyclin C, was suggested to
be a tumor suppressor, since it is lost in a high percentage (>90%) of ALL cases with
6q21 deletions (Li et al, 1996a). Cyclin C regulates the kinase catalytic domain of cdk8,
having a role in cell-cycle progression, and it was suggested that an alternative spliced
form of cyclin C protein (truncated protein) found in avian cells, might function as a

negative regulator of the cyclinC/cdk8 complex activity (Li et al, 1996b).
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As mentioned previously (see in section 3.2 of this introduction), malignant
melanoma suppression is induced by the introduction of a chromosome 6 into
tumorigenic cell lines, implicating the existence on this chromosome of
TSGs/melanoma suppressor genes (Trent et al, 1990; Welch et al, 1994). One candidate
gene is SOD2, located at 6925, a region frequently lost in melanoma (Figure 1)
(Millikin et al, 1991). It encodes the antioxidant enzyme manganese superoxide
dismutase (MnSOD). It was shown by Church et al (1993) that introduction of MnSOD
c¢DNA into melanoma cell lines, altered the phenotype of the cells in culture and
suppressed their ability to form colonies in soft agar and tumors in nude mice, having
the same effect as when introducing an entire chromosome 6. Bravard er al (1992)
suggested that SOD2 was a new type of TSG, where activity is dependent on the gene
dosage and is directly related with cell differentiation. Nonetheless, there are conflicting
observations, where no changes in gene dosage were observed, but a reduction in SOD?2
expression was detected in the tumor. A change in the signal transduction machinery
related to metals (Mn, Fe) deficiency, may have limited the binding of transcription
factors to DNA, leading to a reduction in MnSOD (Borrello et al, 1993). Contradicting
these data, it was shown that transfection of a functional SOD2 into metastatic
melanoma cell lines, did not change the metastatic potential of the cells nor their
tumorigenicity (Miele et al, 1995). More recently, Alvarez et al (1998) showed that
metastatic melanoma cells that lost their metastatic potential after introduction of
chromosome 6, presented increased basal expression of Cu/ZnSOD and MnSOD when
compared to their metastatic counterpart. With these conflicting results, the role of
SOD2 in malignant transformation is still not clear.

Ray et al (1996), using a subtraction technique, comparing a chromosome 6
suppressed melanoma cell line with the parental cell line, isolated a series of uniquely
expressed genes in the suppressed cell line. One of these genes was designated as AIM/
(absent in melanoma) and is located at 6q21, a region already shown to be frequently
deleted in melanomas (Figure 1) (Millikin e al, 1991). Characterization of the AIM]
gene and its major transcripts revealed that AIM1 protein belongs to the By—crystallin
superfamily (Ray et al, 1997). B- and y- crystallins are expressed in elongating lens fiber
cells that undergo large changes in cytoskeletal architecture and composition, and thus
appear to play a role in cell morphology. In addition, AIM! contains regions with
similarities to actin-binding domains, which suggests that it is also involved in the

management of cell morphology. The disruption of the AIMI gene would lead to lack of
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mediators of normal cell morphology contributing to cells to become anchorage-
independent and invasive, and thereby increasing the tumorigenic and metastatic

potential of cells (Ray et al, 1997).

In breast cancer, several genes from the long arm of chromosome 6 have been
pinpointed as candidate tumor suppressor genes, namely the estrogen receptor gene
(ER), mapped at 6q25.1, one of the regions frequently lost in breast carcinoma as
previously mentioned (Orphanos et al, 1995a; Noviello et al, 1996; Fugii et al, 1996).
The relationship between loss of expression of the ER with allelic loss in breast cancer
is not very clear. Iwase er al (1995) showed that the ER was lost only in 19% of
informative cases suggesting that allele loss does not play an important role in the lack
of ER function in breast cancer tissues. However, Chappell et al (1997) found a higher
percentage of LOH of the ER locus (33% and 46% of informative cases, in cases of
ductal carcinoma in situ and invasive carcinomas, respectively). Magdelénat et al
(1994) showed that major variations in ER expression were independent of the number
of copies of the ER gene. However, they did observe that the average ER expression
was lower in tumors with deletions in 6q compared to tumors without deletion,
suggesting a mere additional role of gene dosage. Another candidate TSG is the type II
insulin-like growth factor receptor/cation-independent mannose 6-phosphate receptor
gene (M6P/IGF IIR) mapped at 6q26-q27, a region also frequently lost in breast cancer
(Orphanos et al, 1995a; Noviello et al, 1996; Theile et al, 1996; Chappell et al, 1997).
This gene has been shown to harbor inactivating point mutations in the remaining allele
in breast carcinomas (Hankins et al, 1996) as well as in hepatocellular carcinomas (De
Souza et al, 1995b), supporting a role of M6P/IGFIIR as tumor suppressor in malignant
transformation, since its function of degrading IGF2 (mitogen) and activating TGF
(growth inhibitor) is hampered in these tumors.

Recently a new candidate tumor suppressor was described in ovarian carcinomas
(Abdollahi et al, 1997) and breast carcinomas (Bilanges et al, 1999) — LOTI1/ZAC (Lost
on transformation/zinc finger protein; induction of apoptosis; control of cell cycle
progression). This gene resides at 625, a region commonly lost in both types of tumors
(Foulkes et al, 1993; Orphanos et al, 1995a). Bilanges et al (1999) showed that despite
the lack of mutations in the remaining allele, ZAC expression is lost or down-regulated
due to aberrant gene methylation, hampering its antiproliferative properties (induction

of apoptosis and G1 arrest).
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The receptor-type protein tyrosine phosphatase (PTPRK) maps at 6q22.2-q22.3 and
is a negative regulator of tyrosine kinases acting through modulation of phosphorylation
(Zhang et al, 1998). It plays a role in TGFB-dependent inhibition of cell proliferation
(Yang et al, 1996). Fuchs et al (1996) showed that PTPRK forms a complex with
catenins and colocalizes with these proteins at adherens junctions, suggesting a role in
the regulation of cell contact and adhesion. Because of its biochemical properties and
chromosomal location (often deleted in human cancer) PTPRK is a good candidate for

TSG in this region.

Human histone deacetylase 2 (HDAC2), recently localized to chromosome 6q21
(Betz et al, 1998), belongs to a group of genes that act as modulators of chromatin
structure, leading to repression of transcription. This gene is a good TSG candidate,
since it was shown that transcriptional repression of a subset of E2F binding-site
containing genes occurs through interaction of the RB protein with a histone deacetylase
(Brehm et al, 1998). Again, the chromosomal region where it maps is frequently deleted

in human cancer (as shown above; Figure 1).

In Figure 2, the cytogenetic position on long arm of chromosome 6 of the described

genes is shown.

CCNC
HDAC2
AIM 1 ZAC/LOT! M6P/AGF IR
TLX ER AF6
AF6q2! PTPRK STL S0D2 SENG

Figure 2. Localization of candidate tumor suppressor genes on long arm of chromosome 6.
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Summing up, all genes described seem to play a role in transformation of human
cells. Mutational and functional studies will be necessary to clarify their role in human

carcinogenesis.

3.4. Chromosome 6 and gastric carcinoma

Chromosome 6 is frequently altered in gastric carcinoma (as already shown in point
2 of this introduction). Rearrangements of the long arm of chromosome 6 resulting in
the loss of the segment distal to 6q21 were described in 27-45% of cases of gastric
carcinoma (Ochi et al, 1986; Seruca et al, 1993; Panani et al, 1995).

Loss of heterozygosity studies showed that 6q deletions occur in 29-53% of cases
(Seruca et al, 1995a; Schneider et al, 1995; Gleeson et al, 1997). This loss is found in
all histologic types of gastric carcinoma (Seruca et al, 1995a; Gleeson er al, 1997) and
in both early and advanced tumors (Seruca et al, 1995a).

Two smallest regions of overlap (SROs) of heterozygous deletions were delimited
(Queimado er al, 1995). One region, which was heterozygously lost in 50% informative
cases, was mapped at 6q16.3-q23.1 and spans 15 cM. The other region, heterozygously
lost in 37% of informative cases, was mapped distally to 6q23-q24 and spans more than
30 cM.

To our knowledge, none of the genes mapping at 6q (see Figure 2) were implicated
in gastric cancer development leading to the question, which gene(s) are located at this
regions at 6q and which is their role in gastric cancer development. To address this
question, a positional cloning approach was undertaken. The first step was to delimit
further the two SROs by detailed deletion mapping and the second step was to start

looking for candidate genes by physical analysis of the region.

4. Positional cloning

Positional cloning is the process by which genes involved in genetic disorders can
be identified, as a result of genetic analysis and without previous knowledge on the
function of the genes. This process has several steps: (1) Localization of the disease
gene locus to a particular region of a chromosome, through the identification of
chromosomal abnormalities or by genetic linkage analysis in families segregating for

the disease; (2) Detailed genetic mapping and physical mapping of the region; (3)
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YAC/BAC contig construction; (4) Identification of transcripts (or expressed
sequences); (5) Mutation analysis of candidate genes (Collins, 1992; Monaco, 1994;
Collins, 1995).

4.1. Strategies to isolate genes

There are several techniques available for gene identification (Parrish and Nelson,
1993). A general description of these techniques will be given with more emphasis on
the differential screening techniques, one of which was used in the work done in this
thests.

Mainly there are two different approaches to search for genes, on one hand methods
that use cloned DNA, and on the other hand methods that use non-cloned DNA.

In the former group (methods that use cloned DNA), there are strategies that are
dependent on expression and strategies that do not depend on expression. Expression-
dependent techniques are: (a) screening of cDNA libraries using YAC inserts as probes
(Elvin er al, 1990) and (b) cDNA selection methods where cDNA fragments are
hybridized with immobilized YAC DNA and the hybrids recovered by PCR (Parimoo et
al, 1991; Lovett ef al, 1991). Expression-independent techniques are: (a) cross-species
sequence homology, where DNA fragments are hybridized to Southern blots of genomic
DNA isolated from multiple species (Zoo blots) (Monaco et al, 1986); (b) identification
of CpG islands within DNA fragments, since unmethylated CpG-rich regions are
frequently associated with expressed sequences (Bird, 1986); (c) exon trapping (Duyk et
al, 1990; Buckler et al, 1991) where DNA fragments are cloned into a vector,
transfected into mammalian cells, allowing the screening for exons existing in the insert
due to the presence of splice sites in the DNA insert; and (d) screening for splice sites
using splice site consensus sequences as probes, that hybridize with immobilized DNA
(Melmer and Buchwald, 1992).

Still within the former group of methods, that use cloned DNA, is the sequencing
analysis of genomic DNA (YACs, BACs, P1 clones), where the obtained sequences are

analyzed by sophisticated software developed to predict exon-intron boundaries.

In the second group of approaches (methods that use non-cloned DNA) fit all the
methods based on differential expression: RNA fingerprinting (Welsh et al, 1992),
differential display (Liang and Pardee, 1992), serial analysis of gene expression (SAGE)
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(Velculescu ez al, 1995) and subtraction-based techniques (Sagerstrom er al, 1997,
Diatchenko et al, 1996; Lisitsyn et al, 1993). These techniques will be discussed below.
Another strategy to find genes included in the second group of approaches is the use
of expression sequence tags (ESTs). ESTs result from random sequencing of cDNA
clones. Typically, ESTs are 300-500 bp long, a sufficient size to establish the identity of
the expressed gene (Venter, 1993). There are currently over 1.5 million human ESTs in
the publicly available databases of ESTs (dbESTs) provided by the National Center for
Biotechnology Information (http://www.ncbi.nlm.nih.gov/dbEST/index.html). Identification
of thousands of genes expressed in the brain was successfully achieved using this
approach (Adams et al, 1992). Also, new members of gene families can be identified by
the analysis of ESTs data (Adams et al, 1992; Almeida et al, 1997, Amado er al, 1999).

4.1.1. Differential expression-based approaches

In this section attention will be drawn to strategies based on the differential
expression of genes in different cell populations (from different tissues or in different
developmental times). Some of the positive as well as negative aspects will be referred
for each strategy, although all the techniques described below have been successful in
the identification of genes.

A simple and fast approach is RNA fingerprinting (Welsh et al, 1992) which
compares paired total RNA populations, from which cDNA is produced and amplified
using arbitrary primers. The PCR products are run side by side in a sequencing gel.
Dissimilar bands that correspond to differentially expressed genes, can be selected and
purified from the gel for further analysis. As examples of successful application of RNA
fingerprinting are the identification of differentially regulated RNAs in mink lung
(My1Lu) cells growth arrested by TGFB1 (Ralph et al, 1993) and the isolation of human
transcribed sequences from human YAC inserts (Still er al, 1997).

A conceptually similar technique is differential display (DD) (Liang and Pardee,
1992), where mRNA populations are compared after PCR amplification. Amplification
is done with a poly-d(T) and arbitrary primers and separation of the resulting cDNAs is
done by denaturing polyacrylamide gel electrophoresis. Since its first description (Liang
and Pardee, 1992), several improvements have been published (Liang et al, 1993; Liang
and Pardee, 1995; Chen and Peck, 1996; Matz et al, 1997; Bosch et al, 2000) and

successful experiments have been achieved. Examples of genes isolated by DD are the
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cytokeratin endo A and o-subunit of the mithocondrial F1 ATP synthase genes
expressed during mouse pre-implantation development (Zimmermann and Schultz,
1994). The identification of differentially expressed mRNAs in human melanoma cell
lines with different metastatic capacity was also possible with this technique (Van
Groningen et al, 1995).

Drawbacks of these techniques are the high number of false positives, the
questioned ability to identify both abundant, and rare transcripts and the time-
consuming verification process that demands large amounts of RNA (Wan er al, 1996;

Matz and Lukyanov, 1998).

Subtractive hybridization is a powerful technique that allows the isolation of
differentially expressed sequences of two cell populations, isolating mRNAs present in
one type but absent from the other type of cells. Subtraction techniques are based on the
nucleic acid re-association technology (complementary nucleic acids reannealing)
(Sagerstrom et al, 1997). The basic steps of a subtraction protocol are: (1) the
hybridization of the nucleic acid from the cells from which one wants to isolate
differentially expressed sequences (tracer) with excess complementary nucleic acid
from the cells which, in principle, do not have the sequences of interest (driver); and (2)
the removal of driver-tracer hybrids (common sequences) and unhybridized driver
(Sagerstrom et al, 1997). After this subtraction, the tracer population is enriched for
tracer specific sequences (target sequences) and depleted in common sequences to the
tracer and driver populations. The enriched pool of target sequences is cloned and
analyzed. In classical approaches, several rounds of subtraction must be performed in
order to ensure that all common sequences are depleted. Following each hybridization
step, non-specific target sequences need to be physically removed. Thus, the technique
becomes time-consuming and laborious. Despite this drawback, several differentially
expressed cDNA clones have been isolated by means of subtractive hybridization
(Sagerstrom et al, 1997). Examples are cDNAs encoding specific T-cell membrane-
associated proteins (Hedrick et al, 1984), myoblasts-specific cDNA clones (Davis et al,
1987) and the gene WAF! (El-Deiry et al, 1993), a mediator of p53 tumor suppression.

New PCR-based subtraction approaches have been developed in order to accelerate
the technical procedure and to increase the sensitivity of this kind of approach.

One of this new methods is suppression subtractive hybridization (SSH). This

method, developed by Diatchenko er al (1996) is based on the suppression PCR

41



Introduction

technique and combines normalization (same abundance of cDNAs within the target
population) and subtraction (exclusion of common sequences between target and driver
populations), in a single procedure. This method eliminates the intermediate step of
physical removal of non-specific target cDNAs. The resulting subtracted cDNA mixture
can be used to generate differentially expressed or tissue-specific cDNA libraries and
can be used directly as a hybridization probe for screening recombinant DNA libraries
for identification of tissue-specific sequences from a particular chromosome
(Diatchenko et al, 1996; Diatchenko et al, 1999). The application of the SSH method
has led to the identification of 27 genes differentially expressed in an estrogen receptor-
positive breast carcinoma cell line, when compared with an estrogen receptor negative
breast carcinoma cell line (Kuang et al, 1998). Girard et al (1999) showed that this
technique is useful for cloning of differentially expressed genes in very small samples,
such 18 the case of high endothelial venule endothelial cells (HEVECs) when purified.
Subtraction of control and iron-loaded astrocytoma cells, using SSH, led to the
identification of genes regulated by cellular iron availability at the mRNA level (Ye and
Connor, 2000).

Another PCR-based subtraction technique 1is representational difference analysis
(RDA) (Lisitsyn et al, 1993). Here, DNA fragments that are present in only one of two
nearly identical genomes are cloned (Lisitsyn et al, 1993). The same protocol can also
be adapted to clone differentially expressed cDNAs (Hubank and Schatz, 1994). RDA,
like SSH, does not require physical separation of specific and non-specific sequences,
but still requires multiple rounds of subtraction. Some examples of successful
application of this technique are the detection of homozygous deletions (Schutte et al,
1995; Zeschnigk et al, 1999) and amplified sequences (Simons et al, 1997) in cancer,
isolation of new genomic markers (Baldocchi et al, 1996), and identification of novel

genes with cancer-specific expression (Gress et al, 1997).

Serial analysis of gene expression (SAGE) is a technique that allows a rapid and
detailed analysis of thousands of transcripts (Velculescu er al, 1995). It is based on two
principles. First, a short nucleotide sequence tag (9-10 bp) is enough to identify a
transcript. Second, concatenation of short sequence tags (a few hundred tags) allows a
serial analysis of the transcripts by sequencing of multiple tags within the same clone.

This technique provides both qualitative and quantitative data on gene expression
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(Velculescu et al, 1995). SAGE has already been applied to study gene expression

profiles in normal and cancer cells (Zhang L er al, 1997).

Because most of the methods used in gene identification have inherent
disadvantages as well as unique advantages, many studies combine two or more
techniques in order to improve the final results.

Suzuki et al (1996) used the method ESD, that combines equalization of cDNAs
with subtractive hybridization and differential display, to isolate specific genes from
embryonal carcinoma after retinoic acid treatment. Also, Lee and Welch (1997)
combined subtractive hybridization with differential display to identify highly expressed
genes in metastasis-suppressed melanoma cell lines. The integrated procedure for gene
identification (IPGI) method combines the ESTs information, subtraction hybridization,
suppression PCR, SAGE and sequencing for genome-wide gene analysis (Wang and
Rowley, 1998). Combining SSH with the emerging technology of cDNA microarrays,
allows the rapid identification of differential expressed genes, by efficiently screening
subtracted ¢cDNA libraries spotted on microarrays with cDNA probes derived from

different cell lines (Yang et al, 1999).

In this thesis we tried to isolate and map at the same time ¢cDNAs from a restricted
region of the genome (at long arm of chromosome 6). For that we analyzed cDNA from
yeast containing YACs from the region by means of suppression subtractive

hybridization (SSH).
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Aims

Chromosome 6 is frequently altered in gastric carcinoma. Both cytogenetic and
molecular analysis (LOH studies) showed that specific segments of the long arm of
chromosome 6 are lost in this type of neoplasia, regardless of its histologic type or
stage. Two smallest regions of overlap (SRO), have been defined in a panel of sporadic
tumors. One is interstitial, between 6ql6.3-q21 -> 6q22.3-q23, lost in 50% of
informative cases, and the other is distal to 6q23-q24, at 6q26-q27, lost in 37% of
informative cases. All these results suggest the existence of tumor suppressor gene(s) on
6q that might play a role in gastric carcinogenesis. Taking this into account, the main
goal of this work was to study the alterations of this chromosome in gastric carcinoma

in more detail with special attention to the regions pinpointed previously.

Specific aims:

- Detailed deletion mapping of the interstitial SRO that spans a genetic distance of
15 cM. By means of microsatellite analysis, comparing tumor tissue from sporadic
primary tumors with correspondent normal mucosa, we aimed at restricting this region
to a segment that would allow us to start looking for genes putatively involved in gastric

carcinoma development.

- Microsatellite and FISH analysis of the 6q content of tumors xenografted in nude
mice and respective derived cell lines, and comparison of the data with the primary
tumors. In xenografts and/or cell lines the problem of admixed normal tissue does not
occur. Moreover, these xenografts and/or cell lines represent an unlimited source of

material. Xenografts and cell lines thus represent a very valuable tool for future studies.
- Construction of a transcription map. After delimiting the interstiial SRO, we

aimed to isolate cDNAs from this region. This was achieved by using a subtraction

protocol (Suppression subtractive hybridization).
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The material and methods used in the different studies will be briefly presented
according to the issues raised in the Aims section. Some of the methods used are

described in detail in Papers I to III.

1. Detailed deletion mapping of the interstitial SRO

1.1. Mapping locus D6S32 by Southern analysis of YACs and PACs spanning the
segment 6q16.3-q23.3

Preparation of p3B10 probe

- p3B10 insert is cloned in the plasmid vector pBR322. We digested the plasmid
with the restriction enzyme Hindlll and purified the band which corresponded to the
insert, using the Qiaquick Gel extraction kit (Quiagen). The insert was cloned into a

pBlueScript vector for sequencing.

Preparation of YAC DNA

- YACs mapping at chromosome 6 and chromosome 3 (as negative control) were
selected from the twelfth release from the Human Physical Mapping Project at the
Whitehead Institute database/MIT Center for Genome Research. YACs were selected
that contained STS markers described to be in the region of locus D6S32. These
included YACs from contigs WC6.14 and WC6.15. All YACs used throughout this
thesis were kindly made available to us by Dr. E.F.P.M Schoenmakers, University of
Leuven (Belgium). After culturing the yeast strains in AHC medium (25 pg/ml
ampicilin) for 36-48h at 30 °C, spheroplasts were obtained by digestion of the yeast cell
wall as described by Green and Olson (1990). YAC DNA was isolated by standard salt-

chloroform extraction procedures (Miillenbach et al, 1989).

Southern analysis

- DNA samples (YACs and human DNA) were digested with restriction enzyme
Mspl, separated on 0.8% agarose gel by electrophoresis and transferred to nylon
membranes by alkaline blotting (Southern, 1975). The insert of p3B10 was labeled with
[0->*P] dCTP by the random primer extension method (Feinberg and Vogelstein, 1982),
using the Multiprime DNA labeling system (RPN1601z-Amersham). The blots were
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prehybridized for more than 2 hours at 65 °C in a buffer consisting of 0.5M NaHPO,
(pH 7.2), 1mM EDTA and 7% SDS, followed by hybridization at 65 °C overnight with
the probe. Membranes were washed at 65 °C with solutions of increasing stringency (2x
SSC/0.1% SDS; 1x SSC/0.1% SDS; 0.3x SSC/0.1% SDS; 0.1x SSC/01% SDS).
Membranes were exposed to X-ray film (SuperRX from Fuji or X-OMAT-AR from
Kodak) at =70 °C with an intensifying screen for 1-3 days.

Screening of PAC DNA libraries
- The RPCI-1 and RPCI-6 human PAC libraries (Children’s Hospital Oakland
Research Institute; http:// www chori.org) were screened with the insert of p3B10

(D6S32) according to standard procedures.

1.2. Detailed deletion mapping of the interstitial SRO by microsatellite analysis
(Paper I)

Material

- 60 primary gastric carcinomas and respective non-neoplastic gastric mucosas were
selected. The material was collected immediately after surgery, frozen in liquid nitrogen
and stored at —70 °C until DNA extraction. The tumors were classified according to
Lauren’s classification — 30 intestinal carcinomas, 15 diffuse carcinomas and 15

atypical carcinomas.

DNA extraction

- High molecular weight DNA was isolated using the salt-chloroform extraction
method (Miillenbach et al, 1989). When paraffin blocks of diffuse tumors were
available, areas rich in tumor cells were microdissected and DNA was isolated by

phenol-chloroform extraction (Jen er al, 1994).
Microsatellite analysis

- 21 microsatellite markers mapping at 6q (19 within 6q16.3-q23.3; 1 proximal at

6q14-q16.2 and one distal at 6q27) were selected from the human genetic map of
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Gyapay et al (1994) and from the Cedar database accessible at http: // cedar.genetics.
soton.ac.uk/pub.

- 3 microsatellite markers mapping at 3p21.3 (Kok et al, 2000) and 3 microsatellite
markers mapping at 17p12-p13 were also selected and used in the analysis of a subset of
the carcinomas.

- Polymerase chain reaction (PCR) was performed using standard techniques.
Briefly, after an initial denaturation step at 94 °C for 5 min, amplification was for 30
cycles with denaturation at 94 °C for 0.5 min, annealing at 53 to 60 °C (depending on
the primer set) and extension at 72 °C for 1.5 min. Following the last cycle an additional
extension step at 72 °C for 5 min was performed. PCR products were labeled with
[0*P] dCTP during amplification, denatured at 94 °C for 5 min, in a solution containing
95% formamide, separated by electrophoresis in a denaturing 6% polyacrylamide and
visualized through autoradiography. Evaluation of allelic imbalances was done by
densitometry on an Ultrascan XL LKB densitometer using Gel Scan XL 2.1 software

(Pharmacia LKB).

Analysis of the location of AIM1 gene relative to the 2-cM SRO

- YACs (870b3, 776a5, 798g12, 91115, 785d2, 951b2, 826f8, 903h8) from the
chromosomal regions that spans loci D65278 and D6S302 were screened for the AIM/
gene by PCR. All YACs were selected from the contig WC6.14 (Whitehead
Institute/MIT Center for Genome Research).

- Primers specific for the AIM] gene were designed: Forward 5’-
TCACATTATCCTCAACACTGTC-3" (nt 4842-4863); Reverse 5’"CAGTCTTGAAAT
CTTGATATAAC-3" (nt 5202-5224), giving rise to a product of 382 bp.

- After an initial denaturation step at 94 °C for 3 min, amplification was for 30
cycles with denaturation at 94 °C for 0.5 min, annealing at 60 °C and extension at 72 °C
for 1.5 min. Following the last cycle, an additional extension step at 72 °C for 3 min

was performed.
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2. Analysis of 6q status in xenografts and cell lines derived from primary gastric

carcinomas (Paper II)

Material

- 6 primary gastric carcinomas (CE195, CE199, CE202, CE220, CE226 and CE233)
were heterotransplanted in nude mice (N: NIH(s)II — nu/nu), and 3 cell lines (GP195,
GP202 and GP220) were established from three of the xenografts. The cell lines were
grown in RPMI 1640, supplemented with 4 mg/ml L-glutamin, 10% FCS, 100 U/ml
penicillin and 100 pg/ml streptomycin.

DNA extraction
- High molecular weight DNA was isolated from frozen material of the xenografts
and from pellets of the cell lines, using the salt-chloroform extraction method

(Miillenbach et al, 1989).

Microsatellite analysis

- From the panel of 21 microsatellite markers mapping at 6q, only 13 were used in
this analysis. Two more distal markers mapping at 6q27 were added to the analysis,
making a total of 15 markers in 6q. All analyses were carried out at least in duplo. PCR
was performed as described above (point 2 of this section). Signal intensities were
determined either by densitometry on an Ultrascan XL LKB densitometer using Gel
Scan XL 2.1 software (Pharmacia LKB), or on a phosphor-imaging system (STORM
860, Molecular Dynamics).

FISH analysis

- FISH analysis of the three cell lines (GP195, GP202, GP220) was performed
according to routine procedures with the following probes: a) a Bio-11-dUTP-labeled
chromosome 6-specific library (wcp6); b) a digoxigenin-11-dUTP labeled-chromosome
6 centromeric probe (p308), in combination with Bio-11-dUTP-labeled CEPH YAC
870b3 (6q16.3-q21), ¢) CEPH YACs 801c2 (6q21-q23.3) and 8209 (6q27) CEPH
YACs labeled with digoxigenin-11-dUTP and Bio-11-dUTP, respectively, or d) a
digoxigenin-11-dUTP labeled-chromosome 6 centromeric probe (p308), in combination
with Bio-11-dUTP-labeled CEPH YAC 8209 (6g27). Chromosomes were

counterstained with DAPI. For each analysis 25 metaphases were analyzed.
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3. Construction of a transcription map of the 2-cM SRO (Paper III)

Material

- A YAC contig covering the SRO region (6q16.3-q23.3) was assembled by
selecting CEPH YACs from the YAC contig WC6.14, from the Whitehead Institute
database. YACs were selected when they had unambiguous hits with STS markers used

in the microsatellite analysis (Point 2 of this Material and methods section).

Microsatellite analysis of the YAC contig
- PCR amplification YAC DNA was with the same microsatellite markers that were
used in the detailed deletion mapping (Point 2 of this Material and methods section), in

order to check their physical position relative to the markers.

Pulsed-Field gel Electrophoresis

- The size of the YACs was analyzed by Pulsed-Field Gel Electrophoresis (PFGE)
(Sambrook et al, 1989) in order to check the size of the YACs. Briefly, after culturing in
AHC medium (25 pg/ml ampicilin) for 36-48h at 30 °C, the yeast cells were pelleted,
washed once, and mixed with liquidified 1% low-melting point agarose. Solid agarose
plugs were made with an approximate volume of 100ul. Lysis of yeast cell wall and of
the cells was done by incubating the plugs with zymolease (0.4 mg/ml) and with
proteinase K (0.2 mg/ml), respectively. The agarose plugs were then washed and loaded
into a 1% agarose gel. Electrophoresis was at 10 °C for 46h (20 to 120-second pulses
for 18h; 120-second constant pulses for 10h and 120 to 140 second-pulses for 18h) at a
constant voltage (120v) with perpendicularly orientated electric fields. Visualization of
the separated DNAs in the gel was done by ethidium bromide staining. DNA was
transferred to nylon membranes by acid/alkaline blotting. Cot-1 DNA was labeled with
[0-**P] dCTP by the random primer extension method (Feinberg and Vogelstein, 1982),
using the Multiprime DNA labeling system (RPN1601z-Amersham). Hybridization and
washing conditions were the same as used in point 1 of this section. Membranes were

exposed to autoradiography (SuperRX from Fuji) and developed after 1-3 days.
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PolyA™ RNA extraction

- Total RNA from four different CEPH YACs (y776a5, y785d2, y826f8 and
y946d3) was isolated according to the RNAzol™ B procedure (Campro Scientific).

- Poly A" RNA was obtained using the mRNA purification kit from Amersham

Pharmacia Biotech.

c¢DNA synthesis
- Double stranded cDNA was synthesized from 2 pg of poly A* RNA using AMV
reverse transcriptase and Tag-DNA polymerase, included in the Clontech’s PCR-

Select™ cDNA subtraction kit, following the instructions of the supplier.

cDNA subtraction

- Supressive cDNA subtraction was done according to the instructions of the
Clontech’s PCR-Select”” ¢DNA Subtraction Kit. Briefly, double stranded tester and
driver cDNAs were digested with Rsal restriction enzyme. Digested tester cDNA was
divided in two tubes and different adaptors were ligated (a different adaptor in each
tube). A first hybridization was performed between the driver cDNA and each adaptor-
ligated tester cDNA, separately. A second hybridization was done with more driver
cDNA together with the two samples from the first hybridization. After hybridization,
differentially expressed cDNAs were selectively amplified by PCR. A modification in
the procedure was introduced at this point - diluted cDNAs (subtracted and unsubtracted
samples) were further diluted 50x before primary PCR. Efficiencies of Rsal-digestions
and adaptor ligations were checked as recommended in the kit. A summarized scheme
of the technique is showed in Figure 3.

- Subtraction efficiency was tested by PCR of the yeast housekeeping gene ZWF1
(encoding glucose-6-phosphate dehydrogenase). Primer sequences were: 5’°-
GGATTCCAGAGGCTTACGAG-3’ (forward), 5’-GGGTGCTTTTCGGGCATAAC-3’
(reverse). Amplification was for 30 cycles with denaturation at 94 °C for 0.5 min,
annealing at 58 °C for 0.5 min, and extension at 72 °C for 2 min. The initial
denaturation step at 94 °C and the final extension at 72 °C lasted for 3 min. PCR was

performed on the unsubtracted and on the subtracted non-cloned cDNA.
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tester Poly A+ RNA driver Poly A+ RNA

cDNA synthesis

ds tester cDNA

ds driver cDNA
Rsal digestion

tester cDNA with adaptor 1 driver cDNA (in excess) tester cDNA with adaptor 2R

--a)T. A4 ———— ..
=S 4 — = a—a..

First hybridization

a, d - no amplification; b -b’ - no amplification; ¢ - linear amplification; e - exponential amplification

Figure 3. Schematic representation of the suppression subtractive hybridization (SSH) technique.
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cDNA library construction

- PCR products, resulting from the subtraction, were subcloned into the pCR "1l
vector using the TA Cloning kit (Invitrogen). The transformed bacteria were plated on
selective plates and white colonies were selected randomly. Three cDNA libraries were
constructed — y776a5-specific cDNAs library (192 clones); y785d2-specific ¢cDNAs
library (192 clones) and y826f8-specific cDNAs library (384 clones).

Analysis of the cDNA libraries

- For further analysis of the cDNA libraries we dot-blotted PCR products to nylon
membranes. Briefly, the inserts of the selected colonies were amplified by touch-PCR.
The PCR was carried out in a 25-ul reaction volume containing 10 mM Tris-HCI (pH
8.0), 50 mM KCI, 1.5 mM MgCl,, 200 mM of each deoxynucleotide triphosphate, 0.4
mM of each primer (M13 forward 5’-GTAAAACGACGGCCAG-3"; M13 reverse 5'-
CAGGAAACAGCTATGAC-3’), and 0.5 U of Tag DNA polymerase (Pharmacia).
Amplification was for 30 cycles with denaturation at 94°C for 0.5 min, annealing at
50°C for 0.5 min, and extension at 72°C for 1.5 min. The initial denaturation step at
94°C and the final extension step at 72°C lasted for 3 min. 7ul of the PCR product was
analyzed on a 2% agarose gel. The PCR products were denatured by the addition of an
equal volume of 0.5M NaOH, and 3-pl aliquots were dot-blotted on nylon membranes
(Hybond-N"; Amersham Pharmacia Biotech). Four identical copies of each filter were
made. DNA was cross-linked to the membranes by incubation at 80 °C for 2 hours.

- The membranes were hybridized with both uncloned subtracted cDNA pools.
Hybridization and washing steps were done as described above (point | of this section).
cDNA clones that hybridized predominantly with the cDNA pool from which they

originated, were considered specific for that cDNA pool.

Southern analysis

- Genomic DNA blots (containing human placenta DNA and DNA from the tester
and driver YACs, from YACs overlapping tester and driver YACs, and from a distal 6q
YAC as negative control) were prepared by Southern blotting (as described above in
point 1 of this section). Probes and Southern membranes were competed with 10 pg and
15 pg human Cot-1 DNA, respectively, before hybridization. Hybridization and

washing steps were done as described above (point | of this section).
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Sequencing analysis

- Sequencing of selected clones was done on a ABI Prism ™377 DNA Sequencer
(Perkin Elmer) using M13 primers from the pCR™ vector. The cDNA sequences were
compared to the available databases using BLAST search (http://www.ncbi.nlm.nih.gov

/blast/blast.cgi).

Northern analysis

- Expression analysis of positive cDNA clones was evaluated by hybridization with
commercial available multiple-tissue Northern (MTN) blots from Clontech (#7759-1-
spleen, thymus, prostate, testis, ovary, small intestine, colon (no mucosa), peripheral
blood leukocyte; #7767-1- stomach, thyroid, spinal cord, lymph node, trachea, adrenal
gland, bone marrow; #7780-1- brain, heart, skeletal muscle, colon (no mucosa), thymus,
spleen, kidney liver, small intestine, placenta, lung, peripheral blood leukocyte).

- The hybridization procedure was done following the supplier’s instructions.
Briefly, ¢cDNA probes were [0-*P] dCTP labeled by random primer labeling
(Multiprime DNA labeling system-RPN1601z-Amersham). MTN blots were pre-
hybridized with ExpressHyb™ solution for 60 min at 68 °C and hybridized with the
labeled ¢cDNA probe overnight at 68 °C. Membranes were first washed at room
temperature for 30 min with 2x SSC/0.05% SDS and then at 50°C with 0.1x SSC/0.1%
SDS. Membranes were exposed to X-ray film (X-OMAT-AR from Kodak) at -70 °C

with an intensifying screen and autoradiographs developed after 3-10 days.
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Results

1. Detailed deletion mapping of the interstitial SRO

The interstitial SRO (6q16.3-q23.1) previously reported by our group (Queimado et
al, 1995) is defined by locus D6S32 (RFLP marker p3B10) that was lost in 50% of
informative cases of the sporadic gastric carcinomas analyzed. The flanking markers of
this SRO are D6S268 and ARGI. New markers in this region were selected for further
delimitation of the deleted 6q segment. Within the new panel of markers we tried to

localize the exact position of locus D6S32.

1.1. Mapping locus D6S32 by Southern analysis of YACs and PACs spanning the
segment 6q16.3-q23.3

The genetic position of D6S32, previously assigned to 6q22.3 (Rao et al, 1993) is
currently deposited in the databases as being at 6q23.3 (http://cedar.genetics.soton.
ac.uk/pub/ chrom6/map.html; http://gdbwww.gdb.org).

YACs from the Whitehead Institute database (http://www-genome.wi.mit.edu/) that
map to the long arm of chromosome 6, in the region where D6S32 is supposed to map

(6923.3), were selected as described in the Materials and methods section (Figure 4).

ARG/ // WIB102 D6S262 D6S457 D6S1656 WI3398 D6SAT2 WISB66 D6S413 FB4G4 WIL429 D6S975

Y831D8

Y761F4

Y970A12

Figure 4. Schematic representation of the presumed location of D6S32 relative to the markers
(http://cedar.genetics.soton.ac.uk/pub/chrom6/ map.html) and to the YACs that map to this region (YAC
contig WC6.15).
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Results

When p3B10 (locus D6S32) was hybridized to DNA of the YACs immobilized on
the Southern blot membranes, no signal was detected in any of the them. A specific
hybridization signal was obtained only in the DNA of human placenta and DNA of a

panel of 5 gastric mucosas used as positive controls of the hybridization (Figure 5).

1 2 3 4 5 6 7 8 9 10 11

Figure 5. Southern analysis of YAC DNA and human DNA (human placenta and gastric mucosas).
Lanel, mucosa 184; lane 2, mucosa 191; lane 3, mucosa 192; lane 4, mucosa 159; lane 5. mucosa 182;
lane 6, AHindIll; lane 7, human placenta 1; lane 8, human placenta 7; lane 9, Y761F4 (#6). lane 10,
Y831D8 (#6); lane 11, Y743C5 (#3). Probe, p3B10 (D6S32); All samples digested with Mspl restriction

enzyme.

The interstitial SRO was reported to map at 6q16.3-g23.1, proximally to ARG/
(Queimado et al, 1995). We thus included in the analysis a YAC contig that extended
from D6S278 until AFM268vh5, a segment of some 7 ¢cM, proximal to ARG/. Again,
no specific hybridization signals were observed in any of these YACs, that is, we did

not see a band with the same length as in human DNA (positive control) (Figure 6).
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Figure 6. Southern analysis of YACs mapping at 6q (6q16.3-q23.1). Lane 1, AHindlll; lane 2, human
placenta 7; lane 3, y870b3; lane 4, y826f8; lane 5, y852d6; lane 6, y933c4; lane 7, y856g2; lane 8,
y748b1; lane 9, y946d3; lane 10, y884b9; lane 11, y919h8; lane 12, y801c2; lane 13, y90Icl; lane 14,

y831d8; lane 15, y761f4; lane 16, y970al2; lane 17, y743c5 (#3). Probe, p3B10 (D6532); Samples
digested with Mspl.

To facilitate further search for the location of D6S32, we screened the RPCI 1 and 6

PAC libraries with p3B10 probe. The screening did not result in the selection of any
PACs that contained D6532 sequences.

In yet one other approach, the insert of p3B10 was subcloned into the vector
pBlueScript, and the sequence was determined. Screening of the available databases

with this sequence revealed an almost 100% identity with clone 2023J2 from the CIT-
HSP library (accession nr. B64516).
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1.2. Detailed deletion mapping of the interstitial SRO by microsatellite analysis
(Paper I)

The interstitial SRO, defined by Queimado et al (1995), was flanked by the markers
D65268 (6q16.3-q21) and ARGI (6q22.3-g23.1), and spanned a region of 15 cM. To
further delimit this region we increased the number of markers within the region
6q16.3-q23.3. We selected 19 microsatellite markers that were highly polymorphic and
had a genetic distance between each other of 0 to 5 cM. In addition, we selected one
proximal (6q14-q16.2) and one distal (6q27) marker (Figure 7).

We analyzed with these markers 60 primary gastric tumors. Of the 50 tumors that
were informative for at least one locus within the region 6q16.3-q23.3, 18 (36%)
showed allelic imbalance (AI). The overlap of these cases allowed us to define a SRO of
2 cM (approximately 3 Mb), flanked by D6S278 and D65404 (Figure 8).

Al was detected in all histologic types of gastric carcinoma (10 intestinal, 4 diffuse

and 4 atypical tumors) and it was observed both in early as in advanced tumors.

D65252
D65283

D65268 D65447
D65278
D651594
D6S1647 D6S1698 D65404
21 | D65268 D6S302
422 D65261
ARGI D6S454
D65304 D6S287 D6S433
D6S407
D6S262 D6S457
D651656
D65472

D6S5281

Figure 7. Schematic representation of the panel of microsatellite markers used in this study.
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Figure 8. Patterns of allelic imbalance (Al) at 6q16.3-q23.3. m, Al; O, retention of heterozygosity; -, not

informative (homozygous); -:, not informative (alleles separated only by two base pairs); ., microsatellite
instability (MIN); intestinal, tumors of intestinal histologic type; diffuse, tumors of diffuse histologic
type; atypical, tumors of atypical histologic type; shadowed region, smallest region of overlap (SRO) of
heterozygous deletions. The relative order of the markers was based on the genetic map of Cedar

database.

Comparison of the frequency of Al at the 6q-SRO (D6S1594, D6S1647, D6S1698)
with two other hotspots of heterozygous deletions in gastric cancer, namely 3p21.3 and
17p13, was done in a subset of 30 tumors. Table 2 shows summarized results of this
analysis. The SRO at 6q and the 17p13 region showed comparable percentages of Al
For the 6g-SRO, the frequency of Al was 35% (8 of 23 informative cases) and for
17p13 this was 38% (8 of 21 informative cases). The frequency of Al at 3p21.3 was

15% (4 of 27 informative cases).
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Table 2. Allelic imbalance (Al) analysis of 6q16.3-q23.3, 3p21.3 and 17p12-p13.

Loci

Cases Histologic type Tumor stage 6q* 3p21.3 17p12-p13
29 Atypical Early Al RET RET
228 Intestinal Early Al RET NI
11 Intestinal Advanced RET Al Al
15 Intestinal Advanced Al Al RET
149 Intestinal Advanced Al RET RET
161 Intestinal Advanced NI Al Al
166 Intestinal Advanced Al RET Al
175 Intestinal Advanced Al - Al
177 Intestinal Advanced RET RET Al
200 Intestinal Advanced Al RET RET
224 Intestinal Advanced RET RET Al
202 Atypical Advanced RET RET Al
209 Atypical Advanced RET Al Al
229 Atypical Advanced Al NI NI

Al Allelic Imbalance: RET, Retention of Heterozygosity; NI, Not Informative; -, Not Determined. * Only
the markers D6S1594, D651647, and D651698, which mapped within the SRO defined in this study, have

been taken into account.

Ray et al (1996) identified a gene on the long arm of chromosome 6 (at 6q21) —
AIM]I (absent in melanoma) and suggested that it could have a role as a tumor
suppressor gene in melanoma development. We checked if this gene mapped within the
2-cM SRO defined by us. PCR amplification of YACs 870b3, 776a5, 798g12, 911f5,
785d2, 951b2, 826f8 and 903h8, that are from a contig that overlap the SRO with
primers specific for AIMI, showed no amplification product (Figure 9). Thus, AIMI
does not appear to map between loci D65278 and D6S404 (flanking markers of the
SRO).
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M YACs HP B

> 382bp

Figure 9. PCR amplification of YACs from the SRO using primers for AIM/ gene. Lane 1, Marker (50
bp ladder); lane 2, y870b3; lane 3, y776a5; laned4, y798g12; lane 5, y911f5; lane 6, y785d2; lane 7,
y951b2; lane 8, y826f8; lane 9, y903h8; lane 10 and 11, human DNA; lane 12, blank.

2. Analysis of 6q status in xenografts and cell lines derived from primary gastric

carcinomas (part of the results in Paper II)

In order to compare the 6q status in the xenografts and cell lines with the primary
tumors, we analyzed 6 tumors xenografted in nude mice and 3 cell lines derived from 3
of the xenografts. This analysis was done by microsatellite analysis. We selected 12 of
the markers used in the analysis of primary tumors (6q16.3-q23.3), 1 proximal marker
(6q14.2-16.2) and 3 distal markers mapping at 6q27, corresponding to the distal region
defined by Queimado er al (1995). Additionally, we analyzed the 3 cell lines by FISH
(chromosome 6 painting and bicolor FISH with YACsS).

2.1. Microsatellite analysis
Results from the microsatellite analysis in the 6 xenografts (cases 195, 199, 202,
220, 226 and 233) and 3 cell lines (cases 195, 202 and 220) in comparison with the

respective primary tumors are described below.
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Figure 10 shows schematically the results obtained for cases where only the primary
tumor and the xenograft were available (cases 199, 226 and 233). Cases 199 and 233
presented microsatellite instability for almost all loci. Case 226 showed retention in all

loci both in the primary tumor and in the Xxenograft.

199 226 233
N T X N T X N T X
bqla2qi62 | DES252 - MI MI - - - — MI ND
D65283 - MI MI — == O M1 Np
D6S447 O s mi - - - O m ~p
D6S268 OO m 0 o | == =
D65278 O m1 mi Oo0Oao O M w~p
D651594 O s M - - - ND ND ND
6916.3-q23.2 | | D6S1647 = e == ND ND ND ND ND ND
D6S 1698 ND ND ND - - - ND ND ND
D65404 O O wm O 0Oo0d O s wNp
D6S261 O O s O 0o O M Np
D65433 OO m - - - O s wmp
D6S407 O mi M - - - O v M
D65262 O s M O ~p O O m1 ma
6q27 | D6S281 O 0O m - - - O w1 m

Figure 10. Microsatellite results of cases GP199, GP226 and GP233. N, normal mucosa; T, primary
tumor; X, xenografted tumor. 0, retention of heterozygosity:-, Not informative; MI, microssatellite

instability; ND, not done. Shadowed box, 2-cM SRO.

Figure 11 shows the results obtained for the cases where cell lines were established
(cases 195, 202 and 220). The xenografts and cell lines of cases 195 and 202 showed Al
for all informative loci between D68252 and D6S305. Complete loss of one parental
allele was detected for case 195 at D6S281 and TBP, and for case 202 at D6S305,
D6S281 and TBP. The xenograft and the cell line of case 220 showed Al for all
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informative loci on chromosome 6q. No complete loss of one parental allele was
detected for any marker.

For all three cases no Al was detected in the primary tumors for any of these
markers. Only when tumor cells from case 220 were carefully microdissected, Al was
detected for both markers that could be analyzed, namely D6S1647 and D6S404.

In the loci where visual inspection of the autoradiograms indicated an Al, the ratio
between the alleles was quantified. The ratio’s, as depicted in Figure 11 vary between
1.2 and 2.2. As shown in case 220, densito_metric scanning of the autoradiograms

appeared to result in lower ratios than the analysis using the phosphor-imager system.
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Figure 11. Microsatellite analysis of cases GP195, GP202 and GP220. N, normal mucosa; T, primary

tumor; T1, microdissected primary tumor; X, xenograft in nude mice; L, cell line; X/C and L/C, allelic

ratios for xenografts and cell lines, respectively. o, retention of heterozygosity; @, Al; m, LOH; Dash, not

informative; Blank space, not determined. Arrows, position of the YACs used in FISH analysis;
shadowed box, 2-cM SRO.
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2.2. FISH analysis

Three cell lines derived from the xenografts of cases 195, 202 and 220 were
analyzed by FISH. All three cell lines were successively hybridized with a chromosome
6-specific library (wcp6), with y870b3 from 6ql6.3-q21 in combination with a
chromosome 6-specific centromeric probe, and with y820f9 from 6g27 in combination
with either the centromeric probe or y801c2 from 6q21-q23.3 (Figure 12).

When hybridized with the chromosome-specific library, cell line GP195 showed
two apparently normal chromosomes 6 (with respect to size as well as banding) and one
derivative chromosome 6 that appeared larger than a normal chromosome 6, but
nonetheless consisted entirely of chromosome 6 material (Figure 12A). The centromeric
probe and the proximal YAC (y870b3) both hybridized to the same set of three
chromosomes (Figure 12B). Also the middle YAC (y801c2) hybridized to three
chromosomes (not shown). The distal YAC (y820f9), however, hybridized to only two
of these three chromosomes (Figure 12C). All metaphases of GP202 contained one
apparently normal chromosome 6 and two translocation products that consisted only in
part of chromosome 6 material (Figure 12A). The centromeric probe gave a signal on
two chromosomes; y870b3 gave a signal on the same two chromosomes and on one
other chromosome (Figure 12B). y801c2 gave a signal on three chromosomes, and
y820f9 on two of these three chromosomes (Figure 12D). Thus, like GP195, GP202
appears to contain three 6q arms, one of which is having a terminal deletion. GP220
contained one apparently normal chromosome 6 and three translocation products that
consisted in part of chromosome 6 material (Figure 12A). The centromere 6-specific
probe gave a signal on two chromosomes, one of which also had a signal for y870b3. In
addition, this YAC gave a signal on two other chromosomes (Figure 12B). y801c2 and
y820f9 also gave signals on three chromosomes (Figure 12D). GP220 clearly has three

6q arms. A schematic representation of the FISH results is shown in Figure 13.
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GP 195 GP 202 GP 220

Figure 12. FISH analysis of cell lines GP195, GP202 and GP220. A, Chromosome 6 painting (probe
wcpb); B, Bicolor FISH with centromere probe (green signal) and y870b3 (red signal); C, Bicolor FISH
with centromere probe (green signal) and y820f9 (red signal); D, Bicolor FISH with y80lc2 (green
signal) and y82019 (red signal).

73



Results

GP 195 GP 202 GP 220
Cenb (0N ©] (0] (5} ©
y870b3 &5 ® é
y801c2 00 o) )
82019
" 00 o o

Figure 13. Schematic representation of the FISH results in the three cell lines (GP195, GP202, and

GP220). Hybridization signals that appear on the same chromosome are vertically aligned.

3. Construction of a transcription map of the 2-cM SRO (part of the results in
Paper III)

Assuming that human genes are being expressed in yeast, we isolated cDNAs from
the 2-cM SRO by subtracting YACs that map to this region. The size and relative
position of the YACs to the microsatellite markers were checked by PFGE and by PCR,
respectively. Results are shown in Table 3. We selected non-overlapping contiguous
YACs to obtain at the end cDNAs from the entire region. In Figure 14 the relative
positions of the selected YACs within the SRO is represented. Two subtractions were
performed. In the first subtraction YACs 776a5 and 785d2 were subtracted to each other
(Paper III). From the forward subtraction we isolated cDNAs expressed specifically in
y776a5 and in the reverse subtraction we isolated cDNAs expressed specifically in
y785d2. The second subtraction was done with YACs 826f8 and 946d3. In this second
subtraction, we were only interested in the cDNAs expressed specifically in y826f8

(forward subtraction), because y946d3 is outside the SRO (Figure 14).
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Table 3. Size and markers content of the YACs mapping within the 2-cM SRO *,

YACs  Size (kb) | D6S278 D6S1594 WI1240 WI3490 D6S1647 D6S1698 D6S404
776a5 990 + % . ; - 3 -
798¢12 910 - . 4 - . _ }
o115 1320 |- ; ) + ) ] .
785d2 1370 |- - . + % ] .
951b2 510 ; . ] ] % 4 )
8268 1470 « " - - + + o
933c4 1680 |- ’ . ; _ _ i

* The YACs in bold are the YACs from which we isolated cDNA (used in subtraction). The other YACs
are overlapping YACs within the SRO.

6q16.3-g23.3
D6S278 D6S404
1 [ y776a5
y7R5d2
y82618 jz
y946d3

Figure 14. Deleted region in gastric carcinoma (6q16.3-q23), flanked by microsatellite markers D65278
and D65404. 1 — Subtraction of YACs 776a5 and 785d2. 2 — Subtraction of YACs 826f8 and 946d3.

Efficiency of subtraction was tested by PCR, using primers specific for the yeast
housekeeping gene ZWFI. A PCR product with the expected molecular weight was
obtained in the unsubtracted cDNA populations and not in the subtracted ones (Figure

15), showing that cDNAs common to both populations were depleted.
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Figure 15. Results from the amplification of ZWF! gene on the subtraction of YACs 776a5 and 785d2.
Lanes 1 and 2, unsubtracted cDNA from y776a5 (tester) and y785d2 (tester), respectively. Lanes 3 and 4,
Subtracted ¢cDNA from y776a5 (tester) and y785d2 (tester), respectively. Lane 5 genomic DNA from
y785d2 (control of PCR).

As described in the Material and methods section, libraries of cloned cDNAs were
obtained from each subtraction. In the first subtraction (y776a5/y785d2) two libraries,
corresponding to the forward and reverse subtractions, were obtained. In each library
192 clones were selected. In the second subtraction (y826f8/y946d3) one library was
obtained, corresponding to the forward subtraction. In this library 384 clones were
selected. Every clone was checked for the presence and size of the insert by PCR and

agarose gel analysis. An example of the variety of insert sizes is depicted in Figure 16.

M cDNA clones

Figure 16. Amplification of cDNA clones with vector primers M13. Clone sizes vary between 100 and
800 bp. M, marker (1 kb ladder).
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In the first subtraction, 30 positive clones (14 from the forward subtraction and 16
from the reverse subtraction) were selected by differential screening (hybridization of
either the forward or reverse subtracted uncloned cDNA with the forward and reverse
cDNA libraries), and in the second one 15 positive clones (from the forward
subtraction) were selected. An example of a positive clone selection is shown in Figure

11.

A ey B HDR T T e e S e
...o-g.@o‘@- cf'ihtdo‘t@"- L
‘P o s o 90 SOW e : lr"g;i{l'.co.t.,o @
..o 000G se N e 8000 s0 200 o
e oo see @®se s-.co"{;@a‘ :
) ; e P i

Figure 17. Example of a differential screening hybridization result. Hybridization of the cDNA library of
clones specific from yY785d2 (reverse experiment of the first subtraction). A — probe - pool of cDNAs
subtracted (not cloned) from the reverse experiment of the first subtraction (y785d2 as tester); B — probe -
pool of cDNAs subtracted (not cloned) from the forward experiment of the first subtraction (y776a5 as
tester). Examples of some positive clones specific for y785d2 (clones 8, 11, 24, 44) are indicated with a

circle.

All 30 positive clones from the forward (n=14) and reverse (n=16) subtractions from
the first subtraction, as well as all 15 positive clones from the forward reaction of the
second subtraction, were further analyzed.

Results from these analyses are summarized in tables 3, 4, 5, 6, 7 and 8.

From the 14 clones selected in the forward procedure, 7 corresponded to different
cDNAs (Table 4). From these 7, 4 hybridized with the human DNA and with the DNA
from the tester YAC (y776a5) and 3 hybridized with DNA from all YACs and not with
the human DNA. When hybridized with the cDNA library, 3 of the 4 human clones,
were present in the library in several copies (Table 4) and only one did not hybridize to
other clones from the cDNA library. By sequence analysis we could confirm the 6q

origin of all 4 human cDNA clones (Table 5).
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Table 4. Southern analysis data of selected clones from the forward experiment of the first subtraction

(tester y776a5)

Clones Size HP  Size y776a5  y785d2 y798gl2 y911f5 y915e4 Similar

(bp) (kb) clones

5 364 + 5.0 + - - - - n=3
26 - - - + + + + + -
52 - - - + + + + + -
63 - - - + + + + + =

91 584 + 12.0 + - + - - n=1

144 282 4 7.0 + - - - - n=0

180 480 - 8.5 + - + - n==6

Table 5. Homology data of the human clones from the forward experiment of the first subtraction (tester

y776a5).

Clones = Homology % ldentity
5 Clone 12803 on 6q21-22 100%

91 Clone RP1-262C15 on 6q16.1-g21 93%

144 Clone RP3-429GS5 on 6q21 100%

180 Clone 354J5 on 6g21-22 98%

From the 16 clones selected in the reverse procedure, 14 corresponded to different
cDNAs (Table 6). From these 14, 8 hybridized with the human DNA and with the DNA
from the tester YAC (y785d2) and 6 hybridized with DNA from all YACs and not with
the human DNA. When hybridized with the cDNA library, three of the 8 human clones
were present in the library in several copies (Table 6) and 5 did not hybridize to any
other clone from the cDNA library. By sequence analysis we could confirm the 6q

origin of 4 out of 8 human cDNA clones (Table 7).
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Table 6. Southern analysis data of selected clones from the reverse experiment of the first subtraction

(tester y785d2).

Clones Size HP Size  y776a5 y785d2 y798gl2 y911f5 y915e4 Similar

(bp) (kb) clones

6 642 - 3.5 - + - - - n=1
8 422 +- 4.0 - + - + - =0
11 - - - + + + + + -
17 562 -+ 9.0 - + + iy =H)
21 - - - + + + + -
24 810 + 5.5 - + - + - =2
44 164 + 5.3 - + - + - n=0
68 - - - + + + + + -
77 583 + 6.0 - + + - - n=0
78 - - - + + + + + -
119 - - - + + + + +
132 584 + 10.0 - + - - - n
144 389 + 7.0 - + - + - g=]
146 - - - + + + + +

Table 7. Homology data of the human clones from the reverse experiment of the first subtraction (tester

y785d2)

Clones  Homology % ldentity
6 Unknown 5

8 Unknown -

17 Clone 261K5 on 6q2 99%

24 Repeat sequences in several chromosomes 95%

44 Unknown -

77 Chromosome 6 Taql fragment 95%

(SC6pA4G2)
132 Clone RP5-919F19 on 6q16.3-22.1 98%
144 Clone CTA-331P3 on 6q21-22.1 96%

From the 15 clones selected in the forward procedure of the second subtraction, 3
corresponded to different cDNAs (Table 8). When hybridized with the cDNA library,
all 3 clones were present in the library in several copies (Table 8). By sequence analysis
we could confirm the 6q21 origin of all these cDNAs (Table 9). Clones 17 and 178
showed homology to the same PAC clone, although they did not hybridize with each
other when hybridized to the all cDNA library.
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Table 8. Southern analysis data of selected clones from the forward experiment of the second subtraction

(tester y826f8).

Clones Size HP
(bp)

y946d3  y785d2 y951b2 y933cd

Similar
clones

17 336 +

28 254 +
178 435 +

Size  y826f8
(kb)

2.5/ -
12.0

2.5 +
12.0 +

n=16

=1
Il
A

Table 9. Homology data of the human clones from the forward experiment of the second subtraction

(tester y82618).

Clones  Homology

% Identity

17 PAC 66H14 from 6q21-22 98%
28 PAC 487]7 from 6q21-22.1 97%
178 PAC 66H14 from 6q21-22 96%

Figure 18 shows the physical location of the several clones within the target YACs

and overlapping ones.

6421 DAS27H DAS 1594 WI1240 WI4066 WI3490 w4792 D6S169% D6SA04
!
¥776a5 ! !
YT9E12 !
i L ovnrs
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| y951Ib2 |
yB26M8
|
i y933ed
S (yT76a5) 91 (y776a5) TTyTESAT) 6 (yTH5A2) 132 (y7K5d2) 2K (yK26MH) 17 (yH261%)
144 (y776a5) 180 (y776a5) K {y745d2) 178 (y826F%)
17 (y785d2)
24 (yT85d2)
44.(y785d2)
144 (yTRSA2)

Figure 18. Physical mapping of the clones within the YAC contig that covers the 2-cM SRO.
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Results

The human clones were analyzed by Northern analysis by hybridization to multiple
tissue Northern blots. From the 14 clones that were analyzed, clone 5 (y776a5) and
clones 17, 132 and 144 (y785d2), indeed showed expression in normal tissues of

different embryological origin. An example is shown in Figure 19.

I 2.3 .4 5 6 7
Kb pym et R

Figure 19. Northern results of clone 144 (y785d2) when hybridized to a multiple-tissue Northern blot.
Lane 1, stomach; lane 2, thyroid; lane 3, spinal cord; lane 4, lymph node; lane 5, trachea; lane 6, adrenal

gland; lane 7, bone marrow.
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Discussion

Gastric carcinoma development is, as in other human neoplasias, a multi-step
process in which several genes are altered. Some genes are activated while others may
be inactivated, leading to an unbalanced proliferation of the cells and ultimately to the
establishment of the tumor. Some knowledge has already been achieved regarding the
role of a number of genes in gastric carcinogenesis, like the role of E-cadherin in the
development of the diffuse histotype (Becker et al, 1994; Guilford et al, 1998; Machado
et al, 1999). Still, many questions remain to be answered in order to understand the

genetic pathway of gastric carcinogenesis.

The main scope of this thesis was to investigate the role of chromosome 6 in the
development of gastric carcinoma, as it is one of the most frequently altered
chromosomes in gastric cancer (Ochi et al, 1986; Seruca et al, 1993; Barletta et al,
1993: Panani et al, 1995; Seruca et al, 1995a; Schneider et al, 1995; Gleeson et al,
1997).

By loss of heterozygosity (LOH) studies, deletions of the long arm of chromosome 6
were detected in 29-53% of informative cases. They occur in all histologic types of
gastric cancer (Seruca et al, 1995a; Schneider et al, 1995; Gleeson et al, 1997) and in
early as well as in advanced tumors (Seruca et al, 1995a). Our group started the analysis
of chromosome 6 in gastric cancer in 1992, and defined two smallest regions of overlap
(SRO) of heterozygous deletions (Queimado et al, 1995), using restriction fragment
length polymorphism (RFLP), variable number of tandem repeats (VNTR) and
microsatellite markers. One SRO of approximately 15 cM lies interstitial, at 6q16.3-
q23.1, and is lost in 50 % of informative cases. The other SRO spans more than 30 cM,
lies distal to 6q23-q24, at 6q27, and is lost in 37% of informative cases. These results
suggest the presence of tumor suppressor genes (TSGs) in these regions, putatively

involved in gastric cancer development.

1. Delimitation of the SRO at 6q in gastric carcinomas

The first step in a positional cloning approach, is to delimit the region of interest,
which is the possible location of the putative gene, to a segment small enough to initiate
a gene search. Such a region should not be larger than a few Mb, otherwise it is
unsuitable to start the search. As both SROs defined by Queimado et al (1995) were still

too large, we had to further delimit them.
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We focused on the interstitial SRO as it was deleted more frequently in gastric
cancer than the distal SRO. The interstitial SRO as defined by Queimado et al (1995), is
flanked by loci D65268 and ARG/ and contains locus D6S32. The marker for D6S32 is
an RFLP marker that was assigned to 6q22.3 by FISH (Rao et al, 1993). The
heterozygosity frequency of this marker is low (38%) compared to microsatellite
markers, which often have heterozygosity frequencies of well over 75%. Thus, we
wanted to assemble a panel of polymorphic microsatellite markers (Gyapay et al, 1994),
that would map within the region of the interstitial SRO. For that we first tried to
determine the position of D6S32 relative to the latest versions of the physical maps that
contain the microsatellite markers. In the available databases (cedar database -
http://cedar.genetics.soton.ac.uk/pub/chrom6/map.html; genome database -
http://gdbwww.gdb.org/) D6S32 was recently listed to map at 6q23.3, instead of 6q22.3.
To be able to more accurately compare the “old” D6S32 data with the more recent data
on microsatellite analyses, we thought it would be worthwhile to map this marker. None
of the YACs that we collected in the course of our project hybridized with D6S32.
These analyses included YACs that map within the region where D6S32 was recently
assigned, as well as YACs within the SRO defined by Queimado e al (1995). Although
the location of D6S32 was still unknown, we could already rule out its location in this
segment of 6q. The screening of PAC libraries, that would have given us the
opportunity to continue the mapping with a much larger genomic fragment, was
unsuccessful. Finally, when we determined the nucleotide sequence of D6S32 and used
it to screen various databases, we identified the BAC clone 2023J2. No mapping data
were available for this BAC that was only deposited recently in the GSS (Genome
Survey Sequence) database at NCBI (National Center for Biotechnology Information).
However, FISH analysis using this BAC in combination with YAC clones that we now
have available, will tell us the true position of D6S32 within the genetic/physical map of
6q. Because of the uncertainty of the location of D6S32 we focused instead on the
flanking markers of the SRO, and therefore selected 19 markers from the databases, that

covered this segment of chromosome 6.

The analysis of 60 primary gastric tumors with the microsatellite markers spanning
the region 6q16.3-q23.3, showed that 50 cases were informative for at least one locus,
and 18 of these (36%) presented allelic imbalance (Al). By comparing these 18 we were
able to define a SRO of 2 cM (approximately 3 Mb), flanked by markers D6S278 and
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D6S404. The Al can be interpreted either as gain or as loss of alleles. In this study it
was interpreted as allelic loss rather than gain of alleles based on two arguments. First,
because four of the cases analyzed were previously studied, either by RFLP markers or
by cytogenetics, and showed clear loss of 6q material (Seruca et al, 1993; Seruca et al,
1995a; Queimado et al, 1995). These analyses are less affected by the admixture of
normal and tumor tissues. Moreover, 14 cases, that contributed to the mapping of the 2
¢M SRO, had regions of retention along 6q. This rules out an Al due to a duplication of
the complete g-arm of chromosome 6 (duplications are most often due to the excess of
whole chromosomes or whole chromosome arms). Thus, these data are in support of a
region with a high frequency of loss of heterozygosity in gastric cancer.

We compared the relative frequencies of Al for 6q (markers within the SRO) with
the frequency of Al at two other hotspots of heterozygous deletions in gastric cancer —
3p21.3 and 17p12-p13. The frequencies of Al detected were 15%, 36% and 38% for 3p,
6q and 17p, respectively. Since the frequencies of Al detected at 3p and 17p are low
compared to what has been previously published (Schneider er al, 1995; Seruca et al,
1995a; Gleeson er al, 1997), we can assume that the 36% of Al detected at 6q is
probably underestimated. This may be due to the number of tumor specimens in which
the amount of stromal cells precludes detection of Al Thus, we can expect that Al at 6q
is much more frequent supporting an important role in gastric cancer development.

Like Queimado et al (1995) we also detected Al both in early and advanced tumors,
indicating that loss of sequences from 6q is an early event in gastric carcinogenesis
(Queimado et al, 1995; Seruca et al, 1995a). 6q deletions were found in 10/30 (33%)
intestinal tumors, 4/15 (27%) atypical tumors and 4/15 (27%) diffuse tumors, showing
that 6q alterations play a role in the development and/or progression of the neoplasia,
regardless the histological type.

Deletions at 6q are also described for melanomas (Trent e al, 1989), mesotheliomas
(Taguchi et al, 1993), lymphomas (Gaidano er al, 1992), leukemias (Menasce et al,
1994b), breast and ovarian carcinomas (Orphanos et al, 1995a, 1995b), salivary gland
carcinomas (Jin er al, 1994) and pancreatic carcinomas (Griffin et al, 1994). In Figure
20 SROs defined at 6g21 in different studies are compared. Some SROs overlap, at least
partly with the SRO defined in this study. The fact that the same region is affected in
tumors of different types of tissue (lymphoid malignancies, mesotheliomas and
carcinomas) can indicate that the genes putatively involved are not tissue-specific but

may play a more general role in cancer development.
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Figure 20. Diagram of defined SROs at 6q16.3-q23.3 in different studies.

Several candidate tumor suppressor genes mapped at 6ql6.3-q23 region may

actually map within the SRO that we defined. The AIM! gene (Ray et al, 1996) has

been related to the development of malignant melanomas, where it is frequently deleted.

We tried to check the position of AIM relatively to our SRO. However, none of the

YACs mapping within our 2-cM SRO, could be amplified by PCR using primers
designed for AIM/. This indicates that AIM/ does not map in the SRO defined by us.

Moreover, according to the genetic map of Science 98 (http.// www. ncbi. nlm. nih. gov/

genemap 98) AIMI (6g21) maps centromeric to D6S268, which lies 2 ¢cM proximal to

D6S278 that flanks the SRO proximally, supporting the exclusion of this gene as the

putative gene deleted in gastric carcinoma.
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2. Analysis of 6q alterations in xenografts and cell lines

Our group has xenografted six primary gastric tumors into nude mice. From these
xenografts, three cell lines were established. This type of material is very valuable for
further studies for several reasons: (1) it does no longer have admixture of normal
tissue; (2) it is an unlimited source of material; and (3) it may give information about
the progression of the tumor, since a positive selection for clones with a greater growth
potential can occur. We decided to analyze the chromosome 6 alterations in these
xenografts and cell lines, in order to see if they presented the alterations that we
frequently detected in the primary tumors.

By microsatellite analysis we observed that three cases (GP199, GP226 and GP233)
either did not show any imbalance (in case of GP226) or presented microsatellite
instability (cases GP199 and GP233). The cases presenting MSI" phenotype will be
helpful in the study of the MIN pathway of tumor development. Despite showing
retention for almost all loci analyzed, deletions at the defined SRO can not be ruled out
in case 226, since the markers within the region were not informative in this case
(Figure 10). The other cases (GP195, GP202 and GP 220), when analyzed by
microsatellite analysis (xenografts and cell lines) and by FISH (cell lines), showed
imbalances for the long arm of chromosome 6. FISH results (Figure 12) showed that a
large part of 6q appeared in friplo in all cell lines, presumably as a result of a partial
chromosome duplication. For GP195 the duplication included the centromere. Two cell
lines and the corresponding xenografts (GP195 and GP202) appeared to have lost one of
the parental regions 6q27-qter, which is seen as a complete LOH of this segment, by
microsatellite analysis. None of these alterations were detected in the respective primary
tumors. Only in one tumor (case 220), where microdissected material was available,
allelic imbalance was detected in the primary tumor (Figure 11).

The seeming discrepancy between the findings in the primary tumors on one hand,
and those in the xenografts and cell lines on the other hand, may be explained by a
masking of the allelic imbalance in the primary tumors as a consequence of a large
admixture of normal cells. This may in particular occur in diffuse type carcinomas (such
as the primary tumor of case 220), where neoplastic cells are isolated and dispersed in
stromal tissue. When tumor sections of this case were carefully microdissected, the
allelic imbalance present in the xenograft could also be detected in the primary tumor.

Another explanation may be that primary tumors are heterogeneous with respect to their
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genomic alterations, and that clonal selection has occurred during the growth of the
xenograft. Case 202 may be an example of this, since the primary tumor was classified
as atypical with a component of diffuse cells, whereas in the matching xenograft only
diffuse type cells were observed. Microsatellite analysis cannot by itself, distinguish
between these two possibilities, which may in any case be both true.

The FISH results clearly show that the Al detected in this analysis represent a gain
of 6q material, rather than allelic loss as described above for the primary tumors. These
results do emphasize that care must be taken when interpreting microsatellite analysis
results, since an imbalance ratio lower than 2, like the ones we obtained (Figure 11)
does not necessarily mean LOH for that region. As clearly shown by our FISH results,
allele ratios lower than 2 may also result from duplication of the analyzed loci.

Nonetheless, we still regard the Al detected in the primary tumors to be a true loss
as the situation is noticeably different. In the primary tumors, we often detected Al for a
small region of 6q that was flanked by regions of retention. Such a pattern is highly
suggestive of true loss rather than a duplication of only a small segment of the g-arm.
This interpretation was further supported by the fact that in some of the samples LOH
with RFLP markers from the same region had previously been shown (Queimado et al,
1995).

The overrepresentation of the long arm of chromosome 6 observed in the three cell
lines may indicate that during the in vive and in vitro culture, clones with this region in
triplicate, undetectable in the primary tumors, had a selective advantage. Though the
number of cell lines is limited, this consistent overrepresentation of the 6q16.3-q23.3
region, particularly in the near-diploid cell line GP220, suggests the presence of (a)
proliferative gene(s). On the other hand, two of our cell lines, GP202 and GP195
(Girtner et al, 1996 and Figure 12) have a widespread overrepresentation of
chromosomes. Thus, at least for these two cell lines it cannot be ruled out that the
observed gain of 6q material is part of a general increase of ploidy of the cells rather
than an isolated event related to tumor development or progression.

In addition to the duplication of 6q material from one of the parental chromosomes,
cases 195 and 202 showed complete loss of one of the parental alleles at the terminal
part of the long arm of chromosome 6. The terminal 6q region, already pinpointed by
Queimado et al. (1995) as being frequently lost in gastric carcinoma, may therefore
harbor a tumor suppressor gene. This loss of heterozygosity may have preceded the

duplication event. That is, a TSG would be lost in earlier stages of tumor development
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followed by duplication of a proliferative gene(s) that would have a role in progression,
as schematically represented in Figure 21, if we take into account that 6q duplication is

not a random event due to gross aneuploidy.
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Figure 21. Schematic representation of hypothetical tumor progression regarding chromosome 6

alterations in cases GP195 and GP202.

The availability of these two gastric cancer-derived cell lines with aneuploidy of the
interstitial region and a terminal deletion of 6q may be useful for further —functional-
studies aiming at the identification of the putative tumor suppressor gene(s) in the distal
region of 6q.

There are already some genes identified at 6q27 that were pinpointed as putative
tumor suppressor genes, like AF6 (Prasad et al, 1993), M6P/IGF IIR (Hankins et al,
1996; De Souza et al, 1995b) and SEN6 (Banga et al, 1997), mentioned previously in
this thesis. AF6 gene was described in leukemias, as being involved in a translocation
(Prasad et al, 1993). M6P/IGF IIR encodes for a growth factor receptor that has a role in
negative cell growth control and was implicated in the development of breast (Hankins

et al, 1996) and hepatocellular (De Souza et al, 1995b) carcinomas. SEN6, a gene for
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the cellular senescence in human cells, may be responsible for the immortalization of
several types of tumors that present deletion of 6q27 (Banga et al, 1997). The putative
role of these genes in gastric cancer development needs to be analyzed. The two
xenografts and the matching cell lines cell lines that present deletion of this region

(GP195 and GP202) may form a good starting point for these analyses.

3. Construction of the transcription map of the 2-cM SRO

In order to determine which genes map in the 2 ¢M region, defined in this study, we
decided to construct a transcription map for that region. Genes were isolated by a
modification of a subtraction protocol, in a way that, instead of analyzing the whole
genome using target tissues or templates (normal versus tumor), only the 2 ¢M region
on 6q could be analyzed. Knowing that human genes present in YACs are transcribed in
the yeast strain (Still er al, 1997), we decided to subtract yeast strains containing
different YACs. With this strategy we expected to obtain at the end of the subtraction a
pool of cDNAs enriched for the genes encoded by the human inserts of the YACs.

First, we selected contiguous and non-overlapping YACs that were mapping in the
2-¢cM SRO. Three YACs covered the region — y776a5, y785d2 and y826f8 (Figure 14).

Secondly, we performed suppression subtractive hybridization (SSH) using cDNA
of these YACs as tester and driver cDNAs. We chose SSH because this method is a
simple and quick procedure and has advantages compared to other subtraction methods:
(1) it normalizes (equalizes) sequence abundance among the target cDNA population,
which allows the detection of rare transcripts; (2) just needs one round of subtraction;
and (3) does not need an extra step for physical separation of the unhybridized cDNAs
(differentially expressed transcripts) due to the suppression effect during PCR. At the
end of the procedure an enrichment of 1000-fold or more for the differentially expressed
cDNAs can be achieved (Diatchenko et al, 1996).

Diatchenko er al (1996) used this method to subtract cDNAs synthesized from
human testis poly(A)" RNA against a mixture of cDNA derived from poly(A)” RNA of
10 different human tissues, and achieved a high level of enrichment of testis-specific
cDNAs. They used the subtracted cDNA mixture to screen a cosmid library constructed
from flow-sorted human Y chromosomes in order to identify functional sequences
expressed in testis and thus identified 5 chromosome Y-specific genes expressed in
testis. The application of this method also led to the identification of 27 genes

differentially expressed in an estrogen receptor-positive breast carcinoma cell line when
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compared with an estrogen receptor negative breast carcinoma cell line (Kuang et al,
1998).

After having done two subtractions (each with forward and reverse experiments), we
obtained differentially expressed cDNAs from y776a5 (first subtraction, forward
experiment), y785d2 (first subtraction, reverse experiment) and y826f8 (second
subtraction, forward experiment). These cDNAs were cloned and further analyzed.
Differentially expressed cDNAs from y946d3 (second subtraction, reverse experiment)
were not included in the analysis because this YAC maps outside the region of interest.

The efficiency of the subtractions was verified by PCR analysis of the yeast
housekeeping gene ZWFI (homologous to the human glucose-6-phosphate
dehydrogenase gene) on the subtracted and unsubtracted cDNAs. No PCR product was
detected when the subtracted cDNA was used as a template, suggesting that indeed a
depletion of commonly expressed sequences was achieved at the end of the two
subtractions.

After selection and confirmation of YAC specificity of the clones, we ended up with
45 clones. Some clones were present only once in the cDNA libraries but others were
present more than once. From the 45 selected clones, 24 were independent and from
these 15 were of human origin as they hybridized with human DNA and the tester YAC.
Nine of the 24 selected clones hybridized to all yeast DNA samples present on the
membrane, and not to human DNA. These clones presumably represent yeast cDNAs.
This conclusion was confirmed by sequence analysis of some of these clones (data not
shown), that indicated a high degree of homology with yeast sequences. The detection
of yeast cDNAs may be caused by the differential expression of some yeast genes
between the two cultures or may be intrinsic to the method that only guarantees an
enrichment in differential expressed genes.

We compared the sequence of the human clones with the database (BLAST search)
and could confirm the 6q origin of 11 clones. These clones showed homology to
uncharacterized clones deposited in the database. These clones might correspond to
unknown cDNAs that await identification.

Still within the group of 15 clones, 3 did not show homology to other known
sequences (clones 6, 8 and 44 from y785d2). These should be considered human
sequences since they only hybridized to the tester YAC and human DNA. They

probably consist of sequences that are not yet deposited in the database.
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The last clone from the 15 human clones showed homology with a set of different
chromosomes. This clone (clone 24 from y785d2) showed high homology with LTR7-
HERVH sequences, that are present in multiple copies throughout the genome.

In order to analyze how many of these selected clones indeed represented human
genes we performed Northern analysis.

Four out of the 14 clones that were subjected to a Northern analysis showed
expression in different tissues. Clone 24 (y785d2) was not subjected to Northern
analysis, as we would obtain a smear due to its repetitive content. Our failure to detect
expression for 10 clones can be caused by their overall low expression in human tissues
in combination with the small size of the clones (probes). Alternatively, some of the
clones may consist of intronic sequences that were not spliced out during the mRNA
maturation process, for it is known that splicing of foreign transcripts in yeast is not
efficient (Langford er al, 1983). Human and mouse sequences lack some of the
consensus sequences that the splicing machinery in yeast needs to properly excise the
introns (Langford and Gallwitz, 1983; Trachtulec and Forejt, 1999).

All the 4 clones with expression in normal tissues showed expression in stomach,
albeit only weak for clone 5 from y776a5. It is crucial to evaluate the expression of
these 4 clones in gastric tumor tissue and in gastric tumor cell lines. If an altered
expression in tumorigenic tissues is observed in these cDNAs, it would be of interest to
obtain their full-length sequences. This would allow us to predict a possible function of
the transcripts and later be able to perform mutational and functional analyses.

Summing up, with the application of the SSH method using Y ACs mapping at the 2-
c¢M SRO at 6q we were able to isolate 15 human transcripts from that region, 4 of which
showing expression in the stomach. These cDNAs represent good candidates for the

putative genes involved in gastric carcinogenesis.

4. Conclusions and future perspectives

Altogether, in a positional cloning approach, we were able to delimit the interstitial
SRO to a segment of 2 ¢cM (approximately 3 Mb). We isolated 15 putative ESTs; for
four of them we could already demonstrate expression in stomach. The shortcut of the
method of suppression subtractive hybridization (SSH) applied in the isolation of
cDNAs, using YACs from a well defined region, showed to be successful. A summary

of the strategy used in this thesis is depicted in the scheme below.
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The study of cell lines derived from xenografted gastric tumors reinforced the
importance of the deletions of the terminal region of 6q in the development of gastric

carcinoma.

As concerns future studies on the involvement of long arm of chromosome 6 several
analyses should be carried out:

- Detailed expression studies of the cDNAs that map in the 2-cM SRO, focusing on
their expression in normal mucosa of the stomach and in gastric tumor tissues
(primary tumors, xenografts/cell lines), in order to assess their role in gastric cancer
development.

- Isolation of the full-length sequences of the cDNAs with altered expression in
gastric tumors, in order to elucidate the gene structure and facilitate mutational and
functional analyses.

- Expression analysis of genes reported by others to map at 6q and to be putatively
involved in cancer development in the xenografts and the gastric cancer derived cell

lines.
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- Characterization of the distal SRO described previously since, as supported in this
study, this region mught harbor (a) putative tumor suppressor gene(s). This
characterization may be done in two ways: (a) by detailed deletion mapping
followed by isolation of cDNAs from the delimited region, as it has been done on
the interstitial SRO in this study; (b) by arrayCGH analysis, where arrays of DNA
from BACs covering the distal region are spotted and hybridized with tumor DNA
in order to select the region(s) in which genes involved are located.

- It can be foreseen that expression studies of candidate gastric cancer suppressor
genes have to extend to primary tumors. The availability of a panel of gastric cancer
specimens from which good quality RNA can be obtained, will be of crucial

importance.

96



REFERENCES




References

Abdollahi A, Roberts D, Godwin AK, Schultz DC, Sonoda G, Testa JR, Hamilton TC (1997)
Identification of a zinc-finger gene at 6g25: a chromosomal region implicated in development of many
solid tumors. Oncogene 14: 1973-1979.

Abe T, Makino N, Furukawa T, Ouyang H, Kimura M, Yatsuoka T, Yokoyama T, Inoue H, Fukushige S,
Hoshi M, Hayashi Y, Sunamura M, Kobari M, Matsuno S, Horii A (1999) Identification of three
commonly deleted regions on chromosome arm 6q in human pancreatic cancer. Genes Chromosomes
Cancer 25: 60-64.

Abeln EC, Corver WE, Kuipers-Dijkshoorn NJ, Fleuren GJ, Cornelisse CJ (1994) Molecular genetic
analysis of flow-sorted ovarian tumour cells: improved detection of loss of heterozygosity. Br J Cancer
70: 255-262.

Adachi Y, Itoh F, Yamamoto H, Matsuno K, Arimura Y, Kusano M, Endoh T, Hinoda Y, Oohara M,
Hosokawa M, Imai K (1998) Matrix metalloproteinase matrilysin (MMP-7) participates in the
progression of human gastric and esophageal cancers. Int J Oncol 13: 1031-1035.

Adams MD, Dubnick M, Kerlavage AR, Moreno R, Kelley JM, Utterback TR, Nagle JW, Fields C,
Venter JC (1992) Sequence identification of 2,375 human brain genes. Narure 355: 632-634.

Almeida R, Amado M, David L, Levery SB, Holmes EH, Merkx G, van Kessel AG, Rygaard E, Hassan
H, Bennett E, Clausen H (1997) A family of human p4-galactosyltransferases. Cloning and expression of
two novel UDP-galactose:-N-acetylglucosamine f1, 4-galactosyltransferases, p4Gal-T2 and p4Gal-T3. J
Biol Chem 272: 31979-31991.

Alvarez M, Strasberg Rieber M, Rieber M (1998) Chromosome-6-mediated suppression of metastatic
ability increases basal expression of UV-inducible superoxide dismutase and induction of p53. Int J
Cancer 77: 586-591.

Amado M, Almeida R, Schwientek T, Clausen H (1999) Identification and characterization of large
galactosyltransferase gene families: galactosyltransferases for all functions. Biochim Biophys Acta 1473:
35-53.

Atkin NB, Baker MC, Fox MF (1990) Chromosome changes in 43 carcinomas of the cervix uteri. Cancer
Genet Cytogenet 44: 229-241.

Baffa R, Negrini M, Mandes B, Rugge M, Ranzani GN, Hirohashi S, Croce CM. (1996) Loss of
heterozygosity for chromosome 11 in adenocarcinoma of the stomach. Cancer Res 56: 268-272.

Baffa R, Veronese ML, Santoro R, Mandes B, Palazzo JP, Rugge M, Santoro E, Croce CM, Huebner K
(1998) Loss of FHIT expression in gastric carcinoma. Cancer Res 58: 4708-4714.

Baldocchi RA, Tartaglia KE, Bryda EC, Flaherty L (1996) Recovery of probes linked to the jcpk locus on
mouse chromosome 10 by the use of an improved representational difference analysis technique.
Genomics 33: 193-198.

Banga SS, Kim S, Hubbard K, Dasgupta T, Jha KK, Patsalis P, Hauptschein R, Gamberi B, Dalla-Favera
R, Kraemer P, Ozer HL (1997) SENG6, a locus for SV40-mediated immortalization of human cells, maps
to 6q26-27. Oncogene 14: 313-321.

Barletta C, Scillato F, Sega FM, Mannella E (1993) Genetic alteration in gastrointestinal cancer. A
molecular and cytogenetic study. Anticancer Res 13: 2325-2329.

Becker KF, Atkinson MJ, Reich U, Becker I, Nekarda H, Siewert JR, Hofler H (1994) E-cadherin gene
mutations provide clues to diffuse type gastric carcinomas. Cancer Res 54: 3845-3852.

Bell DW, Jhanwar SC, Testa JR (1997) Multiple regions of allelic loss from chromosome arm 6q in
malignant mesothelioma. Cancer Res 57: 4057-4062.

99



References

Berx G. Cleton-Jansen AM, Nollet F, de Leeuw W], van de Vijver M, Cornelisse C, van Roy F (1995) E-

cadherin is a tumour/invasion suppressor gene mutated in human lobular breast cancers. EMBO J 14:
6107-6115.

Betz R, Gray SG, Ekstrom C, Larsson C, Ekstrom TJI (1998) Human histone deacetylase 2, HDAC2
(Human RPD?3), is localized to 6q21 by radiation hybrid mapping. Genomics 52: 245-246.

Bilanges B, Varrault A, Basyuk E, Rodriguez C, Mazumdar A, Pantaloni C, Bockaert J, Theillet C,
Spengler D, Journot L (1999) Loss of expression of the candidate tumor suppressor gene ZAC in breast
cancer cell lines and primary tumnors. 18: 3979-3988.

Bird AP (1986) CpG-rich islands and the function of DNA methylation. Narure 321: 209-213.

Black RJ, Bray F, Ferlay J, Parkin DM (1997) Cancer incidence and mortality in the European Union:
cancer registry data and estimates of national incidence for 1990. Eur J Cancer 33: 1075-1107.

Boland CR (1997) Genetic pathways to colorectal cancer. Hosp Pract (Off Ed) 32: 79-96.

Borrello S, De Leo ME, Galeotti T (1993) Defective gene expression of MnSOD in cancer cells. Mol
Aspects Med 14: 253-258.

Bosch I, Melichar H, Pardee AB (2000) Identification of differentially expressed genes from limited
amounts of RNA. Nucleic Acids Res 28: E27.

Bravard A, Sabatier L, Hoffschir F, Ricoul M, Luccioni C, Dutrillaux B (1992) SOD2: a new type of
tumor-suppressor gene? [nt J Cancer 51: 476-480.

Brehm A, Miska EA, McCance DJ, Reid JL, Bannister AJ, Kouzarides T (1998) Retinoblastoma protein
recruits histone deacetylase to repress transcription. Nature 391: 597-601.

Buckler AJ, Chang DD, Graw SL, Brook ID, Haber DA, Sharp PA, Housman DE (1991) Exon
amplification: a strategy to isolate mammalian genes based on RNA splicing. Proc Nat! Acad Sci USA 88:
4005-4009.

Carneiro F (1997) Classification of gastric carcinomas. Current Diagnostic Pathology 4: 51-59.

Carvalho F, Seruca R, David L, Amorim A, Seixas M, Bennett E, Clausen H, Sobrinho-Simoes M (1997)
MUCT1 gene polymorphism and gastric cancer--an epidemiological study. Glycoconj J 14: 107-111.

Chappell SA, Walsh T, Walker RA, Shaw JA (1997) Loss of heterozygosity at chromosome 6q in
preinvasive and early invasive breast carcinomas. Br J Cancer 75: 1324-1329.

Chen JI, Peck K (1996) Non-radioisotopic differential display method to directly visualize and amplify
differential bands on nylon membrane. Nucleic Acids Res 24:793-794.

Cho JH, Noguchi M, Ochiai A, Hirohashi S (1996) Loss of heterozygosity of multiple tumor suppressor
genes in human gastric cancers by polymerase chain reaction. Lab Invest 74: 835-841.

Choi SW, Park SW, Lee KY., Kim KM, Chung YJ, Rhyu MG (1998) Fractional allelic loss in gastric
carcinoma correlates with growth patterns. Oncogene 17: 2655-2659.

Chun YH, Kil JI, Suh YS, Kim SH, Kim H, Park SH (2000) Characterization of chromosomal aberrations
in human gastric carcinoma cell lines using chromosome painting. Cancer Genet Cytogener 119: 18-25.

Church SL, Grant JW, Ridnour LA, Oberley LW, Swanson PE, Meltzer PS, Trent JM (1993) Increased

manganese superoxide dismutase expression suppresses the malignant phenotype of human melanoma
cells. Proc Natl Acad Sci USA 90: 3113-3117.

100



References

Cin PD, Moerman P, Christiaens MR, Van den Berghe H (1996) Observation of a deletion of the long
arm of chromosome 6 in benign fibrocystic disease of the breast constitutes a challenging problem. Genes
Chromosomes Cancer 16: 68-71.

Cliby W, Ritland S, Hartmann L, Dodson M, Halling KC, Keeney G, Podratz KC, Jenkins RB (1993)
Human epithelial ovarian cancer allelotype. Cancer Res 53 (Suppl): 2393-2398.

Colitti CV, Rodabaugh KJ, Welch WR, Berkowitz RS, Mok SC (1998) A novel 4 ¢cM minimal deletion
unit on chromosome 6q25.1-q25.2 associated with high grade invasive epithelial ovarian carcinomas.
Oncogene 16: 555-559.

Collins FS (1992) Positional cloning: let’s not call it reverse anymore. Nat Genet 1: 3-6.
Collins FS (1995) Positional cloning moves from perditional to traditional. Nat Genet 9: 347-350.

Cooney KA, Wetzel JC, Consolino CM, Wojno KJ (1996) Identification and characterization of proximal
6q deletions in prostate cancer. Cancer Res 56: 4150-4153.

Correa P (1992) Human gastric carcinogenesis: a multistep and multifactorial process-First American
Cancer Society Award Lecture on Cancer Epidemiology and Prevention. Cancer Res 52: 6735-6740.

Da Motta LC (1994) Epidemiology of gastric cancer in Portugal. Eur J Cancer Prev 3 (Suppl 2): 11-12.

David L, Seruca R, Nesland JM, Soares P, Sansonetty F, Holm R, Borresen AL, Sobrinho-Simées M
(1992) c-erbB-2 expression in primary gastric carcinomas and their metastases. Mod Pathol 5: 384-390,

Davis RL, Weintraub H, Lassar AB (1987) Expression of a single transfected cDNA converts fibroblasts
to myoblasts. Cell 51: 987-1000.

De Souza AT, Hankins GR, Washington MK, Fine RL, Orton TC, Jirtle RL (1995a) Frequent loss of
heterozygosity on 6q at the mannose 6-phosphate/insulin-like growth factor II receptor locus in human
hepatocellular tumors. Oncogene 10: 1725-1729.

De Souza AT, Hankins GR, Washington MK, Orton TC, Jirtle RL (1995b) M6P/IGF2R gene is mutated
in human hepatocellular carcinomas with loss of heterozygosity. Nat Genet 11: 447-449.

Devilee P, van Vliet M, van Sloun P, Kuipers Dijkshoorn N, Hermans J, Pearson PL, Cornelisse CJ
(1991) Allelotype of human breast carcinoma: a second major site for loss of heterozygosity is on
chromosome 6q. Oncogene 6: 1705-1711.

Diatchenko L, Lau YF, Campbell AP, Chenchik A, Moqadam F, Huang B, Lukyanov S, Lukyanov K,
Gurskaya N, Sverdlov ED, Siebert PD (1996) Suppression subtractive hybridization: a method for
generating differentially regulated or tissue-specific cDNA probes and libraries. Proc Natl Acad Sci USA
93: 6025-6030.

Diatchenko L, Lukyanov S, Lau YF, Siebert PD (1999) Suppression subtractive hybridization: a versatile
method for identifying differentially expressed genes. Methods Enzymol 303: 349-380.

Dos Santos NR, Seruca R, Constancia M, Seixas M, Sobrinho-Simdes M (1996) Microsatellite instability
at multiple loci in gastric carcinoma: clinicopathologic implications and prognosis. Gastroenterology 110:
38-44,

Dos Santos NR, Van Kessel AG (1999) Chromosomal abnormalities: detection and implications for
cancer development. Anticancer Res 19: 4697-4714.

Duyk GM, Kim SW, Myers RM, Cox DR (1990) Exon trapping: a genetic screen to identify candidate
transcribed sequences in cloned mammalian genomic DNA. Proc Natl Acad Sci USA 87: 8995-8999.

101



References

Ebert MP, Yu I, Miehlke S, Fei G, Lendeckel U, Ridwelski K, Stolte M, Bayerdorffer E, Malfertheiner P
(2000) Expression of transforming growth factor beta-1 in gastric cancer and in the gastric mucosa of
first-degree relatives of patients with gastric cancer. Br J Cancer 82: 1795-1800.

El-Deiry WS, Tokino T, Velculescu VE, Levy DB, Parsons R, Trent JM, Lin D, Mercer WE, Kinzler
KW, Vogelstein B (1993) WAFI, a potential mediator of p53 tumor suppression. Cell 75: 817-825.

El-Omar EM, Carrington M, Chow WH, McColl KE, Bream JH, Young HA, Herrera J, Lissowska J,
Yuan CC, Rothman N, Lanyon G, Martin M, Fraumeni JF Jr, Rabkin CS (2000) Interleukin-1
polymorphisms associated with increased risk of gastric cancer. Nature 404: 398-402.

El-Rifai W, Harper JC, Cummings OW, Hyytinen ER, Frierson HF Jr, Knuutila S, Powell SM (1998)
Consistent genetic alterations in xenografts of proximal stomach and gastro-esophageal junction
adenocarcinomas. Cancer Res 58: 34-37,

Elvin P, Slynn G, Black D, Graham A, Butler R, Riley J, Anand R, Markham AF (1990) Isolation of
cDNA clones using yeast artificial chromosome probes. Nucleic Acids Res 18: 3913-3917.

Ezaki T, Yanagisawa A, Ohta K, Aiso S, Watanabe M, Hibi T, Kato Y, Nakajima T, Ariyama T, Inazawa
J, Nakamura Y, Horii A (1996) Deletion mapping on chromosome 1p in well-differentiated gastric
cancer. Br J Cancer 73: 424-428.

Fang DC, Jass JR. Wang DX (1998) Loss of heterozygosity and loss of expression of the DCC gene in
gastric cancer. J Clin Pathol 51: 593-596.

Fearon ER, Vogelstein B (1990) A genetic model for colorectal tumorigenesis. Cell 61: 759-767.

Feinberg AP, Vogelstein B (1982) A technique for radiolabeling DNA restriction endonuclease fragments
to high specific activity. Anal Biochem 132: 6-13.

Finn WG, Kay NE, Kroft SH, Church S, Peterson LC (1998) Secondary abnormalities of chromosome 6q
in B-cell chronic lymphocytic leukemia: a sequential study of karyotypic instability in 51 patients. Am J
Hemarol 59: 223-229.

Florenes VA, Aamdal S, Myklebost O, Maelandsmo GM, Bruland OS, Fodstad O (1992) Levels of nm23
messenger RNA in metastatic malignant melanomas: inverse correlation to disease progression. Cancer
Res 52: 6088-6091.

Foulkes WD, Ragoussis J, Stamp GW, Allan GJ, Trowsdale J (1993) Frequent loss of heterozygosity on
chromosome 6 in human ovarian carcinoma. BrJ Cancer 67: 551-559.

Fuchs CS, Mayer RJ (1995) Gastric carcinoma. N Engl J Med 333: 32-41.

Fuchs M, Muller T, Lerch MM, Ullrich A (1996) Association of human protein-tyrosine phosphatase
kappa with members of the armadillo family. J Biol Chem 271: 16712-16719.

Fujii H, Zhou W, Gabrielson E (1996) Detection of frequent allelic loss of 6g23-q25.2 in microdissected
human breast cancer tissues. Genes Chromosomes Cancer 16: 35-39.

Gaidano G. Hauptschein RS, Parsa NZ, Offit K, Rao PH. Lenoir G, Knowles DM, Chaganti RS, Dalla-
Favera R (1992) Deletions involving two distinct regions of 6q in B-cell non-Hodgkin lymphoma. Blood
80: 1781-1787.

Girtner F, David L, Seruca R, Machado JC, Sobrinho-Simdes M (1996) Establishment and
characterization of two cell lines derived from human diffuse gastric carcinomas xenografted in nude
mice. Virchows Arch 428: 91-98.

Gerard B, Cave H, Guidal C, Dastugue N, Vilmer E, Grandchamp B (1997) Delineation of a 6 ¢cM

commonly deleted region in childhood acute lymphoblastic leukemia on the 6g chromosomal arm.
Leukemia 11: 228-232.

102



References

Girard JP, Baekkevold ES, Yamanaka T, Haraldsen G, Brandtzaeg P, Amalric F (1999) Heterogeneity of
endothelial cells: the specialized phenotype of human high endothelial venules characterized by
suppression subtractive hybridization. Am J Pathol 155: 2043-2055.

Gleeson CM, Sloan JM, McGuigan JA, Ritchie AJ, Weber JL, Russell SE (1997) Allelotype analysis of
adenocarcinoma of the gastric cardia. Br J Cancer 76: 1455-1465.

Graff JR, Herman JG, Lapidus RG, Chopra H, Xu R, Jarrard DF, Isaacs WB, Pitha PM, Davidson NE,
Baylin SB (1995) E-cadherin expression is silenced by DNA hypermethylation in human breast and
prostate carcinomas. Cancer Res 55: 5195-5199.

Green ED, Olson MV (1990) Systematic screening of yeast artificial-chromosome libraries by use of the
polymerase chain reaction. Proc Natl Acad Sci USA 87: 1213-1217.

Gress TM, Wallrapp C, Frohme M, Muller-Pillasch F, Lacher U, Friess H, Buchler M, Adler G, Hoheisel
JD (1997) Identification of genes with specific expression in pancreatic cancer by cDNA representational
difference analysis. Genes Chromosomes Cancer 19: 97-103.

Griffin CA, Hruban RH, Long PP, Morsberger LA, Douna-Issa F, Yeo CJ (1994) Chromosome
abnormalities in pancreatic adenocarcinoma. Genes Chromosomes Cancer 9: 93-100.

Gualandi F, Morelli C, Pavan JV, Rimessi P, Sensi A, Bonfatti A, Gruppioni R, Possati L, Stanbridge EJ,
Barbanti-Brodano G (1994) Induction of senescence and control of tumorigenicity in BK virus
transformed mouse cells by human chromosome 6. Genes Chromosomes Cancer 10: 77-84.

Guan XY, Horsman D, Zhang HE, Parsa NZ, Meltzer PS, Trent JM (1996) Localization by chromosome
microdissection of a recurrent breakpoint region on chromosome 6 in human B-cell lymphoma. Blood 88:
1418-1422.

Guan XY, Zhang H, Yang JM, Wang J, Taetle R, Meltzer PS, Trent JM (1998) Detection of chromosome
6 abnormalities in melanoma cell lines by chromosome arm painting probes. Cancer Genet Cytogenet
107: 89-92.

Guilford P, Hopkins J, Harraway J, McLeod M, McLeod N, Harawira P, Taite H, Scoular R, Miller A,
Reeve AE (1998) E-cadherin germline mutations in familial gastric cancer. Nature 392: 402-405.

Gyapay G, Morissette J, Vignal A, Dib C, Fizames C, Millasseau P, Marc S, Bernardi G, Lathrop M,
Weissenbach J (1994) The 1993-94 Généthon human genetic linkage map. Nat Genet 7: 246-339,

Handschuh G, Candidus S, Luber B, Reich U, Schott C, Oswald S, Becke H, Hutzler P, Birchmeier W,
Hofler H, Becker KF (1999) Tumour-associated E-cadherin mutations alter cellular morphology, decrease
cellular adhesion and increase cellular motility. Oncogene 18: 4301-4312.

Hankins GR, De Souza AT, Bentley RC, Patel MR, Marks IR, Iglehart JD, Jirtle RL (1996) M6P/IGF2
receptor: a candidate breast tumor suppressor gene. Oncogene 12: 2003-2009.

Hatta Y, Yamada Y, Tomonaga M, Miyoshi I, Said JW, Koeffler HP (1999) Detailed deletion mapping of
the long arm of chromosome 6 in adult T-cell leukemia. Blood 93: 613-616.

Hattori Y, Odagiri H, Nakatani H, Miyagawa K, Naito K, Sakamoto H, Katoh O, Yoshida T, Sugimura T,
Terada M (1990) K-sam, an amplified gene in stomach cancer, is a member of the heparin-binding
growth factor receptor genes. Proc Natl Acad Sci USA 87: 5983-5987.

Healy E, Belgaid CE, Takata M, Vahlquist A, Rehman I, Rigby H, Rees JL (1996) Allelotypes of primary
cutaneous melanoma and benign melanocytic nevi. Cancer Res 56: 589-593.

Hedrick SM, Cohen DI, Nielsen EA, Davis MM (1984) Isolation of ¢cDNA clones encoding T cell-
specific membrane-associated proteins. Narure 308. 149-153.

103



References

Hennessy C, Henry JA, May FE, Westley BR, Angus B, Lennard TW (1991) Expression of the
antimetastatic gene nm23 in human breast cancer: an association with good prognosis. J Natl Cancer Inst
83: 281-285.

Hillion J, Le Coniat M, Jonveaux P, Berger R, Bernard OA (1997) AF6q21, a novel partner of the MLL
gene in t(6;11)(q21;q23), defines a forkhead transcriptional factor subfamily. Blood 90: 3714-3719.

Honda M, Mori M, Ueo H, Sugimachi K, Akiyoshi T (1996) Matrix metalloproteinase-7 expression in
gastric carcinoma. Gut 39: 444-448.

Hongyo T, Buzard GS, Palli D, Weghorst CM, Amorosi A, Galli M, Caporaso NE, Fraumeni JF Jr, Rice
JM (1995) Mutations of the K-ras and p53 genes in gastric adenocarcinomas from a high-incidence region
around Florence, Italy. Cancer Res 55: 2665-2672.

Hsu NY, Chow KC, Chen WJ, Lin CC, Chou FF, Chen CL (1999) Expression of nm23 in the primary
tumor and the metastatic regional lymph nodes of patients with gastric cardiac cancer. Clin Cancer Res 5:
1752-1757.

Huang SF, Hsu HC, Cheng YM, Chang TC (2000) Allelic loss at chromosome band 6q14 correlates with
favorable prognosis in hepatocellular carcinoma. Cancer Genet Cytogenet 116: 23-27.

Huang SF, Hsu HC, Fletcher JA (1999) Investigation of chromosomal aberrations in hepatocellular
carcinoma by fluorescence in situ hybridization. Cancer Genet Cytogenet 111: 21-27.

Hubank M, Schatz DG (1994) Identifying differences in mRNA expression by representational difference
analysis of cDNA. Nucleic Acids Res 22: 5640-5648.

Hubbard-Smith K, Patsalis P, Pardinas JR, Jha KK. Henderson AS. Ozer HL (1992) Altered chromosome
6 in immortal human fibroblasts. Mol Cell Biol 12: 2273-2281.

lacopetta BI, Soong R, House AK, Hamelin R (1999) Gastric carcinomas with microsatellite instability:

clinical features and mutations to the TGF-§ type II receptor, IGFII receptor, and BAX genes. J Pathol
187: 428-432.

Ionov Y, Peinado MA, Malkhosyan S, Shibata D, Perucho M (1993) Ubiquitous somatic mutations in
simple repeated sequences reveal a new mechanism for colonic carcinogenesis. Nature 363: 558-561.

Iwase H, Greenman JM, Barnes DM, Bobrow L, Hodgson S, Mathew CG (1995) Loss of heterozygosity
of the oestrogen receptor gene in breast cancer. Br J Cancer 71: 448-45().

Jackson A, Panayiotidis P, Foroni L (1998) The human homologue of the Drosophila tailless gene (TLX):
characterization and mapping to a region of common deletion in human lymphoid leukemia on
chromosome 6q21. Genomics 50: 34-43.

Jawhari AU, Noda M, Farthing MJ, Pignatelli M (1999) Abnormal expression and function of the E-
cadherin-catenin complex in gastric carcinoma cell lines. Br J Cancer 80: 322-330.

Jen ], Kim H, Piantadosi S, Liu ZF, Levitt RC, Sistonen P, Kinzler KW, Vogelstein B, Hamilton SR
(1994) Allelic loss of chromosome 18q and prognosis in colorectal cancer. N Engl J Med 331: 213-221.

Jin Y, Mertens F, Limon J, Mandahl N, Wennerberg J. Dictor M, Heim §, Mitelman F (1994)
Characteristic karyotypic features in lacrimal and salivary gland carcinomas. Br J Cancer 70: 42-47.

Kallioniemi A, Kallioniemi OP, Sudar D, Rutovitz D, Gray JW, Waldman F, Pinkel D. (1992)
Comparative genomic hybridization for molecular cytogenetic analysis of solid tumors. Science 258: 818-
821.

Kim YJ, Ghu HD, Kim DY, Kim HJ, Kim SK, Park CS (1993) Expression of cellular oncogenes in
human gastric carcinoma: c-myc, c-erb B2, and c-Ha-ras. J Surg Oncol 54: 167-170.

104



References

Kinzler KW, Vogelstein B (1997) Cancer-susceptibility genes. Gatekeepers and caretakers. Narure 386:
761-763.

Knudson AG Ir (1971) Mutation and cancer: statistical study of retinoblastoma. Proc Natl Acad Sci USA
68: 820-823.

Kobayashi M, Kawashima A, Mai M, Ooi A (1996) Analysis of chromosome 17p13 (p53 locus)
alterations in gastric carcinoma cells by dual-color fluorescence in situ hybridization. Am J Patho! 149:
1575-1584.

Kodera Y, Isobe K, Yamauchi M, Kondoh K, Kimura N, Akiyama §, Itoh K, Nakashima 1, Takagi H
(1994) Expression of nm23 H-1 RNA levels in human gastric cancer tissues. A negative correlation with
nodal metastasis. Cancer 73: 259-265.

Koizumi Y, Tanaka Si, Mou R, Koganei H, Kokawa A, Kitamura R, Yamauchi H, Ookubo K, Saito T,
Tominaga S, Matsumura K, Shimada H, Tsuchida N, Sekihara H (1997) Changes in DNA copy number
in primary gastric carcinomas by comparative genomic hybridization. Clin Cancer Res 3: 1067-1076.

Kok K, Draaijers TG, Mosselaar A, de Jong D, Buys CHCM (2000) Inclusion of new microsatellite
repeats in allelic loss analysis excludes retention of heterozygosity in the renal cell carcinoma critical
region in 3p21. Cancer Genet Cyrogenet 116: 40-43.

Kokkola A, Monni O, Puolakkainen P, Larramendy ML, Victorzon M, Nordling S, Haapiainen R,
Kivilaakso E, Knuutila S (1997) 17q12-21 amplicon, a novel recurrent genetic change in intestinal type of
gastric carcinoma: a comparative genomic hybridization study. Genes Chromosomes Cancer 20: 38-43.

Koo SH, Kwon KC, Shin SY, Jeon YM, Park JW, Kim SH, Noh SM (2000) Genetic alterations of gastric
cancer: comparative genomic hybridization and fluorescence In situ hybridization studies. Cancer Genet
Cytogener 117: 97-103.

Kuang WW, Thompson DA, Hoch RV, Weigel RJ (1998) Differential screening and suppression
subtractive hybridization identified genes differentially expressed in an estrogen receptor-positive breast
carcinoma cell line. Nucleic Acids Res 26: 1116-1123.

Kuniyasu H, Yasui W, Yokozaki H, Kitadai Y, Tahara E (1993) Aberrant expression of c-met mRNA in
human gastric carcinomas. /nt J Cancer 55: 72-75.

Langford CJ, Gallwitz D (1983) Evidence for an intron-contained sequence required for the splicing
of yeast RNA polymerase II transcripts. Cell 33: 519-527.

Langford C, Nellen W, Niessing J, Gallwitz D (1983) Yeast is unable to excise foreign intervening
sequences from hybrid gene transcripts. Proc Natl Acad Sci USA 80: 1496-1500.

Lastowska MA, Lillington DM, Shelling AN, Cooke I, Gibbons B, Young BD, Ganesan TS (1994)
Fluorescence in situ hybridization analysis using cosmid probes to define chromosome 6q abnormalities
in ovarian carcinoma cell lines. Cancer Genet Cytogenet 77: 99-105.

Laurén P (1965) 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.

Lee JH, Welch DR (1997) Identification of highly expressed genes in metastasis-suppressed chromosome
6/human malignant melanoma hybrid cells using subtractive hybridization and differential display. Int J
Cancer 71: 1035-1044,

Lengauer C, Kinzler KW, Vogelstein B (1997) Genetic instability in colorectal cancers. Narure 386: 623-
627.

Lengauer C, Kinzler KW, Vogelstein B (1998) Genetic instabilities in human cancers. Nature 396: 643-
649.



References

Levine AJ (1993) The tumor suppressor genes. Annu Rev Biochem 62: 623-651.

Li H, Lahti JM, Valentine M, Saito M, Reed SI, Look AT, Kidd VI (1996a) Molecular cloning and
chromosomal localization of the human cyclin C (CCNC) and cyclin E (CCNE) genes: deletion of the
CCNC gene in human tumors. Genomics 32: 253-259.

Li H, Lahti JM, Kidd VJ (1996b) Alternatively spliced cyclin C mRNA is widely expressed, cell cycle
regulated, and encodes a truncated cyclin box. Oncogene 13: 705-712.

Liang P, Averboukh L, Pardee AB (1993) Distribution and cloning of eukaryotic mRNAs by means of
differential display: refinements and optimization. Nucleic Acids Res 21: 3269-3275.

Liang P, Pardee AB (1992) Differential display of eukaryotic messenger RNA by means of the
polymerase chain reaction. Science 257: 967-971.

Liang P, Pardee AB (1995) Recent advances in differential display. Curr Opin Immunol 7: 274-280.

Lisitsyn N, Lisitsyn N, Wigler M (1993) Cloning the differences between two complex genomes. Science
259: 946-951.

Lovett M, Kere J, Hinton LM (1991) Direct selection: a method for the isolation of cDNAs encoded by
large genomic regions. Proc Natl Acad Sci USA 88: 9628-9632.

Machado JC, Soares P, Carneiro F, Rocha A, Beck S, Blin N, Berx G, Sobrinho-Simdes (1999) E-
cadherin gene mutations provide a genetic basis for the phenotypic divergence of mixed gastric
carcinomas. Lab Invest 79: 459-465.

Magdelenat H, Gerbault-Seureau M, Dutrillaux B (1994) Relationship between loss of estrogen and
progesterone receptor expression and of 6q and 11g chromosome arms in breast cancer. Int J Cancer 57:
63-66.

Marshall CJ 1991 Tumor suppressor genes. Cell 64: 313-326.

Matz M, Usman N, Shagin D, Bogdanova E, Lukyanov S (1997) Ordered differential display: a simple
method for systematic comparison of gene expression profiles. Nucleic Acids Res 25: 2541-2542.

Matz MV, Lukyanov SA (1998) Different strategies of differential display: areas of application. Nucleic
Acids Res 26: 5537-5543.

Medema RH, Kops GJ, Bos JL, Burgering BM (2000) AFX-like Forkhead transcription factors mediate
cell-cycle regulation by Ras and PKB through p27kipl. Nature 404: 782-787.

Melmer G, Buchwald M (1992) Identification of genes using oligonucleotides corresponding to splice site
consensus sequences. Hum Mol Genet 1: 433-438.

Menasce LP, Orphanos V, Santibanez-Koref M, Boyle IM, Harrison CJ (1994a) Common region of
deletion on the long arm of chromosome 6 in non-Hodgkin's lymphoma and acute Iymphoblastic
leukaemia. Genes Chromosomes Cancer 10: 286-288.

Menasce LP, Orphanos V, Santibanez-Koref M, Boyle JM, Harrison CJ (1994b) Deletion of a common
region on the long arm of chromosome 6 in acute lymphoblastic leukaemia. Genes Chromosomes Cancer
10: 26-29.

Merlo A, Gabrielson E, Mabry M, Vollmer R, Baylin SB, Sidransky D (1994) Homozygous deletion on
chromosome 9p and loss of heterozygosity on 9q, 6p, and 6q in primary human small cell lung cancer.
Cancer Res 54: 2322-2326.

Merup M, Moreno TC, Heyman M, Ronnberg K, Grander D, Detlofsson R, Rasool O, Liu Y, Soderhall S,

Juliusson G, Gahrton G, Einhorn S (1998) 6q deletions in acute lymphoblastic leukemia and non-
Hodgkin's lymphomas. Blood 91: 3397-3400.

106



References

Miele ME, Jewett MD, Goldberg SF, Hyatt DL, Morelli C, Gualandi F, Rimessi P, Hicks DJ, Weissman
BE, Barbanti-Brodano G, Welch DR (2000) A human melanoma metastasis-suppressor locus maps to
6q16.3-q23. Int J Cancer 86: 524-528.

Miele ME, McGary CT, Welch DR (1995) SOD2 (MnSOD) does not suppress tumorigenicity or
metastasis of human melanoma C8161 cells. Anticancer Res 15: 2065-2070.

Migita T, Sato E, Saito K, Mizoi T, Shiiba K, Matsuno S, Nagura H, Ohtani H (1999) Differing
expression of MMPs-1 and -9 and urokinase receptor between diffuse- and intestinal-type gastric
carcinoma. Int J Cancer 84: 74-79.

Millikin D, Meese E, Vogelstein B, Witkowski C, Trent J (1991) Loss of heterozygosity for loci on the
long arm of chromosome 6 in human malignant melanoma. Cancer Res 51: 5449-5453.

Mitra AB, Rao PH, Pratap M (1994) i(5p) and del(6q) are nonrandom abnormalities in carcinoma cervix
uteri. Cytogenetics of two newly developed cell lines. Cancer Genet Cytogenet 76: 56-58.

Monaco AP (1994) Isolation of genes from cloned DNA. Curr Opin Genet Dev 4: 360-365.

Monaco AP, Neve RL, Colletti-Feener C, Bertelson CJ, Kurnit DM, Kunkel LM (1986) Isolation of
candidate cDNAs for portions of the Duchenne muscular dystrophy gene. Nature 323: 646-650.

Mori Y, Matsunaga M, Abe T, Fukushige S, Miura K, Sunamura M, Shiiba K, Sato M, Nukiwa T, Horii
A (1999) Chromosome band 16q24 is frequently deleted in human gastric cancer. Br J Cancer 80: 556-
562.

Morita R, Saito S, Ishikawa J, Ogawa O, Yoshida O, Yamakawa K, Nakamura Y (1991) Common
regions of deletion on chromosomes 5q, 6q, and 10q in renal cell carcinoma. Cancer Res 51: 5817-5820.

Motojima K, Furui J, Kohara N, Izawa K, Kanematsu T, Shiku H (1994) Expression of Kirsten-ras p21 in
gastric cancer correlates with tumor progression and is prognostic. Diagn Mol Pathol 3: 184-191.

Mourant AE, Kopec AC, Domaiewska-Sobczak K (1978) Blood group and diseases. A study of
associations of diseases with blood groups and other polymorphisms. In Oxford, Oxford Medical
Publications.

Miillenbach R, Lagoda PJ, Welter C (1989) An efficient salt-chloroform extraction of DNA from blood
and tissues. Trends Genetr 5: 391.

Muller W, Schneiders A, Hommel G, Gabbert HE (1998) Expression of nm23 in gastric carcinoma:
association with tumor progression and poor prognosis. Cancer 83: 2481-2487.

Nakajima M, Sawada H., Yamada Y, Watanabe A, Tatsumi M, Yamashita J, Matsuda M, Sakaguchi T,
Hirao T, Nakano H (1999) The prognostic significance of amplification and overexpression of c-met and
c-erb B-2 in human gastric carcinomas. Cancer 85: 1894-1902,

Nakayama T, Ohtsuru A, Nakao K, Shima M, Nakata K, Watanabe K, Ishii N, Kimura N, Nagataki S
(1992) Expression in human hepatocellular carcinoma of nucleoside diphosphate kinase, a homologue of
the nm23 gene product. J Natl Cancer Inst 84: 1349-1354.

Negrini M, Sabbioni S, Possati L, Rattan S, Corallini A, Barbanti-Brodano G, Croce CM (1994)

Suppression of tumorigenicity of breast cancer cells by microcell-mediated chromosome transfer: studies
on chromosomes 6 and 11. Cancer Res 54: 1331-1336.

Nessling M, Solinas-Toldo S, Wilgenbus KK, Borchard F, Lichter P. (1998) Mapping of chromosomal

imbalances in gastric adenocarcinoma revealed amplified protooncogenes MYCN, MET, WNT2, and
ERBB2. Genes Chromosomes Cancer 23: 307-316.

107



References

Nishizuka S, Tamura G, Terashima M, Satodate R (1998) Loss of heterozygosity during the development
and progression of differentiated adenocarcinoma of the stomach. J Pathol 185: 38-43.

Noguchi T, Muller W, Wirtz HC, Willers R, Gabbert HE (1999) FHIT gene in gastric cancer: association
with tumour progression and prognosis. J Pathol 188: 378-381.

Noviello C, Courjal F, Theillet C (1996) Loss of heterozygosity on the long arm of chromosome 6 in
breast cancer: possibly four regions of deletion. Clin Cancer Res 2: 1601-1606.

Ochi H, Douglass HO Jr, Sandberg AA (1986) Cytogenetic studies in primary gastric cancer. Cancer
Genet Cytogener 22: 295-307.

Offit K, Louie DC, Parsa NZ, Filippa D, Gangi M, Siebert R, Chaganti RS (1994) Clinical and
morphologic features of B-cell small lymphocytic lymphoma with del(6)(q21923). Blood 83: 2611-2618.

Offit K, Parsa NZ, Gaidano G, Filippa DA, Louie D, Pan D, Jhanwar SC, Dalla-Favera R, Chaganti RS
(1993) 6q deletions define distinct clinico-pathologic subsets of non-Hodgkin’s lymphoma. Blood 82:
2157-2162.

Ogasawara S, Maesawa C, Tamura G, Satodate R (1994) Lack of mutations of the adenomatous polyposis
coli gene in oesophageal and gastric carcinomas. Virchows Arch 424: 607-611.

Ohta M, Inoue H, Cotticelli MG, Kastury K. Baffa R, Palazzo J, Siprashvili Z, Mori M, McCue P, Druck
T, Croce CM, Huebner K (1996) The FHIT gene, spanning the chromosome 3p14.2 fragile site and renal
carcinoma-associated t(3:8) breakpoint, is abnormal in digestive tract cancers. Cell 84: 587-597.

Okada K, Sugihara H, Bamba M, Bamba T, Hattori T (2000) Sequential numerical changes of
chromosomes 7 and 18 in diffuse-type stomach cancer cell lines: combined comparative genomic
hybridization, fluorescence in situ hybridization, and ploidy analyses. Cancer Genet Cytogener 118: 99-
107.

Oliveira C, Seruca R, Seixas M, Sobrinho-Simdes M (1998) The clinicopathological features of gastric
carcinomas with microsatellite instability may be mediated by mutations of different "target genes": a
study of the TGFpP RII, IGFII R, and BAX genes. Am J Pathol 153: 1211-1219.

Orphanos V, McGown G, Hey Y, Boyle JM, Santibanez-Koref M (1995a) Proximal 6q, a region showing
allele loss in primary breast cancer. Br J Cancer 71: 290-293.

Orphanos V, McGown G, Hey Y, Thorncroft M, Santibanez-Koref M, Russell SE, Hickey I, Atkinson RJ,
Boyle JM (1995b) Allelic imbalance of chromosome 6q in ovarian tumours. Br J Cancer 71: 666-669.

Panani AD, Ferti A, Malliaros S, Raptis S (1995) Cytogenetic study of 11 gastric adenocarcinomas.
Cancer Gener Cytogener 81: 169-172.

Parimoo S, Patanjali SR, Shukla H, Chaplin DD, Weissman SM (1991) cDNA selection: efficient PCR
approach for the selection of cDNAs encoded in large chromosomal DNA fragments. Proc Natl Acad Sci
USA 88: 9623-9627.

Park M (1998) Oncogenes. In The genetic basis of human cancer. Vogelstein B, Kinzler KW, eds
(McGraw-Hill Companies, Inc.), pp 205-228.

Parrish JE, Nelson DL (1993) Methods for finding genes. A major rate-limiting step in positional cloning.
Genet Anal Tech Appl 10: 29-41.

Parsa NZ, Gaidano G, Mukherjee AB, Hauptschein RS, Lenoir G. Dalla-Favera R, Chaganti RS (1994)

Cytogenetic and molecular analysis of 6q deletions in Burkitt's lymphoma cell lines. Genes Chromosomes
Cancer9: 13-18.

108



References

Powell SM, Cummings OW, Mullen JA, Asghar A, Fuga G, Piva P, Minacci C, Megha T, Tosi P, Jackson
CE (1996) Characterization of the APC gene in sporadic gastric adenocarcinomas. Oncogene 12: 1953-
1959.

Prasad R, Gu Y, Alder H, Nakamura T, Canaani O, Saito H, Huebner K, Gale RP, Nowell PC, Kuriyama
K, Miyazaki Y, Croce CM, Canaani E (1993) Cloning of the ALL-1 fusion partner, the AF-6 gene,
involved in acute myeloid leukemias with the t(6;11) chromosome translocation. Cancer Res 53: 5624-
5628.

Queimado L, Reis A, Fonseca I, Martins C, Lovett M, Soares J, Parreira L (1998) A refined localization

of two deleted regions in chromosome 6q associated with salivary gland carcinomas. Oncogene 16: 83-
88.

Queimado L, Seruca R, Costa-Pereira A, Castedo S (1995) Identification of two distinct regions of
deletion at 6q in gastric carcinoma. Genes Chromosomes Cancer 14: 28-34.

Rabbitts TH (1994) Chromosomal translocations in human cancer. Nature 372: 143-149.

Ralph D, McClelland M, Welsh J (1993) RNA fingerprinting using arbitrarily primed PCR identifies
differentially regulated RNAs in mink lung (Mv1Lu) cells growth arrested by transforming growth factor
B 1. Proc Natl Acad Sci USA 90: 10710-10714.

Rao PH, Murty VV, Gaidano G, Hauptschein R, Dalla-Favera R, Chaganti RS (1993) Subregional
localization of 20 single-copy loci to chromosome 6 by fluorescence in situ hybridization. Genomics 16:
426-430.

Ray ME, Su YA, Meltzer PS, Trent IM (1996) Isolation and characterization of genes associated with
chromosome-6 mediated tumor suppression in human malignant melanoma. Oncogene 12: 2527-2533.

Ray ME, Wistow G, Su YA, Meltzer PS, Trent JM (1997) AIMI, a novel non-lens member of the
betagamma-crystallin superfamily, is associated with the control of tumorigenicity in human malignant
melanoma. Proc Natl Acad Sci USA 94: 3229-3234.

Robertson GP, Coleman AB, Lugo TG (1996) Mechanisms of human melanoma cell growth and tumor
suppression by chromosome 6. Cancer Res 56: 1635-1641.

Rodabaugh KIJ, Blanchard G, Welch WR, Bell DA, Berkowitz RS, Mok SC (1995) Detailed deletion
mapping of chromosome 6q in borderline epithelial ovarian tumors. Cancer Res 55: 2169-2172.

Rodriguez E, Sreekantaiah C, Chaganti RS (1994) Genetic changes in epithelial solid neoplasia. Cancer
Res 54: 3398-3406.

Sagerstrom CG, Sun BI, Sive HL (1997) Subtractive cloning: past, present, and future. Annu Rev
Biochem 66: 751-783.

Saito S, Sirahama S, Matsushima M, Suzuki M, Sagae S, Kudo R, Saito J, Noda K, Nakamura Y (1996)
Definition of a commonly deleted region in ovarian cancers to a 300-kb segment of chromosome 6q27.
Cancer Res 56: 5586-5589.

Sakakura C, Hagiwara A, Yasuoka R, Fujita Y, Nakanishi M, Masuda K, Kimura A, Nakamura Y,
Inazawa J, Abe T, Yamagishi H (2000) Amplification and over-expression of the AIB1 nuclear receptor
co-activator gene in primary gastric cancers. Int J Cancer 89: 217-223.

Sakakura C, Mori T, Sakabe T, Ariyama Y, Shinomiya T, Date K, Hagiwara A, Yamaguchi T, Takahashi
T, Nakamura Y, Abe T, Inazawa ] (1999) Gains, losses, and amplifications of genomic materials in

primary gastric cancers analyzed by comparative genomic hybridization. Genes Chromosomes Cancer
24: 299-305.

Sambrook I, Fritsch EF, Maniatis T (1989) Pulsed-field gel electrophoresis. In: Melecular cloning. A
laboratory manual. 2nd edition. (Cold Spring Harbor Laboratory Press, New York), Vol 1, pp 49-58.

109




References

Sandhu AK, Hubbard K, Kaur GP, Jha KK, Ozer HL, Athwal RS (1994) Senescence of immortal human
fibroblasts by the introduction of normal human chromosome 6. Proc Natl Acad Sci USA 91: 5498-5502.

Sandhu AK, Kaur GP, Reddy DE, Rane NS, Athwal RS (1996) A gene on 6q 14-21 restores senescence
to immortal ovarian tumor cells. Oncogene 12: 247-252.

Sanz-Ortega J, Sanz-Esponera J, Caldes T, Gomez de la Concha E, Sobel ME. Merino MJ (1996) LOH at
the APC/MCC gene (5q21) in gastric cancer and preneoplastic lesions. Prognostic implications. Pathol
Res Pract 192: 1206-1210.

Schlegelberger B, Himmler A, Bartles H, Kuse R, Sterry W, Grote W (1994) Recurrent chromosome
abnormalities in peripheral T-cell lymphomas. Cancer Genet Cytogenet 78: 15-22.

Schneider BG, Pulitzer DR, Brown RD, Prihoda TJ, Bostwick DG, Saldivar V, Rodriguez-Martinez HA,
Gutierrez-Diaz ME, O'Connell P (1995) Allelic imbalance in gastric cancer: an affected site on
chromosome arm 3p. Genes Chromosomes Cancer 13: 263-271.

Schutte M, da Costa LT, Hahn SA, Moskaluk C, Hoque AT, Rozenblum E, Weinstein CL, Bittner M,
Meltzer PS, Trent JM, Yeo CJ, Hruban RH, Kern SE (1995) Identification by representational difference
analysis of a homozygous deletion in pancreatic carcinoma that lies within the BRCA2 region. Proc Natl
Acad Sci USA 92: 5950-5954.

Seruca R, Castedo S. Correia C, Gomes P, Carneiro F, Soares P, de Jong B, Sobrinho-Simdes M (1993)
Cytogenetic findings in eleven gastric carcinomas. Cancer Genet Cytogenet 68: 42-48.

Seruca R, Constincia M, Santos NR, David L, Queimado L, Carvalho F, Carneiro F (1995a). Allele loss
in human gastric carcinomas: relation to tumor progression and differentiation. /nt J Oncology 7: 1159-
1166.

Seruca R, Suijkerbuijk RF, Gartner F, Criado B, Veiga I, Olde-Weghuis D, David L, Castedo S,
Sobrinho-Simdes M (1995b) Increasing levels of MYC and MET co-amplification during tumor
progression of a case of gastric cancer. Cancer Genet Cytogenet 82: 140-145.

Seruca R, Santos NR, David L, Constancia M, Barroca H. Carneiro F, Seixas M, Peltomaki P, Lothe R,
Sobrinho-Simdes M (1995c) Sporadic gastric carcinomas with microsatellite instability display a
particular clinicopathologic profile. Int J Cancer 64: 32-36.

Sheng ZM, Marchetti A, Buttitta F, Champeme MH, Campani D, Bistocchi M, Lidereau R, Callahan R
(1996) Multiple regions of chromosome 6q affected by loss of heterozygosity in primary human breast
carcinomas. Br J Cancer 73: 144-147.

Sherratt T, Morelli C, Boyle JM, Harrison CJ (1997) Analysis of chromosome 6 deletions in lymphoid
malignancies provides evidence for a region of minimal deletion within a 2-megabase segment of 6g21.
Chromosome Res 5: 118-124.

Shim YH, Kang GH, Ro JY (2000) Correlation of pl6 hypermethylation with pl6 protein loss in sporadic
gastric carcinomas. Lab Invest 80: 689-695.

Shiraishi T, Mori M, Yamagata M, Haraguchi M, Ueo H, Sugimachi K (1998) Expression of insulin-like
growth factor 2 mRNA in human gastric cancer. Int J Oncol 13: 519-523.

Shridhar V, Staub J, Huntley B, Cliby W, Jenkins R, Pass HI, Hartmann L, Smith DI (1999) A novel
region of deletion on chromosome 6¢23.3 spanning less than 500 Kb in high grade invasive epithelial
ovarian cancer. Oncogene 18: 3913-3918.

Simons A, Janssen IM, Suijkerbuijk RF, Veth RP, Pruszczynski M, Hulsbergen-van de Kaa CA, du

Manoir S, Geurts van Kessel A (1997) Isolation of osteosarcoma-associated amplified DNA sequences
using representational difference analysis. Genes Chromosomes Cancer 20: 196-200.

110



References

Soman NR, Correa P, Ruiz BA, Wogan GN (1991) The TPR-MET oncogenic rearrangement is present
and expressed in human gastric carcinoma and precursor lesions. Proc Natl Acad Sci USA 88: 4892-4896.

Song SH, Jong HS, Choi HH, Kang SH, Ryu MH, Kim NK, Kim WH, Bang YJ (2000) Methylation of
specific CpG sites in the promoter region could significantly down-regulate pl6(INK4a) expression in
gastric adenocarcinoma. Int J Cancer 87: 236-240.

Southern EM (1975) Detection of specific sequences among DNA fragments separated by gel
electrophoresis. J Mol Biol 98: 503-517.

Souza RF, Appel R, Yin J, Wang S, Smolinski KN, Abraham JM, Zou TT, Shi YQ, Lei J, Cottrell J,
Cymes K, Biden K, Simms L, Leggett B, Lynch PM, Frazier M, Powell SM, Harpaz N, Sugimura H,
Young ], Meltzer SJ (1996) Microsatellite instability in the insulin-like growth factor Il receptor gene in
gastrointestinal tumours. Nat Gener 14: 255-257.

Stenman G, Sandros J, Mark J, Edstrom S (1989) Partial 6q deletion in a human salivary gland
adenocarcinoma. Cancer Genet Cytogenet 39: 153-156.

Still IH, Vince P, Cowell JK (1997) Direct isolation of human transcribed sequences from yeast artificial
chromosomes through the application of RNA fingerprinting. Proc Natl Acad Sci USA 94: 10373-10378.

Strickler JG, Zheng J, Shu Q, Burgart LJ, Alberts SR, Shibata D (1994) p53 mutations and microsatellite
instability in sporadic gastric cancer: when guardians fail. Cancer Res 54: 4750-4755.

Suto Y, Sato Y, Smith SD, Rowley JD, Bohlander SK (1997) A t(6;12)(q23;p13) results in the fusion of
ETV6 to a novel gene, STL, in a B-cell ALL cell line. Genes Chromosomes Cancer 18: 254-268.

Suzuki Y, Sato N, Tohyama M, Wanaka A, Takagi T (1996) Efficient isolation of differentially expressed
genes by means of a newly established method, ESD". Nucleic Acids Res 24: 797-799.

Taguchi T, Jhanwar SC, Siegfried JM, Keller SM, Testa JR (1993) Recurrent deletions of specific
chromosomal sites in 1p, 3p, 6q, and 9p in human malignant mesothelioma. Cancer Res 53: 4349-4355.

Tahara E (1995) Genetic alterations in human gastrointestinal cancers. The application to molecular
diagnosis. Cancer 75 (Suppl): 1410-1417.

Tahara E, Semba S, Tahara H (1996a) Molecular biological observations in gastric cancer. Semin Oncol
23:307-315.

Tahara H, Smith AP, Gas RD, Cryns VL, Arnold A (1996b) Genomic localization of novel candidate
tumor suppressor gene loci in human parathyroid adenomas. Cancer Res 56: 599-605.

Takaku K, Miyoshi H, Matsunaga A, Oshima M, Sasaki N, Taketo MM (1999) Gastric and duodenal
polyps in Smad4 (Dpc4) knockout mice. Cancer Res 59: 6113-6117.

Takeuchi S, Koike M, Seriu T, Bartram CR, Schrappe M, Reiter A, Park S, Taub HE, Kubonishi I,
Miyoshi I, Koeffler HP (1998) Frequent loss of heterozygosity on the long arm of chromosome 6:

identification of two distinct regions of deletion in childhood acute lymphoblastic leukemia. Cancer Res
58:2618-2623.

Tamura G, Ogasawara S, Nishizuka S, Sakata K, Maesawa C, Suzuki Y, Terashima M, Saito K, Satodate
R (1996a) Two distinct regions of deletion on the long arm of chromosome 5 in differentiated
adenocarcinomas of the stomach. Cancer Res 56: 612-615.

Tamura G, Sakata K, Nishizuka S, Maesawa C, Suzuki Y, Terashima M, Eda Y, Satodate R (1996b)
Allelotype of adenoma and differentiated adenocarcinoma of the stomach. J Pathol 180: 371-377.

Tatsuta M, Iishi H, Baba M, Nakaizumi A, Uehara H, Taniguchi H (1994) Expression of c-myc mRNA as

an aid in histologic differentiation of adenoma from well differentiated adenocarcinoma in the stomach.
Cancer 73: 1795-1799.

111



References

Teyssier JR, Ferre D (1992) Identification of a clustering of chromosomal breakpoints in the analysis of
203 human primary solid tumor non specific karyotypic rearrangements. Anticancer Res 12: 997-1004.

Theile M, Seitz S, Arnold W, Jandrig B, Frege R, Schlag PM, Haensch W, Guski H, Winzer KJ, Barrett
JC, Scherneck S (1996) A defined chromosome 6q fragment (at D6S310) harbors a putative tumor
suppressor gene for breast cancer. Oncogene 13: 677-685.

Thrash-Bingham CA, Salazar H, Freed JJ, Greenberg RE, Tartof KD (1995) Genomic alterations and
instabilities in renal cell carcinomas and their relationship to tumor pathology. Cancer Res 55: 6189-
6195.

Tibiletti MG, Bernasconi B, Furlan D, Riva C, Trubia M, Buraggi G, Franchi M, Bolis P, Mariani A,
Frigerio L, Capella C, Taramelli R (1996) Early involvement of 6q in surface epithelial ovarian tumors.
Cancer Res 56: 4493-4498.

Tibiletti MG, Bernasconi B, Taborelli M, Furlan D, Fabbri A, Franchi M, Taramelli R, Trubia M, Capella
C (1997) Involvement of chromosome 6 in endometrial cancer. Br J Cancer 75: 1831-1835.

Trachtulec Z, Forejt J (1999) Transcription and RNA processing of mammalian genes in Saccharomyces
cerevisiae. Nucleic Acids Res 27: 526-531.

Trent JM, Stanbridge EJ, McBride HL, Meese EU, Casey G, Araujo DE, Witkowski CM, Nagle RB
(1990) Tumorigenicity in human melanoma cell lines controlled by introduction of human chromosome
6. Science 247: 568-571.

Trent JM, Thompson FH, Meyskens FL Jr. (1989) Identification of a recurring translocation site
involving chromosome 6 in human malignant melanoma. Cancer Res 49: 420-423.

Trigo M1, San Martin MV, Novales MA, Maravi J (1994) Cytogenetic studies of five gastric carcinomas
metastatic to the pleura. Cancer Genet Cytogenet 75: 145-146.

Tsugawa K, Yonemura Y, Hirono Y, Fushida S, Kaji M, Miwa K, Miyazaki I, Yamamoto H (1998)
Amplification of the c-met, c-erbB-2 and epidermal growth factor receptor gene in human gastric cancers:
correlation to clinical features. Oncology 55: 475-481.

Tsujimoto H, Sugihara H, Hagiwara A, Hattori T (1997) Amplification of growth factor receptor genes
and DNA ploidy pattern in the progression of gastric cancer. Virchows Arch 431: 383-389.

Uchino S, Tsuda H, Noguchi M, Yokota J, Terada M, Saito T, Kobayashi M, Sugimura T, Hirohashi S
(1992) Frequent loss of heterozygosity at the DCC locus in gastric cancer. Cancer Res 52: 3099-3102.

Van Groningen JJ, Bloemers HP, Swart GW (1995) Identification of melanoma inhibitory activity and
other differentially expressed messenger RNAs in human melanoma cell lines with different metastatic
capacity by messenger RNA differential display. Cancer Res 55: 6237-6243.

Velculescu VE, Zhang L, Vogelstein B, Kinzler KW (1995) Serial analysis of gene expression. Science
270: 484-487.

Venter JC (1993) Identification of new human receptor and transporter genes by high throughput cDNA
(EST) sequencing. J Pharm Pharmacol 45 (Suppl 1): 355-360.

Walker GJ, Palmer JM, Walters MK, Hayward NK (1995) A genetic model of melanoma tumorigenesis
based on allelic losses. Genes Chromosomes Cancer 12: 134-141.

Walker GJ, Palmer JM, Walters MK, Nancarrow DJ, Parsons PG, Hayward NK (1994) Simple tandem

repeat allelic deletions confirm the preferential loss of distal chromosome 6q in melanoma. Int J Cancer
58: 203-206.

112



References

Wan JS, Sharp SJ, Poirier GM, Wagaman PC, Chambers J, Pyati J, Hom YL, Galindo JE, Huvar A,
Peterson PA, Jackson MR, Erlander MG (1996) Cloning differentially expressed mRNAs. Nar Biotechnol
14: 1685-1691.

Wan M, Sun T, Vyas R, Zheng J, Granada E, Dubeau L (1999) Suppression of tumorigenicity in human
ovarian cancer cell lines is controlled by a 2 cM fragment in chromosomal region 6q24-q25. Oncogene
18: 1545-1551.

Wan M, Zweizig S, D’Ablaing G, Zheng J, Velicescu M, Dubeau L (1994) Three distinct regions of
chromosome 6 are targets of loss of heterozygosity in human ovarian carcinomas. Int J Oncol 5: 1043-
1048.

Wang CS, Lin KH, Hsu YC, Hsueh S (1998) Distant metastasis of gastric cancer is associated with '
elevated expression of the antimetastatic nm23 gene. Cancer Lett 128: 23-29.

Wang L, Patel U, Ghosh L, Chen HC, Banerjee S (1993) Mutation in the nm23 gene is associated with
metastasis in colorectal cancer. Cancer Res 53: 717-720.

Wang S, Souza RF, Kong D, Yin J, Smolinski KN, Zou TT, Frank T, Young J, Flanders KC, Sugimura H,
Abraham IM, Meltzer SI (1997) Deficient transforming growth factor-B1 activation and excessive

insulin-like growth factor II (IGFII) expression in IGFII receptor-mutant tumors. Cancer Res 57: 2543-
2546.

Wang SM, Rowley JD (1998) A strategy for genome-wide gene analysis: integrated procedure for gene
identification. Proc Natl Acad Sci USA 95: 11909-11914.

Weinberg RA (1991) Tumor suppressor genes. Science 254: 1138-1146.

Welch DR, Chen P, Miele ME, McGary CT, Bower JM, Stanbridge EJ, Weissman BE (1994) Microcell-
mediated transfer of chromosome 6 into metastatic human C8161 melanoma cells suppresses metastasis
but does not inhibit tumorigenicity. Oncogene 9: 255-262.

Welsh J, Chada K, Dalal SS, Cheng R, Ralph D, McClelland M (1992) Arbitrarily primed PCR
fingerprinting of RNA. Nucleic Acids Res 20: 4965-4970.

Wong KF, Chan JK, Kwong YL (1997) Identification of del(6)(q21g25) as a recurring chromosomal
abnormality in putative NK cell lymphoma/leukaemia. Br J Haematol 98: 922-926.

Wu LB, Kushima R, Borchard F, Molsberger G, Hattori T (1998) Intramucosal carcinomas of the
stomach: phenotypic expression and loss of heterozygosity at microsatellites linked to the APC gene.
Pathol Res Pract 194: 405-411.

Wu MS, Shun CT, Wang HP, Sheu JIC, Lee WJ, Wang TH, Lin JT (1997a) Genetic alterations in gastric
cancer: relation to histological subtypes, tumor stage, and Helicobacter pylori infection. Gastroenterology
112: 1457-1465.

Wu MS, Wang HP, Lin CC, Sheu JC, Shun CT, Lee WJ, Lin JT (1997b) Loss of imprinting and
overexpression of IGF2 gene in gastric adenocarcinoma. Cancer Lert 120: 9-14.

Xiao S, Geng JS, Feng XL, Liu XQ, Liu QZ, Li P (1992) Cytogenetic studies of eight primary gastric
cancers. Cancer Genet Cytogenet 58: 79-84.

Xu X, Brodie SG, Yang X. Im YH, Parks WT, Chen L, Zhou YX. Weinstein M, Kim SJ, Deng CX
(2000) Haploid loss of the tumor suppressor Smad4/Dpc4 initiates gastric polyposis and cancer in mice.
Oncogene 19: 1868-1874.

Yamamoto H, Itoh F, Fukushima H. Adachi Y, Itoh H, Hinoda Y, Imai K (1999) Frequent Bax frameshift

mutations in gastric cancer with high but not low microsatellite instability. J Exp Clin Cancer Res 18:
103-106.

113



References

Yamamoto T, Harada N, Kano K, Taya S, Canaani E, Matsuura Y, Mizoguchi A, Ide C, Kaibuchi K
(1997) The Ras target AF-6 interacts with ZO-1 and serves as a peripheral component of tight junctions in
epithelial cells. J Cell Biol 139: 785-795.

Yang GP, Ross DT, Kuang WW, Brown PO, Weigel RJ (1999) Combining SSH and cDNA microarrays
for rapid identification of differentially expressed genes. Nucleic Acids Res 27: 1517-1523.

Yang Y, Gil M, Byun SM, Choi I, Pyun KH, Ha H (1996) Transforming growth factor-betal inhibits
human keratinocyte proliferation by upregulation of a receptor-type tyrosine phosphatase R-PTP-k gene
expression. Biochem Biophys Res Commun 228: 807-812.

Ye Z, Connor JR (2000) Identification of iron responsive genes by screening cDNA libraries from
suppression subtractive hybridization with antisense probes from three iron conditions. Nucleic Acids Res
28: 1802-1807.

Yokozaki H, Ito R, Nakayama H, Kuniyasu H, Taniyama K, Tahara E (1994) Expression of CD44
abnormal transcripts in human gastric carcinomas. Cancer Lett 83: 229-234,

You J, Miele ME, Dong C, Welch DR (1995) Suppression of human melanoma metastasis by
introduction of chromosome 6 may be partially due to inhibition of motility, but not to inhibition of
invasion. Biochem Biophys Res Commun 208: 476-484.

Yu J, Miehlke S, Ebert MP, Hoffmann J, Breidert M, Alpen B, Starzynska T, Stolte Prof M,
Malfertheiner P, Bayerdorffer E (2000) Frequency of TPR-MET rearrangement in patients with gastric
carcinoma and in first-degree relatives. Cancer 88: 1801-1806.

Yustein AS, Harper JC, Petroni GR, Cummings OW, Moskaluk CA., Powell SM (1999) Allelotype of
gastric adenocarcinoma. Cancer Res 59: 1437-1441.

Zeschnigk M, Horsthemke B, Lohmann D (1999) Detection of homozygous deletions in tumors by
hybridization of representational difference analysis (RDA) products to chromosome-specific YAC clone
arrays. Nucleic Acids Res 27: e30.

Zhang L, Zhou W, Velculescu VE, Kern SE, Hruban RH, Hamilton SR, Vogelstein B, Kinzler KW
(1997) Gene expression profiles in normal and cancer cells. Science 276: 1268-1272.

Zhang Y, Matthiesen P, Harder S, Siebert R, Castoldi G, Calasanz MJ, Wong KF, Rosenwald A, Ou G,
Atkin NB, Schlegelberger B (2000) A 3-cM commonly deleted region in 6q21 in leukemias and
lymphomas delineated by fluorescence in situ hybridization. Genes Chromosomes Cancer 27: 52-58.

Zhang Y, Siebert R, Matthiesen P. Yang Y, Ha H. Schlegelberger B (1998) Cytogenetical assignment and
physical mapping of the human R-PTP-kappa gene (PTPRK) to the putative tumor suppressor gene
region 6q22.2-q22.3. Genomics 51: 309-311.

Zhang Y, Weber-Matthiesen K, Siebert R, Matthiesen P, Schlegelberger B (1997) Frequent deletions of
6g23-24 in B-cell non-Hodgkin’s lymphomas detected by fluorescence in situ hybridization. Genes
Chromosomes Cancer 18: 310-313.

Zimmermann JW, Schultz RM (1994) Analysis of gene expression in the preimplantation mouse embryo:
use of mRNA differential display. Proc Natl Acad Sci USA 91: 5456-5460.

114



SUMARIO E CONCLUSOES



Sumdrio e conclusdes

O cromossoma 6 é um dos cromossomas mais frequentemente envolvido em
alteracOes estruturais em tumores gastricos. De todas as anomalias descritas deste
cromossoma, a deleccdo parcial do brago longo representa € a alteracdo mais vezes
detectada, tanto por andlise citogenética como por estudos de perda de heterozigotia
(LOH).

A perda de heterozigotia em 6q ocorre em todos os tipos histolégicos de carcinoma

gastrico, incluindo tumores precoces.

O objectivo “major” deste estudo foi o isolamento de genes localizados em 6q,

potencialmente envolvidos no desenvolvimento e progressdo de tumores gastricos.

Em estudos anteriormente realizados pelo nosso grupo, foram definidas duas regides
de deleccdo minima — uma intersticial em 6q16.3-q23.1 (15 ¢cM) e uma distal em 6q27
(> 30 cM). No entanto, como a extensdo destas duas regides ndo permitia ainda o inicio
de pesquisa de genes, o nosso primeiro objectivo foi delimitar a regido intersticial. Para
isso, foram seleccionados novos marcadores localizados na regido (marcadores
microssatélites), que viriam a ser aplicados na andlise de um painel alargado de tumores
primdrios. Do mapeamento detalhado da regiao foi possivel restringir a regido
intersticial de 15 ¢cM para uma nova regiao de apenas 2 ¢cM (aproximadamente 3

Mb) (Artigo I).

No sentido de ultrapassar os problemas de andlise e interpretacdo decorrentes da
contaminagdo estromal em tumores primadrios, procedemos ao estudo de tumores
xenografados em ratinhos atimicos e linhas celulares derivadas dos xenografos,
estabelecidos no nosso Instituto. Este estudo, envolvendo andlise de microssatélites e
FISH, permitia verificar se as linhas celulares em causa apresentavam as mesmas
alteracdes em 6q detectadas nos tumores primdrios, o que, a verificar-se, permitiria
utilizar este material como para estudos futuros, nomeadamente estudos funcionais.

Verificdmos que, tal como nos tumores primdrios, duas linhas celulares
apresentavam uma delec¢do distal (6q27). Estes resultados apoiam a existéncia de um
ou mais genes supressores tumorais na regiao distal do braco longo do cromossoma

6, possivelmente envolvido(s) no desenvolvimento do carcinoma gastrico (Artigo II).

117



Sumdrio e conclusdes

Com o objectivo de isolar genes envolvidos no desenvolvimento do carcinoma
gastrico, inicidamos a construgio de um mapa de transcrigao da regido de 2 ¢M. Para tal,
foi utilizada uma técnica de subtraccio (suppression subtractive hybridization -SSH)
na analise de uma regido de aproximadamente 3 Mb, que permitiu o isolamento de
¢DNAs humanos localizados na regiao intersticial (6q16.3-q23.3) (Artigo III). O
padrdo de expressdo dos clones isolados mostrou que 4 clones apresentavam expressio
na mucosa gastrica normal. Estes 4 cDNAs constituem possiveis genes candidatos com
fungdo importante no desenvolvimento e progressdo do carcinoma géstrico. No entanto,

serd ainda necessdrio realizar estudos adicionais que permitam confirmar esta hipétese.

Em resumo, a estratégia de clonagem posicional utilizada neste estudo (ilustrada no
esquema seguinte) permitiu-nos delimitar a regido de 15 cM para uma regido de
delecgdo minima de 2 cM e isolar cDNAs correspondentes a genes expressos na mucosa
do estdbmago ¢ possivelmente envolvidos no desenvolvimento e progressio do

carcinoma gastrico.

ql2 ql4 ql6 q21 q22 43 q24 q25 q26 Y27

N N N B Conoson

| h L
1 15cM I
D6S283 D6eS268  D6S278  D6S404 D6S261 D6S433  D6S407  D6S262 DaS472 Marcadores
2eM L | o | o ] X o
A [ microssatélites

“contig” de YACs

- - -— - Clones de cDNA
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Substantial Reduction of the Gastric Carcinoma
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Deletions of the long arm of chromosome 6 are a common event in gastric carcinomas. In a previous study, deletion mapping of
6q identified two smallest regions of overlap (SROs) of heterozygous deletions: one interstitial, spanning |2-16 cM, bordered
by D65268 (6ql6.3—21) and ARG/ (6922.3—q23.1), and one distal to IFNGR/ (6q23—q24). spanning more than 30 cM. Loss of
heterozygosity (LOH) of the interstitial SRO was detected in 50% of informative tumors. ¥We analyzed 60 primary gastric
tumors with |9 highly polymorphic markers from 6q16.3—q23.3 to delimit the interstitial SRO further. Of the 50 tumors that
were informative for at least one locus, |8 (36%) showed allelic imbalance (Al). The overlap of these cases allowed us to define
an SRO of approximately 3 Mb flanked by D65278 and D65404. Al or LOH of this region occurs in all histologic types of gastric
carcinoma and in early stages of development, indicating that loss of a gene from this region of 6q is a crucial step in a main route
of gastric carcinogenesis. For cases with retention of 6q, alternative routes of gastric carcinogenesis may exist. Genes

Chromosomes Cancer 26:29-34, 1999.
INTRODUCTION

Gastric carcinoma 1s one of the most frequently
occurring neoplasias in Portugal (Instituto Nacional
de Estatistica, 1992: Da Morra, 1994). Within Eu-
rope, Portugal 15 the country with the highest
incidence and mortality rates for gastric cancer (31.9
and 26.2 per 100,000, respectively: Black et al.,
1997). Conventional cvtogenetic studies, predomi-
nantly carried out on advanced-stage tumors, have
indicated the presence of numerous and complex
chromosomal alterations in this tvpe of cancer
(Seruca et al., 1993, 1995a; Peddanna et al., 1995).
Microscopically detectable deletions of the long
arm of chromosome 6, consistently involving chro-
mosomal bands 6g21—qter, have been ohserved in
27%—-45% of cases (Ochi er al., 1986; Scruca cr al.,

1993; Panani et al., 1993). An extensive analysis of

loss of heterozygosity (LOH), which focused on loci
cither harboring known tumor suppressor genes or
involved 1n chromosomal aberrations, indicated a
high percentage of allelic losses at 64, 3p, and 17p.
namely 32%, 57%. and 44%, respectvely (Seruca et
al., 1995a). LOH at 6q 15 detected 1n all histologice
tvpes of gastric carcinoma (Seruca et al., 19954;
Gleeson et al., 1997) and 1n both earlv and ad-
vanced tumors (Seruca et al., 1995a).

The frequent loss of genetie marerial from the
long arm of chromosome 6, not only in gastric
carcinoma but also in other human neoplasias
(Trent et al., 1989: Devilee et al., 1991; Sairo cr al.,
1992; Offic et al., 1993), suggests that the long arm

© 1999 Wiley-Liss, Inc.

© 1999 Wiley-Liss. Inc.

of chromosome 6 harbors one or more tumor sup-
pressor genes. Results from microcell-mediated
chromosome transfer studies, using melanoma and
breast carcinoma cell lines, support this suggestion
("Trent et al., 1990: Negrint et al., 1994).

On chromosome 6, we have previously identified
two smallest regions of overlap (SROs) of heterozy-
gous deletions (Queimado et al., 1995). One region,
which is heterozvgously lost in 37% of informative
cases, is defined as being distal to IFNGRT (6q23-
q24) and spans more than 30 ¢cM. The other region,
heterozvgously lost in 50% of informative cases, is
bordered by D6S268 (6q16.3-q21) and ARG/
(6422.3-¢q23.1) and spans 12-16 cM. Here we
describe a more detailed allelic imbalance (Al)
analvsis of a series of 60 primary tumors, with 19
highlyv polvmorphic markers, and have further de-
limited the latter region.

MATERIALS AND METHODS

DNA Samples

Sixty primary gastric carcinomas (30 intestinal
carcinomas. 15 diffuse carcinomas, and 15 arypical
carcinomas) and corresponding normal tissue
samples were obtaimed from surgical resections
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performed from 1988 to 1994 at the Hospital 5.
Jodo, Porto, Portugal. The tumors were histologi-
cally classitied according to Laurén’s classification
(Laurén, 1965). DNA extraction was performed
according to standard procedures (Miillenbach et
al., 1989), In cases that appeared to have fewer than
50% neoplastic cells (diffuse-type carcinomas), DNA
was isolated from microdissceted marterial.

Microdissection

Five-micrometer histologic sections of diffuse-
type tumors were obrained from paraffin blocks and
stained with hematoxvlin-eosin (H&E) for evalua-
tion of the quantity of tumor cells. Areas rich in
tumor cells were selected. Serial sections (10 pm)
from the same paraffin blocks were made and, by
comparison with the stained H&E section, areas of
tumor cells were scratched out and used for DNA
extraction. The last section (5 pm) was again
H&E-stained as control. Paraffin was extracted
from the section with xylene, and DNA was 1so-
lated by phenol-chloroform extraction (Jen et al,
1994).

Microsatellite Analysis

Nineteen highly polymorphic microsatellice mark-
ers mapping on the long arm of chromosome 6 were
selected from the human genetic map of Gyapay et
al. (1994) (D6S283, D6SH47. D6SZos, DoS2TS,
DoS404, D68S302, D6S261. DoS454. DoSI04,
D68S287, D68S433, D6S407, D6S262, DoS472). Dib
et al. (1996) (D6SI594, DeSI6d7, D6S16YS,
D6S1656), and from the Cedar database accessible
at htep://cedar.genetics.soton.ac.uk/pub (D485457).
Their order, with the approximate genctic dis-
tances as far as thev are known, is derived from the
Cedar database and is indicated in Figure 1. The
most probable cyrogenetic interval in which the
markers reside is 6g16.3-q23.3. A subset of the
carcinomas was also analvzed with the markers
TIA1, CA9, and CAZ2 on 3p21.3 (Kok ct al., 1999)
and with the markers D/78520 and D/7785/3, flank-
ing 7P53 on 17p12-pl3.

Polymerase chain reactions (PCRs) were carried
out in 20-pl reaction volumes containing 10-m\l
Tris-HCI (pH 8.0), 530-mAl KCIL 1.5-mM[ MgCl,
200 mM of cach deoxvnucleotide tphosphate
except dCTPR 20-mM dCTP 1 pCi of a- 1 dCTE
0.4 mM of each primer, 0.5 U of Taq DNA
polvmerase (Pharmacia), and 50-100 ng of genomic
DNA. Amplification was for 30 cveles with denatur-
ation at 94°C for 0.5 min, annecaling at 53°C
(D685283), 55°C (D68268, DoSH04. DoSI02 DoS261,
DoS454, D68S304, D6S287, DaS433, D68S262). 56°C

(D6ST1594. D6SI698), 38°C (D68S278, DoS407,
D681636), or 60°C (D6S447, D6S1647, D6SI57,
D6S472) for 0.5 min, and extension at 72°C for 1.5
min. The initial denaturation step at 94°C and the
final cxtension step at 72°C lasted for 5 min.
Aliquots of the PCR mixture were mixed with
formamide loading buffer in a 1:1 ratio and dena-
tured at 94°C for 5 min. Three microliters of this
solution were subjected to elecrrophoresis on dena-
turing 6% polvacrvlamide gels. Gel patterns were
visualized by autoradiography.

Allelic imbalance (Al) was established if the
intensity ratio of the two alleles in the tumor
sample differed markedly from the ratio in the
normal DNA. This was evaluated by densitometric
analysis on an Ultrascan XL LKB densitomerer
using Gel Scan XL 2.1 software (Pharmacia LLKB).
An imbalance factor, calculated as the ratio of allele
intensities in the tumor relative to the ratio of allele
intensities in the normal tissue ([T1/T2/[IN1/NZ]),
was interpreted according to Van den Berg et al.
(1996). A value higher than 1.2 or below 0.8 was
considered to represent AL A value berween 0.95
and 1.05 was considered to represent rerention.
Values between 1.05 and 1.2, or between 0.8 and
(.95, were considered to represent an ambiguous
situation and were excluded from analysis. Because
interpretation of data is difficult in cases in which
the length of the alleles in normal tssue differs by
onlv one or two dinucleotides. these cases were
considered uninformative. Tumor samples display-
ing microsatellite nstability (MIN) were also con-
sidered uninformative.

RESULTS

In 10 of the 60 primary gastric carcinomas, we
detected MIN for the majority of markers. These
carcinomas were excluded from the Al analysis. All
of the 50 remaining cascs were informative for at
least one of the 6 markers. In 18 cases, including
10 intestinal carcinomas, 4 atypical carcinomas, and
4 diffuse carcinomas, we detected Al forat least one
locus. Within this group of cases, the highest
tfrequencies of Al were observed at D687647 (scven
of eight informative cases; 88%), DoS1698 (four of
five informative cases; 80%), and D6S454 (seven of
cight informative cases; 88%). Figure 1 shows the
results obrained for these 18 tumors. Representa-
tive autoradiograms are presented in Figure 2. Two
cases (149, 161) showed Al at all informative loci,
indicating loss of the whole region. In 10 cases (11,
15, 29, 166, 197, 209, 220, 223, 228, 231), Al was
observed in only part of the region (proximal or
interstitial). The remaining six cases (93, 175, 200,
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206, 225, 229) had two regions with Al separated by
a region of retention.

Thirty of the 50 cases were also analvzed with
markers from 3p21.3 (77TAZ, CA9, CAZ) and from
17p12—p13 (D1785520, DI785513). Becausce of a lack
of tumor DNA, the remaining 20 cases could not be
analyzed with the aforementioned markers: these
cases included all of the microdissected ones, thus
leaving out the group of diffuse gastric carcinomas
from this further analysis. The results are summa-
rized in Table 1. The SRO at 6q and the 17p12-p13
region showed comparable percentages of Al For
the SRO at 6q, the frequency of AT was 35% (8 of 23
informative cases), and for 17p12—p13 this was 38%
(8 of 21 informartive cases). The frequency of Al at
3p2l.3 was 15% (4 of 27 informative cases).

histologic type; shadowed region, smallest region of overlap (SRO) of
heterozygous deletions. The relative order of the markers was based on
the genetic map of the Cedar database.

DISCUSSION

We consider the Al observed in this study
represent allelic loss rather than gain of alleles
because, in our previous studies, several tumors,
including cases 11, 15, and 29, when analyzed with
RIFLLP markers from 6, showed clear LOH (Quei-
1995a); and a

cvtogenctic analysis of the gastric carcinomas, in-

mado et al., 1995; Seruca et al.,
cluding cases 29 and 220, also indicated thart loss of
6 material 1s a common abnormality (Seruca et al.,
1993).

In a previous study performed by our group
(Queimado et al., 1995), an SRO of allelic losses was
defined by markers D68268 and ARG/, In the
Cedar database, ARG/ lics berween DoS4I7 and
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Figure 2. Autoradiograms of cases crucial in delimiting the smallest region of overlap (SRO) between
markers D65278 and D65404. Allelic imbalance (Al) is indicated by arrows. N, constitutional DNA; T, tumor
DNA. Shadowed region, SRO. Case 200 showed Al at D65!647 and retained heterozygosity at D65278 and
D65404. Case 229 showed Al at D651647 and retained heterozygosity at the distal locus D65404. Case 220
showed Al at D651647 and D65404 and showed retention at proximal locus D65278.

D685262. By combining data from several databases,
we estimated this SRO to be about 12-16 ¢M.

In this study, we detected Al in 18 of 50
informative cases (36%). Comparison of the 18
cascs that showed Al at one or more loci allowed us
to define a new SRO, bordered by the markers
DeS278 and D68S404, and within a region with high
frequencies of Al (D6S71647, 88%; DoST69Y, 80%).
T'hree cases (200, 220, 229) were crucial for the
delineation of this SRO. According to the Cedar
database and the Whitehead Institute database
(heep:/fwww-genome.wi.mit.edu), D6S278 and
D6S404 are approximately 2 ¢M apart. Both are in
the Whitehead contig WC6.14 and are estimated to
be some 3 Mb aparc.

For 15 of 32 cases without Al at 6¢, we did not
obtain information for the defined SRO, either due
to uninformativeness at these loci or to the lack of
DNA. Thus. allelic loss for this region 1s not
excluded in these 15 tumors. Among the 18 cases in
which Al did occur at one or more loci, there were
three tumors (cases 11, 209, 231) that did not show
Al within the SRO (Fig. 1). Cases 11 and 209 were
cither not informative or showed retention of hetero-
zyvgosity at one or more loct wichin the SRO. For
case 231, no informaton was obrained for this
region because of lack of DNA (Fig. 1).

Ten tumors were excluded from Al analysis
because of a high frequency of MIN. For three
tumors (cases 36, 182, 199), we had already ob-
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TABLE |. Allelic Imbalance (Al) Analysis of 6q16.3423.3,
3p21.3,and 17p12-p13

Loci

3p21.3 17pl2-pl3

Cases Histologic type Tumor stage 6q°

29 Atypical Early Al RET RET
228 Intestinal Early Al RET NI

Il Intestinal Advanced RET Al Al

15 Intestinal Advanced Al Al RET
149 Intestinal Advanced Al RET RET
161 Intestinal Advanced NI Al Al
166 Intestinal Advanced Al RET Al
175 Intestinal Advanced Al ND Al
177 Intestinal Advanced RET RET Al
200 Intestinal Advanced Al RET RET
224 Intestinal Advanced RET RET Al
202 Atypical Advanced RET RET Al
209 Atypical Advanced RET Al Al
229 Atypical Advanced Al NI NI

aAl, allelic imbalance: RET, retention of heterozygosity; NI, not informa-
tive; ND, not determined.

bOnly the markers D65/594, D65164 7. and D65/698, which mapped
within the SRO defined in this study, have been taken into account.

served MIN with microsatellites located at other
chromosomes (Dos Santos et al., 1996). The overall
frequency of MIN tumors in the present series
(17%) does not differ greatly from the 9%-25%
described previously for gastric tumors with a NMIN
phenotype (Schncider et al., 1995 Seruca ct al.,
1995b; Dos Santos et al., 1996: Ottini et al.. 1997
Oliveira et al., 1998; Wu eral., 1998). Thus, these 10
cases are likely to represent tumors with a mutator
phenotype. In case 36, an MSHZ mutation was
indeed detected (data not shown). An alternative
route of gastric carcinogenesis may be involved n
these cases.

To assess the importance of the 6¢-SRO, we
compared the relative frequencies of Al for the
three markers that constitute this SRO (namely,
D6S1594, D6S1647, D6ST1698) with the frequency
of Al ar two other hotspats of heterozygous dele-
tions in gastric cancer, namely 3p21.3 and 17p13,in
a subset of 30 gastric carcinomas. The observed
frequencies of Al at 3p21.3 (15%) and 17p12-p13
(38%) are low compared to previous data (Schneider
et al., 1995; Seruca et al., 19951 Gleeson et il
1997). This is probably duc to the number of tumor
specimens in which the amount of stromal tssuce
precludes detection of Al and also implies that the
frequency of LOH at the 6g-SRO may be an
underestimate. ‘The data, summarized in “Table 1,
clearly show that loss at the 6¢-SRO s about as
frequent as loss at 17p12-p13, and much more
frequent than loss at 3p21.3. In additon, two
tumors that represent early gastric carcinomas (cases

29, 228) showed LOH at the 6q-SRO and retention
of heterozygosity at 3p21.3. This fits the carhier
suggestion, by Seruca et al. (1995a), that loss of 6q
sequences is an early event preceding loss at 3p21.
The high percentage of Al detected at 6q in all
histologic types of gastric carcinoma supports the
idea that, independent of the histologic differentia-
tion. loss of 6g material is an important, nonrandom
event in che early steps of gastric carcinogenesis.
FFor cases with retention of 6q, alternative routes of
gAStric carcinogenesis may exist. The five tumors
with retention at the 6q-SRO in combination with
Al at 17p12—p13 and/or 3p21.3 (sce Table 1) may
constitute a specific subcategory among these cases.

Bands 6q21—-q23 are heterozygously lost in sev-
eral other types of neoplasia, such as breast cancer
{Shengetal, 1996), ovarian cancer (Orphanos et al.,
1995), and salivary gland cancer (Queimado et al.,
1998). ‘This suggests that the region might harbor
one or more tumor suppressor genes of importance
not only in the development of gastric cancer, but
also in the development of other epithelial tumors.
Some candidate tumor suppressor genes have been
mapped to this region: AIMI (6q21) has been
implicated in malignant melanomas (Rav et al.,

of ovarian tumor cells (Sandhu et al., 1996). Accord-
ing to the genetic map of Science 98 (htep://
www.ncbi.nlm.nih.gov/genemap98), A/M/ maps
centromeric to locus D685268, which lies 2 cM
proximal to the region defined in the present study.
This study thus appears to exclude AfMI as a
possible candidate gene implicated in gastric tumori-
genesis. The SEN6A gene has not been identified
vet, but could. based on the mapping data, be
identical to a gene inducing senescence of BK
virus-transformed mouse cells. The latrer gene has
been mapped to a 4-Mb segment at 6G21 (Morell
ct al. 1997). As this 4-Mb segment partly overlaps
with the SRO defined in this study, involvement of
this gene in gastric carcinoma cannot be excluded.

In summary, apart from confirming that 6q dele-
tions oceur in carly stages of development and in all
histologic types of gastric carcinoma, we have now
delimited the 12=16-cM SRO in 6g16.3-923 to a
region of 2 ¢M and ~3 Mb. This will facilitate the
identification of a putative gene in this region,
which seems to be involved in a major route of
CASITIC CArcinogenesis.
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ABSTRACT

In gastric cancer, alterations in the long arm of chromosome 6 are a frequent event. Two
regions of heterozygous loss have been described: 6q16.3 - 6g23 and 6g26 - 6q27. We have
evaluated by microsatellite - and FISH analyses the 6q status of three cell lines that we
established from primary gastric carcinomas xenografted in nude mice, in order to elucidate
the underlying mechanisms of 6q alterations. Alterations of the long arm of chromosome 6
were found in all three xenografts and corresponding cell lines. Allelic imbalance was found
in the three cases, by microsatellite analysis. FISH analyses clearly demonstrated a
duplication of the larger part of the 6q arm in all three cell lines. Two of the cell lines and the
corresponding xenografts showed in addition complete loss of one of the parental alleles at
the terminal part of 6q. Thus, the allelic imbalances observed along the long arm of
chromosome 6 are representing gain of alleles in one distinct chromosomal segment and loss

of alleles in another distinct segment.



INTRODUCTION

As in other types of tumors, gastric carcinomas result from the accumulation of several
genetic alterations. These alterations may fall into two main pathways of development of
cancer (Lengauer et al., 1998). One is the hypermutability pathway where inactivation of
repair genes (MSI phenotype) leads to an increase of the mutation rate, affecting many
different genes (Oliveira et al., 1998) and resulting in a deregulated proliferation of cancer
cells. The other is the chromosomal instability pathway that is characterized by gross
chromosomal alterations resulting in aneuploidy of cancer cells and leading to inactivation of
tumor suppressor genes and activation of oncogenes (Dos Santos and van Kessel, 1999).

Several studies have pinpointed chromosome 6 as a target of chromosome instability
in the development of gastric cancer. Karyotypically detectable deletions of the long arm of
chromosome 6, always involving region 6q21-q22 -> gter, have been observed in 26-45% of
primary gastric carcinomas (Ochi et al., 1986; Seruca et al., 1993; Panani et al., 1995).
Restriction fragment length polymorphism (RFLP) analysis also showed that the long arm of
chromosome 6 is frequently deleted in gastric carcinomas (Seruca et al., 1995; Gleeson et al.,
1997). Two regions of heterozygous loss on 6q have been described in primary sporadic
gastric carcinomas: one interstitial, between 6q16.3 and 6q23, is lost in 50% of informative
cases; the other distal, at 6q26-q27, is lost in 37% of informative cases (Queimado et al.,
1995). Recently, we delimited the interstitial region to a 2 cM segment, flanked by loci
D6S278 and D6S404 (6q16.3-g23.2) (Carvalho et al., 1999).

Prominent problems in loss of heterozygosity (LOH) studies in primary tumors are
admixture of stromal cells and presence of clonal heterogeneity. In xenografts and/or cell
lines the problem of admixed normal tissue does not occur. Moreover, in the xenografts
and/or cell lines, there is a positive selection for clones with a higher growth potential so that

information can be obtained on the role of genetic alterations in tumor development and



progression. Therefore, we studied chromosome 6 alterations in three cell lines derived from
primary gastric tumors that had been xenografted in nude mice. Data on the pathologic
characteristics of two of these cell lines have previously been described (Girtner et al., 1996).
Allelic imbalances (AI) of the cell lines and the respective primary and xenografted tumors
were analyzed with microsatellite markers. Results were compared with those from FISH

analysis of metaphases of the cell lines in order to elucidate the underlying mechanisms.



MATERIALS AND METHODS

Xenografts

Specimens obtained from primary and metastatic sites of eight human gastric cancers were
partly used to make formalin-fixed paraffin-embedded specimens for pathology examination
and partly cut in pieces with 5-6 mm diameter at the time of surgery. These pieces were
transplanted subcutaneously in the inter-scapular region of male and female nude mice
(athymic N: NIH(s)II-nu/nu nude mice 4-6 week old). Tumoral growth was monitored once a
week by ruler measurement of tumor length (a) and width (b). Tumor volumes were estimated
by the formula — V(mm3) =a x b’x 1/2. Tumor doubling times (Td) were calculated from a
plot of tumor volumes versus days after implantation. Tumorigenicity was determined 6-8
months after transplantation by observing whether or not tumor growth had occurred. When
the tumor volume reached approximately 1500 mm”, the tumor was resected and divided into
small fragments 5-6 mm diameter. One fragment was then reimplanted into each of five nude
mice to preserve the transplantable tumor line.

From the eight gastric carcinomas that were heterotransplanted into nude mice, five
achieved growth. Attempts to culture these xenografts in vitro were successful in three cases,
resulting in three cell lines (GP 195, GP 202 and GP 220).

According to Lauren’s classification (Laurén, 1965), the primary tumors of cases 195
and 220 were of the diffuse type. The primary tumor of case 202 was an atypical type tumor
with a component of diffuse cells. After transplantation of the primary tumor of case 202 only

diffuse cells were observed in the xenograft.

Microsatellite analysis
The sixteen polymorphic microsatellite markers used were D65305 and D65281 (Gyapay et

al, 1994), TBP and D65252 (http://cedar.genetics.soton.ac.uk/pub) plus the twelve used in our


http://cedar.genetics.soton.ac.uk/pub

previous study (Carvalho et al., 1999). Of the sixteen, 12 mapped to the region 6q16.3-q23.3,
one mapped at 6q14.2-q16.2 and three mapped at 627 (Figure 1). Microsatellite analysis was
performed as previously described by Carvalho et al (1999). All analyses were carried out at
least in duplo. Signal intensities were determined either by densitometry on an Ultrascan XL
LKB densitometer using Gel Scan XL 2.1 software (Pharmacia LKB), or on a phosphor-

imaging system (STORM 860, Molecular Dynamics).

FISH analysis

FISH analysis of the three cell lines (GP195, GP202, GP220) was performed according to
routine procedures with the following probes: a) a Bio-11-dUTP-labeled chromosome 6-
specific library (wcp6); b) a digoxigenin-11-dUTP labeled-chromosome 6 centromeric probe
(p308), in combination with Bio-11-dUTP-labeled CEPH YAC 870B3 (6q16.3-g21), and c)
CEPH YACs 801C2 (6q21-g23.3) and 820F9 (6q27) labeled with digoxigenin-11-dUTP and
Bio-11-dUTP, respectively, or d) a digoxigenin-11-dUTP labeled-chromosome 6 centromeric
probe (p308), in combination with Bio-11-dUTP-labeled CEPH YAC 820F9 (6q27). The
position of the YACs relative to the microsattelite markers is indicated in Figure 1.
Chromosomes were counterstained with DAPI. For each analysis 25 metaphases were

analyzed.



RESULTS

Microsatellite analysis

Figure 1 shows the results of the microsatellite analysis of the three cell lines (GP195, GP202,
GP220) and the respective primary and xenografted tumors. No allelic imbalances were
observed in the primary tumors of cases 195 and 202. Xenografts and cell lines of these two
cases, however, showed allelic imbalances for all informative loci between D65252 and
D65305. Complete loss of one parental allele was detected for case 195 at D6S281 and TBP,
and for case 202 at D6S305, D65281 and TBP.

Using DNA extracted from frozen material of the primary tumor of case 220, allelic
imbalances could not be detected. However, when tumor cells of case 220 were carefully
microdissected from paraffin sections, allelic imbalance was detected for both markers that
could be analyzed, namely D6S1647 and D6S404. The xenograft and the cell line of case 220
showed Al for all informative loci on chromosome 6q, but without complete loss of one of the
parental alleles.

For those loci where visual inspection of the autoradiograms indicated an allelic
imbalance, the ratio between the alleles was quantified. The ratios varied between 1.2 and 2.2
(Figure 1). For the same markers, densitometric scanning of the autoradiograms appeared to
result on average in lower ratios than analysis by the phosphor-imager system (see Figure I,

case 220).



FISH analysis

All three cell lines were successively hybridized with a chromosome 6-specific library
(wep6), with Y870B3 from 6ql6.3-g21 in combination with a chromosome 6-specific
centromeric probe, and with Y820F9 from 6q27 in combination with either the centromeric
probe or Y801C2 from 6q21-q23.3.

When hybridized with the chromosome-specific library, cell line GP195 showed two
apparently normal chromosomes 6 (with respect to size as well as banding) and one derivative
chromosome 6 that appeared larger than a normal chromosome 6, but nonetheless consisted
entirely of chromosome 6 material (Figure 2A). The centromeric probe and the proximal
YAC (Y870B3) both hybridized to the same set of three chromosomes (Figure 2B). Also the
middle YAC (Y801C2) hybridized to three chromosomes (not shown). The distal YAC
(Y820F9), however, hybridized to only two of these three chromosomes (Figure 2C). All
metaphases of GP202 contained one apparently normal chromosome 6 and two translocation
products that consisted only in part of chromosome 6 material (Figure 2A). The centromeric
probe gave a signal on two chromosomes; Y870B3 gave a signal on the same two
chromosomes and on one other chromosome (Figure 2B). Y801C2 gave a signal on three
chromosomes, and Y820F9 on two of these three chromosomes (Figure 2D). Thus, like
GP195, GP202 appears to contain three 6q arms, one of which is having a terminal deletion.
GP220 contained one apparently normal chromosome 6 and three translocation products that
consisted in part of chromosome 6 material (Figure 2A). The centromere 6-specific probe
gave a signal on two chromosomes, one of which also had a signal for Y870B3. In addition,
this YAC gave a signal on two other chromosomes(Figure 2B). Y801C2 and Y820F9 also
gave signals on three chromosomes (Figure 2D). GP220 clearly has three 6q arms. A

schematic representation of the FISH results is shown in Figure 3.



DISCUSSION

We have established cell lines from three primary gastric carcinomas previously xenografted
in nude mice. Since primary sporadic gastric carcinomas frequently show alterations in the
long arm of chromosome 6 regardless of their histologic differentiation (Ochi et al., 1986;
Seruca et al., 1993; Seruca et al., 1995; Gleeson et al., 1997), also in the early steps of tumor
development (Seruca et al., 1995), we focused in the present study on the evaluation of the 6q
status of these cell lines and the xenografts from which they originated.

Alterations of chromosome 6 were found in all three xenografts and corresponding cell
lines. A large part of the long arm of chromosome 6 appeared in friplo in all cell lines,
presumably as a result of a partial chromosome duplication. For GP195 the duplication
included the centromere. GP 195 and GP 202, and the corresponding xenografts, appeared to
have lost one of the parental regions 6q27-qter, which is seen as a complete loss of
heterozygosity of this segment. This loss of heterozygosity may have preceded the duplication
event. None of these alterations were detected in the primary tumors. Only for one tumor
(case 220) where microdissected material was available, we could detect allelic imbalance in
the primary tumor.

The seeming discrepancy between the findings in the primary tumors on one hand, and
those in the xenografts and cell lines on the other hand, may be explained by a masking of the
allelic imbalance in the primary tumors as a consequence of a large admixture of normal cells.
This may in particular occur in diffuse type carcinomas, such as the primary tumor of case
220. When tumor sections of this case were very carefully microdissected, the allelic
imbalance present in the xenograft could also be detected in the primary tumor. Another
explanation may be that the primary tumors are heterogeneous with respect to their genomic
alterations, and that clonal selection has occurred during the growth of the xenograft. Case

202 may be an example of this. The primary tumor of this case was classified as atypical with



a component of diffuse cells, whereas in the matching xenograft only diffuse type cells were
observed. Microsatellite analysis by itself cannot distinguish between these two possibilities.
Moreover, both may be true. (both may occur)

The FISH analyses clearly demonstrated that the three cell lines are homogeneous with
respect to their chromosome 6 content, since subclonal variations did not occur in the 25
metaphases analyzed per case. The FISH data indicated a duplication of the region 6q16.3-
q23.3 in all three cell lines. In the microsatellite analysis this should have resulted in a ratio of
1:2 between the alleles. In some cases, however, the ratio between the alleles, as determined
by densitometric analysis, strongly deviated from this expected value. The quantitative data
obtained with the phosphor-imager were more in agreement with the FISH data, but some
markers still gave a marked underestimation of the allele ratio, as shown in case 220 (Figure
1). This indicates that the ratio that is obtained with this type of semi-quantitative analysis
may vary for different markers and/or primer sets, irrespective of the actual situation in the
tumor.

In a recent analysis of 60 primary gastric carcinomas Al was interpreted as loss of one
of the parental alleles and not as a gain of 6q material, and we defined a 2-cM smallest region
of overlap of heterozygous deletions (Carvalho et al., 1999). The question needs to be
addressed whether this interpretation is still correct. One conclusion from the present work 1s
that one should be cautious to interpret allelic imbalance with allele ratios lower than 2 as the
result of heterozygous deletions. As clearly shown by our FISH results, allele ratios lower
than 2 may also result from aneuploidy of the analyzed loci. However, the three cell lines, and
most likely also the three matching xenografts described here, all had a duplication of the g-
arm of one of the parental chromosomes 6. In primary gastric carcinomas, the situation is
noticeably different. Here, we often detected allelic imbalance for a small region of 6q that

was flanked by regions of retention (Carvalho et al., 1999). Such a pattern may represent true
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loss rather than a duplication of only a small segment of the g-arm. This interpretation was
supported by the fact that some of the samples had previously shown loss of heterozygosity
with RFLP markers from the same region (Queimado et al., 1995).

The overrepresentation of the long arm of chromosome 6 observed in the three cell lines may
indicate that during the in vivo and in vitro culture, clones with this region in triplicate,
undetectable in the primary tumors, had a selective advantage. Though the number of cell
lines is limited, this consistent overrepresentation of the 6q16.3-q23.3 region, particularly in
the near-diploid cell line GP220, suggests the presence of (a) proliferative gene(s). An
overrepresentation of part of this region, namely 6q21-q22.2, in combination with a distal
deletion region has also been reported for one of five breast cancer cell lines that were
similarly analyzed (Zhang et al., 1998). On the other hand, two of our cell lines, GP202 and
GP195 (Girtner et al, 1996 and Figure 2) have a widespread overrepresentation of
chromosomes. Thus, at least for these two cell lines it cannot be ruled out that the observed
gain of 6q material is part of a general increase of ploidy of the cells rather than an 1solated
event related to tumor development or progression.

Two cases (195 and 202) show complete loss of one of the parental alleles at the
terminal part of the long arm of chromosome 6. The terminal 6q region was already
pinpointed by Queimado et al. (1995) as being frequently lost in gastric carcinoma, and may
therefore harbor a tumor suppressor gene. The availability of two gastric cancer-derived cell
lines with a terminal deletion of 6 may be useful for further —functional- studies aiming at

the identification of the putative tumor suppressor gene(s) in this region of 6q.
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FIGURE LEGENDS

Figure 1. Microsatellite analysis of cases GP195, GP202 and GP220. N, normal mucosa; T,

primary tumor; T1, microdissected primary tumor; X, xenograft in nude mice; L, cell line;

X/C and LJ/C, allelic ratios for xenografts and cell lines, respectively. O, retention of

heterozygosity; @, allelic imbalance; m, LOH; -, not informative; MI, microsatellite

instability. The approximate position of the YACs used in the FISH analysis (see Figure 2)
are indicated the open arrows on the left. The grey bar indicates the smallest region of overlap

of heterozygous deletions as defined previously (Carvalho et al., 1999).

Figure 2. FISH analysis of cell lines GP195, GP202 and GP220. Panels A, Chromosome 6
painting probe (wcp6); panels B, Bicolor FISH with a chromosome 6 centromere probe (green
signal) and Y870B3 (red signal); panel C, Bicolor FISH with Y801C2 (green signal) and
Y820F9 (red signal); panels D, Bicolor FISH with a chromosome 6 centromere probe (green

signal) and Y820F9 (red signal).

Figure 3. Schematic representation of the FISH results. Hybridization signals that appear on the

same chromosome are vertically aligned.
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ABSTRACT

In our search for genomic regions that are involved in the development of gastric cancer, we
recently identified a 2 ¢cM minimal region of overlapping heterozygous deletions in 6q16.3-
q23.1 (1). In this study we describe an application of the suppression subtraction method
developed by Diatchenko et al (2) to search for genes in a small region of the genome, taking
advantage from the fact that many human genes present on yeast artificial chromosomes are
expressed in yeast. Subtraction was performed with two non-overlapping YACs that covered
a region of approx. 2.3 Mb. Combined forward and reversed subtractions resulted in the
identification of 12 clones of human origin, 8 of which could be confirmed as originating
from 6q. The whole procedure, including mRNA isolation and differential screening, could be
performed in only two weeks, clearly demonstrating the strength of this method to identity

novel transcripts in Mb-size sections of the human genome.



INTRODUCTION

In our search for genomic regions that are involved in the development of gastric cancer, we
recently identified a 2cM minimal region of overlap of heterozygous deletions in 6ql16.3-
q23.1 (1). Several methods are available to initiate a search for genes in such a limited
genomic region, such as direct screening of cDNA libraries, cDNA selection-PCR based
methods, cross-species sequence homology searches, screening of CpG islands, exon trapping
strategies or screening for splice sites (for review see 3). Though all these methods can be
useful in the identification of genes, some are very laborious and time-consuming. There is
also a variety of methods allowing identification of differentially expressed genes, such as
cDNA subtractive hybridisation (SH) (for a review see 4), differential display (DD) (5),
representative difference analysis (RDA) (6), serial analysis of gene expression (SAGE) (7)
and suppression subtractive hybridisation (SSH) (2). These latter methods, however, analyse
complete genomes instead of restricted regions. In this study, we describe application of a
subtraction method to analyse only a small region of the genome. Our strategy took advantage
from the fact that many human genes present on yeast artificial chromosomes are expressed in
yeast (8). Thus, in a cDNA subtraction protocol using two yeast clones that contain different
YAQCs, the resulting pool of cDNAs will be enriched for genes expressing themselves on the
human inserts of the YACs. Among the various subtraction methods available, we chose the
suppression subtractive hybridisation strategy (2, 9) to analyse the gene contents of two YACs

from the 2 ¢M smallest region of overlap of heterozygous deletions in gastric cancer.



MATERIAL AND METHODS

Isolation of RNA and DNA from yeast

Yeast cells containing different CEPH YACs were grown for 48h at 30 °C. Total RNA was
isolated according to the RNAzol™ B procedure (Campro Scientific). Poly A* RNA was
obtained using the mRNA purification kit from Amersham Pharmacia Biotech. DNA was

isolated by standard salt-chloroform extraction (10).

Suppression subtractive hybridisation

First strand ¢cDNA was synthesized from 2 pg of poly A" RNA using AMV reverse
transcriptase from Clontech’s PCR-Select™ c¢DNA subtraction kit. Subtraction was
performed according to the instructions of the kit (PCR-Select cDNA Subtraction Kit,
Clontech), but with the following modification. Diluted cDNAs (subtracted and unsubtracted
samples) were further diluted 50x before the primary PCR. PCR products were subcloned into
pCRII using a TA Cloning kit (Invitrogen). The transformed bacteria were plated on
selective plates and white colonies were selected randomly, resulting in two cDNA libraries,

specific for the forward and reverse subtractions, respectively.

Subtraction efficiency

Primers for the yeast housekeeping gene ZWF1 (encoding glucose-6-phosphate
dehydrogenase, accession nr. M34709) were designed in order to check the depletion of non-
differentially =~ expressed  sequences. Primer  sequences  were: forward 5’-
GGATTCCAGAGGCTTACGAG-3',  reverse 5’-GGGTGCTTTTCGGGCATAAC-3’,
resulting in an amplicon of 232 bp. Amplification was for 30 cycles with denaturation at 94
°C for 0.5 min, annealing at 58 °C for 0.5 min, and extension at 72 °C for 2 min. The initial

denaturation step at 94 °C and the final extension at 72 °C lasted for 3 min.



Differential screening

Inserts of the selected colonies were amplified by touch—-PCR. The PCR was carried out in a
25-ul reaction volume containing 10 mM Tris-HCI (pH 8.0), 50 mM KCl, 1.5 mM MgCl,,
200 mM of each deoxynucleotide triphosphate, 0.4 mM of each primer (M13 forward 5’-
GTAAAACGACGGCCAG-3’; M13 reverse 5’-CAGGAAACAGCTATGAC-3’), and 0.5 U
of Tag DNA polymerase (Pharmacia). Amplification was for 30 cycles with denaturation at
94°C for 0.5 min, annealing at 50°C for 0.5 min, and extension at 72°C for 1.5 min. The
initial denaturation step at 94°C and the final extension step at 72°C lasted for 3 min. Part of
the PCR product (7 ul) was analysed on a 2% agarose gel. PCR products were denatured by
addition of an equal volume of 0.5M NaOH, and 3-pl aliquots were dot-blotted on nylon
membranes (Hybond-N+; Amersham Pharmacia Biotech). Of each filter, four identical copies
were made. DNA was cross-linked to the membranes by incubation at 80 °C for 2 h.
Membranes were hybridised with both non-cloned subtracted cDNA pools. cDNA clones that
hybridised predominantly with the cDNA pool from which they originated, were considered

specific for that cDNA pool.

Southern analysis and Northern analysis
Inserts from the selected clones were hybridised to Southern membranes containing EcoRI
digests of human DNA, DNA from the two YACs used in the subtraction (Y776A5, Y785D2)

and from YACs overlapping with them (Y798G12, Y911F5). DNA from YAC 915E4,
mapping to distal 6q was used as negative control. The inserts were labelled with 30 uCi [o-
32P] dCTP by random primer labelling. Probes and Southern membranes were prehybridised
with 10 pug and 15 pg human Cot-1 DNA (GibcoBRL), respectively. Hybridisation was
overnight at 65 °C in a buffer containing 0.5M NaHPO4 (pH 7.0), 7% SDS, and ImM EDTA.
For washings, solutions of decreasing stringencies (2x SSC/0.1% SDS; 1x SSC/0.1% SDS;

0.3x SSC/0.1% SDS; 0.1x SSC/0.1% SDS) were used at 65 °C. cDNA clones were hybridised



to commercial available multiple-tissue Northern blots (#7759-1; #7767-1, #7780-1 -

Clontech), following the supplier’s instructions.

Sequencing analysis
Selected clones were sequenced using an ABI Prism ™377 DNA Sequencer (Perkin Elmer)
and M13 primers from the pCR™ vector. The ¢cDNA sequences were compared to the

available databases using BLAST search (http://www.ncbi.nlm.nih.gov/blast/blast.cgi).


http://www.ncbi.nlm.nih.gov/blast/blast.cgi

RESULTS

From the Whitehead Institute database, 4 YACs were selected that according to their STS
marker content mapped within the 2-cM smallest region of overlap (SRO) of heterozygous
deletions (1). YAC 776A5 (990 kb) contains marker D6S278 flanking the SRO on the
proximal side and markers D6S1594 and WI1240 that map within the SRO. YAC 785D2
(1370 kb) contains the markers WI13490 and D6S1647 that also map within the SRO. The STS
content of each YAC was confirmed by PCR (data not shown). YACs were tested by FISH to
metaphases to be nonchimeric. The relative position of the YACs as depicted in Figure 1, is

based on their STS content.

¢DNA subtraction and differential screening

The two contiguous but non-overlapping YACs 776AS5 and 785D2 were used for the
subtraction. Forward and reverse subtractions were performed in parallel, with Y776A5 as
tester in the forward subtraction and Y785D2 as tester in the reverse subtraction. The
efficiency of the subtraction was assessed by determining the abundance of the yeast ZWF1
gene, a housekeeping gene, in the cDNA pools. When the unsubtracted and the subtracted
cDNA pools were subjected to PCR using ZWF1 gene-specific primers, a PCR product with
the expected length was obtained only for the unsubtracted cDNA pool (Figure 2). This
indicates that the subtraction step had indeed resulted in depletion of the yeast ZWF1 gene.
After subcloning of the subtracted cDNA populations, two libraries of 192 cDNA clones each
were generated, corresponding to the forward and the reverse subtraction, respectively. Of
these 384 clones, 7 had no insert. The inserts of the other clones as determined by touch-PCR
varied in length between 100 bp and 800 bp (Figure 3).

In the differential screening, the membranes that carried the dot-blotted inserts of the cloned
c¢DNAs were subsequently hybridised with the two cDNA pools resulting from the forward

and reversed subtractions. Clones were considered specific for the cDNA pool from which



they were derived, when a strong hybridisation signal with that cDNA pool was observed in
combination with absence of a signal or a very faint hybridisation signal with the other cDNA
pool (Figure 4). Inserts from the clones selected by the differential screening were hybridised
to the dot-blotted cDNA libraries to identify identical clones. Thus, the 30 clones that were

selected for further analysis appeared to represent 21 independent clones (Tables 1 and 2)

Analysis of the selected clones

All selected clones were hybridised to EcoRI-digested human placenta DNA, to EcoRI-
digested DNA from the YACs that were used in the subtraction, and to EcoRI-digested DNA
from two other YACs that were overlapping with them. An example of such an analysis is
shown in Figure 5. Hybridisation of clone 180, selected from the forward subtraction, to
human DNA resulted in a single hybridising band of approximately 9 kb. When the same
clone was hybridised to the two YACs used in the subtraction, a single band of the same size
as for human DNA was detected in the tester YAC (Y776A5), but not in the driver YAC
(Y785D2). A band with the same size was also observed in Y798G12 that partly overlaps
with Y776A5. Data from the Southern analysis of the selected clones are summarised in
Table 1 for the forward subtraction and in Table 2 for the reverse subtraction. In total, four
out of seven clones of the forward subtraction gave rise to a unique band when hybridised to
human DNA and to a band of similar size when hybridised with the tester YAC (Y776A5).
The remaining three clones did not give a signal with human DNA, but gave specific and
identical bands with all YACs.

In the reverse subtraction, 8 out of 14 clones gave rise to a unique band when hybridised to
human DNA. All these 8 clones gave a band of similar size when hybridised with the tester
YAC (Y785D2). For the remaining 6 clones a specific signal was seen in the hybridisation to

all YACs, but not in the hybridisation to human DNA.



Hybridisation of the clones to the set of four YACs gave us some information about the
position of these clones within the YAC contig. A schematic representation of the physical
location of the cDNAs is depicted in Figure 1.

Comparison of the sequences of the 12 human clones to the BLAST database did not reveal
any homology to known genes. However, 8 out of the 12 clones did show a high degree of
homology with genomic sequences from 6q.

As a first approach to verify that the selected clones indeed represented sequences that are
transcribed in — a subset of - human tissues, we hybridised their inserts to multiple-tissue
Northern blots. From the 11 clones that were analysed, clone 5 from the first subtraction and
clones 17, 132 and 144 from the second subtraction, showed expression in normal tissues of

different embryological origin. An example is shown in Figure 6.




DISCUSSION
Our previous study on allelic imbalances in 60 gastric carcinomas with 19 microsatellite
markers predominantly from 6ql6-q23, resulted in the identification of a smallest region of
overlap of heterozygous deletions of approx. 2 cM (1). Instead of trying to narrow down the
region by increasing the number of tumours or by including more markers, we decided to
assemble a YAC contig for this region as starting point for a gene search. Several methods
have been developed to identify genes in large segments of genomic DNA. Direct screening
of cDNA libraries with whole YACs can be successful, but is dependent on the expression of
the gene within the cDNA library used (11, 12, 13). Exon trapping has also been used
successfully, but is a time-consuming procedure known to often generate many false-
positives. In general, cosmid-size fragments are used as starting material. That would have
urged us to construct a cosmid contig of the region of interest.

Reports that human and mouse genes encoded on YACs are transcribed in yeast (8, 14,
15) suggest that these genes could in principle be identified by methods that analyse
differentially expressed genes. By using two yeast clones, containing different YACs in a
subtraction protocol, it should be possible to specifically isolate the transcribed sequences that
are encoded by these YACs. Thus, a subtraction method could be used to identify unknown
genes in a limited region of the genome.
Diatchenko et al (2) have developed a PCR-based cDNA subtraction technique (SSH -
suppression subtractive hybridisation) that has some advantages compared to other
subtraction methods. (a) It equalises transcripts abundance among the target cDNA
population, which allows the detection of rare transcripts. (b) Only one round of subtraction is
needed, and (c) due to the suppression effect during the PCR, physical separation of the
unhybridised cDNAs (differentially expressed transcripts) is not necessary. Diatchenko et al
(2) used this method to subtract human testis cDNAs against a mixture of cDNA derived from

10 different human tissues and achieved a high level of enrichment of testis-specific cDNAs.
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They used the subtracted cDNA mixture to screen a cosmid library constructed from flow-
sorted human Y chromosomes. By a subsequent Northern analysis with 37 selected cosmids 5
different chromosome Y-specific genes expressed in testis were identified. The application of
this method (16) also resulted in the identification of 27 genes differentially expressed to an
estrogen receptor-positive breast carcinoma cell line and an estrogen receptor negative breast
carcinoma cell line.

Here, we have applied this subtraction approach to two non-overlapping YACs that
covered a region of approx. 2.3 Mb. The combined forward and reversed subtractions resulted
in the identification of 21 unique clones. Of these, 12 appeared to be of human origin, as they
hybridised to human DNA and to the tester YAC. The remaining 9 clones hybridised to all
yeast DNA samples present on the membrane, but not to human DNA. These clones
presumably represent yeast cDNAs. This conclusion was confirmed by sequence analysis of
some of these clones (data not shown), that indicated a high degree of homology with yeast
sequences. The detection of yeast cDNAs may be caused by the differential expression of
some yeast genes between the two cultures or may be intrinsic to the method that only
guarantees an enrichment in differentially expressed genes. The efficiency of the subtraction
was indicated by the fact that transcripts of the yeast housekeeping gene ZWFI could no
longer be detected in the subtracted cDNA pool.

The isolation of 12 transcribed fragments of human origin already demonstrates the
strength of this method. We tested how many of these fragments indeed represented human
genes by sequence analysis of these clones and by Northern analysis. Four out of the 11
clones that were subjected to a Northern analysis showed expression in various tissues. Clone
24 (Y785D2) was not subjected to Northern analysis, since the comparison of its sequence
with the database showed a high degree of homology with LTR7-HERVH elements. Our
failure to detect expression for 7 clones can be caused by an overall low expression in human

tissues in combination with the small size of the clones. Alternatively, some of the clones may
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consist of intronic sequences that were not spliced out during the mRNA maturation process.
Splicing of foreign transcripts in yeast may not be efficient (17). Human and mouse
sequences do not contain some of the consensus sequences needed by the splicing machinery
in yeast to properly excise introns (18, 14).

Summing up, the strategy used in this work resulted in the identification of 12 cDNA
clones that map to the human DNA segment covered by the YACs 776A5 and 785D2. The
fact that the whole procedure, from mRNA isolation until differential screening of the dot-
blots, can be done in only 12 days, clearly demonstrates the strength of this method to identify

novel transcripts in Mb-size sections of the human genome.
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Figure 1. Schematic representation of the YAC contig in the 6q region and location of the

human clones relative to the YACs.

Figure 2. Results from the amplification of ZWF1 gene on the subtraction of YACs 776A5
and 785D2. Lanes 1 and 2, unsubtracted cDNA from 776A5 (tester) and 785D2 (tester),
respectively; lanes 3 and 4, Subtracted cDNA from 776A5 (tester) and 785D2 (tester),

respectively; lane 5 genomic DNA from YAC 785D2 (control of PCR).

Figure 3. PCR products of clones from the cDNA library. Insert sizes vary from 100bp to

800bp.

Figure 4. Example of a result from differential screening hybridisation. Hybridisation of the
cDNA library of clones specific for Y785D2 (reverse experiment of the first subtraction. A,
probe: pool of cDNAs subtracted (not cloned) from the reverse experiment of the first
subtraction (Y785D2 as tester); B, probe: pool of cDNAs subtracted (not cloned) from the
forward experiment of the first subtraction (Y776A5 as tester). Examples of some positive

clones specific for Y785D2 (clones 8, 11, 24, 44) are indicated with a circle.

Figure 5. Southern analysis. Human clone - 180 (Y776A5)- 9 kb. Yeast clone — 146
(Y785D2). Lane 1, Y915E4 (6g27); lane 2, Y776A5; lane 3, Y785D2; lanes 4 and 5, human

placenta; lane 6, Y798G12; lane 7,Y91 IF5.

Figure 6. Northern analysis. Clone 144 (Y785D2). Lane 1, stomach; lane 2, thyroid; lane 3,

spinal cord; lane 4, lymph node; lane 5, trachea; lane 6, adrenal gland; lane 7, bone marrow.
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Table 1. Southern analysis data of selected clones from the forward subtraction (tester

Y776A5)
Clones Size Human Size  Y776a5 Y785d2 Y798gl YO9IIfS Y915e4 Similar
(bp) Placenta  (kh) 3 clones
5 364 + 5.0 + - - - - n=>35
26 - - + + + + + -
32 - - - + + + + + -
63 . - - + + + + + -
91 584 + 128 + - + - - n=1
144 282 + 7.0 + - - - n=_0
180 480 + 8.5 + - - - - n=9

Table 2. Southern analysis data of selected clones from the reverse subtraction (tester

Y785D2).
Clones Size human  Size Y776a5 Y785d2 Y798gl2 YOI1f5 Y915e4 Similar
(bp) Placenta  (ip) clones
6 642 + 3.5 - - - - - n=1
8 422 + 4.0 - + - + - n=0
11 - - - + + + + + -
15 562 - 9.0 - + - - - =}
21 - - - + + + + -
24 810 + 55 - + - + - A =2
44 164 + 55 - 4 = + - n=0
68 - - - E + -+ + + -
77 583 + 6.0 - + + - - n=>0
78 - - - + + + + + -
119 - - - + + + + + -
132 584 + 10.0 - + - - - n=>0
144 389 + 7.0 - + - + 5 n=1
146 - - - + + + + + -
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