
Owing to continuous developments of high-throughput experimental technologies,
ever-increasing amounts of data are being generated in functional genomics and
proteomics. We are developing a new generation of databases and computational
technologies, beyond the traditional genome databases and sequence analysis
tools, for making full use of such large-scale data in biomedical applications, espe-
cially for elucidating cellular functions as behaviors of complex interaction systems.

1. Community databases for linking genomes
to cellular functions

Miho FURUMICHI, Yoko SATO, Toshiaki
KATAYAMA, and Minoru KANEHISA

The availability of the genome sequence and a
complete set of genes for any organism is a
great boon to researchers in the field, accelerat-
ing their research and resulting in a number of
publications. However, accelerated research
poses a database problem. When new gene
functions are identified, the published result is
stored in PubMed, but not necessarily in the
public sequence repositories of GenBank, EMBL,
and DDBJ. The lack of an up-to-date, well-
annotated database is a major problem for most
of the prokaryotic genomes thus far sequenced.
Perhaps, the best solution to the current data-
base problem is to get the research community
actively involved in the annotation process. We
are promoting a community database as a vehi-
cle by which the community collectively anno-

tates available genomes. In return the commu-
nity can benefit from customization of KEGG -
the community database provides an organism-
specific view for exploring cellular functions
and comparative genomics. Thus far, the most
successful community databases have been de-
veloped for cyanobacteria and Bacillus subtilis .

2. Automatic assignments of orthologs and
paralogs in complete genomes

Toshiaki KATAYAMA and Minoru KANE-
HISA

In addition to the human intensive efforts in
the community databases, we are developing a
computational method for automating genome
annotations. It is based on a graph analysis of
the KEGG SSDB database, containing sequence
similarity relations among all the genes in the
completely sequenced genomes. The nodes of
the SSDB graph are genes (currently about
600,000 genes in over 150 genomes) and the
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edges are the Smith-Waterman sequence similar-
ity scores computed by the SSEARCH program
(currently over 300 million edges above the
threshold score of 100). The edges are not only
weighted but also directed, indicating the best
(top-scoring) hit when a gene in an organism is
compared against all genes in another organism.
Thus, a highly connected cluster of nodes con-
taining a number of bidirectional best hits might
be considered an ortholog cluster consisting of
functionally identical genes. Such a cluster can
be found by our heuristic method for finding
“quasi-cliques”, but the SSDB graph is too large
to perform quasi-clique finding at a time. There-
fore, we introduce a hierarchy (evolutionary re-
lationship) of organisms and treat the SSDB
graph as a nested graph.

3. Carbohydrate sequence database and gly-
coinformatics

Michihiro ARAKI and Minoru KANEHISA

Despite the importance as a third major class
of biological macromolecules, the database ef-
forts and associated informatics studies for gly-
cans lag far behind those for nucleic acids and
proteins. In contrast to the polynucleotide chain
of a nucleic acid and the polypeptide of a pro-
tein, the polysaccharide chain of a glycan is
branched. It is a tree structure requiring differ-
ent data representation and data analysis meth-
ods. KEGG GLYCAN is a new database for gly-
can structures, most of which are derived from
defunct CarbBank and some of which are en-
tered from KEGG pathways. Although new gly-
comics projects have been initiated around the
world, most informatics efforts seem to be tar-
geted to large-scale profiling data and not to
high-quality sequence data. This is probably be-
cause carbohydrate sequence determination is
still a laborious work. Thus, we have started
surveying all literature in Medline indexed with
“carbohydrate sequence” for possible inclusion
in GLYCAN.
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The main project of our laboratory is to identify and collect human genes en
masse in the form of full-length cDNA clones. The sequence informations of full-
length cDNA are indispensable for elucidating exon-intron structures as well as
promoters of genes. Furthermore, full-length cDNA clones are valuable resource
for the functional analysis of proteins coded by the genes. Thus, the direction of
our Laboratory is a mass determination of gene structures and functions. Follow-
ing are topics in the year 2003.

Identification and isolation of human full-
length cDNA clones by 1 pass sequencing.

Yutaka Suzuki, Hiroko Kozuka-Hata, Kiyomi
Yoshitomo-Nakagawa , Junko Mizushima-
Sugano, Tomohiro Hasui and Sumio Sugano:

We have sequenced 5’ end of randomly
picked cDNA clones from full-length enriched
cDNA libraries made by “oligo-capping”
method. We have sequenced about 100,000
clones this year. Of these clones, about 80% of
them contained already known genes. About
80% of the known clones seemed to be full.
Now, we have about 30,000 putative full-length
cDNA clones with unknown function. Using 5’
end 1 pass sequence data, we identified mRNA
start sites of 8000 genes and now making hu-
man promoter data using these data.

With FLJ cDNA sequencing consortium, the
entire sequence was determined 30,000 clones.
The average length of cDNA is about 2200bp
which distribute from 1kb to 7kb. About half of
them had ORF longer than 120 amino acid resi-
dues (AA). The average ORF length is about 390
AA. About 16% of these clones had membrane-
spanning sequence and 3.6% signal sequences.
Further more, about 25% of the clones with ORF

longer than 120 AA had some type of motifs or
showed some homology to known proteins. We
are also mapping these fully sequenced clones
to the draft sequence of the human genomes.
The sequence data were deposited on the Gen-
bank database and the clones will be available
from several suppliers.

Identification of putative mitochondria pro-
teins by high-throughput subcellular local-
ization analysis.

Takushi Togashi, Yutaka Suzuki, Sumio
Sugano

The rapid accumulation of both human
genome and cDNA sequences give us bases for
understand the human as a complex molecular
system. High-throughput analysis of subcellular
localization is one of such analysis. We are put-
ting human ORFs in to GATEWAY system and
started using them for high-throughput func-
tional analysis. We performed high-throughput
analysis of sub-cellular localization of proteins
coded by the cDNAs using GFP fusion proteins.
About 16.3% of the fusion proteins localized in
nucleus, 16.7% in cytoplasm, 41.5% both in cyto-
plasm and nucleus, 11% in ER and only 5.3% in
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small organelles such as peroxisome and mito-
chondria. The 38 putative mitochondria genes
were then analyzed by sequence homology. 12
cDNA clones showed homology to previously
known mitochondria genes. In addition, we
identified 5 gene that are not known to localize
to mitochondria previously and 21 new mito-
chondria genes.

Proteomic analysis of human small pro-
teins

Masaaki Oyama, Hiroko Hata, Yutaka Suzuki,
Sumio Sugano

Proteomic analysis of small proteins expressed
in human leukemia K562 cells was performed
by high-resolution nanoflow liquid chromatog-
raphy coupled with electrospray ionization tan-
dem mass spectrometry. Our analysis led to the
identification of 59 proteins whose amino acid
length was not over 100 in total, including 7
novel proteins. Five out of seven novel coding
sequences were located upstream of the longest
open reading frame and the other two were the
longest in the corresponding mRNA. To our
surprise, we found three coding sequences over-

lapping each downstream longest open reading
frame that bears functional constraint on its se-
quence. Our finding indicates the translation of
short open reading frame occurs in vivo
whether or not there exists a longer potential
coding region at the downstream of mRNA.
This evidence supports the generality of the
classical translation model in which the first
ATG codon is recognized as a translation initia-
tion site.

Monkey cDNA project

Munetomo Hida, Yutaka Suzuki, Sumio
Sugano

In collaboration with Prof. Momoki Hirai in
Faculty of Science and Dr. Katsuyuki Hashimoto
in National Institute of Infectious Diseases, we
started monkey cDNA identification similar to
that of human described above. The target or-
gan for the isolation of full-length cDNAs is
brain. We made “Oligo-capping” cDNA libraries
from various parts of Macaca brain and more
than 40,000 cDNA clones were sequenced at
their 5’ end and the comparison between human
data is in progress.
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The aim of the research at this laboratory is to establish computational methodolo-
gies for discovering and interpreting information of nucleic acid sequences, pro-
teins and some other experimental data arising from researches in Genome Sci-
ence. Our current concern is to realize a system which can deal with the relation-
ship between sequence information and biological functions by extracting biologi-
cal knowledge encoded on sequences and by using knowledge bases developed
so far. Apart from the research activity, the laboratory has been providing bioinfor-
matics software tools and has been taking a leading part in organizing an interna-
tional forum for Genome Informatics.

1. Gene Network Inference and Its Applica-
tions

a. Combining microarrays and biological
knowledge for estimating gene networks
via Bayesian networks

Seiya Imoto, Tomoyuki Higuchi1, Takao Goto,
Kousuke Tashiro2, Satoru Kuhara2, Satoru Mi-
yano: 1Institute of Statistical Mathematics and
2Graduate School of Genetic Resources Tech-
nology, Kyushu University

We propose a statistical method for estimating
a gene network based on Bayesian networks
from microarray gene expression data together
with biological knowledge including protein-
protein interactions, protein-DNA interactions,
binding site information, existing literature and
so on. Unfortunately, microarray data do not
contain enough information for constructing
gene networks accurately in many cases. Our
method adds biological knowledge to the esti-
mation method of gene networks under a Baye-

sian statistical framework, and also controls the
trade-off between microarray information and
biological knowledge automatically. We conduct
Monte Carlo simulations to show the effective-
ness of the proposed method. We analyze Sac-
charomyces cerevisiae gene expression data as an
application.

b. Use of gene networks for identifying and
validating drug targets

Seiya Imoto, Christopher J. Savoie3, Sachiyo
Aburatani2, Sunyong Kim, Kousuke Tashiro2,
Satoru Kuhara2, Satoru Miyano: 3Gene Net-
works, Inc.

We propose a new method for identifying
and validating drug targets by using gene net-
works, which are estimated from cDNA mi-
croarray gene expression profile data. We cre-
ated novel gene disruption and drug response
microarray gene expression profile data libraries
for the purpose of drug target elucidation. We
use two types of microarray gene expression
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profile data for estimating gene networks and
then identifying drug targets. The estimated
gene networks play an essential role in under-
standing drug response data and this informa-
tion is unattainable from clustering methods,
which are the standard for gene expression
analysis. In the construction of gene networks,
we use the Bayesian network model. We use an
actual example from analysis of the Saccharomy-
ces cerevisiae gene expression profile data to ex-
press a concrete strategy for the application of
gene network information to drug discovery.

c. Use of gene networks from full genome
microarray libraries to identify functionally
relevant drug-affected genes and gene
regulation cascades

Christopher J. Savoie3, Sachiyo Aburatani2,
Shouji Watanabe4, Yukihiro Eguchi4, Shigeru
Muta2, Seiya Imoto, Satoru Miyano, Satoru
Kuhara2, Kousuke Tashiro2: 4Mitsui Knowledge
Industry, Co. Ltd.

We developed an extensive yeast gene expres-
sion library consisting of full-genome cDNA ar-
ray data for over 500 yeast strains, each with a
single-gene disruption. Using this data, com-
bined with dose and time course expression ex-
periments with the oral antifungal agent griseo-
fulvin, whose exact molecular targets were pre-
viously unknown, we used Boolean and Baye-
sian network discovery techniques to determine
the gene expression regulatory cascades affected
directly by this drug. Using this method we
identified CIK1 as an important affected target
gene related to the functional phenotype in-
duced by griseofulvin. Cellular functional analy-
sis of griseofulvin showed similar tubulin-speci.c
morphological effects on mitotic spindle forma-
tion to those of the drug, in agreement with the
known function of CIK1p. Further, using the
nonparametric, nonlinear Bayesian gene net-
works we were able to identify alternative
ligand-dependant transcription factors and G
protein homologues upstream of CIK1 that
regulate CIK1 expression and might therefore
serve as alternative molecular targets to induce
the same molecular response as griseofulvin.

d. Inferring gene networks from time series
microarray data using dynamic Bayesian
networks

Sunyoung Kim, Seiya Imoto, Satoru Miyano

Dynamic Bayesian networks (DBNs) are con-
sidered as a promising model for inferring gene
networks from time series microarray data.

DBNs take over the advantages of Bayesian net-
works and can construct cyclic regulations using
time delay information. In this paper, we sum-
marize a general framework of DBN modeling.
Both discrete and continuous DBN models are
constructed systematically and criteria for learn-
ing network structures are introduced from a
Bayesian statistical viewpoint. The detailed sur-
vey is presented for several applications of
DBNs over past years. We also show real data
applications for S. cerevisiae time series gene ex-
pression data.

e. Dynamic Bayesian network and nonpara-
metric regression for nonlinear modeling
of gene networks from time series gene
expression data

Sunyong Kim, Seiya Imoto, Satoru Miyano

We propose a dynamic Bayesian network and
nonparametric regression model for constructing
a gene network from time series microarray
gene expression data. The proposed method can
overcome a shortcoming of the Bayesian net-
work model in the sense of the construction of
cyclic regulations. The proposed method can
analyze the microarray data as continuous data
and can capture even nonlinear relations among
genes. It can be expected that this model will
give a deeper insight into the complicated bio-
logical systems. We also derive a new criterion
for evaluating an estimated network from Bayes
approach. We demonstrate the effectiveness of
our method by analyzing Saccharomyces cerevisiae
gene expression data.

f. Finding optimal gene networks using bio-
logical constraints

Sascha Ott, Satoru Miyano

Finding gene networks from microarray data
has been one focus of research in recent years.
Given search spaces of super-exponential size,
researchers have been applying heuristic ap-
proaches like greedy algorithms or simulated
annealing to infer such networks. However, the
accuracy of heuristics is uncertain, which-in
combination with the high measurement noise
of microarrays-makes it very difficult to draw
conclusions from networks estimated by heuris-
tics. We present a method that finds optimal
Bayesian networks of considerable size and
show first results of the application to yeast
data. Having removed the uncertainty due to
the heuristic methods, it becomes possible to
evaluate the power of different statistical models
to find biologically accurate networks.
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g. Estimating gene networks from gene ex-
pression data by combining Bayesian net-
work model with promoter element detec-
tion

Yoshinori Tamada, Sunyong Kim, Hideo Ban-
nai, Seiya Imoto, Kousuke Tashiro2, Satoru
Kuhara,2 Satoru Miyano

We present a statistical method for estimating
gene networks and detecting promoter elements
simultaneously. When estimating a network
from gene expression data alone, a common
problem is that the number of microarrays is
limited compared to the number of variables in
the network model, making accurate estimation
a difficult task. Our method overcomes this
problem by integrating the microarray gene ex-
pression data and the DNA sequence informa-
tion into a Bayesian network model. The basic
idea of our method is that, if a parent gene is a
transcription factor, its children may share a
consensus motif in their promoter regions of the
DNA sequences. Our method detects consensus
motifs based on the structure of the estimated
network, then re-estimates the network using
the result of the motif detection. We continue
this iteration until the network becomes stable.
To show the effectiveness of our method, we
conducted Monte Carlo simulations and applied
our method to Saccharomyces cerevisiae data as a
real application.

2. Biopathway Simulations and Systems Biol-
ogy

a. Inference, modeling and simulation of
gene networks

Satoru Miyano

Systems biology may be soundly explored by
development of computational tools and capa-
bilities which enable us to understand complex
biological systems. Strongly anticipated matters
for systems biology are scientific contributions
that also create practical benefits such as bio-
medical applications, solutions for environ-
mental problems, etc. Thus, computational chal-
lenges in systems biology must be highly moti-
vated with this direction and should not be re-
garded as yet another applications of techniques
from computer science. This paper overviews
our computational strategy for systems biology
and indicates problems and further challenges.

One is computational inference of gene net-
works from gene expression profile data ob-
tained from various perturbations such as gene
disruptions, shocks, etc. We have considered

three gene network models for gene network in-
ference. The other is computational modeling
and simulation of biological systems. We have
developed a tool Genomic Object Net so that it
would be a platform with which biological sci-
entists can comfortably model and simulate dy-
namic causal interactions and processes in the
cell such as gene regulations, metabolic path-
ways, and signal transduction cascades. An ap-
plication of computational methods in systems
biology is also shown. Recently, we have suc-
ceeded in discovering a drug target gene by
analyzing gene networks constructed from gene
expression profile data based on gene disrup-
tions and drug doses. We have shown how this
was achieved with gene network inference
methods and laboratory works.

b. Genomic Object Net: I. a platform for mod-
eling and simulating biopathways

Masao Nagasaki, Atsushi Doi, Hiroshi Mat-
suno5, Satoru Miyano: 5Faculty of Science,
Yamaguchi University

Genomic Object Net (GON) 1.0 is a software
package for creating models and simulations of
biopathways. Its core architecture employs the
notion of a hybrid functional Petri net with ex-
tension (HFPNe). HFPNe can seamlessly handle
discrete and continuous objects and events
while keeping the model components them-
selves simple. With the feature and graphical
model editor, biopathways can be modeled in-
tuitively and simulated on GON. The subse-
quent output of the simulation results can be
evaluated in customised views on GON Visual-
izer by writing an XML file. Additionally, GON
provides a tool to transform biopathway models
in KEGG and BioCyc to the GON XML files for
modeling and simulation. The tool avoids a lot
of tedious work by users so that they can focus
on the biological model.

The trial version of Genomic Object Net can
be obtained from GNI Inc (http://gene-networks.
com). All XML files of example biopathways are
available from the GON Project page (http://
genomicobject.net/).

c. Genomic Object Net: II. Modelling biopath-
ways by hybrid functional Petri net with
extension

Atsushi Doi, Masao Nagasaki, Hiroshi Mat-
suno5, Satoru Miyano

This reseach demonstrates how to create an
HFPNe (hybrid functional Petri net with exten-
sion) model, using the lac operon gene regula-
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tory mechanism and glycolytic pathway as an
example. Using this example, readers can then
model other biopathways of interest. Simula-
tions of the HFPNe model were performed us-
ing the software package Genomic Object Net.

d. Biopathways representation and simula-
tion on hybrid functional Petri net

Hiroshi Matsuno5, Yukiko Tanaka5, Hitoshi
Aoshima5, Atsushi Doi, Mika Matsui5, Satoru
Miyano

The following two matters should be resolved
for biosimulation tools in order to be accepted
by users in biology/medicine; (1) Remove issues
which are irrelevant to biological importance,
and (2) Allow users to represent biopathways
intuitively and understand/manage easily the
details of representation and simulation mecha-
nism. From these criteria, we firstly define a
novel notion of Petri net called hybrid func-
tional Petri net (HFPN). Then, we introduce a
software tool, Genomic Object Net, for repre-
senting and simulating biopathways, which we
have developed by employing the architecture
of HFPN. In order to show the effectiveness of
Genomic Object Net for representing and simu-
lating biopathways, we show some typical
biopathway modelings related to gene regula-
tion (switching mechanism of λ-phage, circadian
rhythm of Drosophila, lac operon regulatory
mechanism of E. coli), metabolic pathway (gly-
colytic pathway), and signal transduction (Fas
ligand induced apoptosis), which cover the basic
aspects in biopathways.

e. Towards biopathway modeling and simula-
tion

Hiroshi Matsuno5, Sachie Fujita5, Atsuhi Doi,
Masao Nagasaki, Satoru Miyano

Petri net has been employed for modeling
metabolic pathways as well as signal transduc-
tion pathways and gene regulatory networks.
The purpose of this paper is to introduce an ex-
tension of Petri net called hybrid functional
Petri net (HFPN) which allows us to model
biopathways naturally and effectively. The
method for creating biopathways with HFPN is
demonstrated through a well-known biopath-
way example lac operon gene regulatory mecha-
nism and glycolytic pathway．” In order to
evaluate this biopathway model, simulations of
five mutants of the lac operon are carried out by
Genomic Object Net which is a biopathway
simulator based on the HFPN architecture. The
software Genomic Object Net and the HFPN

files presented in this paper can be downloaded
from http://www.GenomicObject.Net/.

3. Software and Algorithms

a. Open source clustering software

Michiel J.L. de Hoon, Seiya Imoto, J. Nolan6,
Satoru Miyano: 6University of California,
Santa Cruz Extension in Silicon Valley

We have implemented k-means clustering, hi-
erarchical clustering, and self-organizing maps
in a single multipurpose open-source library of
C routines, callable from other C and C＋＋ pro-
grams. Using this library, we have created an
improved version of Michael Eisen’s well-
known Cluster program for Windows, Mac OS
X, and Linux/Unix. In addition, we generated a
Python and a Perl interface to the C Clustering
Library, thereby combining the flexibility of a
scripting language with the speed of C.

The C Clustering Library and the correspond-
ing Python C extension module Pycluster were
released under the Python License, while the
Perl module Algorithm:: Cluster was released
under the Artistic License. The GUI code Cluster
3.0 for Windows, Macintosh, and Linux/Unix,
as well as the corresponding command-line pro-
gram, were released under the same license as
the original Cluster code.

The complete source code is available at http:
//bonsai.ims.u-tokyo.ac.jp/¯mdehoon/software
/cluster. Alternatively, Algorithm:: Cluster can
be downloaded from CPAN, while Pycluster is
also available as part of the Biopython distribu-
tion.

b. Efficiently finding regulatory elements us-
ing correlation with gene expression

Hideo Bannai, Shunsuke Inenaga7, Ayumi Shi-
nohara7, Masayuki Takeda7, Satoru Miyano:
7Department of Informatics, Kyushu University

We present an efficient algorithm for detect-
ing putative regulatory elements in the up-
stream DNA sequences of genes, using gene ex-
pression information obtained from microarray
experiments. Based on a generalized suffix tree,
our algorithm looks for motif patterns whose
appearance in the upstream region is most cor-
related with the expression levels of the genes.
We are able to find the optimal pattern, in time
linear in the total length of the upstream se-
quences. We implement and apply our algo-
rithm to publicly available microarray gene ex-
pression data, and show that our method is able
to discover biologically significant motifs, in-

166



cluding various motifs which have been re-
ported previously using the same dataset. We
further discuss applications for which the effi-

ciency of the method is essential, as well as pos-
sible extensions to our algorithm.
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The major goal of the Human Genome Project is to identify genes predisposing to
diseases, and to develop new diagnostic and therapeutic tools. We have been at-
tempting to isolate genes involving in carcinogenesis and also those causing or
predisposing to other diseases such as cardiovascular disease, deafness and
some allergic diseases. By means of technologies developed through the genome
project including a high-resolution SNP map, a large-scale DNA sequencing, and
the cDNA microarray method, we have isolated a number of biologically and ／or
medically important genes.

1. Genes playing significant roles in human
cancer

a. Genes that are inducible by p53

Hirofumi Arakawa, Takashi Kimura, Ching C.
Ng, Chizu Tanikawa, Yoshio Anazawa, Koji
Ueda, Park Woong Ryeon and Yusuke Naka-
mura

We found a novel p53-target gene, designated
p53RDL1 (p53-regulated Receptor for Death and
Life), whose product containing a death-domain
in the cytoplasmic C-terminal region is highly
homologous to rat Unc5H2, a dependence recep-
tor involved in apoptosis-regulation as well as
axon guidance and migration of neural cells. p
53RDL1 mediated p53-dependent apoptosis.
Conversely, when its ligand, Netrin-1, was pre-

sent, the p53RDL1 signaling blocked p53-
dependent apoptosis by its interaction with
Netrin-1. p53RDL1 appears to be a previously
unrecognized p53-target that may define a new
pathway for p53-dependent apoptosis. We sug-
gest that p53 might regulate both cell death and
survival of damaged cells, by balancing regula-
tion of the p53RDL1-Netrin-1 signaling for sur-
vival and cleavage of p53RDL1 for apoptosis,
thereby helping to maintain the integrity of the
genome.

The DNA-damage checkpoint plays a critical
role in preventing genomic instability by regu-
lating the cell cycle and DNA repair. Inactiva-
tion of the checkpoint may impair the DNA-
repair mechanism and increase susceptibility of
cells to genotoxic agents. p53, one of the critical
checkpoint genes, is frequently mutated in can-
cers of various types. Genomic instability is
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often observed in cancers carrying p53 muta-
tions, but its mechanism is not fully understood;
however, the discovery of p53R2 provided an
important clue for clarifying it. A recently iden-
tified ribonucleotide reductase (RR), p53R2, is
directly regulated by p53 for supplying nucleo-
tides to repair damaged DNA. To investigate
the notion that this enzyme might play a role in
DNA repair by supplying deoxyribonucleotides
for resting cells in vivo, we generated a strain of
mice lacking Rrm2b (encoding p53R2). These
mice developed normally until weaned, but
thereafter displayed growth retardation and
early mortality. Pathological examination indi-
cated dysfunction of multiple organs, and all
Rrm2b-null mice died from severe renal failure
by the age of 14 weeks. TUNEL staining showed
an increase of apoptotic cells in kidneys of 8-
week-old Rrm2b−/− mice. p53 protein was acti-
vated in kidney tissues of these mice, leading to
transcriptional induction of p53-target genes.
Rrm2b−/− embryonic fibroblasts (MEFs) became
immortal much earlier than Rrm2b＋/＋ MEFs.
dNTP pools were severely attenuated in Rrm2
b−/− MEFs under oxidative stress. Rrm2b-deficiency
caused increase of spontaneous mutation rates
in the kidney of Rrm2b−/− mice. Our results sug-
gest that p53R2 plays a pivotal role in maintain-
ing dNTP levels for repair of DNA in arresting
cells, and that impairment of this pathway may
enhance spontaneous mutation frequency and
activate p53-dependent apoptotic pathway(s) in
vivo, causing severe renal failure, growth retar-
dation and early mortality.

A mutant version of p53 (p53-121F), in which
phenylalanine replaces the 121st serine residue,
can induce apoptosis more effectively than wild-
type p53 (wt-p53). In view of that observation
we considered that one or more apoptosis-
related p53-target genes might be preferentially
induced by p53-121F. We carried out cDNA mi-
croarray analysis to identify such genes, using
mRNAs isolated from LS174T colon-cancer cells
infected by adenovirus vectors containing either
p53-121F (Ad-p53-121F ) or wild type p53 (Ad-
wtp53). The STAG1 gene was one of the tran-
scripts showing higher expression levels in cells
infected with Ad-p53-121F as opposed to Ad-
wtp53. The encoded product appears to contain
a transmembrane domain, and binding motifs
for SH3 and WW. In two other cancer-cell lines,
expression of STAG1 mRNA was induced in re-
sponse to various genotoxic stresses in a p53-
dependent manner; moreover, enforced expres-
sion of STAG1 led to apoptosis in several addi-
tional cancer-cell lines. Suppression of endoge-
nous STAG1 using the RNA-interference method
reduced the apoptotic response, whether in-
duced by Ad-p53-121F or Ad-p53 . These results

suggest that STAG1 , a novel transcriptional tar-
get for p53, mediates p53-dependent apoptosis,
and might be a good candidate for next-
generation gene

Dual-specificity phosphatase 5 (DUSP5), a VH
1-like enzyme that hydrolyzes nuclear substrates
phosphorylated on both tyrosine and serine/
threonine residues, has a potential role in deacti-
vation of mitogen- or stress-activated protein
kinases. Using cDNA microarray technology, we
found that expression of DUSP5 mRNA was
dramatically increased by exogenous p53 in U
373MG, a p53-mutant glioblastoma cell line.
Transcription of DUSP5 was also remarkably ac-
tivated by endogenous p53 in response to DNA
damage in colon-cancer cells (p53＋/＋) that con-
tained wild-type p53, but not in p53‐/‐ cells.
Chromatin-immunoprecipitation (ChIP) and re-
porter assays demonstrated that endogenous p
53 protein would bind directly to the promoter
region of the DUSP5 gene, implying p53-
dependent transcriptional activity. Over-expression
of DUSP5 suppressed growth of several types of
human cancer cells, in which Erk1/2 was sig-
nificantly dephosphorylated. If, as the results
suggest, DUSP5 is a direct target of p53, it rep-
resents a novel mechanism by which p53 might
negatively regulate cell-cycle progression by
down-regulating mitogen-or stress-activated pro-
tein kinases.

We also found that Introduction of exogenous
p53 into a glioblastoma cell line lacking wild-
type p53 (U373MG) dramatically induced ex-
pression of Semaphorin3B mRNA. An electro-
phoretic mobility-shift assay and a reporter as-
say confirmed that a potential p53-binding site
present in the promoter region had p53-
dependent transcriptional activity. Expression of
endogenous semaphorin3B was induced in re-
sponse to genotoxic stresses caused by adriamy-
cin treatment or UV irradiation in a p53-
dependent manner. Ectopic-expression of sema-
phorin3B in p53-defective cells reduced the
number of colonies in colony-formation assays.
These results suggest that Semaphorin3B might
play some role in regulating cell growth, as a
mediator of p53 tumor-suppressor activity.

The p53AIP1 gene, which we recently identi-
fied as a novel p53-target, mediates p53-
dependent apoptosis. We evaluated the effects
of adenovirus-mediated introduction of p53AIP1
(Ad-p53AIP1) on 30 human cancer-cell lines in
vitro, and two cell lines in vivo, in comparison
with the effects of p53 (Ad-p53). In 20 of the 30
cell lines, p53AIP1-induced apoptosis was ob-
served, and in 12 of these p53AIP1-sensitive
cancer cell lines, the apoptotic effects of p53AIP1
were greater than those of p53 itself. Cancers
with wild-type p53, which were thought to be p
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53-resisitant, were likely to be sensitive to p53
AIP1-induced apoptosis. p53-resistant cancers
such as LS174T (p53＋/＋) and A549 (p53＋/＋), in
which no increase of p53AIP1 mRNA expression
was observed when Ad-p53 was introduced,
were killed effectively by Ad-p53AIP1 . Further-
more, co-introduction of p53 and p53AIP1 had
synergistic effects on the induction of apoptosis
regardless of p53 status. Finally, adenovirus-
mediated introduction of p53AIP1 suppressed
tumor growth in vivo. These results suggested
that p53AIP1 gene transfer might become a new
strategy for the treatment of p53-resistant can-
cers.

mRNA-expression of hCDC4b, a gene whose
product was one of four subunits of SCF com-
plex responsible for Cyclin E degradation as the
ubiquitin protein ligases, was dramatically up-
regulated by infection of Ad-p53. An electropho-
retic mobility shift assay and a chromatin im-
munoprecipitation assay indicated a potential p
53-binding site (p53BS) could bind to p53, which
located in exon1b of the ef hCDC4 gene. More-
over, a reporter assay confirmed that the p53BS
had p53-dependent transcriptional activity. Ex-
pression of endogenous hCDC4b, but not the
other transcript of this gene, hCDC4a, was in-
duced in response to genotoxic stresses caused
by UV irradiation and adriamycin treatment in
a p53 dependent manner, suggesting a different
role of each transcript. These results suggest that
hCDC4b is a novel p53-target gene, and that, in
addition to the machinery of p21WAF1 for p53-
dependent cell-cycle control, p53 might stop cell
-cycle progression at G0-G1 phase through
negative-regulation of Cyclin E by transcrip-
tional induction of hCDC4b.

We also reported isolation of a novel tran-
scriptional target of p53, designated p53RFP (p
53-inducible RING-finger protein), whose prod-
uct has E3 ubiquitin ligase activity. Its expres-
sion was negatively correlated to that of p21WAF1

protein; p53RFP appeared to play a significant
role in degradation of this protein through di-
rect interaction with, and ubiquitination of, p
21WAF1. p53RFP appears to represent the second
known example, the first being MDM2, of an E3
ubiquitin ligase as a p53-target. Our results fur-
ther suggest that p53 might destabilize p21WAF1

through transcriptional regulation of p53RFP ,
and this feature may represent a novel mecha-
nism for a p53-dependent cell-cycle checkpoint.

b. Colon, Liver, and Gastric cancers

Yoichi Furukawa, Ryuji Hamamoto, Li Mei-
hua, Meiko Takahashi, Takashi Shimokawa,
Takeshi Watanabe, Daisuke Yuki, Kazutaka
Obama, Michihiro Sakai, Kazuya Ohyasu,

Katsuaki Ura, Takaaki Kobayashi, Pittella Fa-
bio, Natini Jinawath and Yusuke Nakamura

Through a genome-wide cDNA microarray,
we identified that the paternally expressed gene
10 (PEG10) was highly expressed in a great ma-
jority of hepatocellular carcinomas (HCCs) al-
though its expression was absent in normal liver
cells. Exogeneous expression of PEG10 conferred
oncogenic activity and transfection of hepatoma
cells with anti-sense S-oligonucleotides sup-
pressing PEG10 resulted in their growth inhibi-
tion. Further experiments revealed that PEG10
protein associated with SIAH1, a mediator of
apoptosis, and that overexpression of PEG10 de-
creased the cell death mediated by SIAH1.
These findings suggested that development of
drug(s) inhibiting PEG10 activity could be a
novel approach for the treatment of HCCs.

We also reported isolation and characteriza-
tion of a novel human gene at chromosomal
band 1p36.13, termed DDEFL1 (development
and differentiation enhancing factor-like 1), en-
coding a product that shared structural features
with centaurin-family proteins. The deduced 903
-amino-acid sequence showed 46% homology to
DDEF/ASAP1 (development and differentiation
enhancing factor), and contained an Arf GTPase-
activating protein (ArfGAP) domain and two
ankyrin repeats. Gene transfer of DDEFL1 pro-
moted proliferation of cells that lacked endoge-
nous expression of this gene. Furthermore, re-
duction of DDEFL1 expression by transfection of
anti-sense S-oligonucleotides inhibited the
growth of SNU475 cancer cells, in which DDEFL
1 expression was highly up-regulated. Our re-
sults provide novel insight into hepatocarcino-
genesis and may contribute to development of
new strategies for diagnosis and treatment of
HCC.

To search for potential molecular targets for
development of novel anti-cancer drugs, we
have been analyzing expression profiles of clini-
cal samples from cancer patients using a
genome-wide cDNA microarray. In experiments
with colon-cancer cells, the gene encoding fibro-
blast growth factor 18 (FGF18) was among those
that showed elevated expression. The promoter
region of this gene was found to contain puta-
tive Tcf4-binding motifs; moreover a reporter-
gene assay using the luciferase activity as a
marker, as well as an electromobility-shift assay,
indicated that FGF18 is a downstream transcrip-
tion target in the β-catenin/Tcf4 pathway. We
showed that exogenous FGF18 promoted
growth of NIH3T3 cells in an autocrine manner,
and that transfection of FGF18 siRNAs sup-
pressed growth of colon-cancer cells in culture.
Our results indicate that FGF18 is activated in
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colon cancers as a direct downstream target of
the Wnt signaling pathway, and that it might
represent a marker for early diagnosis and a
molecular target for treatment of this life-
threatening tumor.

To uncover mechanisms underlying progres-
sion of colorectal carcinogenesis and to identify
genes associated with liver metastasis, we ana-
lyzed expression profiles of 14 primary colorec-
tal cancers (CRCs) with liver metastases, and
compared them with profiles of 11 non-metastatic
carcinomas and those of 9 adenomas of the co-
lon. A hierarchical cluster analysis using data
from a cDNA microarray containing 23,040
genes indicated that the cancers with metastasis
had different expression profiles from those
without metastasis, although a number of genes
were commonly up-regulated in primary can-
cers of both categories. We documented 54
genes that were frequently up-regulated and 375
that were frequently down-regulated in primary
tumors with metastases to liver, but not in tu-
mors without metastasis. Subsequent quantita-
tive PCR experiments confirmed that PRDX4,
CKS2, MAGED2 , and an EST (GenBank acces-
sion number W38659) were expressed at signifi-
cantly higher levels in tumors with metastasis.
These data should contribute to a better under-
standing of the progression of colorectal tumors,
and facilitate prediction of their metastatic po-
tential.

Gastric cancer is the fourth leading cause of
cancer-related death in the world. Two his-
tologically distinct types of gastric cancers,
namely intestinal type and diffuse type, have
different epidemiological and pathophysiologi-
cal features, suggesting different mechanisms of
carcinogenesis. A number of studies have been
carried out to determine the molecular mecha-
nisms of intestinal-type gastric cancer, whereas
little is known about those of diffuse-type gas-
tric cancer that has a more invasive phenotype
and poorer prognosis. To clarify the mecha-
nisms that underlie development and/or pro-
gression of diffuse-type gastric cancer, we com-
pared the expression profiles of 20 diffuse-type
gastric cancer tissues with their corresponding
non-cancerous mucosae by means of cDNA mi-
croarray containing 23,040 genes in combination
with laser-microbeam microdissection. We iden-
tified 153 genes commonly up-regulated and
more than 500 genes commonly down-regulated.
Furthermore, comparison of the expression pro-
files of diffuse-type with those of intestinal-type
gastric cancers identified 46 genes that may rep-
resent the distinct molecular signature of each
type of gastric cancer. The signature of diffuse-
type cancer exhibits altered expression of genes
related to cell-matrix interaction and extracellu-

lar matrix components. Although further inves-
tigation of their functions is essential, these data
should help to better understand the different
mechanisms underlying gastric carcinogenesis
and may also provide clues to the identification
of novel diagnostic markers and/or therapeutic
targets of diffuse-type gastric cancer.

c. PTEN -signaling pathway

Motoko Unoki and Yusuke Nakamura

EGR2 plays a key role in the PTEN-induced
apoptotic pathway. Using adenovirus-mediated
gene transfer to 39 cancer-cell lines, we found
that EGR2 could induce apoptosis in a large
proportion of these lines by altering the perme-
ability of mitochondrial membranes, releasing
cytochrome c and activating caspases-3, -8, and -
9. Analysis by cDNA microarray and subse-
quent functional studies revealed that EGR2 di-
rectly transactivates expression of BNIP3L and
BAK . Our results helped to clarify the molecular
mechanism of the apoptotic pathway induced
by PTEN-EGR2, and suggested that EGR2 may
be an excellent target molecule for gene therapy
to treat a variety of cancers.

We demonstrated several lines of evidence in-
dicating that the early growth-response 2 (EGR
2) functions as a tumor suppressor, partly on
the basis that its expression was often decreased
in human tumors and cancer-cell lines. Here we
report a possible molecular mechanism to ac-
count for down-regulation of EGR2 in tumor
cells. Although no genetic mutations in the gene
nor alterations in methylation status of its pro-
moter were detected, we found a high degree of
methylation at CpG islands in intron1 of EGR2
in cell lines that were expressing this gene at a
high level. Moreover, reporter-gene experiments
revealed that methylated intron1 had somehow
conferred enhancer-like activity. The data im-
plied the existence of a previously unsuspected
mechanism of gene-expression regulation.

d. cDNA microarray analysis of cancer

Toyomasa Katagiri, Yataro Daigo, Hidewaki
Nakagawa, Yoichi Furukawa, Hitoshi Zem-
butsu, Takehumi Kikuchi, Soji Kakiuchi, Toru
Nakamura, Koichi Okada, Yasuyuki Kaneta,
Satoshi Nagayama, Takahide Arimoto, Shingo
Ashida, Toshihiro Nishidate, Chie Suzuki,
Nobuhisa Ishikawa, Tatsuya Kato, Akira To-
gashi, Satoshi Hayama, Megumi Iiizumi, Kei-
suke Taniuchi, and Yusuke Nakamura

(1) Lung cancer
To investigate genes involved in pulmonary
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carcinogenesis and those related to sensitivity of
non-small cell lung cancers (NSCLCs) to thera-
peutic drugs, we performed cDNA microarray
analysis of 37 NSCLCs after laser-capture micro-
dissection of cancer cells from primary tumors.
A clustering algorithm applied to the expression
data easily distinguished two major histological
types of non-small cell lung cancer, adenocarci-
noma and squamous cell carcinoma. Subsequent
analysis of the 18 adenocarcinomas identified 40
genes whose expression levels could separate
cases with lymph node metastasis from those
without metastasis. In addition, we compared
the expression data with measurements of the
sensitivity of surgically dissected NSCLC speci-
mens to six anticancer drugs (docetaxel, pacli-
taxel, irinotecan, cisplatin, gemcitabine, and vi-
norelbine), as measured by the CD-DST (colla-
gen gel droplet embedded culture-drug sensitiv-
ity test) method. We found significant associa-
tions between expression levels of dozens of
genes and chemosensitivity of NSCLCs. Our re-
sults provide valuable information for eventu-
ally identifying predictive markers and novel
therapeutic target molecules for this type of can-
cer.

Using the above information, we obtained evi-
dence that the cytochrome c oxidase assembly
protein COX17 is a potential molecular target
for treatment of lung cancers. By semi-quantitative
RT-PCR, we documented increased expression
of COX17 in all of eight primary NSCLCs and
in 11 of 15 NSCLC cell lines examined, by com-
parison with normal lung tissue. Treatment of
NSCLC cells with antisense S-oligonucleotides
or vector-based small interfering RNAs (siR-
NAs) of COX17 suppressed expression of COX
17 and also the activity of cytochrome c oxidase
(CCO), and suppressed growth of the cancer
cells. As our data imply that up-regulation of
COX17 function and increased CCO activity are
frequent features of lung carcinogenesis, we
suggest that selective suppression of compo-
nents of the CCO complex might hold promise
for development of a new strategy for treating
lung cancers.

Although a number of molecules have been
implicated in the process of cancer metastasis,
the organ-selective nature of cancer cells is still
poorly understood. To investigate this issue, we
established a metastasis model in mice with
multiple organ dissemination by intravenous in-
jection of human SCLC (SBC-5) cells. We ana-
lyzed gene-expression profiles of 25 metastatic
lesions from four organs (lung, liver, kidney and
bone) using a cDNA microarray representing
23,040 genes, and extracted 435 genes that
seemed to reflect the organ specificity of the me-
tastatic cells and the cross-talk between cancer

cells and microenvironment. Furthermore we
discovered 105 genes that might be involved in
the incipient stage of secondary-tumor forma-
tion by comparing the gene-expression profiles
of metastatic lesions classified according to size
(<1mm or >2mm) as either “micrometastases”
or “macrometastases”. This genome-wide analy-
sis should contribute to a greater understanding
of molecular aspects of the metastatic process in
different microenvironments, and provide indi-
cators for new strategies to predict and prevent
metastasis.

(2) Chemosensitivity
One of the most critical issues to be solved in

regard to cancer chemotherapy is the need to es-
tablish a method for predicting efficacy or toxic-
ity of anti-cancer drugs for individual patients.
To identify genes that might be associated with
chemosensitivity, we used a cDNA microarray
representing 23,040 genes to analyze expression
profiles in a panel of 85 cancer xenografts de-
rived from nine human organs. The xenografts,
implanted into nude mice, were examined for
sensitivity to nine anti-cancer drugs (vinblastine
(VLB), vincristine (VCR), cisplatin (DDP), cyclo-
phosphamide (CPM), 5-fluorouracil (5FU), nitro-
sourea hydrochloride (ACNU), mitomycin C
(MMC), methotrexate (MTX), adriamycin (ADR).
Comparison of the gene-expression profiles of
the tumors with sensitivities to each drug identi-
fied 1578 genes whose expression levels corre-
lated significantly with chemosensitivity; 333 of
those genes showed significant correlation with
two or more drugs and 32 correlated with six or
seven drugs. These data should contribute use-
ful information for identifying predictive mark-
ers for drug sensitivity that may eventually pro-
vide “personalized chemotherapy” for individ-
ual patients as well as for development of novel
drugs to overcome acquired resistance of tumor
cells to chemical agents.

One of the most critical issues to be solved in
regard to cancer chemotherapy is establishment
of ways to predict efficacy of anti-cancer drugs
for individual patients. To develop a prediction
system based on expression of specific genes, we
analyzed expression profiles of mononuclear
cells from 18 patients with chronic myeloid leu-
kemia (CML) who were treated with the tyro-
sine kinase inhibitor STI571. cDNA microarrays
representing 23,040 genes identified 79 genes
that were expressed differentially between re-
sponders and non-responders to STI571. On the
basis of expression patterns of 15 or 30 of these
genes among the patients we used, a “Prediction
Score” system that could clearly separate the re-
sponder group from the non-responder group.
Verification of this system using five additional
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(“test”) cases succeeded in predicting the re-
sponse of each of those five patients to the drug,
with 100% accuracy. These results provide the
first evidence that gene-expression profiles can
predict sensitivity of CML cells to STI571, and
may eventually lead to achievement of “person-
alized therapy” for this disease

To establish a method for predicting the re-
sponse to chemotherapy for osteosarcoma (OS),
we performed expression profile analysis using
cDNA microarray consisting of 23,040 genes. Hi-
erarchical clustering based on the expression
profiles of 19 biopsy samples of OS demon-
strated two major clusters; one consisted exclu-
sively of typical OS, i.e. conventional central OS
in long bone of patients in the second decade
and the other in the other types of bones in
rather middle age. A set of genes was identified
to characterize this subgroup, some of which
were previously indicated possible relation to
carcinogenesis of osteosarcoma. Thirteen of the
19 patients were treated with an identical proto-
col of chemotherapy with doxorubicin, cisplatin
and ifosfamide, and histological examination of
resected specimens after operation classified six
cases as responders and seven as non-
responders. A comparison of expression profiles
of these two groups identified 60 genes whose
expression levels were likely to be correlated
with the response to this particular chemother-
apy (P value of <0.008). We developed a drug
response scoring (DRS) system on the basis of
the expression levels of these genes, and proved
this system may be applicable to predict the re-
sponse to this protocol irrespective to the sub-
classification of OS. The reliability of the DRS
system was further confirmed by testing addi-
tional five OS cases. These results indicated that
scoring system based on gene-expression pro-
files might be useful to predict the response to
chemotherapy for OS.

(3) Endometriosis
Using a cDNA microarray consisting of 23,040

genes, we analyzed gene-expression profiles of
ovarian endometrial cysts from 23 patients in
order to identify genes involved in endometrio-
sis. By comparing expression patterns between
endometriotic tissues and corresponding eutopic
endometria, we identified 15 genes that were
commonly up-regulated in the endometrial cysts
during both proliferative and secretory phases
of the menstrual cycle, 42 that were up-
regulated only in the proliferative phase, and 40
that were up-regulated only in the secretory
phase. The up-regulated elements included
genes encoding some HLA antigens, comple-
ment factors, ribosomal proteins, and TGFBI. On
the other hand, 337 genes were commonly down

-regulated throughout the menstrual cycle, 144
only in the proliferative phase, and 835 only in
the secretory phase. The down-regulated ele-
ments included the tumor suppressor TP53,
genes related to apoptosis such as GADD34,
GADD45A, GADD45B and PIG11, and the gene
encoding OVGP1, a protein involved in mainte-
nance of early pregnancy. Semi-quantitative RT-
PCR experiments supported the results of our
microarray analysis. These data should provide
useful information for finding candidate genes
whose products might serve as molecular tar-
gets for diagnosis or treatment of endometriosis.

(4) Testicular cancer
To identify new diagnostic markers for tes-

ticular germ cell tumors (TGCTs), including
seminomas, as well as potential targets of new
drugs for treating the disease, we compared
gene-expression profiles of cancer cells from 13
seminomas with normal human testis using
laser-capture microdissection and a cDNA mi-
croarray representing 23,040 genes. We identi-
fied 349 genes that were commonly up-
regulated in seminoma cells. The functions of
227 were known to some extent; the remaining
122 included 57 ESTs. On the list were cyclin D2
(CCND2), prostate cancer over-expressed gene 1
(POV1), and junction plakoglobin (JUP), all of
which were already known to be over-expressed
in seminomas. On the other hand, our protocol
selected 593 genes as being commonly down-
regulated in seminoma cells. That list included
340 functionally characterized genes; the other
253 included 131 ESTs. To confirm the expres-
sion data, we performed semi-quantitative RT-
PCR experiments with nine highly up-regulated
genes, and the results supported those from of
our microarray analysis. The information pro-
vided here should prove useful for identifying
genes whose products might serve as molecular
targets for treatment of TGCTs.

2. Genes responsible for other diseases

a. Deafness

Satoko Abe, Toyomasa Katagiri, Akihiko Saito
-Hisaminato, and Yusuke Nakamura

Hearing loss that disturbs normal communica-
tion is a common sensory disorder worldwide.
The incidence of congenital deafness is approxi-
mately one in 1,000 newborns, and half of those
cases are thought to result from genetic factors.
Most congenital or childhood-onset hearing im-
pairments are non-syndromic. So far, more than
70 genetic loci linked to non-syndromic deafness
have been described, and 26 genes whose muta-
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tions can cause deafness have been cloned (He-
reditary Hearing Loss Homepage). Those data
indicate that deafness is a highly heterogeneous
disorder, and that genes responsible for deaf-
ness encode a large diversity of molecules.
However, little is known of the molecular basis
of inner-ear function because the tissues in ques-
tion are too small to be investigated in detail.
Therefore, we applied a genome-wide cDNA
microarray analysis to investigate gene-expression
profiles in human cochlea and vestibule, and fo-
cused on one of the genes that was expressed at
high levels in both of those tissues. Through this
approach, we detected strong expression of μ-
crystallin (CRYM; also known as NADP-regulated
thyroid hormone-binding protein) only in these
inner-ear tissues. In a subsequent search for mu-
tations of CRYM among 192 patients with non-
syndromic deafness, we identified two muta-
tions at the C-terminus; one was a de novo
change (X315Y) in a patient with unaffected par-
ents and the other was a missense mutation (K
314T) that segregated dominantly in the pro-
band’s family. When the mutated proteins were
expressed in COS-7 cells, their sub-cellular lo-
calizations were different from that of the nor-
mal protein: the X315Y mutant showed vacuo-
lated distribution in the cytoplasm and the K314
T mutant localized in perinuclear areas; normal
protein was distributed homogeneously in the
cytoplasm. Aberrant intracellular localization of
the mutated proteins might cause dysfunction of
the CRYM product and result in hearing im-
pairment. In situ hybridization analysis using
mouse tissues indicated its expression in the lat-
eral region of the spiral ligament and the fibro-
cytes of the spiral limbus, implying its possible
involvement in the potassium-ion recycling sys-
tem. Our results strongly implicate CRYM in
normal auditory function and identify it as one
of the genes that can be responsible for non-
syndromic deafness.

We report three possibly disease-causing
point mutations in one of the inner-ear-specific
genes, KIAA1199 . We identified a R187C muta-
tion in one family, an R187H mutation in two
unrelated families, and a H783Y mutation in one
sporadic case of non-syndromic hearing loss. In
situ hybridization indicated that the murine ho-
molog of KIAA1199 mRNA is expressed specifi-
cally in Deiters’ cells in the organ of Corti at
postnatal day zero (Pn) P0, before the onset of
hearing, but expression in those cells disappears
by day P7. The signal of KIAA1199 was also ob-
served in fibrocytes of the spiral ligament and
the spiral limbus, through to P21 when the
murine cochlea matures. Thus, the gene product
may be involved in uptake of potassium ions or
trophic factors with a particular role in auditory

development. Although the R187C and R187H
mutations did not appear to affect the sub-
cellular localization of the gene product in vitro,
the H783Y mutation did present an unusual cy-
toplasmic distribution pattern that could under-
lie the molecular mechanism of hearing impair-
ment. Our data bring attention to a novel candi-
date for hearing loss and indicate that screening
of mutations in inner-ear-specific genes is likely
to be an efficient approach to finding genetic
elements responsible for deafness.

b. Bone development

Mitsuhito Doi and Yusuke Nakamura

Through expression profile analyses of the hu-
man mesenchymal stem cells incubated in the
osteogenic supplements, we identified and char-
acterized a novel human cDNA, EMILIN-5 (Elastin
Microfibril Interface Located proteIN-5), that is
likely to play a significant role in osteogenic
process. The deduced amino acid sequence of
EMILIN-5 consists of 766 amino acids with a
cysteine-rich EMI domain at the NH2 terminus.
Western blot analysis suggested that EMILIN-5
expression was detected in various osteoblastic
cells. Immunohistochemistry of mouse embryos
at 13.5 days post coitus interestingly revealed
relatively high levels of EMILIN-5 protein in
perichondrium cells of developing limbs. The
present findings suggest that the EMILIN-5 gene
plays an important role in mesenchymal devel-
opment.

c. IgA nephropathy

Fumihiro Akiyama, Toshihiro Tanaka1, Ryo
Yamada2, Yozo Ohnishi1, Shiro Maeda3, Tat-
suhiko Tsunoda4, Takashi Takei5, Wataru
Obara1, Kyoko Ito5, Kazuho Honda5, Keiko
Uchida5, Ken Tsuchiya5, Kosaku Nitta5, Kazuko
Yumura5, Hiroshi Nihei5, Takashi Ujiie6, Yu-
taka Nagane8, Satoru Miyano, Yasushi Suzuki7,
Tomoaki Fujioka7, Ichiei Narita9, Fumitake Ge-
jyo9, and Yusuke Nakamura1)

1) Laboratory for Cardiovascular Diseases,
2) Laboratory for Rheumatic Diseases,
3) Laboratory for Diabetic Nephropathy, and
4) Laboratory for Medical Informatics, SNP Re-
search Center, The Institute of Physical and
Chemical Research (RIKEN), Tokyo, Japan;
5) Department of Medicine, Kidney Center, To-
kyo Women’s Medical University, Tokyo, Japan;
6) Department of Urology, Iwate Prefectural
Ofunato Hospital, Iwate, Japan;
7) Department of Urology, Iwate Medical Uni-
versity, Iwate, Japan;
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8) Department of Urology, Sanai Hospital,
Iwate, Japan.
9) Division of Clinical Nephrology and Rheuma-
tology, Niigata University Graduate School of
Medical and Dental Sciences, Niigata, Japan;

Immunoglobulin A nephropathy (IgAN) is a
primary glomerulonephritis of common inci-
dence worldwide whose etiology and patho-
genesis remain unresolved, although genetic fac-
tors are assumed to be involved in the develop-
ment and progression of this disease. To iden-
tify genetic variations that might confer suscep-
tibility to IgAN, we performed a case-control as-
sociation study involving 389 Japanese IgAN pa-
tients and 465 controls. Genome-wide analysis
of about 90,000 single-nucleotide polymor-
phisms (SNPs) identified a significant associa-
tion between IgAN and six SNPs located in the
PIGR (polymeric immuoglobulin receptor) gene

at chromosome 1q31-q41. One of them, PIGR-17,
caused an amino-acid substitution from alanine
to valine at codon 580 in PIGR (chi2=13.05, p=
0.00030, odds ratio [OR]=1.59 [95% confidence
interval {CI} 1.24-2.05]); the OR of minor ho-
mozygotes to others was 2.71 (95%CI 1.31-5.61).
Another SNP, PIGR-2, could affect promoter ac-
tivity (chi2=11.95, p=0.00055, OR=1.60 [95% CI
1.22-2.08]); the OR of minor homozygotes to
others was 2.08 (95%CI 0.94-4.60). Pairwise
analyses demonstrated that all six SNPs were in
almost complete linkage disequilibrium (LD). Bi-
opsy specimens from IgAN patients were posi-
tively stained by antibody against the secretory
component of PIGR, but corresponding tissues
from non-IgAN patients were not. Our results
suggest that a gene associated with susceptibil-
ity to IgAN lies within or close to the PIGR lo-
cus on chromosome 1q in the Japanese popula-
tion.
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We are focusing to sequence-based comparative analysis of human genome, the
construction of gene (protein)-gene (protein) interaction map, and molecular
mechanism regulating mammalian circadian rhythms, and

1. Comparative genomics of the human
genome

Kunihiko Takamatsu, Kouhei Maekawa, To-
moyo Shirakawa, Kohji Okamura, Tadayuki
Takeda1, Masahira Hattori1, Todd Taylor1 and
Yoshiyuki Sakaki (1RIKEN, Genomic Sciences
Center, Yokohama)

Our group has made considerable contribu-
tion to the International Human Genome Se-
quencing Project, and the Project reached the fi-
nal goal on April 2003. However, the knowledge
obtained from human genome sequence alone
(even if completely determined) is limited. One
powerful approaches to zoom up important re-
gions of the genome is comparative genomics
approach. For this reason, we have done two
types of comparative analysis, the one, mouse
vs human and the other, chimpanzee vs human.
Human-mouse comparison is expected to reveal
“conserved” regions of the genome that have
potentially important functions. We have done
mouse chromosome 16 (MMU16) vs human chr
21q comparison. Our first target is a commonly
described “DS critical region,” and we found all
known genes, plus 144 conserved sequences

(CSs)＞－100bp long that show＞－80% identity be-
tween mouse and human but do not match
known exons. EST and cDNA evidence indi-
cated that twenty of these 144 CSs are tran-
scribed sequences from chr 21. Eight putative
CpG islands are found in conserved positions.
Using conditions for comparative sequence
analysis that identified portions of every previ-
ously identified gene in the region, two HSA21
genes, DSCR4 and DSCR8 , did not have coun-
terparts at the corresponding positions on MMU
16 nor elsewhere in the mouse genome. Follow-
ing zoo blot analysis suggested there genes are
primate-specific. We also started human vs
chimpanzee comparison, which will zoom up
the difference of the two genoms. Such differ-
ences must be related to the phenotype differ-
ence of the two species. Our initial analysis
showed the sequence difference is 1.23% and we
found a number of genes are inactivated during
the course of evolution.

2. A comprehensive analysis of allelic meth-
ylation status of CpG islands on human
chromsome 11.

Tomoyo Shirakawa, Todd Taylor1, Aya
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Nakayama, Yuriko Hagiwara-Takeuchi, Taka-
shi Ito2 and Yoshiyuki Sakaki (1RIKEN,
Genomic Sciences Center, Yokohama, 2Gradu-
ate school of Frontier Sciences, Univ of Tokyo)

Imprinted genes are often associated with
DNA regions subject to allele-specific methyla-
tion, termed differentially methylated region
(DMR) or methylation imprints, which often
share structural features such as tandemly re-
peats and CpG island-like base composition. Be-
cause CpG islands generally lie near promoter
regions and escape methylation, monoal-lelically
methylated DMRs and the islands on inacti-
vated X chromosome in female stand for excep-
tions: cells thus bear both methylated and un-
methylated alleles for these islands and hence
display composite pattern upon methylation
analysis. It is thus conceivable that screening for
CpG islands with composite methylation pattern
serves as a novel method to identify DMRs and
associated imprinted genes. To screen for such
islands, we used HpaII-McrBC PCR method by
exploiting the complementary nature of HpaII,
which cuts the un-methylated DNA, and
McrBC, which digests the methylated one. We
applied the method to a comprehensive methyl-
ation analysis of 657 CpG islands on human
chromosome 11. While most islands escape
methylation as expected (83%), 6 CpG islands
display composite methylation pattern. Intrigu-
ingly, two of the composite CGIs were methyl-
ated in an allele-specific but parental-origin-
independent manner. Comparing the distribu-
tion of methylated and unmethylated CpG is-
lands on chromosome 11 and 21, we also dem-
onstrated that the distribution pattern of CpG is-
lands may differ chromosome to chromosome.
This approach would provide a novel way to
identify DMRs or methylation imprints and
hence novel imprinted genes in the human
genome and may contribute to uncover novel
modes of allelic methylation.

3. Analysis of a solitary imprinted gene Im-
pact

Kohji Okamura, Takashi Ito1 and Yoshiyuki
Sakaki (1Graduate school of Frontier Sciences,
Univ of Tokyo)

We also analyzed the mouse imprinted gene
Impact isolated in our laboratory by allelic mes-
sage display. Mouse Impact, the sole imprinted
gene mapped to chromosome 18, lies between
Hrh4 and Osbpl1. While most imprinted genes
show close physical clustering, both Hrh4 and
Osbpl1 failed to show any evidence for imprint-
ing, suggesting that Impact is a solitary im-

printed gene. Solitary imprinted genes identified
so far share common features such as fewer in-
trons and occurrence in singular introns of other
genes, indicative of retrotransposition. In con-
trast, Impact lies in an intergenic region and
consists of 11 exons, thereby strongly arguing
against its retrotranspositional origin. Based on
hazardous effects of overexpressed Impact, a
genomic segment containing paralogues of Hrh4
and Osbpl1, and strong promoter activity in
mouse, we assume that the species-specific soli-
tary imprinting of Impact evolved as a series of
response to segmental duplication followed by
lineage-specific enhancement of promoter activ-
ity.

4. Molecular mechanisms regulating mam-
malian circadian clock

Hajime Tei, Rika Numano, Nobuya Koike, Shi-
hoko Kojima, Soshi, Kawaguchi, Atsuki Shino-
zaki, Matsumi Hirose, Miyuki Shimada, Aya
Nakayama and Yoshiyuki Sakaki

Many biochemical, physiological and behav-
ioral processes in many organisms exhibit circa-
dian rhythms. Circadian rhythms are driven by
autonomous oscillators and entrained by daily
light-dark cycles. The transcription of Per1 and
Per2 , two mammalian clock genes, oscillates in a
circadian manner in the mouse suprachiasmatic
nucleus (SCN; the central pacemaker of the
mammalian circadian clock) with a peak in the
daytime and a trough at night. In addition, the
expression of mPer1 and mPer2 in the SCN is
induced immediately by a light pulse even at
night. The function of the circadian expression
of the mammalian Per1 and Per2 genes is a key
question for the regulation of circadian rhythms.
For elucidation of the molecular mechanisms
controlling the mammalian circadian clock, the
genomic sequences of the human and mouse Per
1 and Per2 genes in addition to their transcrip-
tional start sites have been determined. Both of
the hPer1 and mPer1 genomic sequences con-
sisted of 23 exons spanning approximately 16
kb. Comparisons of both genes revealed five
and one conserved segments in the 5’ flanking
regions and the first introns, respectively. These
conserved segments contained several potential
regulatory elements such as five E-boxes (the
binding site for the Clock-Bmal1 complex).
Transfection analyses using a series of deletion
and point mutants of the mPer1::luc reporter
showed that each of the five E-boxes was func-
tional for the Per1 induction mediated by Clock
and Bmal1. Unlike Per1 , five conserved seg-
ments in the 5’ flanking regions of hPer2 , mPer
2 , and rPer2 contained no typical E-box se-
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quence. However, transfection analyses using a
series of deletion and point mutants of the mPer
2 ::luc reporter showed that the sequences simi-
lar to E-box were functional for the Per2 induc-
tion mediated by Clock and Bmal1. Subse-
quently, we generated a Per1::luc transgenic rat
line in which luciferase is rhythmically ex-
pressed under the control of the mouse Per1
promoter, and used it to study mammalian cir-
cadian organization. Light emission from cul-

tured suprachiasmatic nuclei (SCN) of these rats
was invariably and robustly rhythmic. Circadian
rhythm of light emission from the SCN shifted
more rapidly than did the rhythm of locomotor
behavior. Liver, lung, and skeletal muscle ex-
pressed damped circadian rhythms in vitro. We
hypothesize that self-sustained circadian oscilla-
tors in the SCN entrain damped circadian oscil-
lators in the periphery to maintain adaptive
phase control.
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The mission of our laboratory is to conduct leading studies on the functional as-
pects of genome information computationally (“in silico”). Roughly speaking,
genome information represents what kind of proteins are synthesized on what
conditions. Thus, our study includes not only the analysis of molecular function of
each gene product but also the analysis of regulatory information, which will lead
us to the understanding of its cellular role represented by the networks of inter-
gene interaction.

1. DBTBS: Database of transcriptional regu-
lation in Bacillus subtilis and its contribu-
tion to comparative genomics

Yuko Makita, Mitsuteru Nakao, Naotake
Ogasawara1, and Kenta Nakai: 1Department of
Bioinformatics and Genomics, Nara Institute of
Science and Technology

DBTBS (http://dbtbs.hgc.jp) was originally re-
leased in 1999 as a reference database of pub-
lished transcriptional regulation events in Bacil-
lus subtilis , one of the best studied bacteria. It is
essentially a compilation of transcription factors
with their regulated genes as well as their recog-
nition sequences, which were experimentally
characterized and reported in literature. In this
year, we tried to update the data, which con-
tains the information of 114 transcription factors,
including sigma factors, and 633 promoters of
525 genes. The number of references cited in the
database increases from 291 to 378. It also newly
supports a function to find putative transcrip-
tion factor binding sites within input sequences
by using our collection of weight matrices and
consensus patterns. Furthermore, DBTBS aims to
contribute to comparative genomics by showing
the presence or absence of potentially ortholo-
gous transcription factors and their correspond-

ing cis-elements on the potentially orthologous
promoters of their regulated genes in 50 eubac-
terial genomes.

2. DBTSS (DataBase of Transcriptional Start
Sites): Progress Report

Riu Yamashita, Yutaka Suzuki2 , Sumio
Sugano2 and Kenta Nakai: Laboratory of
Genome Structure Analysis

DBTSS (http://dbtss.hgc.jp) was originally
constructed based on a collection of experiment-
ally-determined TSSs of human genes. Since its
first release in 2002, it has been updated several
times. First, the amount of the stored data has
increased significantly: for example, the number
of clones that match both to the RefSeq mRNA
set and the genome sequence increases from
111,382 to 190,964, now covering 11,234 genes.
Second, the positions of SNPs in dbSNP were
displayed on the upstream regions of contained
human genes. Third, DBTSS now covers other
species such as mouse and the human malaria
parasite. It will become a central database con-
taining the data of many more species with the
oligo-capping and related methods. Lastly, the
database now serves for comparative promoter
analyses: in the current version, comparative
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views of human and mouse potentially ortholo-
gous promoters are presented with an addi-
tional function of searching potential transcripti-
on-factor binding sites, which are either con-
served or diverged between species.

3. Genome wide analysis reveals strong cor-
relation between CpG islands around pro-
moters and their tissue-specificity

Riu Yamashita, Yutaka Suzuki2 , Sumio
Sugano2, and Kenta Nakai

There are several CpG clusters called ‘CpG is-
lands’ in vertebrate genomes, and they are
thought to be around promoter region. There
are conflict ideas about correlation between gene
expression and CpG islands in promoter region.
One of the reasons of the difficulty is uncertain
transcription start sites (TSSs) of the cDNA in
available databases. Here we obtained reliable
information of TSSs from DataBase of Transcrip-
tional start sites (DBTSS). We could classify into
6,600 CpG positive genes and 2,619 CpG nega-
tive genes in human while 2,948 CpG positives
and 1,830 CpG negatives in mouse. Combined
with UniGene expressed information, we found
a clear difference between the CpG positives
and the negatives. The genes without CpG is-
lands in promoter region usually are expressed
with tissue-specificity. We found no significant
correlation between spliced mRNA nor tran-
scribed DNA region and tissue-specificity in
both human and mouse. Our data suggest that
the gene expression pattern can be classified
into two major groups with CpG islands in not
transcribed DNA region but promoter region.

4. Parameter Landscape Analysis for Com-
mon Motif Discovery Programs

Natalia Polulyakh, Paul Horton3, Michiko
Konno4 and Kenta Nakai: 3Computational Biol-
ogy Research Center, National Institute of Ad-
vanced Industrial Science and Technology;
4Graduate School of Humanity and Science,
Ochanomizu University

The identification of regulatory elements as
over-represented motifs in the promoters of po-
tentially co-regulated genes is an important and
challenging problem in computational biology.
Although many motif detection programs have
been developed so far, they still seem to be im-
mature practically. In particular the choice of
tunable parameters is often critical to success.
Thus knowledge regarding which parameter set-
tings are most appropriate for various types of
target motifs is invaluable, but unfortunately

has been scarce. In this paper, we report our pa-
rameter landscape analysis of two widely-used
programs (the Gibbs Sampler and MEME). Our
results show that the Gibbs Sampler is relatively
sensitive to the changes of some parameter val-
ues while MEME is more stable. We present rec-
ommended parameter settings for the Gibbs
Sampler optimized for four different motif
lengths. Thus, running the Gibbs Sampler four
times with these settings should significantly de-
crease the risk of overlooking subtle motifs.

5. Large-scale analysis of alternatively-spliced
protein isoforms

Mitsuteru C. NAKAO and Kenta NAKAI

In higher eukaryotic cells, one general mecha-
nism to produce a variety of amino acids from a
single gene is the alternative spicing. To charac-
terize this phenomenon, we have developed an
objective classification method of protein iso-
forms produced by alternative splicing. We then
classified a number of sequences in the SWISS-
PROT database into 37 patterns, among which
the pattern having mutually exclusive exons in
the C-terminus as observed most frequently.
Generally speaking, the C-terminal side was
more variable than the N-terminal side. We also
found some correlation between some patterns
and the presence of specific sequence motifs that
are characteristic for some protein function,
which means that proteins having a specific
function tend to extensively use an isoformal
pattern. In addition, there is a strong correlation
between the terminal variations of proteins and
their differential subcellular localization.

6. Analysis of the upstream regions of genes
expressed tissue-specifically

Katsuki Tsuritani, Riu Yamashita, Hiroyuki
Aburatani5 and Kenta Nakai: 5Center for Col-
laborative Research, University of Tokyo

Our aim is to clarify the relationship between
the upstream region of human genes and their
tissue specificity in the transcriptional level ob-
served using microarray experiments. More spe-
cifically, we are developing a query system that
will answer to questions like “which of the tran-
scription factors are specifically expressed in a
given tissue?” or “In which tissue will the gene
with a given upstream sequence be expressed?”.
For example, we found that the binding site of
HNF (hepatocyte nuclear factor) is observed sig-
nificantly frequently on the upstream regions of
genes which are specifically expressed in fetal
liver and liver. More general studies are under-
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going.

7. Analysis of free extracellular DNA se-
quences found in peripheral blood

Katsuki Tsuritani, Yoshimi Homma6 and
Kenta Nakai: 6Institute of Biomedical Sciences,
Fukushima Medical University

We analyzed 562 DNA sequences which were
taken from the serum of normal peripheral
blood (PBF-DNA: peripheral blood free DNA) to

find clues of their production mechanism. We
found that the average length of PBF-DNA is
176 bp and that their terminal two nucleotides
are G／C-rich. The ratio of their origin is 69 : 26 :
3 for intergenic region, intron, and exon, respec-
tively. In addition, they seem to have been origi-
nated from chromosome 19 in a significantly
higher ratio. Our tentative conclusion is that
PBF-DNAs were generated from random posi-
tions in the human genome and that only physi-
cally stable ones have survived in peripheral
blood.
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