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Genetic analysis of the DBC2 gene in gastric cancer
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Abstract

The DBC2 (Deleted in breast cancer, R2oBTB2) has been identified as a tumor suppressor gene that has growth inhibitory
function. To investigate whether genetic alterations of the DBC2 gene are involved in the development of gastric cancer, we
analyzed mutations and allelic loss in the DBC?2 gene in 95 primary gastric cancers by PCR-SSCP, sequencing and LOH
analysis. In the mutational analysis, we found one missense somatic mutation (CGG -»TGG, R275W) in the BTB/POZ
domain of the gene in a patient with advanced gastric cancer and lymph node metastasis. In addition, we found one known
polymorphism and three novel polymorphisms in the coding region of DBC2, which showed an amino acid change, and was
detected in both the cancer cells and corresponding normal cells. On LOH analysis, 62 cases were heterozygous for at least
one marker and 18 cases (29.0%) showed allelic loss at these markers. In conclusion, the mutations and allelic loss in the
DBC?2 gene are uncommon in gastric cancers in Korean patients. Further studies to identify the target gene at 8q21

responsible for the development of gastric cancer should be explored.

Introduction

Gastric cancer remains a leading cause of cancer
death worldwide and continues to be responsible for
the majority of cancer deaths in Asian countries [1].
In Korea, it accounts for an estimated 20.9% of all
malignancies, with 24.4% in the male population
and 16.3% in the female population [2]. Thus,
gastric cancer remains a significant contributor to
the world’s health burden. However, little is known
about the molecular genetic events during it’s the
development and progression of gastric cancer.

The frequent chromosomal losses in carcinomas
that develop from certain epithelial cells have
implicated putative tumor suppressor gene(s) lo-
cated on the affected chromosome in carcinogenesis.
Several cytogenetic studies have identified chromo-
some 8p2l as a common deletion region that
contains one or more of the genes associated with
the development or progression of gastric cancer
[3-6], lung cancer [7] and head and neck cancer [8].
In our previous report, we analyzed the genetic
alteration and functional inactivation of DR4 and

DRS5, which are located at 8p21, and found a low
frequency of mutations in the DR5 gene and no
mutations in the DR4 gene [9]. Therefore, another
tumor suppressor gene(s) may be involved in gastric
cancer, at the 8p21 location. Recently, Hamaguchi
et al. identified a new tumor suppressor gene, the
DBC?2 (deleted in breast cancer, RhoBTB2) gene,
which belongs to the Rho GTPase family and is
located at 8p21 [10]. The DBC2 gene demonstrated
growth inhibitory activity in a breast cancer cell line
and genetic alterations of the DBC2 gene were
detected in nearly 10% of breast cancer samples.
In addition, only one somatic mutation of the DBC?2
gene was detected. Furthermore, 42% of tumors
showed allelic loss in bladder cancer, suggesting an
uncommon somatic mutation of the DBC2 gene in
bladder cancer [6,10].

The Rho family of small GTPase constitutes a
subgroup of GTP-binding proteins of the Ras super-
family ubiquitously present in eukaryotic cells [11].
Interestingly, Rho GTPase has been shown to
be involved in the regulation of a broad range of
cellular process like endocytosis, vesicle trafficking,
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morphogenesis, cytokinesis, transcriptional activa-
tion, cell cycle progression, and apoptosis [12,13].
In addition, there is increasing evidence that Rho-
regulated signal transduction pathways are asso-
ciated with tumorigenesis and metastasis [14]. Taken
together, these facts led us to focus on the genetic
alteration of the DBC2 gene in sporadic gastric
cancer.

Here, to determine whether genetic alteration of
the DBC2 gene on chromosome 8p2l1 could be
involved in the development of gastric cancer. We
evaluated gastric cancer samples for mutations and
allelic losses in the DBC?2 gene in Korean patients by
SSCP-sequencing and loss of heterozygosity (LOH)
analysis.

Material and methods
Tissue samples and microdissection

Ninety-five methacarn fixed paraffin-embedded gas-
tric carcinoma specimens were obtained from the
College of Medicine, The Catholic University of
Korea. Hematoxylin & Eosin (H&E)-stained histo-
logical sections were reviewed in each case. The
tumors were classified according to Lauren’s criteria
[15]. Fifty-two carcinomas were of the intestinal-
type and 43 tumors of the diffuse-type. Informed
consent was provided according to the Declaration
of Helsinki. Approval was obtained from the institu-
tional review board of The Catholic University of
Korea, College of Medicine. There was no evidence
of familial cancer in any of the patients.

DNA extraction

The tumor cells were selectively procured from
Hematoxylin & Eosin stained slides using a laser
microdissection device ION LMD, JungWoo Inter-
national Co, Seoul, Korea). The surrounding nor-
mal gastric mucosal cells were also obtained to study
the corresponding normal DNA from the same
slides in all cases. We also extracted DNAs from
metastasis negative surrounding lymph nodes in
cases with sequence variations in both the cancer
cells and the normal gastric mucosal cells, to rule out
the possibility that the sequence variations were
germline mutations. After microdissection, DNA
extraction was performed by a modified single step
DNA extraction method [16].

Single strand conformation polymorphism (SSCP) and
DNA Sequencing

Genomic DNAs from tumor cells and corresponding
normal cells were amplified with 18 primer pairs
covering the entire coding region of the DBC2 gene

(Table I). Oligonucleotide primers were designed
with the program Oligo (National Biosciences, Ply-
mouth, MN, USA) using sequences obtained from
Genbank (accession No. NT_023666). The num-
bering of the cDNA from DBC?2 was from the ATG
start codon of the gene (NM_015178). Each poly-
merase chain reaction (PCR) was performed under
standard conditions in a 10 pl reaction mixture
containing 1 pl of template DNA, 0.5 uM of each
primer, 0.2 pM deoxynucleotide triphosphate,
1.5 mM MgCl2, 0.4 unit of Ampli Taq gold
polymerase (Perkin-Elmer, Foster City, CA, USA),
0.5 pCi of >*P-dCTP (Amersham, Buckingham-
shire, UK), and 1 pl of 10X buffer. The reaction
mixture was denatured for 12 min at 95°C, anneal-
ing for 30 s at 56-67°C, and extension for 30 s at
72°C. After amplification, PCR products were
denatured for 5 min at 95°C at 1:1 dilution of
sample buffer containing 95% formamide/20 mM
EDTA/0.05% bromophenol blue/0.05% xylene cya-
nol and were loaded onto a SSCP gel (FMC
Mutation Detection Enhancement system, Inter-
mountain Scientific, Kayswille, UT, USA) with
10% glycerol. Samples were electrophoresed at
8 W at room temperature overnight [17]. After
electrophoresis, the gels were transferred to 3 MM
Whatman paper and dried. Autoradiography was
performed with Kodak X-OMAT film (Eastman
Kodak, Rochester, NY, USA). For the detection of
mutations, sequencing of the PCR products was
carried out using the cyclic sequencing kit (Perkin-
Elmer, Foster City, CA, USA) according to the
manufacture’s recommendations. Sequence varia-
tions were verified through triplicate experiments
including PCR, SSCP and sequencing analysis.

LOH Analysis

The tumor and corresponding normal DNAs from
each slide were amplified using a thermal cycler
(M]J Research, Inc., Watertown, MA, USA) with
the microsatellite markers D8S258 and NEFL.
The PCR conditions for the LOH study were the
same as the conditions described above. The
reaction products (20 pl) were then denatured
and electrophoresed in 6% polyacrylamide gels
containing 7M urea. After electrophoresis, the
gels were transferred to 3MM Whatman paper,
dried and subject to autoradiography using Kodak
X-OMAT film (Eastman Kodak, Rochester, NY,
USA). Complete or near complete absence of 1
allele in the tumor DNA of informative cases, as
defined by direct visualization, was considered as
LOH.
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Table I. Primer sequences for amplifying the coding region of the DBC?2 gene.

Exon Sequence Annealing Temp. Size (bp)
F:5-CGGAGGGACCCCTGACATTTC-3' )
R:5-CCATAACCGCAAGCAGCCATCTA-3" 60° 121
F:5-CCGTCCTGACCGCCTCCCTCCTC-3"

2A R:5-GCATGGCAAGCGCGGGCACA-3' 67° 154
F:5-GGGACAACGCCGTGGTGAAGA-3’

2B R:5-AGCCCCCAAGCCCAGACTCAT-3’ 61 189
F:5-CTTCGAGTCCCACTCTTCCTC-3’

3 R:5-CCACCCTGTTGGTTATCTGC-3’ 56° 179
F:5-ACCACTTGTTTCTCTGCCCGTAAC-3’ )

4 R:5-ACCCATCCATGTCTGTCTCCTTG-3’ 63° 269
F:5-CCTCCCTCCACCACCAACACA-3’ )

54 R:5-GATGAGTGCAGCTCGGATGGC-3’ 62 194
F:5'-CGGCATCAAGGACGTCTTTGACA-3’ )

5B R:5-GAGGGTCGGGCACCACGAT3’ 63 164
F:5-TGCAGGCACCCTTCCTACCC-3’ )

5C R:5-CCCCCTCACTCAGGTCCATGA-3’ 61 225
F:5-ACCTCTCCACCTCCTCCTCCAA-3’ )

5D R:5-CCAGCCTCATCCACGCTCTC-3’ 61° 214
F:5'-TCCGAGCAGCCAGCTTTGAC-3’ )

5E R:5-CCATCAGCCGGGATTTGTAGGT-3' 62 219
F:5-AGCATCCAGGAAGAGATGGCAGA-3’ )

5F R:5-CCACCATCATGCGCAGATCA-3’ 61 211
F:5-GCTGAGCTGCTCGAGGTCT-3’ )

5G R:5-TAATAGCACCAATGCAGAACCC-3’ 60 196
F:5-AGTCCTCCTGTGATGCTTCTTCTG-3’ )

6 R:5-GTGCAAATGTCTCACTCCCRCC-3’ 60 197
F:5-TGCTGTCCGCTCACTCCTTCC-3' )

7 R:5-AGGTCCCCGAGTGCACTGCTTA-3’ 60 207
F:5-CTTCTTCAGCTGATTGGTGG-3' )

8 R:5-AGACTGTTGTAGATTCCCTCCC-3’ 57 158
F:5'-AGGCAGCTGGAGGTGTCTATGCAG-3’ )

9 R:5-CTAAGGGGAGGGCAGCAGGTACTG-3’ 60 228
F:5-TTTCTAACCAAGCTGCCTGCTCT-3' )

104 R:5-AAGACGGGGAGGATGGACTG-3’ 56 200
F:5'-CACCTCAAGCGGCAGCCCAAACG-3" )

10B R:5-TGAAGGCGGATGGGGACAACAGCA-3' 61 162

Results cancer cells, we extracted genomic DNAs from

Mutational analysis

We analyzed mutations in the entire coding region of
the DBC?2 gene in 95 gastric cancers by PCR-SSCP
and sequencing analysis. We found one missense
mutation (case 66), a C to T transition that resulted
in an arginine to tryptophan alteration at codon 275
in the BTB/POZ domain. The mutation was present
in tumor tissue, but absent in the correspond-
ing normal tissue, suggesting of somatic mutation
(Figure 1A). The case was a clinically advanced
gastric cancer with lymph node metastasis (Table II).
In addition, three novel sequence variations were
also detected, two at exon 5 and one at exon 6, in
both corresponding normal and tumor DNA. All of
them showed an amino acid change at codon 244
(Val »Leu, GTG->TTG), codon 263 (Pro—Leu,
CCG—-CTGQG) and codon 501 (Ala—Thr, GCT —
ACT) (Table II). To rule out the possibility of a
somatic mutation in surrounding gastric mucosa and

the surrounding lymph nodes and found identical
sequence variations in the lymph node DNAs,
indicating a single nucleotide polymorphism. One
known polymorphism (S288S) was also identified
[6]. We repeated the experiments three times in-
cluding microdissection and PCR, SSCP and se-
quencing to ensure the reliability of the results and
the data were consistent.

LOH Analysis

Ninety-five gastric cancer cases were analyzed for
allelic loss of the DBC2 with highly informative
microsatellite markers D8S258 and NEFL. Micro-
satillite instability was found in 17 and 11 cases at
D8S258 and NEFL, respectively. For D8S258,
43 (55.1%) of 78 cases were informative with
10 (23.3%) of them showing an allelic loss. Thirty-
nine cases were informative at NEFL and eight cases
(20.5%) demonstrated an allelic loss. Sixty-two
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Figure 1. Representative results showing SSCP, Sequencing and LLOH analyses of the DBC2 gene in gastric cancer. A. SSCP analyses of
case No. 66 showed aberrant band (arrow) as compared to SSCP from corresponding normal tissue. The mutations were missense
mutation; a C to T at codon R275W in BTB/POZ domain of the gene. B. Representative results of loss of heterozygosity at microsatellite
markers, D8S258 and NEFL (N, normal; T, tumor). Arrows indicate allele exhibiting LOH.

(78.6%) cases of 80 gastric cancers without a MSI
were heterozygous at the D8S258 and/or NEFL
markers and 18 (29.0%) cases showed a LOH at
these markers (Figure 1B). The case with the DBC2
somatic mutation also showed LOH at the NEFL
marker. However, wild- and mutant-type alleles were
seen on the SSCP gel of this case, indicating a
somatic mutation in one allele and the presence of
the remaining allele.

Discussion

Human carcinogenesis is generally regarded as a
multistep process involving both activation of onco-
genes and inactivation of tumor suppressor genes.
Tumor suppressor genes are thought to partici-
pate in tumor development and progression when

inactivated, commonly by gene mutation or allelic
deletion. When a particular type of cancer exhibits
frequent LOH, at a specific chromosomal region, we
assume that a tumor suppressor gene important in
the carcinogenesis of that tumor is present in that
region. For example, LOH analysis in gastric cancers
led to the identification of important loci critical to
its development [18,19]. Allelic losses of the chro-
mosome region 8p21 have been reported as a
frequent event in several cancers, including gastric
cancer [5,9]. These results strongly suggest that one
or more tumor suppressor genes specific to several
types of human cancers, especially to gastric cancer,
may exist on 8p21. Thus, we focused our attention
on another tumor suppressor gene at this chromo-
some region 8p2l to evaluate its role in gastric
cancers.

Table II. Clinicopathologic data of the gastric cancers with sequence variations of the DBC?2 gene.

/N Size Allelic Nucleotide Predict Sequence Sequence
Case no. Sex/Age Histology Diff. meta. TNM (cm) loss number effect variation domain variation type
66 F/72  Intestinal PD + I 3.5 + c.823C->T R275W  BTB/POZ Missense
mutation
172 M/54 Intestinal MD + I 5.0 + c.788C/T P263L BTB/POZ SNP
201 F/59 Intestinal MD + IIIA 6.5 NI c.730G/T V244L Pro-rich region SNP
NI c.1500G/T A501T BTB/POZ SNP

Diff., differentiation; PD, poor differentiation; MD, moderate differentiation; L/N meta., lymph node metastasis; TNM, TNM
classification; +, loss of heterozygosity; NI, noninformative; SNP, single nucleotide polymorphism.
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Recently, mutation of the DBC?2 (deleted in breast
cancer, RhoBTB2) gene, which belongs to Rho
GTPase family and is located on chromosome
8p21, has been identified as a candidate tumor
suppressor gene in breast and bladder cancer [10].
Additionally, the DBC2 gene, 0.1 Mb proximal to
the DRS5, is the nearest gene to this specific region of
allelic loss. Therefore, it is reasonable to consider
that inactivation of the DBC2 gene through primary
structural changes, such as mutations and allelic
loss, could be involved in the development or
progression of various human cancers, including
gastric cancer. In the present study, we found one
missense mutation of the DBCZ2 gene, R275W,
located in the BTB/POZ domain and an allelic loss
in 18 (29.0%) of 62 informative cases with the
D8S258 and/or NEFL markers. The case with the
mutation was an advanced intestinal-type of gastric
cancer with lymph node metastasis. Interestingly, the
mutation site was a highly conserved region in rat,
mouse and sheep homologues (data now shown). In
mammals, the RhoBTB subfamily of Rho GTPases
consists of three members (RhoBTB1, 2, 3) and is
expressed in a wide range of tissues including brain,
stomach, skeletal muscle, and placenta, in the hu-
man and mouse [20]. The BTB domain (Broad-
Complex, Tramtrack, and Bric a brac), also known
as the POZ domain (poxvirus and zinc finger), is an
evolutionarily conserved domain involved in protein-
protein interaction and participates in homomeric
and heterodimeric associations with other BTB
domains [21]. The function of the BTB/POZ
domain is involved in transcription repression,
cytoskeleton regulation, ion channel assembly and
protein ubiquitination [22-24]. In particular, induc-
tion of the wild-type DBC2 stopped cell prolifera-
tion, whereas induced expression of the mutant
DBC?2 in the BTB/POZ domain did not suppress
cell growth [10]. A recent report demonstrated that
the down-regulation of cyclin D1 was an essential
step for DBC2 growth suppressor function in tumor
cells [25]. Although we did not perform a functional
analysis on this mutant, it is likely that the genetic
alteration of the BTB domain in the DBC2
gene inhibits DBC2 activity as a growth inhibitor.
However, our results suggest that the genetic altera-
tion of the DBC2 gene might play a minor role in
the development or progression of gastric cancer
in Korean patients. Further studies on the DBC2
gene in a larger population are needed to bro-
aden our understanding not only of the pathophy-
siological implication of Rho GTPase but also
of the pathogenesis of the development of gastric
cancer.
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