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We are facing with biomedical big data comprising of ultra-high dimensional ultra-
heterogeneous data. Our current mission is to develop computational/informatics
strategy for medical informatics to implement personalized genomic medicine
through genomics, systems biology and supercomputer.

1. Systems Cancer Research and Systems Biol-
ogy

a. Recursive Random Lasso (RRLasso) for Iden-
tifying Anti-Cancer Drug Targets

Park H, Imoto S, Miyano S

Uncovering driver genes is crucial for under-
standing heterogeneity in cancer. L1-type regulari-
zation approaches have been widely used for un-
covering cancer driver genes based on genome-
scale data. Although the existing methods have
been widely applied in the field of bioinformatics,
they possess several drawbacks: subset size limita-

tions, erroneous estimation results, multicollinear-
ity, and heavy time consumption. We introduce a
novel statistical strategy, called a Recursive Ran-
dom Lasso (RRLasso), for high dimensional
genomic data analysis and investigation of driver
genes. For time-effective analysis, we consider a re-
cursive bootstrap procedure in line with the ran-
dom lasso. Furthermore, we introduce a parametric
statistical test for driver gene selection based on
bootstrap regression modeling results. The pro-
posed RRLasso is not only rapid but performs well
for high dimensional genomic data analysis. Monte
Carlo simulations and analysis of the "Sanger
Genomics of Drug Sensitivity in Cancer dataset
from the Cancer Genome Project” show that the
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proposed RRLasso is an effective tool for high di-
mensional genomic data analysis. The proposed
methods provide reliable and biologically relevant
results for cancer driver gene selection.

b. High performance computing of a fusion
gene detection pipeline on the K computer

Ito S, Shiraishi Y, Shimamura T, Chiba K, Miya-
no S.

Recently developed high-throughput sequencers
can generate a huge amount of omics data, and
TOP500-class supercomputers are required to ana-
lyze such large datasets. However, these supercom-
puters do not usually support grid engines, which
are commonly used in bioinformatics, making it
necessary to parallelize the software. Parallelization
and optimization require domain and specific
knowledge, which poses a challenge for most bioin-
formaticians. We here propose a simple methodol-
ogy for the parallelization of pipeline software. To
demonstrate the efficacy of the methodology, we
employed the Genomon-fusion as a sample soft-
ware pipeline and ported it onto the K computer
by applying our method. Simultaneous analysis of
a massive amount of samples was performed using
the K computer in a very short period of time.

c. Integrative Clustering of Cancer Genome Data
using Infinite Relational Models

Chikahara Y, Niida A, Yamaguchi R, Imoto S,
Miyano S

From the late 90's until today, the advances in
highthroughput measurement technologies are re-
markable and producing a huge amount of cancer
genomic data. Due to the complexity of data, how-
ever, we have not still got a fully integrated view
of genetic and transcriptional changes that differ
among individuals. To visualize the differences in
genetic and transcriptional data among patient
samples, we focus on grouping of three types of
features, i.e., genes, patient samples, and expression
modules. We propose an integrative framework
based on the biclustering of multiple types of bio-
logical data, i.e., copy number, gene expression,
and module activity, by extending the Infinite Rela-
tional Models (IRM), a non-parametric Bayesian
model used to perform a biclustering of binary
data, for continuous data. We demonstrate a utility
of the model using a colorectal cancer (CRC) da-
taset. Our result discovers a clinical insight that the
activity of modules related to an immune system is
associated with CRC patients survival, which dem-
onstrates the ability of our novel integrative ap-
proach to group not only genes and modules but
also patient samples based on their genetic and

transcriptional alterations.

d. Gene set differential analysis of time course
expression profiles via sparse estimation in
functional logistic model with application to
time-dependent biomarker detection

Kayano M', Matsui H’, Yamaguchi R, Imoto S,
Miyano S: 'Obihiro University of Agriculture and
Veterinary Medicine, *Faculty of Mathematics, Ky-
ushu University

High-throughput time course expression profiles
have been available in the last decade due to devel-
opments in measurement techniques and devices.
Functional data analysis, which treats smoothed
curves instead of originally observed discrete data,
is effective for the time course expression profiles
in terms of dimension reduction, robustness, and
applicability to data measured at small and irregu-
larly spaced time points. However, the statistical
method of differential analysis for time course ex-
pression profiles has not been well established. We
propose a functional logistic model based on elastic
net regularization (F-Logistic) in order to identify
the genes with dynamic alterations in case/control
study. We employ a mixed model as a smoothing
method to obtain functional data; then F-Logistic is
applied to time course profiles measured at small
and irregularly spaced time points. We evaluate the
performance of F-Logistic in comparison with an-
other functional data approach, ie. functional
ANOVA test (F-FANOVA), by applying the methods
to real and synthetic time course data sets. The real
data sets consist of the time course gene expression
profiles for long-term effects of recombinant inter-
feron [Formula: see text] on disease progression in
multiple sclerosis. F-Logistic distinguishes dynamic
alterations, which cannot be found by competitive
approaches such as F-ANOVA, in case/control
study based on time course expression profiles. F-
Logistic is effective for time-dependent biomarker
detection, diagnosis, and therapy.

e. Elevated 3-catenin pathway as a novel target
for patients with resistance to EGF receptor
targeting drugs

Nakata A°, Yoshida R‘, Yamaguchi R, Yamauchi
M, Tamada Y, Fujita A, Shimamura T, Imoto S,
Higuchi T!, Nomura M’, Kimura T’, Nokihara H°,
Higashiyama M’, Kondoh K", Nishihara H", Tojo
A% Yano S°, Miyano S, Gotoh N°: *Kanazawa Uni-
versity, “The Institute of Statistical Mathematics,
*Division of Molecular Therapy, Institute of Medi-
cal Science, University of Tokyo, ‘Tokyo Medical
University, "Osaka City University, *National Can-
cer Center Hospital, ’°Osaka Medical Center for
Cancer and Cardiovascular Diseases, "The Univer-
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sity of Tokushima, '"Hokkaido University

There is a high death rate of lung cancer patients.
Epidermal growth factor receptor tyrosine kinase
inhibitors (EGFR-TKIs) are effective in some lung
adenocarcinoma patients with EGFR mutations.
However, a significant number of patients show
primary and acquire resistance to EGFR-TKIs. Al-
though the Akt kinase is commonly activated due
to various resistance mechanisms, the key targets of
Akt remain unclear. Here, we show that the Akt-p-
catenin pathway may be a common resistance
mechanism. We analyzed gene expression profiles
of gefitinib-resistant PCOM2 cells that were derived
from gefitinib-sensitive lung cancer PC9 cells and
do not have known resistance mechanisms includ-
ing EGFR mutation T790M. We found increased ex-
pression of Axin, a B-catenin target gene, increased
phosphorylation of Akt and GSK3, accumulation of
B-catenin in the cytoplasm/nucleus in PCOM2 cells.
Both knockdown of B-catenin and treatment with a
B-catenin inhibitor at least partially restored gefit-
inib sensitivity to PCOM2 cells. Lung adenocarci-
noma tissues derived from gefitinib-resistant pa-
tients displayed a tendency to accumulate p-catenin
in the cytoplasm. We provide a rationale for combi-
nation therapy that includes targeting of the Akt-B-
catenin pathway to improve the efficacy of EGFR-
TKIs.

f. An Integrative Analysis to Identify Driver
Genes in Esophageal Squamous Cell Carci-
noma

Sawada G"”, Niida A, Hirata H”, Komatsu H",
Uchi R”, Shimamura T, Takahashi Y", Kurashige
J”, Matsumura T", Ueo H, Takano Y, Ueda M",
Sakimura S", Shinden Y", Eguchi H”, Sudo T",
Sugimachi K", Yamasaki M"”, Tanaka F", Tachi-
mori Y, Kajiyama Y", Natsugoe S“, Fujita H',
Tanaka Y", Calin G, Miyano S, Doki Y, Mori
M"”, Mimori K": "Osaka University, "Kyushu
University Beppu Hospital, “Juntendo University
School of Medicine, “Kagoshima University School
of Medicine, “"Kurume University School of Medi-
cine, "Saitama Cancer Center, “The University of
Texas MD Anderson

Few driver genes have been well established in
esophageal squamous cell carcinoma (ESCC). Iden-
tification of the genomic aberrations that contribute
to changes in gene expression profiles can be used
to predict driver genes. We searched for driver
genes in ESCC by integrative analysis of gene ex-
pression microarray profiles and copy number data.
To narrow down candidate genes, we performed
survival analysis on expression data and tested the
genetic vulnerability of each genes using public
RNAI screening data. We confirmed the results by

performing RNAi experiments and evaluating the
clinical relevance of candidate genes in an inde-
pendent ESCC cohort. We found 10 significantly re-
current copy number alterations accompanying
gene expression changes, including loci 11q13.2, 7p
11.2, 3926.33, and 17q12, which harbored CCND1,
EGFR, SOX2, and ERBB2, respectively. Analysis of
survival data and RNAi screening data suggested
that GRB7, located on 17q12, was a driver gene in
ESCC. In ESCC cell lines harboring 17q12 amplifi-
cation, knockdown of GRB7 reduced the prolifera-
tion, migration, and invasion capacities of cells.
Moreover, siRNA targeting GRB7 had a synergistic
inhibitory effect when combined with trastuzumab,
an anti-ERBB2 antibody. Survival analysis of the in-
dependent cohort also showed that high GRB7 ex-
pression was associated with poor prognosis in
ESCC. Our integrative analysis provided important
insights into ESCC pathogenesis. We identified
GRB7 as a novel ESCC driver gene and potential
new therapeutic target.

g- A Simple Model-Based Approach to Inferring
and Visualizing Cancer Mutation Signatures

Shiraishi Y, Tremmel G, Miyano S, Stephens M":
YUniversity of Chicago

Recent advances in sequencing technologies have
enabled the production of massive amounts of data
on somatic mutations from cancer genomes. These
data have led to the detection of characteristic pat-
terns of somatic mutations or "mutation signatures"
at an unprecedented resolution, with the potential
for new insights into the causes and mechanisms of
tumorigenesis. Here we present new methods for
modelling, identifying and visualizing such muta-
tion signatures. Our methods greatly simplify mu-
tation signature models compared with existing ap-
proaches, reducing the number of parameters by
orders of magnitude even while increasing the con-
textual factors (e.g. the number of flanking bases)
that are accounted for. This improves both sensitiv-
ity and robustness of inferred signatures. We also
provide a new intuitive way to visualize the signa-
tures, analogous to the use of sequence logos to
visualize transcription factor binding sites. We illus-
trate our new method on somatic mutation data
from urothelial carcinoma of the upper urinary
tract, and a larger dataset from 30 diverse cancer
types. The results illustrate several important fea-
tures of our methods, including the ability of our
new visualization tool to clearly highlight the key
features of each signature, the improved robustness
of signature inferences from small sample sizes,
and more detailed inference of signature character-
istics such as strand biases and sequence context ef-
fects at the base two positions 5 to the mutated
site. The overall framework of our work is based
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on probabilistic models that are closely connected
with "mixed-membership models" which are widely
used in population genetic admixture analysis, and
in machine learning for document clustering. We
argue that recognizing these relationships should
help improve understanding of mutation signature
extraction problems, and suggests ways to further
improve the statistical methods. Our methods are
implemented in an R package pmsignature (https://
github.com/friend1ws/pmsignature) and a web ap-
plication available at https://friend1ws.shinyapps.io/
pmsignature_shiny/.

h. The AURKA/TPX2 axis drives colon tumori-
genesis cooperatively with MYC

Takahashi Y", Sheridan P, Niida A, Sawada G",
Uchi R”, Mizuno H”, Kurashige J“, Sugimachi
K", Sasaki S”, Shimada Y® Hase K”, Kusunoki
M”, Kudo S*, Watanabe M”*, Yamada K*, Sugi-
hara K”, Yamamoto H", Suzuki A®, Doki Y",
Miyano S, Mori M"”, Mimori K": *Chugai Phar-
maceutical Co., Ltd, *Omori Red Cross Hospital,
”National Defense Medical College, “Mie Univer-
sity, *Showa University Northern Yokohama Hos-
pital, *Kitasato  University, *Takano Hospital,
"Tokyo Medical and Dental University, *Medical
Institute of Bioregulation, Kyushu University

The MYC oncogene has long been established as
a central driver in many types of human cancers in-
cluding colorectal cancer. However, the realization
of MYC-targeting therapies remains elusive; as a re-
sult, synthetic lethal therapeutic approaches are al-
ternatively being explored. A synthetic lethal thera-
peutic approach aims to kill MYC-driven tumors by
targeting a certain co-regulator on the MYC path-
way. We analyzed copy number and expression
profiles from 130 colorectal cancer tumors together
with publicly available datasets to identify co-regu-
lators on the MYC pathway. Candidates were func-
tionally tested by in vitro assays using colorectal
cancer and normal fibroblast cell lines. Addition-
ally, survival analyses were carried out on another
159 colorectal cancer patients and public datasets.
Our in silico screening identified two MYC co-regu-
lator candidates, AURKA and TPX2, which are in-
teracting mitotic regulators located on chromosome
20q. We found the two candidates showed frequent
co-amplification with the MYC locus while expres-
sion levels of MYC and the two genes were posi-
tively correlated with those of MYC downstream
target genes across multiple cancer types. In vitro,
the aberrant expression of MYC, AURKA and TPX2
resulted in more aggressive anchorage-independent
growth in normal fibroblast cells. Furthermore,
knockdown of AURKA or TPX2, or treatment with
an AURKA-specific inhibitor effectively suppressed
the proliferation of MYC-expressing colorectal can-

cer cells. Additionally, combined high expression of
MYC, AURKA and TPX2 proved to be a poor prog-
nostic indicator of colorectal cancer patient survival.
Through bioinformatic analyses and experiments,
we proposed TPX2 and AURKA as novel co-regula-
tors on the MYC pathway. Inhibiting the AURKA/
TPX2 axis would be a novel synthetic lethal thera-
peutic approach for MYC-driven cancers.

i. Binary Contingency Table Method for Analyz-
ing Gene Mutation in Cancer Genome

Ayada E, Niida A, Hasegawa T, Miyano S, Imoto
S.

Gene mutations are responsible for a large pro-
portion of genetic diseases such as cancer. Hence, a
number of computational methods have been de-
veloped to find loci subject to frequent mutations in
cancer cells. Since normal cells turn into cancer cells
through the accumulation of gene mutations, the
elucidation of interactive relationships among loci
has great potential to reveal the cause of cancer
progression; however, only a few methods have
been proposed for measuring statistical significance
of pairs of loci that are co-mutated or exclusively
mutated. In this study, we proposed a novel statis-
tical method to find such significantly interactive
pairs of loci by employing the framework of binary
contingency tables. Using Markov chain Monte
Carlo procedure, the statistical significance is evalu-
ated by sampling null matrices whose marginal
sums are equal to those of the input matrix. We ap-
plied the proposed method to mutation data of co-
lon cancer patients and successfully obtained sig-
nificant pairs of loci.

2. Oncoimmunology
a. A TCR sequence data analysis pipeline: Tcrip
Yamaguchi R, Imoto S, Miyano S

We developed a TCR sequence data analysis
pipeline Tcrip that was developed for analyzing
millions of cDNA-sequence reads generated by
high-throughput sequencers. Using Tcrip, we can
dissect TCR-o. and TCR-B sequences into specific
segments and estimate amounts and types of
unique T cell clones to characterize T cell reper-
toires. It also allows us to analyze unmapped parts
of reads in detail. Then it provides reasons for un-
mappability and clues to search novel exon candi-
date sequences.

b. Quantitative T cell repertoire analysis by deep
cDNA sequencing of T cell receptor o and f
chains using next-generation sequencing
(NGS)
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Fang H”, Yamaguchi R, Liu X”, Daigo Y, Yew
PY”, Tanikawa C*', Matsuda K, Imoto S, Miyano
S, Nakamura Y?”: ¥Section of Hematology/Oncol-
ogy, Department of Medicine; The University of
Chicago, *Shiga University of Medical Science
Hospital, *'Laboratory of Genome Sequence Tech-
nology, Human Genome Center, The Institute of
Medical Science, The University of Tokyo

Immune responses play a critical role in various
disease conditions including cancer and autoim-
mune diseases. However, to date, there has not
been a rapid, sensitive, comprehensive, and quanti-
tative analysis method to examine T-cell or B-cell
immune responses. Here, we report a new ap-
proach to characterize T cell receptor (TCR) reper-
toire by sequencing millions of cDNA of TCR a
and B chains in combination with a newly-devel-
oped algorithm. Using samples from lung cancer
patients treated with cancer peptide vaccines as a
model, we demonstrate that detailed information of
the V-(D)-] combination along with complementary
determining region 3 (CDR3) sequences can be de-
termined. We identified extensive abnormal splic-
ing of TCR transcripts in lung cancer samples, indi-
cating the dysfunctional splicing machinery in T
lymphocytes by prior chemotherapy. In addition,
we found three potentially novel TCR exons that
have not been described previously in the reference
genome. This newly developed TCR NGS platform
can be applied to better understand immune re-
sponses in many disease areas including immune
disorders, allergies, and organ transplantations.

c. Quantitative characterization of T-cell reper-
toire in allogeneic hematopoietic stem cell
transplant recipients

Yew PY”, Alachkar H”, Yamaguchi R, Kiyotani
K”, Fang H”, Yap KL”, Liu HT”, Wickrema A”,
Artz A”, van Besien K”, Imoto S, Miyano S,
Bishop MR”, Stock W”, Nakamura Y*

Allogeneic hematopoietic stem cell transplanta-
tion (HSCT) is one of curative treatment options for
patients with hematologic malignancies. Although
GVHD mediated by the donor's T lymphocytes re-
mains the most challenging toxicity of allo-HSCT,
graft-versus-leukemia (GVL) effect targeting leuke-
mic cells, has an important role in affecting the
overall outcome of patients with AML. Here we
comprehensively characterized the TCR repertoire
in patients who underwent matched donor or
haplo-cord HSCT using next-generation sequencing
approach. Our study defines the functional kinetics
of each TCRA and TCRB clone, and changes in T-
cell diversity (with identification of CDR3 se-
quences) and the extent of clonal expansion of cer-
tain T-cells. Using this approach, our study demon-

strates that higher percentage of cord-blood cells at
30 days after transplant was correlated with higher
diversity of TCR repertoire, implicating the role of
cord-chimerism in enhancing immune recovery. Im-
portantly, we found that GVHD and relapse, exclu-
sive of each other, were correlated with lower TCR
repertoire diversity and expansion of certain T-cell
clones. Our results highlight novel insights into the
balance between GVHD and GVL effect, suggesting
that higher diversity early after transplant possibly
implies lower risks of both GVHD and relapse fol-
lowing the HSCT transplantation.

3. Applications of Genomon to Cancer Genome
Analyses

All laboratory members and many collaborators

We have been developing various pipe lines for
analyzing genome sequence data including RNA
sequences. By collaborations with many cancer re-
searchers, we contributed to sequence data analyses
using the supercomputer at Human Genome Center
and K computer at AICS, RIKEN. Due to the limit
of space, we list up our contributed papers: 7-8, 11-
14, 18-22, 25, 27, 29-30, 32, 35, 37, 40-41, 44-45, 48-
50, 52-53, 56.

4. Algorithms for Bioinformatics

a. Malphite: A convolutional neural network and
ensemble learning based protein secondary
structure predictor

Li Y, Shibuya T

We developed a convolution neural networks
(CNN) and ensemble learning based method, called
Malphite, to predict protein secondary structures.
Maphite has three sub-models: the 1st CNN, PSI-
PRED and the 2nd CNN. The 1st CNN and PSI-
PRED are used to predict the initial secondary
structure based on the position specific scoring ma-
trix generated from PSIBLAST. The 2nd CNN per-
forms ensemble learning by combining the predic-
tion result of the 1st CNN and PSI-PRED and gen-
erate the final predictions. Malphite achieved a Q3
score of 82.3% and 82.6% for independently built
dataset of 400 and 538 proteins respectively, and
82.6% ten-fold-cross validated accuracy for a da-
taset of 3000 proteins. In addition, Malphite accom-
plished a remarkable Q3 score of 83.6% for 122 tar-
gets from CASP10 (Critical Assessment of protein
Structure Prediction), surpassing any secondary
structure prediction technique to date. For all four
datasets, Malphite consistently makes 2% more ac-
curate prediction than PSI-PRED, which is a signifi-
cantly step towards the estimated upper limit of
protein secondary structure prediction accuracy of
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The Laboratory of Molecular Medicine focuses on comprehensive characterization
of currently-untreatable diseases including cancer on the basis of molecular
genomics and aims to make "breakthroughs for human health" by identifying novel
disease-related genes/pathways, including potential therapeutic or preventive tar-
gets and biomarkers, and to understand human diseases as heterogeneous but
intervention-able "biological systems". This group has also organized the facility
for the analysis of next-generation high-performance sequencers.

1. Comprehensive molecular analysis of biliary
tract cancer

Hiromi Nakamura', Yasuhito Arai', Yasushi To-
toki', Tomoki Shirota’, Asmaa Elzawahry',
Mamoru Kato®’, Natsuko Hama', Fumie Hosoda',
Tomoko Urushidate’, Shoko Ohashi', Nobuyoshi
Hiraoka®’, Hidenori Ojima*’, Kazuaki Shimada’,
Takuji Okusaka®, Tomoo Kosuge’, Shinichi Miya-
gawa’, Tatsuhiro Shibata"*’: 'Division of Cancer
Genomics, ‘Department of Bioinformatics, Natio-
nal Cancer Center Research Institute, ‘First De-
partment of Surgery, Shinshu University School of
Medicine, ‘Laboratory of Molecular Medicine, Hu-
man Genome Center, The institute of Medical Sci-
ence, the University of Tokyo, *Division of Pathol-
ogy and Clinical Laboratories, 'Hepatobiliary and
Pancreatic Surgery Division, ‘Department of He-
patobiliary and Pancreatic Oncology, National
Cancer Center Hospital, ‘Department of Pathol-
ogy, Keio University School of Medicine.

The incidence of biliary tract cancer, including
intra-hepatic (ICC) and extra-hepatic (ECC) cholan-
giocarcinomas and gallbladder cancer (GB), has
rapidly increased globally; however, no effective
targeted molecular therapies have been approved
and the cure rate is very low. This study character-

ized more than 200 BTCs by a combination of
exome and transcriptome sequencing and uncov-
ered spectrums of molecular alterations that in-
cluded novel therapeutic targets. Gradient spectrum
of mutational signatures with higher burden of the
APOBEC-associated signature in GB and ECC was
observed. Thirty-two driver genes were identified
as significantly altered genes and nearly 40% of
cases harbored molecularly targetable genetic al-
terations. Organ-specific dysfunctions were also
identified in epigenetic regulators, often in unique
combinations with growth-promoting alterations
(e.g., IDH1 mutations without RAS mutations). The
group with the poorest prognosis had a characteris-
tic elevation of both immune response signatures
and counteracting immune checkpoint molecules,
implying that immune-modulating therapies could
also be potentially promising options for those pa-
tients.

2. Pathway and network analysis of cancer
genomes

Pau Creixell', Jiiri Reimand’, Syed Haider’, Guan-
ming Wu*, Tatsuhiro Shibata’, Miguel Vazquez’,
Ville Mustonen’, Abel Gonzalez-Perez®, John Pear-
son’, Chris Sander”, Benjamin J. Raphael', De-
bora Marks”, B.F. Francis Ouellette*”, Alfonso
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Valencia®, Gary D. Bader’, Paul C. Boutros*"",
Joshua M. Stuart™, Rune Linding"", Nuria
Lopez-Bigas*"®, Lincoln D. Stein*”: 'Cellular Signal
Integration Group (C-SIG), Technical University
of Denmark, Lyngby, Denmark, ‘The Donnelly
Centre, University of Toronto, Toronto, Ontario,
Canada, ‘Informatics and Biocomputing Program,
Ontario Institute for Cancer Research, Toronto,
Ontario, Canada, ‘Department of Medical Infor-
matics and Clinical Epidemiology, Oregon Health
& Science University, Portland, Oregon, USA,
*Laboratory of Molecular Medicine, Human
Genome Center, The institute of Medical Science,
the University of Tokyo, ‘Structural Biology and
Biocomputing Programme, Spanish National Can-
cer Research Centre, Madrid, Spain, "Wellcome
Trust Sanger Institute, Wellcome Trust Genome
Campus, Hinxton, Cambridge, UK, *Research Unit
on Biomedical Informatics, University Pompeu
Fabra, Barcelona, Spain. ’‘Queensland Centre for
Medical Genomics, Institute for Molecular Bi-
oscience, University of Queensland, St. Lucia, Bris-
bane, Queensland, Australia, "Computational Biol-
ogy Center, Memorial Sloan-Kettering Cancer
Center, New York, NY, USA, "Department of
Computer Science and Center for Computational
Molecular Biology, Brown University, Providence,
RI, USA, "Department of Systems Biology, Har-

vard Medical School, Boston, MA USA, “Depart-
ment of Medical Biophysics, University of
Toronto, Toronto, Ontario, Canada, “Department
of Pharmacology and Toxicology, University of
Toronto, Toronto, Ontario, Canada, “Department
of Biomolecular Engineering, University of Cali-
fornia, Santa Cruz, California, USA, “Center for
Biomolecular Science and Engineering, University
of California, Santa Cruz, California, USA,
"Biotech Research & Innovation Centre (BRIC),
University of Copenhagen (UCPH), DK-2200 Co-
penhagen, Denmark, “Institucio Catalana de Re-
cerca i Estudis Avancats, Barcelona, Spain, "De-
partment of Molecular Genetics, University of
Toronto, Toronto, Ontario, Canada, *Department
of Cell and Systems Biology, University of
Toronto, Toronto, Ontario, Canada.

Genomic information on tumors from 50 cancer
types catalogued by The International Cancer
Genome Consortium (ICGC) shows that only few
well-studied driver genes are frequently mutated,
in contrast to many infrequently mutated genes
that may also contribute to tumor biology. This in-
ternational collaborative study provides an over-
view of these pathway analysis techniques to guide
mechanistic and translational investigations.

Publications

. Nakamura H, Arai Y, Totoki Y, Shirota T, El-

zawahry A, Kato M, Hama N, Hosoda F,
Urushidate T, Ohashi S, Hiraoka N, Ojima H,
Shimada K, Okusaka T, Kosuge T, Miyagawa S,
Shibata T. Genomic spectra of biliary tract can-
cer. Nat Genet, 2015, 47: 1003-10.
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Ouellette BF, Valencia A, Bader GD, Boutros PC,
Stuart JM, Linding R, Lopez-Bigas N, Stein LD.
Pathway and network analysis of cancer
genomes. Nat Methods, 2015 12: 615-21.

Kataoka K, Nagata Y, Kitanaka A, Shiraishi Y,
Shimamura T, Yasunaga JI, Totoki Y, Chiba K,

Sato-Otsubo A, Nagae G, Ishii R, Muto S, Kotani
S, Watatani Y, Takeda ], Sanada M, Tanaka H,
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Nosaka K, Hishizawa M, Itonaga H, Imaizumi Y,
Munakata W, Ogasawara H, Sato T, Sasai K,
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The major goal of our group is to identify genes causing or predisposing to vari-
ous diseases as well as those related to drug efficacies and adverse reactions. By
means of technologies developed through the genome project including a high-
resolution SNP map, a large-scale DNA sequencing, and RNA sequence method,
we have isolated a number of biologically and/or medically important genes, and
are developing novel diagnostic and therapeutic tools.

Koichi Matsuda, Chizu Tanikawa, Takafumi Mi-
yamoto, Makoto Hirata, Jinichi Mori, Tomoyuki
Koguchi, Yusuke Tsuda, Ryuta Yamamoto, Vara-
lee Yodsurang, Yukie Takahashi, Wang Guanx-
iong, Satomi Takahashi, Misato Oshima.

1. Genome-wide association study

Genome-wide association study identified SNP
on 15924 associated with bladder cancer risk in
Japanese population.

Through genome-wide association analysis and
an independent replication study using a total of
1131 bladder cancer cases and 12 558 non-cancer
controls of Japanese populations, we identified a
susceptibility locus on chromosome 15q24. SNP
rs11543198 was associated with bladder cancer risk
with odds ratio (OR) of 1.41 and P-value of 4.03 X
107°. Subgroup analysis revealed rs11543198 to
have a stronger effect in male smokers with OR of
1.66. SNP rs8041357, which is in complete linkage
disequilibrium (r* = 1) with rs11543198, was also as-
sociated with bladder cancer risk in Europeans (P =
0.045 for an additive and P = 0.025 for a recessive

model), despite much lower minor allele frequency
in Europeans (3.7%) compared with the Japanese
(22.2%). Imputational analysis in this region sug-
gested CYP1A2, which metabolizes tobacco-derived
carcinogen, as a causative candidate gene. We also
confirmed the association of previously reported
loci, namely SLC14A1, APOBEC3A, PSCA and
MYC, with bladder cancer. Our finding implies the
crucial roles of genetic variations on the chemically
associated development of bladder cancer.

Large-scale association analysis in Asians iden-
tifies new susceptibility loci for prostate cancer.

Genome-wide association studies (GWAS) have
identified ~100 genetic loci associated with pros-
tate cancer risk. Less than a dozen of these loci
were initially identified from GWAS in two Asian
populations, likely because of smaller sample sizes
of these individual GWAS in Asians. Here, we con-
duct a large-scale meta-analysis of two GWAS from
the Japanese population (1,583 cases and 3,386 con-
trols) and the Chinese population (1,417 cases and
1,008 controls), followed by replication in three in-
dependent sample sets. We identify two independ-
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ent susceptibility loci for prostate cancer at 11p15.4
(rs12791447, P =3.59 10 °; PPFIBP2) and 14q23.2
(rs58262369, P = 6.05 %10 "’; ESR2). The mRNA lev-
els of PPFIBP2 and ESR2 are differentially ex-
pressed in prostate tumours and paired normal tis-
sues. Our study adds two new loci to the limited
number of prostate cancer risk-associated variants
in Asians and provides important insight into po-
tential biological mechanisms of prostate cancer.

Construction of a population-specific HLA impu-
tation reference panel and its application to
Graves' disease risk in Japanese.

To fine map association signals of human leuko-
cyte antigen (HLA) variants in the major histocom-
patibility complex (MHC) region, we constructed a
Japanese population-specific reference panel (n=
908). We conducted trans-ancestry comparisons of
linkage disequilibrium (LD) and haplotype struc-
ture for HLA variants using an entropy-based LD
measurement, ¢, and a visualization tool to capture
high-dimensional variables. Our Japanese reference
panel exhibited stronger LD between HLA genes
than European or other East Asian populations,
characterized by one population-specific common
long-range HLA haplotype. We applied HLA impu-
tation to genome-wide association study (GWAS)
data for Graves' disease in Japanese (n = 9,003) and
found that amino acid polymorphisms of multiple
class I and class II HLA genes independently con-
tribute to disease risk (HLA-DPB1, HLA-A, HLA-B
and HLA-DRBI1; P <2.3x107°°), with the strongest
impact at HLA-DPB1 (P = 1.6 10 *). Our study il-
lustrates the value of population-specific HLA ref-
erence panels.

A genome-wide association study identifies
PLCL2 and AP3D1-DOT1L-SF3A2 as new sus-
ceptibility loci for myocardial infarction in Japa-
nese.

Despite considerable progress in preventive and
therapeutic strategies, myocardial infarction (MI) is
one of the leading causes of death throughout the
world. A total of 55 susceptibility genes have been
identified mostly in European genome-wide asso-
ciation studies (GWAS). Nevertheless, large-scale
GWAS from other population could possibly find
additional susceptibility loci. To identify as many
MI susceptibility loci as possible, we performed a
large-scale genomic analysis in Japanese popula-
tion. To identify MI susceptibility loci in Japanese,
we conducted a GWAS using 1666 cases and 3198
controls using the Illumina Human610-Quad Bead-
Chip and HumanHap550v3 Genotyping BeadChip.
We performed replication studies using a total of
11,412 cases and 28,397 controls in the Japanese
population. Our study identified two novel suscep-

tibility loci for MI: PLCL2 on chromosome 3p24.3
(rs4618210: A > G, P =2.60%10"°, odds ratio (OR) =
0.91) and AP3D1-DOTI1L-SF3A2 on chromosome 19
p13.3 (rs3803915: A > C, P =3.84%X10", OR = 0.89).
Besides, a total of 14 previously reported MI sus-
ceptibility loci were replicated in our study. In par-
ticular, we validated a strong association on chro-
mosome 12q24 (rs3782886: A >G: P=1.14x10 "
OR = 1.46). Following pathway analysis using 265
genes related to MI or coronary artery disease, we
found that these loci might be involved in the
pathogenesis of MI via the promotion of atheroscle-
rosis. In the present large-scale genomic analysis,
we identified PLCL2 and AP3D1-DOT1L-SF3A2 as
new susceptibility loci for MI in the Japanese popu-
lation. Our findings will add novel findings for MI
susceptibility loci.

2. Genes playing significant roles in human can-
cers

(1) p53 pathway

Regulation of iron homeostasis by the p53-ISCU
pathway.

Accumulation of iron in tissues increases the risk
of cancer, but iron regulatory mechanisms in cancer
tissues are largely unknown. Here, we report that
p53 regulates iron metabolism through the tran-
scriptional regulation of ISCU (iron-sulfur cluster
assembly enzyme), which encodes a scaffold pro-
tein that plays a critical role in Fe-S cluster biogene-
sis. p53 activation induced ISCU expression
through binding to an intronic p53-binding site.
Knockdown of ISCU enhanced the binding of iron
regulatory protein 1 (IRP1), a cytosolic Fe-S protein,
to an iron-responsive element in the 5' UTR of fer-
ritin heavy polypeptide 1 (FTH1) mRNA and sub-
sequently reduced the translation of FTH1, a major
iron storage protein. In addition, in response to
DNA damage, p53 induced FTH1 and suppressed
transferrin receptor, which regulates iron entry into
cells. HCT116 p53""* cells were resistant to iron ac-
cumulation, but HCT116 p53~"" cells accumulated
intracellular iron after DNA damage. Moreover, ex-
cess dietary iron caused significant elevation of se-
rum iron levels in p53~"" mice. ISCU expression
was decreased in the majority of human liver can-
cer tissues, and its reduced expression was signifi-
cantly associated with p53 mutation. Our finding
revealed a novel role of the p53-ISCU pathway in
the maintenance of iron homeostasis in hepatocellu-
lar carcinogenesis.

Cystatin C as a p53-inducible apoptotic mediator
which regulates Cathepsin L activity.

In response to various cellular stresses, p53 is ac-
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tivated and inhibits malignant transformation
through the transcriptional regulation of its target
genes. However, the full picture of the p53 down-
stream pathway still remains to be elucidated. Here
we identified cystatin C, a major inhibitor of
cathepsins, as a novel p53-target. In response to
DNA damage, activated p53 induced cystatin C ex-
pression through p53 binding sequence in the first
intron. We showed that cathepsin L activity was
decreased in HCT116 p53™'" cells after adriamycin
treatment, but not in HCT116 p53~'" cells. We also
found that knockdown of cystatin C reduced adria-
mycin-induced caspase-3 activation. Cystatin C ex-
pression was significantly downregulated in breast
cancer cells with p53 mutations, and decreased cys-
tatin C expression was associated with poor prog-
nosis of breast cancer. Our findings revealed an im-
portant role of p53-cystatin C pathway in human
carcinogenesis.

(2) Breast cancer

Identification of novel epigenetically inactivated
gene PAMR1 in breast carcinoma.

Development of cancer is a complex process in-
volving multiple genetic and epigenetic alterations.
In our microarray analysis of 81 breast carcinoma
specimens, we identified peptidase domain contain-
ing associated with muscle regeneration 1 (PAMRI)
as being frequently suppressed in breast cancer tis-
sues. PAMR1 expression was also reduced in all
tested breast cancer cell lines, while PAMR1 was
expressed moderately in normal breast tissues and
primary mammary epithelial cells. DNA sequencing
of the PAMRI1 promoter after sodium bisulfite
treatment revealed that CpG sites were hypermeth-
ylated in the breast cancer tissues and cell lines.
PAMRI1 expression was restored by 5-aza-2' deoxy-
cytidine treatment, demonstrating that promoter
hypermethylation contributed to PAMRI1 inactiva-
tion in the breast cancer cells. In addition, ectopic
expression of PAMR1 markedly suppressed cancer
cell growth. In summary, our study identified
PAMRI as a putative tumor suppressor which was
frequently inactivated by promoter hypermethyla-
tion in breast cancer tissues.
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The mission of our laboratory is to conduct computational ("in silico") studies on
the functional aspects of genome information. Roughly speaking, genome informa-
tion represents what kind of proteins/RNAs are synthesized under which condi-
tions. Thus, our study includes the structural analysis of molecular function of
each gene product as well as the analysis of its regulatory information, which will
lead us to the understanding of its cellular role represented by the networks of in-

1. Genome-wide identification and characteriza-
tion of transcription start sites and promoters
in the tunicate Ciona intestinalis

Rui Yokomori, Kotaro Shimai', Koki Nishitsuji’,
Yutaka Suzuki’, Takehiro G. Kusakabe' and
Kenta Nakai: 'Fac. of Sci. and Engineering, Konan
Univ, ’Graduate School of Life Seci., Univ. of
Hyogo, *Graduate School of Frontier Sciences, U.
Tokyo

The tunicate Ciona intestinalis, an invertebrate
chordate, has recently emerged as a powerful
model organism for gene regulation analysis. How-
ever, few studies have been conducted to identify
and characterize its transcription start sites (TSSs)
and promoters at the genome-wide level. Here, us-
ing TSS-seq, we identified TSSs at the genome-wide
scale and characterized promoters in C. intestinalis.
Specifically, we identified TSS clusters (TSCs), high-
density regions of TSS-seq tags, each of which ap-
pears to originate from an identical promoter. TSCs
were found not only at known TSSs but also in
other regions, suggesting the existence of many un-
known transcription units in the genome. We also
identified candidate promoters of 79 ribosomal pro-
tein (RP) genes, each of which had the major TSS in

a polypyrimidine tract and showed a sharp TSS
distribution like human RP gene promoters. Ciona
RP gene promoters, however, did not appear to
have typical TATA boxes unlike human RP gene
promoters. Surprisingly, despite the absence of
CpG islands, Ciona TATA-less promoters showed
low expression specificity like CpG-associated hu-
man TATA-less promoters. Using TSS-seq, we also
predicted non-operon-type trans-spliced gene TSSs,
and found that their downstream regions had
higher G+ T content than those of non-trans-spliced
gene TSSs. This higher G+ T content was also ob-
served in downstream regions of operon-type trans-
spliced gene TSSs. Although the mechanism of
trans-splicing remains unclear, the conservation of
high G+ T content in two different types of trans-
spliced genes may suggest its importance in C. in-
testinalis trans-splicing. Our results provide valuable
information about TSSs and promoter characteris-
tics in C. intestinalis and will be helpful in future
analysis of transcriptional regulation in chordates.

2. OpenTein: a database of digital whole-slide
images of stem cell-derived teratomas

Sung-Joon Park, Yusuke Komiyama, Hirofumi
Suemori’, Akihiro Umezawa’ and Kenta Nakai:
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‘Department of Embryonic Stem Cell Research,
Institute for Frontier Medical Sciences, Kyoto Uni-
versity, ‘Department of Reproductive Biology, Na-
tional Institute for Child Health and Development

Human stem cells are promising sources for re-
generative therapy. To ensure safety of future
therapeutic applications, the differentiation potency
of stem cells has to be tested and be widely opened
to the public. The potency is generally assessed by
teratoma formation comprising differentiated cells
from all three germ layers, and the teratomas can
be inspected through high-quality digital images.
The teratoma assay, however, lacks consistency in
transplantation protocols and even in interpreta-
tion, which needs community-based efforts for im-
proving the assay quality. Here, we have developed
a novel database OpenTein (Open Teratoma Inves-
tigation, http://opentein.hgc.jp/) to archive and
freely distribute high-resolution whole-slide images
and relevant records. OpenTein has been designed
as a searchable, zoomable and annotatable web-
based repository system, and users can freely access
and process the digital teratoma images. Our sys-
tem offers valuable tools and resources in the new
era of stem cell biology.

3. Transcriptome characterization of diverse
stem cells cultured at various laboratories

Sung-Joon Park and Kenta Nakai

Human stem cells are becoming more and more
essential for cell biology and regenerative therapy.
One of the major issues facing the communities is
to establish standard protocols for stem cell culture,
which confers the homogeneous potency of stem
cell lines on multiple facilities. To address this is-
sue, we performed whole-transcriptome analysis
with more than 50 stem cell samples collected from
multiple laboratories where different culturing pro-
cedures for a cell line were used. The stem cells in-
cluded human embryonic stem cells (hESCs), in-
duced pluripotent stem cells (hiPSCs) and mesen-
chymal stem cells (hMSCs). The stem cells were
cultured up to ~140 passages under various condi-
tions; with or without feeder cells (MEF or SNL),
hypoxia (5%) or normal (20%) oxygen density, Pri-
mate ES medium or DMEM/F-12. This study re-
vealed that 7-25% of total sequenced reads in sam-
ples with feeder cells were contaminants (mouse
RNAs), which was higher than that in feeder-free
samples (0.18%). Importantly, our transcriptome
profile clearly grouped sample providers rather
than cell lines, highlighting the importance of qual-
ity-control procedure for cultured stem cell lines.
Particularly, RNA-seq data with samples cultured
on normal oxygen density captured ectopic gene
expression related to cell differentiation, mitochon-

drial activity, and oxidative stress response. This
may reflect that stem cells reside in niches charac-
terized by hypoxia and low reactive oxygen spe-
cies. In addition, the profile captured genes differ-
entially expressed in stem cells; e.g. the expression
of CD106 was specific to hMSCs while pluripotent
marker genes (NANOG, SOX2 and POUS5F1) were
observed only in pluripotent stem cells. Our tran-
scriptome characterization offers valuable resources
in standardizing stem cell culture.

4. Development of Open Source Web application
platforms of image annotation viewer

Yusuke Komiyama, Sung-Joon Park, Mihoko
Saito-Adachi’, Emi Ikeda and Kenta Nakai: ‘Divi-
sion of Cancer Genomics, National Cancer Center
Research Institute.

Various types of image data are generated and
accumulated in biomedical science every day. We
have developed and released a lightweight and
portable Web-based IAV platform for biomedical
images, which can store and share annotations as
metadata while maintaining the original image. The
OpenlAV platform can be used to annotate and
share experimental results and can facilitate the de-
velopment of a laboratory note archive to ensure
that legal regulatory requirements are met. Also,
the IAV platform can be used to create publicly
available biological image databases. Besides, we
designed the resource description framework (RDF)
scheme for setting the metadata of annotation of an
IAV platform to RDF using extensible markup lan-
guage (XML) in a temporary way.

5. Development of Open Source Web application
platform and standard operating procedure
for Laboratory Information Management Sys-
tem

Yusuke Komiyama, Sung-Joon Park, Mihoko
Saito-Adachi’, Emi Ikeda and Kenta Nakai

Scientists and doctors need Standard Operating
Procedure (SOP) managerial software for planning
experimental methods. SOP Open source software
that satisfies these requirements does not exist yet.
We propose a novel Web application platform of
SOP that is structured by SOP server and SOP cli-
ent for a tablet PC such as iPad. OpenSOP can
quickly archive a SOP and share it on the Web
browser. It can easily install on a user's PC or
server machine from the Docker container to build
a Web application in the cloud computing environ-
ment. It can run on the 64bit OS of Windows, Mac
OS X and Linux. The source code and Docker con-
tainers of the OpenlAV and OpenSOP platforms
have been made available (http://regmed.hgc.jp/).
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6. An Integrative Approach for Efficient Analysis
of Whole Genome Bisulfite Sequencing Data

Jong-Hun Lee, Sung-Joon Park and Kenta Nakai

Whole genome bisulfite sequencing (WGBS) is a
high-throughput technique for profiling genome-
wide DNA methylation at single nucleotide resolu-
tion. However, the applications of WGBS are lim-
ited by low accuracy resulting from the falsely
mapped reads. We tried to improve the accuracy
by analyzing and integrating the performances of
the three most widely used bisulfite-read mappers:
Bismark, BSMAP and BS-seeker2. A comprehensive
analysis of the three mappers revealed that the
mapping results of the mappers were mutually
complementary under diverse read conditions.
Therefore, we sought to integrate the characteristics
of the mappers by scoring them to gain robustness
against artifacts. As a result, the integration signifi-
cantly increased detection accuracy compared with
the individual mappers. In addition, the amount of
detected cytosine was higher than that by Bismark.
Furthermore, the integration successfully reduced
the fluctuation of detection accuracy induced by
read conditions. We applied the integration to real
WGBS samples and succeeded in classifying the
samples according to the originated tissues by both
CpG and CpH methylation patterns. This study
contributes to DNA methylation research by im-
proving efficiency of methylation detection from
WGBS data and facilitating the comprehensive
analysis of public WGBS data.

7. A study on the application of Topic Models to
motif finding

Josep Basha Gutierrez and Kenta Nakai

The discovery of sequence elements that are
bound by DNA-binding proteins is a fundamental
problem in understanding transcriptional regula-
tion. To facilitate the task of identifying these ele-
ments, called transcription factor binding sites
(TEBS), several computational approaches have
been applied. In this study, we analyze the applica-
tion of a novel strategy based on the use of Topic
Models. These are statistical models which parse
the distribution of the words of a given vocabulary
in a collection of documents in order to identify the
abstract "topics" that occur in them. We applied this
model to a collection of sequences with the goal of
finding motifs. The results, though did not espe-
cially stand out in contrast with other methods,
suggest that the approach is accurate enough to be
considered a valid motif finding tool. After combin-
ing the new method with our previous algorithm
based on the use of a genetic algorithm and statisti-
cal coefficients, the results clearly outperformed all

of the other methods studied in sensitivity and in
overall performance at site level, showing also ac-
ceptable rates in all of the other statistics. This fur-
ther proves that the mixed algorithm can be a pow-
erful tool to successfully predict motifs in different
kinds of sets of DNA sequences.

8. Update of databases Hintdb and HitPredict
Yosvany Lopez, Kenta Nakai and Ashwini Patil

Protein-protein interactions (PPIs) are vital for
cellular function in organisms and hence their de-
tection is of considerable importance. The advent of
high-throughput technologies has led to a manifold
increase in the PPI information. HitPredict (http://
hintdb.hgc.jp/htp) is a consolidated resource of ex-
perimentally identified, physical protein-protein in-
teractions with confidence scores to indicate their
reliability. The study of genes and their inter-rela-
tionships using methods such as network and path-
way analysis requires high quality protein-protein
interaction information. Extracting reliable interac-
tions from most of the existing databases is chal-
lenging because they either contain only a subset of
the available interactions, or a mixture of physical,
genetic and predicted interactions. Automated inte-
gration of interactions is further complicated by
varying levels of accuracy of database content and
lack of adherence to standard formats. To address
these issues, the latest version of HitPredict pro-
vides a manually curated dataset of 398,696 physi-
cal associations between 70,808 proteins from 105
species. Manual confirmation was used to resolve
all issues encountered during data integration. For
improved reliability assessment, this version com-
bines a new score derived from the experimental
information of the interactions with the original
score based on the features of the interacting pro-
teins. The combined interaction score performs bet-
ter than either of the individual scores in HitPredict
as well as the reliability score of another similar da-
tabase. HitPredict provides a web interface to
search proteins and visualize their interactions, and
the data can be downloaded for offline analysis.
Data usability has been enhanced by mapping pro-
tein identifiers across multiple reference databases.
Thus, the latest version of HitPredict provides a
significantly larger, more reliable and usable da-
taset of protein-protein interactions from several
species for the study of gene groups. Similarly,
Hintdb (http://hintdb.hgc.jp/hint/), a database of ho-
mologous protein-protein interactions was also up-
dated.

9. Identification of pathogen-specific response
pathways in activated immune cells using a
systems biology approach
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Ashwini Patil and Kenta Nakai

The innate immune response is the first level of
protection in organisms against invading patho-
gens. It is primarily mediated by the Toll-like re-
ceptors functioning through the Myd88-dependent
and TRIF-dependent pathways. Despite being
widely studied, it is not yet completely understood
and systems-level analyses have been lacking. In
this study, we identified high-probability networks
of genes activated during the innate immune re-
sponse on exposure to five pathogenic components.
We used TimeXNet, a tool using a network flow
optimization approach, to analyze time course gene
expression profiles of activated immune cells in the
context of a large gene regulatory and protein-pro-
tein interaction network. We compared the regula-
tory networks responsible for the distinct immune
outcomes produced from different pathogens to
identify unique regulatory genes associated with
each pathogenic component.

10. Modeling the cis-regulatory modules of
genes expressed in the developmental cycle
of Drosophila melanogaster

Yosvany Lépez, Alexis Vandenbon’ and Kenta
Nakai: "WPI-iFReC, Osaka University

The understanding of transcription as the first
step in the biological regulation process has become
absolutely necessary for comprehensively studying
the expression of genes. During transcription,
DNA-binding proteins modulate the expression of
genes by binding to specific regulatory elements in
nearby genomic regions. It has been hypothesized
that the promoters of genes expressed in the same
tissue or cell type might somehow share common
structural patterns. We have conducted an exten-
sive study on the cis-regulatory modules of genes
expressed in several developmental stages of Dro-
sophila melanogaster. A collection of six types of
structural features related to positioning and pres-
ence of motifs, pairwise distance between motifs,
positioning of motif pairs to the transcription start
site, order and orientation was proposed. Stage-re-
lated motifs predicted for each set of expressed
genes were used to compute the previous features.
Those highly informative characteristics were sub-
sequently used for searching stage-expressed genes
with similar promoter architecture in the entire set
of D. melanogaster regulatory regions. RNA-se-
quencing data from the modENCODE project were
finally utilized for validating the different models.

11. Clustering analysis of alternative splice sites
using RNA-seq samples of multiple tissues
and species

Shunichi Wakabayashi and Kenta Nakai

Elucidation of the mechanism of alternative RNA
splicing in eukaryotic cells is important but still un-
clear. The categorization of splice sites which are
regulated by common splicing mechanisms can
help in understanding this process. We developed a
novel method to make clusters of splice sites using
RNA-seq data of multiple tissues and samples. In
the method, we defined feature vectors and dis-
tances between two vectors which represent vari-
ation of splice patterns of observed alternative
splice sites across multiple samples and their simi-
larities. The distances of the feature vectors can be
used as input of non-hierarchical clustering method
and the result of clustering consists of groups of al-
ternative splice sites which have a similar splicing
pattern. We validated the method and analyzed its
result using RNA-seq data of various kinds of so-
matic tissues of human and mouse released from
ENCODE project. The result of clustering showed
that each cluster contained the similar tissue spe-
cific alternative splice sites and these sites shared
some common biological properties. For example,
according to motif searching, RBFOX1 binding mo-
tif was enriched nearby nervous cells and heart
specific splice sites in agreement with previous
studies. Other analyses about gene functions and
exon-intron structures of each cluster suggested
new functions and properties of alternative splic-
ing. We could confirm that our method is useful to
reveal new knowledge about alternative splicing
from large scale transcriptome data.

12. Analysis of genome stability in patient iPSC
generation and TALEN genome editing

Sung-Joon Park, Takefumi Sone’, Kuo-ching
Liang, Hideyuki Okano’ and Kenta Nakai: *Dept.
of Physiology, Graduate School of Medicine, Keio
University

In cell replacement therapy using pluripotent
stem cells, establishing cell culture and differentia-
tion methods that reduce the risk of viral or onco-
genic activity is key for its success. This still needs
community effort. In this research activity, we in-
tend to address the possibility of high-throughput
genome sequencing as an evaluation tool of
genome stability in iPSC generation and its disease
modeling. Here, we applied genome sequencing
technologies to two patient-derived iPS cell lines;
whole-genome sequencing (WGS) for Dravet syn-
drome patient-derived iPSCs before and after
TALEN genome editing and whole-exome sequenc-
ing (WES) for Parkinson's disease patient-derived
iPSCs before and after TALEN genome editing. We
first confirmed that the disease-causing mutations
were successfully corrected by TALEN system; the
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mutation of C to T in exon 26 of SCN1A (Dravet
syndrome) and the mutation of C to T in exon 41 of
LRRK2 (Parkinson's disease) were repaired, respec-
tively. Next, we developed a pipeline of paired-end
read mapping to identify the genomic positions
where non-human DNA fragments are inserted. Us-
ing the pipeline, we confirmed that the viral cas-
sette, a component of TALEN donor vector that is
deliberately retained in the iPSCs, exists at the tar-
get-site only, which suggests the high site-specific-
ity of TALEN system without off-target effects. In
addition, the pipeline detected the integration sites

of viral vectors that were used in iPSC generation,
and revealed that the sites are present within inter-
genic positions. Remarkably, in the case of Dravet
syndrome patient-derived iPSCs, single nucleotide
variations of high confidence were found from over
400 loci in protein-coding exons. Among them, 22
loci were uniquely found from iPSCs after genome
editing. Further analysis of functional characteriza-
tion of those variations will give a clue to effi-
ciently maintain genome stability during iPSC gen-
eration, which promotes the clinical application of
regenerative medicine.
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The Department of Public Policy contributes to achieve three major missions: pub-
lic policy science studies of translational research and its impact on society; re-
search ethics consultation for scientists to comply with ethical guidelines and to
build public trust; and development of "minority-centered” scientific communication.
By conducting qualitative and quantitative social science study and policy analysis,

we facilitate discussion of challenges arising from advances in medical sciences.

1. Research ethics consultation and studies on
ethical, legal, and social implications on
genomic medicine

Japan Agency for Medical Research and Develop-
ment (AMED) has commissioned to provide re-
search ethics consultation to several large projects
promoting genomic medicine, including The Bio-
bank Japan (BBJ) Project (BBJP) and Project for De-
velopment of Innovative Research on Cancer Thera-
peutics (P-DIRECT). BBJP is a disease-focused bio-
banking project started in 2003. BBJ consists of do-
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nated DNA, sera, and clinical information from
200,000 patients in Japan, and continues to collect
new DNA and clinical information. Informed con-
sent, which ensures the autonomous decisions of
participants, is believed to be practically impossible
for the biobanking project in general. We issued
semiannual newsletters for sample donors for trans-
parency and information. Since 2014, BB]J started to
store samples from National Hospital Organization
(NHO), Japan Clinical Oncology Group (JCOG),
and Japan Children's Cancer Group (JCCG). We
supported to establish ethical policies for collecting
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Figure 1. Examples of BBJP brochures we developed for sample donors and their physicians
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these samples.

On the other hands, P-DIRECT promotes strate-
gic research and development (R & D) of the basic
compounds (seeds) that contribute to development
of next-generation innovative diagnostic techniques
and new therapeutic agents incorporating basic re-
search results. We provided research ethics consul-
tation for 34 research projects at 64 designated insti-
tutions. We advised those principal investigators to
comply with ethical guidelines and provided sam-
ple consent forms. We held a forum for research
ethics consultants in December of 2015 to review
our consultation work.

2. Research ethics consultation and studies on
ethical, legal, and social implications of stem
cell research

Japan Agency for Medical Research and Develop-
ment (AMED) has also commissioned us to provide
research ethics consultation to stem cell research
since 2012. The program is called "research on the
ethical, legal, and social implications related to re-

generative medicine". In order to make regenerative
medicine more concrete, it is essential to promote
research development with a definite focus on clini-
cal applications and to establish a framework for
clinical research at an early stage. In 2015, we pro-
vided more than 50 consultations for stem cell re-
searchers. Topics of those consultations include re-
search design, informed consent, IRBs, return of re-
search results, inclusion criterion of participants of
first-in-human trials and governance of iPSC bank-
ing.

Based on our training workshops informed con-
sent (IC) for members of stem-cell research teams
and an educational workshop for a certain patients'
group, we published a paper to discuss necessary
aspects in promoting and conducting IC appropri-
ately. Additionally, it emphasizes the importance of
continuous education for improving the IC skills
and competency of people responsible for obtaining
IC.

We also organized interdisciplinary research
groups to address the ethical, legal, and social im-
plications (ELSI) related to regenerative medicine in
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Figure 2. Examples of brochures and informed consent tools of the program for intractable diseases re-

search using disease-specific induced pluripotent stem (iPS) cells
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a comprehensive manner, with a view to establish-
ing a framework for ethical support and review of
regenerative medicine.

3. Informed consent in clinical trials using stem
cells: Suggestions and points of attention
from informed consent training workshops in
Japan

Informed consent (IC) is an essential requirement
of ethical research involving human participants,
and usually is achieved by providing prospective
research participants (PRPs) with a document that
explains the study and its procedures. However, re-
sults of a series of IC workshops held in Tokyo
during 2014 indicate that consent forms alone are
not enough to achieve full IC in regenerative medi-
cine research due to the necessity of long-term pa-
tient-safety observations to meet the ethical chal-
lenges of such research. Adequate training of the
people who are responsible for obtaining IC (eluci-
dators) is also necessary to ensure full IC. Elucida-
tors must be able to provide PRPs with sufficient
information to assure adequate comprehension of
the study and its potential aftereffects; judge PRPs'
voluntariness and eligibility; and establish/maintain
partnerships with PRPs. The workshops used role-
playing simulations to demonstrate how to effec-
tively obtain fuller IC to members of several Japa-
nese research groups preparing for clinical stem cell
trials. Workshop results were correlated with the
results of a 2013 workshop on what information is
patients want when considering participation in
iPSC research. The correlated results showed the
need for continuous training and education of elu-
cidators in order to have them acquire and main-
tain IC competency.

4. Noncompliance with Human Subjects' Protec-
tion Requirements as a Reason for Retracting
Papers

Though protection of human research subjects is
universally recognized as a critical requirement for
the ethical conduct of research, few studies have ex-
amined retractions of medical articles through ap-
parent noncompliance with that requirement. From
our survey of 99 retracted papers published from
1981 to 2011, we found that the basis for those deci-
sions was poorly explained in retraction notices and
that most of the articles continued to be cited. In re-
traction notices, the current manner of explaining
failure to protect human subjects is misleading and
confusing.

5. Public attitude towards governance of con-
sumer targeted genetic testing and secondary
use of research in Japan

In 2014, several Japanese industries announced
the launch of DTC (direct-to-consumer) personal
genetic testing services in Japan. The Ministry of
Trade and Industry (METI) has encouraged an in-
dustrial association, Council for Protection of Indi-
vidual Genetic Information (CPIGI), to prepare an
accreditation system based on their best practice
guidelines. On the other hands, the Ministry of
Health, Labour and Welfare started to discuss the
definitions of "diagnosis" to regulate DTC personal
genetic testing services. Currently, the Japanese
Diet is revising the Act on Protection of Personal
Information in which personal genome data hasn't
been covered. However, we still do not have
enough data on public attitudes towards these serv-
ices and regulation.

We conducted a cross-sectional and anonymous
online surveys were administrated to men and
women in Japan in March 2014 and March 2015.
Participants of these studies have been extracted so
as not to overlap from the survey panel. The ques-
tionnaires included questions concerning genetic
knowledge, attitudes towards genetic testing and
regulations governing DTC personal genetic testing
services. We compared the data of these surveys
and past relevant dataset.

The mean age of the respondents was 45.7 +
14.0 years in 2014 and 45.8 * 14.0 years in 2015.
The percentage of the respondents who haven't
known the term "genome" was lower than "gene",
"DNA" and "iPS Cell". The percentage of the re-
spondents who knew about DTC personal genetic
testing services was 32.9% in 2015, which is higher
than in the 2014 survey by 10 points. The percent-
age who were willing to purchase or who had pur-
chased these services was almost the same level.
The results of willingness to undergo 6 types of ge-
netic testing by scientific evidence. More respon-
dents in 2015 (35.4%) allowed the secondary use of
genomic data for medical research than in 2014
(28.6%). The percentage of respondents who
wanted to receive personal results were 34.3% in
2014 and 33.6% in 2015. The Japanese public
showed slightly more positive attitudes towards
DTC personal genetic testing services and the sec-
ondary use for medical research. However, more
than 50% of our respondents couldn't understand
the meaning of scientific evidences. There may be a
possibility of affecting the attitude about the future
of the services.

6. Patients' perspective and experiences of clini-
cal trials in Japan: return of research results

While patients' involvement is essential to im-
prove systems and circumstances of clinical trials,
their experiences rarely be shared with others. Ad-
ditionally, few national surveys on patients' atti-
tudes toward clinical trials and their experiences
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have been conducted. The objective of this study is
to investigate patients' perspectives and experiences
of clinical trials in Japan.

We conducted a cross-sectional and web-based
questionnaire survey in March 2014. We also re-
ferred our interview dataset from 35 patients which
were by applying the same methods used by the
Oxford Health Experiences Research Group.

We analyzed a dataset obtained from 12,506 pa-
tients (Response rate = 58%). Mean age of the re-
spondents was 52 (range, 20 to 79). "Randomiza-
tion" and "placebo” were poorly understood (25.5%
and 56.1%, respectively) while most of them (87.4
%) understood that clinical trials were conducted to
establish evidence for future medicine. Of the re-

spondents, 8.7% (n=967) had enrolled a clinical
trial. The major motivations for enrolling were
"contributing to develop new therapies for my dis-
ease" (44.2%) and "contributing to the advances in
medicine” (42.7%). Among the enrollee, most of
them (76.5%) have not known about the results of
clinical trials.

The Declaration of Helsinki state that "Negative
and inconclusive as well as positive results must be
published or otherwise made publicly available".
However, it is not strange their indifferent attitudes
toward research results if the enrollee hoped for
health benefit due to therapeutic misconception
(Appelbaum et al. 1982) or a rational wager (Lo-
cock and Smith 2011).
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