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Prof. Tanaka is charged with education of interdisciplinary medical informatics and bioinformatics. For undergraduate

classes he educates “Clinical Informatics”, “Statistics for Health Science”, “Practice in Clinical Informatics II”, “Project

Research”, and “Basics of Clinical Informatics”. For graduate classes he educates “Computational Biology”, “Bioinformatics

Computation”, “Systems Pathology”, “Statistical Genetics and Medical Statistics”, “English Debate”, and “Practice in Global

Linkage between University and Industry”, “Integrated Bioinformatics”, “Applied Biological Chemistry”, and “Integrated

Translational Research”. He supervises 31 students of PhD course and 2 students in Master course in Graduate School of

Medical and Dental Sciences and 6 students of PhD course and 9 students in Master course in Biomedical Science PhD

Program. He is a principle investigator of “International Educational Program for Interdisciplinary Disease Science”

granted by Program for Accelerating Internationalization of Higher (University) Education. In this year this program

accepted and educated a graduate student of Glasgow University in our international joint-degree education for master
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degree. A cooperative teaching course was provided to Japanese students in alliance with Harvard Medical School for the
topics of translational research. He is also a co-principle investigator of “New Joint-education of Multi-disciplinary Students
with Leading-edge Computer Technologies for OMICS Medicine” granted by JSPS Program for Enhancing Systemic
Education in Graduate School. This is a joint program of Tokyo Institute of Technology (TITECH) and TMDU. This
program provides a joint education system for students of the two universities to study different fields and to work
together so as to develop advanced computational technologies in medicine. This program also implemented a super high-
vision remote education system which connects two campuses of TITIECH and a campus of TMDU. He is also a principle
investigator of a follow-up program of “Educational Program for Biomedical Omics Information Scientists”, which had
granted by Special Coordination Funds for Promoting Science and Technology. The follow-up program provided a series of
seminars on advanced topics on regenerative medicine based in iPS technology, next sequencing technology and its
medical application, and new trends in drug discovery. 48 people who had graduated this program participated in the
follow-up program.

3. Research Subjects

In our laboratory, we conduct biological and medical researches from the viewpoint of Systems Biology.

Biological sciences: Recently, the whole genome sequences of diverse organisms have become available. Moreover,
various “omix” information such as a proteome, transcriptome, and metabolome are currently accumulating. Our goal is to
establish a grand-theory of biological sciences from the viewpoint of “evolving networks composed of biological molecules”
by integrating omix information.

Medical sciences - Genomic and omix data are also utilized in the field of medicine. It has been revealed that most
diseases are caused by the interaction among abnormalities of multiple genes, those at the tissue level, and environments.
It is therefore possible to consider diseases as a system. From this standpoint, we try to establish the omix-based
medicine.

[1] Difference in gene duplicability may explain difference in overall structure of protein-protein interaction networks
among eukaryotes

To uncover the evolutionary mechanisms of protein-protein interaction networks (PINs), we investigated PINs from
several eukaryotes, lLe., yeast, worm, fly, human, and malaria parasite. Many researchers suggested that a disassortative
network, in which interactions between high- and low-degree genes, are favored while hub-hub interactions are
suppressed. It was postulated that a disassortative structure minimizes unfavorable cross-talks between different hub-
centric functional modules and was positively selected in evolution. Thus, many researchers believe that a disassortative
structure is a common feature among eukaryotes. However, we showed that the yeast, worm, fly, and human PINs are
disassortative while the malaria parasite PIN is not. By conducting simulation studies on the basis of a duplication-
divergence model, we showed that a preferential duplication of low- and high-degree genes can generate networks with
disassortative structure and those without disassortative structure, respectively. From this observation, we hypothesized
that the difference in degree (# of interactions) dependence on gene duplications accounts for the difference in
assortativity of PINs among eukaryotes. By comparing 55 proteomes in eukaryotes, we revealed that genes with lower
degrees showed higher gene duplicabilities in the yeast, worm, and fly, while high-degree genes tend to have high
duplicabilities in the malaria parasite. The observation supports the above hypothesis.

Our results suggest that disassortative structures in PINs among eukaryotes are merely a byproduct of preferential

duplications of low-degree genes, which might be caused by a living environment of an organism.

[2] Investigation of disease mechanism using omics-based analysis

Recent advances in analysis techniques in molecular biology have led to the investigation of genome-wide data such as
genome, transcriptome and proteome. In order to reveal the underlying biological mechanisms from such a large amount
of "omics" data, integration of biomedical knowledge with multivariate statistical analysis or machine learning methods is
one of the most crucial tasks for bioinformatics research. We have been performing collaborative research with our
university hospital and other institutes mainly based on transcriptome analysis using DNA microarray, including the
following topics: 1) identification of diagnosis marker for early relapse in hepatocellular carcinoma patients, 2) development
of predictive marker for metastatic relapse in colorectal cancer, and 3) analysis of the molecular mechanisms of epithelial-
mesenchymal transition in breast cancer cells.

[3] Bioinformatics on disease Omics data
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The i2b2 (Informatics for Integrating Biology and the Bedside) is a database system developed by Harvard Medical
School to facilitate integration of clinical patients data collected in various forms and by various people such as university
hospitals, clinics, and organizations of patients. The i2b2 is designed to enable integration of many different data by
ontology-based object-oriented database technologies. We constructed the i2b2 database with Japanese clinical patients
data from our university hospital. We developed a computational pipeline to extract disease names from doctor’s
comments in Japanese and translate them into English using Natural Language Processing techniques. Comprehensive
information on proteins plays an important role in elucidating molecular progress of a disease. There had been no concise
and systematic method to identify terminus of proteins in proteomics. We applied a unique enzyme that digested N- and
C- terminus of a Lys residue and developed a new method to identify protein terminus in MASS data. We investigated
human plasma by our method and detected un-known protein terminus that may have pathogenic links to a disease.

[4] iCOD: an integrated clinical omics database based on the systems-pathology view of disease

Variety of information relating between genome and the pathological findings in disease will yield a wealth of clues to
discover new function, the role of genes and pathways, and future medicine. In addition to molecular information such as
gene expression and genome copy number, detailed clinical information is essential for such systematic omics analysis. In
order to provide a basic platform to realize a future medicine based on the integration of molecular and clinico-pathological
information of disease, we have developed an integrated clinical omics database (iICOD) in which comprehensive disease
information of the patients is collected, including not only molecular omics data such as CGH (Comparative Genomic
Hybridization) and gene expression profiles but also comprehensive clinical information such as clinical manifestations,
medical images (CT, X-ray, ultrasounds, etc), laboratory tests, drug histories, pathological findings and even life-style/
environmental information. The 1COD is developed to combine the molecular and clinico-pathological information of the
patients to provide the holistic understanding of the disease. Furthermore, we developed several kinds of integrated view
maps of disease in the iCOD, which summarize the comprehensive patient data to provide the information for the
interrelation between the molecular omics data and clinico-pathological findings as well as estimation for the disease
pathways, such as three layer-linked disease map, disease pathway map, and pathome-genome map. With these utilities,
our 1ICOD aims to contribute to provide the omics basis of the disease as well as to promote the pathway-directed disease
view. The 1COD database is available online, containing 140 patient cases of hepatocellular carcinoma, with raw data of
each case as supplemental data set to download. The iCOD and supplemental data can be accessed at http://omics.tmd.
acjp/icod_pub_eng.
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