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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. Robust prediction of anti-cancer drug sensi-
tivity and sensitivity-specific biomarker

Park H, Shimamura T', Miyano S, Imoto S.
'Graduate School of Medicine, Nagoya University

The personal genomics era has attracted a large
amount of attention for anti-cancer therapy by pa-
tient-specific analysis. Patient-specific analysis en-
ables discovery of individual genomic characteris-
tics for each patient, and thus we can effectively
predict individual genetic risk of disease and per-

form personalized anti-cancer therapy. Although
the existing methods for patient-specific analysis
have successfully uncovered crucial biomarkers,
their performance takes a sudden turn for the worst
in the presence of outliers, since the methods are
based on non-robust manners. In practice, clinical
and genomic alterations datasets usually contain
outliers from various sources (e.g., experiment er-
ror, coding error, etc.) and the outliers may signifi-
cantly affect the result of patient-specific analysis.
We propose a robust methodology for patient-spe-
cific analysis in line with the NetwrokProfiler. In
the proposed method, outliers in high dimensional
gene expression levels and drug response datasets
are simultaneously controlled by robust Mahalano-
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bis distance in robust principal component space.
Thus, we can effectively perform for predicting
anti-cancer drug sensitivity and identifying sensitiv-
ity-specific biomarkers for individual patients. We
observe through Monte Carlo simulations that the
proposed robust method produces outstanding per-
formances for predicting response variable in the
presence of outliers. We also apply the proposed
methodology to the Sanger dataset in order to un-
cover cancer biomarkers and predict anti-cancer
drug sensitivity, and show the effectiveness of our
method.

b. Sparse overlapping group lasso for integra-
tive multi-omics analysis

Park H, Niida, A, Miyano S, Imoto S

Gene networks and graphs are crucial tools for
understanding a heterogeneous system of cancer,
since cancer is a disease that does not involve indi-
vidual genes but combinations of genes associated
with oncogenic process. A goal of genomic data
analysis via gene networks is to identify both gene
networks and individual genes within the selected
networks. Existing methods, however, perform only
network selection, and thus all genes in selected
networks are included in models. This leads to
overfitting when uncovering driver genes, and the
results are not biologically interpretable. To accom-
plish both "groupwise sparsity" and "within group
sparsity” for identifying driver genes based on bio-
logical knowledge (i.e., predefined overlapping
groups of features), we propose a sparse overlap-
ping group lasso via duplicated predictors in ex-
tended space. The proposed method effectively
identifies driver genes and their interactions using
known biological pathway information. Monte
Carlo simulations and The Cancer Genome Atlas
(TCGA) project data analysis indicate that the pro-
posed method is effective for fitting a regression
model (i.e.,, feature selection and prediction accu-
racy) constructed with duplicated predictors in
overlapping groups. In the TCGA data analysis, we
uncover potential cancer driver genes via expres-
sion modules and gene networks constructed by
multi-omics data and identify that the uncovered
genes have strong evidences as a cancer driver
gene. The proposed method is a useful tool for
identifying cancer driver genes and for integrative
multi-omics analysis.

c. HapMuC: somatic mutation calling using het-
erozygous germline variants near candidate
mutations

Usuyama N, Shiraishi Y, Sato Y**, Kume H,
Homma Y? Ogawa S°, Miyano S, Imoto S:
*Graduate School of Medicine, Kyoto University,

*Graduate School of Medicine, The University of
Tokyo

Identifying somatic changes from tumor and
matched normal sequences has become a standard
approach in cancer research. More specifically, this
requires accurate detection of somatic point muta-
tions with low allele frequencies in impure and het-
erogeneous cancer samples. Although haplotype
phasing information derived by using heterozygous
germ line variants near candidate mutations would
improve accuracy, no somatic mutation caller that
uses such information is currently available. We
propose a Bayesian hierarchical method, termed
HapMuC, in which power is increased by using
available information on heterozygous germ line
variants located near candidate mutations. We first
constructed two generative models (the mutation
model and the error model). In the generative mod-
els, we prepared candidate haplotypes, considering
a heterozygous germ line variant if available, and
the observed reads were realigned to the haplo-
types. We then inferred the haplotype frequencies
and computed the marginal likelihoods using a
variational Bayesian algorithm. Finally, we derived
a Bayes factor for evaluating the possibility of the
existence of somatic mutations. We also demon-
strated that our algorithm has superior specificity
and sensitivity compared with existing methods, as
determined based on a simulation, the TCGA Mu-
tation Calling Benchmark 4 datasets and data from
the COLO-829 cell line. The HapMuC source code
is available from http://github.com/usuyama/
hapmuc.

d. Inference of gene regulatory networks incor-
porating multi-source biological knowledge
via a state space model with L1 regularization

Hasegawa T*, Yamaguchi R, Nagasaki M°, Miyano
S, Imoto S: *Bioinformatics Center, Institute for
Chemical Research, Kyoto University, *Tohoku
Medical Megabank Organization, Tohoku Univer-
sity

Comprehensive understanding of gene regulatory
networks (GRNs) is a major challenge in the field
of systems biology. Currently, there are two main
approaches in GRN analysis using time-course ob-
servation data, namely an ordinary differential
equation (ODE)-based approach and a statistical
model-based approach. The ODE-based approach
can generate complex dynamics of GRNs according
to biologically validated nonlinear models. How-
ever, it cannot be applied to ten or more genes to
simultaneously estimate system dynamics and
regulatory relationships due to the computational
difficulties. The statistical model-based approach
uses highly abstract models to simply describe bio-
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logical systems and to infer relationships among
several hundreds of genes from the data. However,
the high abstraction generates false regulations that
are not permitted biologically. Thus, when dealing
with several tens of genes of which the relation-
ships are partially known, a method that can infer
regulatory relationships based on a model with low
abstraction and that can emulate the dynamics of
ODE-based models while incorporating prior
knowledge is urgently required. To accomplish this,
we propose a method for inference of GRNs using
a state space representation of a vector auto-regres-
sive (VAR) model with L1 regularization. This
method can estimate the dynamic behavior of genes
based on linear time-series modeling constructed
from an ODE-based model and can infer the regu-
latory structure among several tens of genes maxi-
mizing prediction ability for the observational data.
Furthermore, the method is capable of incorporat-
ing various types of existing biological knowledge,
e.g., drug kinetics and literature-recorded path-
ways. The effectiveness of the proposed method is
shown through a comparison of simulation studies
with several previous methods. For an application
example, we evaluated mRNA expression profiles
over time upon corticosteroid stimulation in rats,
thus incorporating corticosteroid kinetics/dynamics,
literature-recorded pathways and transcription fac-
tor (TF) information.

e. An efficient method of exploring simulation
models by assimilating literature and biologi-
cal observational data

Hasegawa T¢, Nagasaki M° Yamaguchi R, Imoto
S, Miyano S

Several biological simulation models of, e.g., gene
regulatory networks and metabolic pathways, have
been constructed based on existing knowledge of
biomolecular reactions, e.g.,, DNA-protein and pro-
tein-protein interactions. However, since these do
not always contain all necessary molecules and re-
actions, their simulation results can be inconsistent
with observational data. Therefore, improvements
in such simulation models are urgently required. A
previously reported method created multiple candi-
date simulation models by partially modifying ex-
isting models. However, this approach was compu-
tationally costly and could not handle a large num-
ber of candidates that are required to find models
whose simulation results are highly consistent with
the data. In order to overcome the problem, we fo-
cused on the fact that the qualitative dynamics of
simulation models are highly similar if they share a
certain amount of regulatory structures. This indi-
cates that better fitting candidates tend to share the
basic regulatory structure of the best fitting candi-
date, which can best predict the data among candi-

dates. Thus, instead of evaluating all candidates,
we propose an efficient explorative method that can
selectively and sequentially evaluate candidates
based on the similarity of their regulatory struc-
tures. Furthermore, in estimating the parameter val-
ues of a candidate, e.g., synthesis and degradation
rates of mRNA, for the data, those of the previ-
ously evaluated candidates can be utilized. The
method is applied here to the pharmacogenomic
pathways for corticosteroids in rats, using time-se-
ries microarray expression data. In the performance
test, we succeeded in obtaining more than 80% of
consistent solutions within 15% of the computa-
tional time as compared to the comprehensive
evaluation. Then, we applied this approach to 142
literature-recorded simulation models of corticoster-
oid-induced genes, and consequently selected 134
newly constructed better models. The method de-
scribed here was found to be capable of efficiently
exploring candidate simulation models and obtain-
ing better models within a short span of time. Fur-
thermore, the results suggest that there may be
room for improvement in literature recorded path-
ways and that they can be systematically updated
using biological observational data

f. An efficient data assimilation schema for res-
toration and extension of gene regulatory net-
works using time-course observation data

Hasegawa T*, Mori T‘, Yamaguchi R, Imoto S,
Miyano S, Akutsu T*

Gene regulatory networks (GRNs) play a central
role in sustaining complex biological systems in
cells. Although we can construct GRNs by integrat-
ing biological interactions that have been recorded
in literature, they can include suspicious data and a
lack of information. Therefore, there has been an
urgent need for an approach by which the validity
of constructed networks can be evaluated; simula-
tion-based methods have been applied in which
biological observational data are assimilated. How-
ever, these methods apply nonlinear models that
require high computational power to evaluate even
one network consisting of only several genes.
Therefore, to explore candidate networks whose
simulation models can better predict the data by
modifying and extending literature-based GRNs, an
efficient and versatile method is urgently required.
We applied a combinatorial transcription model,
which can represent combinatorial regulatory ef-
fects of genes, as a biological simulation model, to
reproduce the dynamic behavior of gene expres-
sions within a state space model. Under the model,
we applied the unscented Kalman filter to obtain
the approximate posterior probability distribution
of the hidden state to efficiently estimate parameter
values maximizing prediction ability for observa-
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tional data by the EM-algorithm. Utilizing the
method, we propose a novel algorithm to modify
GRNs reported in the literature so that their simu-
lation models become consistent with observed
data. The effectiveness of our approach was vali-
dated through comparison analysis to the previous
methods using synthetic networks. Finally, as an
application example, a Kyoto Encyclopedia of
Genes and Genomes (KEGG)-based yeast cell cycle
network was extended with additional candidate
genes to better predict the real mRNA expressions
data using the proposed method.

g. Lung adenocarcinoma subtypes definable by
lung development-related miRNA expression
profiles in association with clinicopathologic
features

Arima C!, Kajino T', Tamada Y, Imoto S, Shi-
mada Y!, Nakatochi M', Suzuki M‘, Isomura H',
Yatabe Y', Yamaguchi T', Yanagisawa K', Miyano
S, Takahashi T*

Accumulation of genetic and epigenetic changes
alters regulation of a web of interconnected genes
including microRNAs (miRNAs), which confer hall-
mark capabilities and characteristic cancer features.
In this study, the miRNA and messenger RNA ex-
pression profiles of 126 non-small cell lung cancer
specimens were analyzed, with special attention
given to the diversity of lung adenocarcinomas. Of
those, 76 adenocarcinomas were classified into two
major subtypes, developing lung-like and adult
lung-like, based on their distinctive miRNA expres-
sion profiles resembling those of either developing
or adult lungs, respectively. A systems biology-
based approach using a Bayesian network and non-
parametric regression was employed to estimate the
gene regulatory circuitry functioning in patient tu-
mors in order to identify subnetworks enriched for
genes with differential expression between the two
major subtypes. miR-30d and miR-195, identified as
hub genes in such subnetworks, had lower levels of
expression in the developing lung-like subtype,
whereas introduction of miR-30d or miR-195 into
the lung cancer cell lines evoked shifts of messen-
ger RNA expression profiles toward the adult lung-
like subtype. Conversely, the influence of miR-30d
and miR-195 was significantly different between the
developing lung-like and adult lung-like subtypes
in our analysis of the patient data set. In addition,
RRM2, a child gene of the miR-30d-centered sub-
network, was found to be a direct target of miR-
30d. Together, our findings reveal the existence of
two miRNA expression profile-defined lung adeno-
carcinoma subtypes with distinctive clinicopa-
thologic features and also suggest the usefulness of
a systems biology-based approach to gain insight
into the altered regulatory circuitry involved in

cancer development.

h. Integrated analysis of whole genome and
transcriptome sequencing reveals diverse
transcriptomic aberrations driven by somatic
genomic changes in liver cancers

Shiraishi Y, Fujimoto A® Furuta M°, Tanaka H,
Chiba K, Boroevich KA®, Abe T°, Kawakami Y?,
Ueno M, Gotoh K? Ariizumi $°, Shibuya T,
Nakano K° Sasaki A° Maejima K° Kitada R°
Hayami S, Shigekawa Y’, Marubashi S°, Yamada
T?, Kubo M® Ishikawa O°, Aikata H° Arihiro K®,
Ohdan H°, Yamamoto M°, Yamaue H’, Chayama
K® Tsunoda T°, Miyano S, Nakagawa H®: *‘RIEKN
Center for Integrative Medical Sciences, °Hiro-
shima University School of Medicine, "Wakayama
Medical University, *Osaka Medical Center for
Cancer and Cardiovascular Diseases, *Tokyo
Women's Medical University

Recent studies applying high-throughput se-
quencing technologies have identified several recur-
rently mutated genes and pathways in multiple
cancer genomes. However, transcriptional conse-
quences from these genomic alterations in cancer
genome remain unclear. In this study, we per-
formed integrated and comparative analyses of
whole genomes and transcriptomes of 22 hepatitis
B virus (HBV)-related hepatocellular carcinomas
(HCCs) and their matched controls. Comparison of
whole genome sequence (WGS) and RNA-Seq re-
vealed much evidence that various types of
genomic mutations triggered diverse transcriptional
changes. Not only splice-site mutations, but also si-
lent mutations in coding regions, deep intronic mu-
tations and structural changes caused splicing aber-
rations. HBV integrations generated diverse pat-
terns of virus-human fusion transcripts depending
on affected gene, such as TERT, CDK15, FN1 and
MLLA4. Structural variations could drive over-ex-
pression of genes such as WNT ligands, with/with-
out creating gene fusions. Furthermore, by taking
account of genomic mutations causing transcrip-
tional aberrations, we could improve the sensitivity
of deleterious mutation detection in known cancer
driver genes (TP53, AXIN1, ARID2, RPS6KA3), and
identified recurrent disruptions in putative cancer
driver genes such as HNF4A, CPS1, TSC1 and
THRAP3 in HCCs. These findings indicate genomic
alterations in cancer genome have diverse transcrip-
tomic effects, and integrated analysis of WGS and
RNA-Seq can facilitate the interpretation of a large
number of genomic alterations detected in cancer
genome.

2. Statistical/Algorithmic Data Analysis Methods
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a. Improving miRNA classification using an ex-
haustive set of features

ElGokhy SM®, Shibuya T, Shoukry A"“: “Egypt-
Japan University of Science and Technology, "Al-
exandria University

MicroRNAs (miRNAs) are short (—~22 nucleo-
tides), endogenously-initiated non-coding RNAs
that control gene expression post transcriptionally,
either by the degradation of target miRNAs or by
the inhibition of protein translation. The prediction
of miRNA genes is a challenging problem towards
the understanding of post transcriptional gene
regulation. The present paper focuses on develop-
ing a computational method for the identification of
miRNA precursors. We propose a machine learning
algorithm based on Random Forests (RF) for
miRNA prediction. The prediction algorithm relies
on a set of features; compiled from known features
as well as others introduced for the first time; that
results in a performance that is better than most
well-known miRNA classifiers. The method
achieves 91.3% accuracy, 86% f-measure, 97.2%
specificity, 93.4% precision and 79.6% sensitivity,
when tested on real data. Our method succeeds in
getting better results than MiPred (the best cur-

rently known RF algorithm in literature), Triplet-
SVM and Virgo and EumiR. The obtained results
indicate that Random Forests is a better alternative
to Support Vector Machines (SVM) for miRNA pre-
diction, especially from the point of view of accu-
racy and f-measure metrics.

b. A feature selection method using improved
regularized linear discriminant analysis

Sharma A, Paliwal KK® Imoto S, Miyano S:
“School of Engineering, Griffith University

Investigation of genes, using data analysis and
computer-based methods, has gained widespread
attention in solving human cancer classification
problem. DNA microarray gene expression datasets
are readily utilized for this purpose. In this paper,
we propose a feature selection method using im-
proved regularized linear discriminant analysis
technique to select important genes, crucial for hu-
man cancer classification problem. The experiment
is conducted on several DNA microarray gene ex-
pression datasets and promising results are ob-
tained when compared with several other existing
feature selection methods.
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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. Establishment of the next-generation high
performance sequencer platform at IMSUT

Tomoko Urushidate, Akiko Matsumoto, Azusa
Sekine, Yasuko Katayama, Tatsuhiro Shibata

To realize individually tailored healthcare by en-
forcing the Japan BioBank Project at IMSUT, se-
quencing facilities including two Hiseq2500 high-
performance sequencers have been set up in this
laboratory. Data production and its quality from
this platform have been evaluated.

2. Trans-ethnic landscape of liver cancer
genomes
Yasushi Totoki*”?, Kenji Tatsuno*? Kyle R.

Covington®?, Hiroki Ueda’, Chad J. Creightor®,
Mamoru Kato', Shingo Tsuji’, Lawrence A. Done-
hower’, Betty L. Slagle’, Hiromi Nakamura’,
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Multiple etiological factors (hepatitis virus, alco-
hol, obesity etc.) are associated with the occurrence
of liver cancer and their contributions diverse
among ethnicity. To elucidate genetic diversities in
liver cancer with regards to ethnic and epidemi-
ological differences, we have conducted the trans-
ethnic cancer genome research under the umbrella
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of International Cancer Genome Consortium and
The Cancer Genome Atlas. We performed whole
exome sequencing and copy number analysis of 503
pairs of liver cancers, which include several ethnic
populations with various etiological backgrounds.
In total more than 100,000 somatic mutations (in-
cluding non-coding region) were collected, and

their signatures were more significantly associated
with ethnic backgrounds but not with virus status.
Aberration of the TERT pathway by various mecha-
nisms (promoter/coding mutations, gene amplifica-
tion and viral genome integration) was found in ~
70% of cases, which should play a major role in
liver cancer.
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The major goal of our group is to identify genes of medical importance, and to de-
velop new diagnostic and therapeutic tools. We have been attempting to isolate
genes involving in carcinogenesis and also those 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 the cDNA microarray
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, Paulisally Hau
Yi Lo, Mai Yamauchi, Takafumi Miyamoto,
Makoto Hirata, Yuki Funauchi, Takashi Fujitomo,
Jinichi Mori, Tomoyuki Koguchi, Yusuke Tsuda,
Ryuta Yamamoto, Jiaying Lin, Zhenzhong Deng,.

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 rs
11543198 was associated with bladder cancer risk
with odds ratio (OR) of 1.41 and P-value of 4.03 X
10-9. 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 (r2=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 genetic study in East Asians identi-
fies six new loci associated with colorectal can-
cer risk.

Known genetic loci explain only a small propor-
tion of the familial relative risk of colorectal cancer
(CRC). We conducted a genome-wide association
study of CRC in East Asians with 14,963 cases and
31,945 controls and identified 6 new loci associated
with CRC risk (P=3.42X10(—8) to 9.22X10(—21))
at 10g22.3, 10q25.2, 11q12.2, 12p13.31, 17p13.3 and
19q13.2. Two of these loci map to genes (TCF7L2
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and TGFB1) with established roles in colorectal tu-
morigenesis. Four other loci are located in or near
genes involved in transcriptional regulation (ZMIZ
1), genome maintenance (FEN1), fatty acid metabo-
lism (FADS1 and FADS2), cancer cell motility and
metastasis (CD9), and cell growth and differentia-
tion (NXN). We also found suggestive evidence for
three additional loci associated with CRC risk near
genome-wide significance at 8q24.11, 10q21.1 and
10g24.2. Furthermore, we replicated 22 previously
reported CRC-associated loci. Our study provides
insights into the genetic basis of CRC and suggests
the involvement of new biological pathways.

Genome-wide association analysis in East
Asians identifies breast cancer susceptibility
loci at 1g32.1, 5q14.3 and 15q26.1.

In a three-stage genome-wide association study
among East Asian women including 22,780 cases
and 24,181 controls, we identified 3 genetic loci
newly associated with breast cancer risk, including
rs4951011 at 1g32.1 (in intron 2 of the ZC3HI11A
gene; P=8.82x10(—9)), rs10474352 at 5q14.3 (near
the ARRDC3 gene; P=1.67 x10(—9)) and rs2290203
at 15926.1 (in intron 14 of the PRC1 gene; P=4.25 X
10(—8)). We replicated these associations in 16,003
cases and 41,335 controls of European ancestry (P=
0.030, 0.004 and 0.010, respectively). Data from the
ENCODE Project suggest that variants rs4951011
and rs10474352 might be located in an enhancer re-
gion and transcription factor binding sites, respec-
tively. This study provides additional insights into
the genetics and biology of breast cancer.

Genome-wide association study identifies a new
SMAD?7 risk variant associated with colorectal
cancer risk in East Asians.

Genome-wide association studies (GWAS) of col-
orectal cancer (CRC) have been conducted primar-
ily in European descendants. In a GWAS conducted
in East Asians, we first analyzed approximately 1.7
million single-nucleotide polymorphisms (SNPs) in
four studies with 1,773 CRC cases and 2,642 con-
trols. We then selected 66 promising SNPs for repli-
cation and genotyped them in three independent
studies with 3,612 cases and 3,523 controls. Five
SNPs were further evaluated using data from four
additional studies including up to 3,290 cases and
4,339 controls. SNP rs7229639 in the SMAD7 gene
was found to be associated with CRC risk with an
odds ratio (95% confidence interval) associated with
the minor allele (A) of 1.22 (1.15—1.29) in the com-
bined analysis of all 11 studies (p=2.93 X10(—11)).
SNP 1s7229639 is 2,487 bp upstream from
rs4939827, a risk variant identified previously in a
European-ancestry GWAS in relation to CRC risk.
However, these two SNPs are not correlated in East

Asians (r(2)=0.008) nor in Europeans (r(2)=0.146).
The CRC association with rs7229639 remained sta-
tistically significant after adjusting for rs4939827 as
well as three additional CRC risk variants
(rs58920878, 1rs12953717 and 1rs4464148) reported
previously in this region. SNPs 1rs7229639 and
rs4939827 explained approximately 1% of the famil-
ial relative risk of CRC in East Asians. This study
identifies a new CRC risk variant in the SMAD?7
gene, further highlighting the significant role of this
gene in the etiology of CRC.

2. Genes playing significant roles in human can-
cers

(1) p53 pathway

Downregulation of the tumor suppressor HSPB7,
involved in the p53 pathway, in renal cell carci-
noma by hypermethylation.

In order to identify genes involved in renal car-
cinogenesis, we analyzed the expression profile of
renal cell carcinomas (RCCs) using microarrays
consisting of 27,648 cDNA or ESTs, and found a
small heat shock protein, HSPB7, to be significantly
and commonly downregulated in RCC. Subsequent
quantitative PCR (qPCR) and immunohistochemical
(IHC) analyses confirmed the downregulation of
HSPB? in RCC tissues and cancer cell lines in both
transcriptional and protein levels. Bisulfite sequenc-
ing of a genomic region of HSPB7 detected DNA
hypermethylation of some segments of HSPB7 in
RCC cells and concordantly 5-aza-2" -deoxycytidine
(5-Aza-dC) treatment of cancer cells restored HSPB
7 expression significantly. Ectopic introduction of
HSPB7 in five RCC cell lines remarkably sup-
pressed cancer cell growth. Interestingly, we found
that HSPB7 expression could be induced by p53 in
a dose-dependent manner, indicating that this gene
functions in the p53 pathway. Our results imply
that HSBP? is likely to be a tumor suppressor gene
regulated by p53 and its downregulation by hyper-
methylation may play a critical role in renal car-
cinogenesis.

Late Cornified Envelope Group |, a novel target
of p53, regulates PRMT5 activity.

p53 is one of the most important tumor suppres-
sor genes involved in human carcinogenesis. Al-
though downstream targets of p53 and their bio-
logic functions in cancer cells have been extensively
investigated, it is still far from the full understand-
ing. Here, we demonstrate that Late Cornified En-
velope Group I (LCE1) genes, which are located in
the LCE gene clusters encoding multiple well-con-
served stratum-corneum proteins, are novel down-
stream targets of p53. Exogenous p53 overexpres-
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sion using an adenoviral vector system significantly
enhanced the expression of LCE1 cluster genes. We
also observed induction of LCEl expressions by
DNA damage, which was caused by treatment with
adriamycin or UV irradiation in a wild-type p53-
dependent manner. Concordantly, the induction of
LCE1 by DNA damage was significantly attenuated
by the knockdown of p53. Among predicted p53-
binding sites within the LCE1 gene cluster, we con-
firmed one site to be a p53-enhancer sequence by
reporter assays. Furthermore, we identified LCE1 to
interact with protein arginine methyltransferase 5
(PRMTS5). Knockdown of LCE1 by specific small in-
terfering RNAs significantly increased the symmet-
ric dimethylation of histone H3 arginine 8, a sub-
strate of PRMT5, and overexpression of LCE1F re-
markably decreased its methylation level. Our data
suggest that LCE1 is a novel p53 downstream tar-
get that can be directly transactivated by p53 and is
likely to have tumor suppressor functions through
modulation of the PRMT5 activity.

(2) lung cancer

Identification of a nuclear protein, LRRC42, in-
volved in lung carcinogenesis.

On the basis of the gene expression profiles of
120 lung cancer cases using a cDNA microarray
containing 27,648 genes or expressed sequence tags
(ESTs), we identified LRRC42 (Leucine-rich repeat
containing 42) to be significantly upregulated in the
majority of lung cancers. Northern blot analysis
demonstrated that LRRC42 was expressed only in
testis among normal tissues examined. Knockdown
of LRRC42 expression by siRNA against LRRC42
significantly suppressed the growth of lung cancer
cells. On the other hand, stable induction of LRRC
42 expression significantly promoted cell growth.

LRRC42, which was found to localize in the nu-
cleus of mammalian cells, is likely to interact with
and stabilize GATAD2B (GATA zinc finger do-
main-containing 2B) and MBD3 (Methyl-CpG-bind-
ing domain protein 3) proteins that could contrib-
ute to lung cancer cell proliferation partly through
the regulation of p21Wafl/Cipl. Our findings sug-
gest that LRRC42 overexpression as well as its in-
teraction with LRRC42-GATAD2B might play es-
sential roles in lung carcinogenesis, and be a prom-
ising molecular target for lung cancer therapy.

(3) Breast cancer

Identification of novel epigenetically inactivated
gene PAMRL1 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.
PAMRI expression was restored by 5-aza-2" deoxy-
cytidine treatment, demonstrating that promoter
hypermethylation contributed to PAMR1 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. Modeling the promoter architecture of co-ex-
pressed genes

Yosvany Lopez, Alexis Vandenbon' and Kenta
Nakai: ‘WPI-iFReC, Osaka University

The understanding of the mechanisms of tran-
scriptional regulation remains a great challenge for
molecular biologists in the post-genome era. At the
transcriptional level, DNA-binding proteins (tran-
scription factors) modulate the expression of genes
by binding to their specific DNA regulatory ele-
ments in nearby genomic regions. Thus, the identi-
fication and characterization of regulatory compo-
nents has turned out to be valuable because the
presence or absence of transcription factor binding
sites (TFBSs) seems to be responsible for the com-
plexity of gene regulation in every living organism.
Holding the hypothesis that regulatory regions of
genes with similar expression profiles might share
common structural features, we have been attempt-
ing to explain the binding of transcription factors to
promoters of genes expressed in specific tissues,
cell types or physiological conditions. A collection
of structural features consisting of positioning of
motifs from transcription start sites, pairwise posi-
tioning, order and their orientation was proposed

for promoters of antenna-expressed genes in Droso-
phila melanogaster. Such features were then used to
score its entire promoter set and genes with highly
scoring promoters were successfully validated with
RNA-seq data from modENCODE project. Future
work will focus on improving this computational
approach in order to model the promoters of co-ex-
pressed genes in different developmental stages of
D. melanogaster and C. elegans.

2. Analysis of changes in transcription start site
distribution by a classification approach

Kuo-Ching Liang, Yutaro Kumagai', Yutaka
Suzuki®* and Kenta Nakai: *Graduate School of
Frontier Sciences, U. Tokyo

Change in transcription start site (TSS) usage is
an important mechanism for the control of tran-
scription process, and has significant effect on the
isoforms being transcribed. One of the goals in the
study of TSS is the understanding of how and why
their usage differs in different tissues or under dif-
ferent conditions. In light of recent efforts in the
mapping of transcription start site landscape using
high-throughput sequencing approaches, a quanti-
tative and automated method is needed to process
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all the data that are being produced. We propose a
statistical approach that will classify changes in TSS
distribution between different samples into several
categories of changes that may have biological sig-
nificance. Genes selected by the classifiers can then
be analyzed together with additional supporting
data to determine their biological significance. We
use a set of time-course TSS data from mouse den-
dritic cells stimulated with lipopolysaccharide (LPS)
to demonstrate the usefulness of our method. Using
the proposed classifier, we show that genes in-
volved in only one of MyD88-dependent or TRIF-
dependent part of the TLR4 signaling pathway, and
genes that are involved in both show different pat-
terns of TSS usage after LPS stimulation.

3. Discovery of differentially activated intermedi-
ary pathways in knockout experiments using
sparse regression

Kuo-ching Liang, Ashwini Patil, and Kenta Nakai

Since its introduction, functional overrepresenta-
tion analysis has been an important tool for the
analysis of gene sets. In overrepresentation analysis,
the method for gene set construction is critical to
finding biologically relevant information. Currently,
these gene sets often come from clustering or differ-
ential expression analysis. However, naive applica-
tion of these approaches often result in gene sets
that encompass all genes with the same expression
profile, or all genes that show differential expres-
sion in different conditions. We would like to pro-
pose a method to construct a more precise gene set.
In particular, we want to be able to find shared
neighbor genes between two pathways, and be able
to compare them to detect differential intermediary
pathway usage in different samples. In our pro-
posed methodology, we use a model based on elas-
ticnet regression to find neighborhood genes for
genes in a given pathway. We compare the elastic-
net regression approach to a correlation-distance-
based approach using time-series gene knockout
RNA-Seq data. We show gene sets constructed by
the elastic-net regression approach contain genes
that are more enriched with functional gene ontol-
ogy terms that agree with previous research results
compared to the correlation distance approach.

4, DBTMEE: a database of transcriptome in
mouse early embryos

Sung-Joon Park, Katsuhiko Shirahige®, Miho Oh-
sugi’, Kenta Nakai: *IMCB, ‘Department of Life
Sciences, U. Tokyo

Fertilization precisely choreographs parental
genomes by utilizing gamete-derived cellular fac-
tors and by activating genome regulatory pro-

grams. However, the mechanism remains elusive
owing to the technical difficulties of preparing large
numbers of high-quality preimplantation cells.
Here, we collected more than 14 X 10" high-quality
mouse metaphase II oocytes and used these to es-
tablish detailed transcriptional profiles for four
early embryo stages and parthenogenetic develop-
ment. By combining these profiles with other public
resources, we found evidence that gene silencing
appeared to be mediated in part by non-coding
RNAs and that this was a prerequisite for post-fer-
tilization development. Notably, we identified 817
genes that were differentially expressed in embryos
after fertilization compared to parthenotes. The
regulation of these genes were distinctly different
to those expressed in parthenotes, suggesting func-
tional specialization of particular transcription fac-
tors prior to first cell cleavage. We identified five
transcription factors that were potentially necessary
for developmental progression: Foxdl, Nkx2-5,
Sox18, Myod1l, and Runxl. Our very large scale
whole-transcriptome profile of early mouse em-
bryos has yielded a novel and valuable resource for
studies in developmental biology and stem cell re-
search. The database is available at http://dbtmee.

hgc.jp/.

5. Computational promoter modeling identifies
the modes of transcriptional regulation in he-
matopoietic stem cells

Sung-Joon Park, Terumasa Umemoto®, Mihiko
Saito-Adachi, Yoshiko Shiratsuchi®, Masayuki
Yamamoto®, Kenta Nakai: °*Institute of Advanced
Biomedical Engineering and Science, Tokyo
Women's Medical University

Extrinsic and intrinsic regulators are responsible
for the tight control of hematopoietic stem cells
(HSCs), which differentiate into all blood cell line-
ages. To understand the fundamental basis of HSC
biology, we focused on differentially expressed
genes (DEGs) in long-term and short-term HSCs,
which are closely related in terms of cell develop-
ment but substantially differ in their stem cell ca-
pacity. To analyze the transcriptional regulation of
the DEGs identified in the novel transcriptome pro-
files obtained by our RNA-seq analysis, we devel-
oped a computational method to model the linear
relationship between gene expression and the fea-
tures of putative regulatory elements. The tran-
scriptional regulation modes characterized here
suggest the importance of transcription factors
(TFs) that are expressed at steady state or at low
levels. Remarkably, we found that 24 differentially
expressed TFs targeting 21 putative TF-binding
sites contributed significantly to transcriptional
regulation. These TFs tended to be modulated by
other nondifferentially expressed TFs, suggesting
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that HSCs can achieve flexible and rapid responses
via the control of nondifferentially expressed TFs
through a highly complex regulatory network. Our
novel transcriptome profiles and new method are
powerful tools for studying the mechanistic basis of
cell fate decisions.

6. 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 Kusakabe® and Kenta
Nakai: °Fac. of Sci. and Engineering, Konan Univ,
‘Grad. Schl. of Life Sci., Univ. of Hyogo

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 transcription start sites (TSSs) and
promoters at the genome-wide level. In this study,
we identify TSSs at the genome-wide scale using
the TSS-seq method and characterize promoter re-
gions in C. intestinalis. We identified TSS clusters
(TSCs), which are high-density regions of TSS-seq
tags. Although TSCs represent promoters in princi-
ple, we found several types of TSCs that were un-
likely to represent promoters, such as AT-rich, 1-bp
width TSCs. Reliable TSCs were found not only at
known TSSs but also in other regions, suggesting
the existence of many unknown transcription units
in the genome. We identified accurate TSSs of 79 ri-
bosomal protein genes and found that their pro-
moters possessed a polypyrimidine initiator motif
and a sharp TSS distribution, but they did not have
TATA elements. In C. intestinalis promoters, two
pyrimidine-purine dinucleotides, CA and TA, were
the most frequent dinucleotides used as TSSs. De-
spite the absence of CpG islands, Ciona TATA-less
promoters showed low expression specificity like
CpG-associated human TATA-less promoters. Us-
ing multiple samples, TSS-seq allowed us to iden-
tify many novel candidate promoters of spliced
leader trans-spliced genes for the first time. Further-
more, we identified many putative alternative pro-
moters, some of which were regulated in a tissue-
specific manner. Our results provide valuable infor-
mation about TSSs and promoter characteristics in
C. intestinalis and will be helpful in future analysis
of transcriptional regulation in chordates.

7. A study of the innate immunity interactome
dynamics

Asmaa Elzawahry, Ashwini Patil, Yutaro Kuma-
gai', Yutaka Suzuki’, Kenta Nakai

Immune system of host is responsible for defense

against invading pathogens. Protein-protein Interac-
tions (PPIs) are essential components of the im-
mune response. So far, protein-protein interactions
have been curated as a static interaction map. How-
ever, interactions involved in the immune response
are dynamic. This study focuses on interactome dy-
namics during immune response by combining
time-series gene expression data with protein-pro-
tein interactions followed by protein complex iden-
tification. We identified differences in the interac-
tome during immune response by constructing dif-
ferential networks and identifying protein modules
which were up/down regulated for each stage. In
addition, we identified core interactions that are
conserved in interactome throughout immune re-
sponse. We defined Interaction protein ratio (IPR)
and Pair wise differential matrix (PWDM) to assess
differences between network maps. To get a com-
prehensive view of the TLR interactome network
we investigated the TLR subnetwork and found
that SI00A8 is down regulated in dendritic cells af-
ter LPS stimulation. Combining time-series gene ex-
pression data with protein-protein interactions data
revealed interactome dynamics during immune re-
sponse. Identified protein complexes during interac-
tome dynamics have a crucial role not only in in-
nate immunity but also in other biological proc-
esses and pathways like pathways in cancer, circa-
dian rhythm and p53 pathway.

8. Alterations in rRNA-mRNA interaction during
plastid evolution

Kyungtaek Lim, Ichizo Kobayashi’, and Kenta
Nakai

Translation initiation depends on the recognition
of mRNA by a ribosome. For this to occur, prokary-
otes primarily use the Shine-Dalgarno (SD) interac-
tion, where the 3 tail of small subunit rRNA (core
motif: 3'CCUCC) forms base pairs with a comple-
mentary signal sequence in the 5 untranslated re-
gion of mRNA. Here we examined what happened
to SD interactions during the evolution of a cyano-
bacterial endosymbiont into modern plastids (in-
cluding chloroplasts). Our analysis of available
complete plastid genome sequences revealed that
the majority of plastids retained SD interactions but
with varying levels of usage. Parallel losses of SD
interactions took place in plastids of Chlorophyta,
Euglenophyta, and Chromerida/Apicomplexa line-
ages, presumably related to their extensive reduc-
tive evolution. Interestingly, we discovered that the
classical SD interaction (3'CCUCC/5 GGAGG (rRNA/
mRNA)) was replaced by an altered SD interaction
(3’'CCCU/5GGGA or 3’CUUCC/5GAAGG) through
coordinated changes in the sequences of the core
rRNA motif and its paired mRNA signal. These
changes in plastids of Chlorophyta and Eugleno-
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phyta proceeded through intermediate steps that al-
lowed both the classical and altered SD interac-
tions. This coevolution between the rRNA motif
and the mRNA signal demonstrates unexpected
plasticity in the translation initiation machinery.

9. A genetic algorithm for motif finding based
on statistical significance

Josep Basha Gutierrez, Martin Frith®, and Kenta
Nakai: *Computational Biology Research Center,
AIST Tokyo

Understanding of transcriptional regulation
through the discovery of sequence elements that are
bound by DNA-binding proteins is a fundamental
problem in molecular biology research. These regu-
latory motifs, called transcription factor binding
sites (TFBS), are short in length and can show se-
quence variation, which makes them especially dif-
ficult to identify. To facilitate the task of identifying
these elements, different computational strategies
have been developed. In this study, we propose a
new computational method for motif discovery, by
mixing a Genetic Algorithm structure with several
statistical coefficients. The algorithm was tested
with 56 data sets from four different species. The
motifs obtained were compared to the known mo-
tifs for each one of the data sets, and the accuracy
in this prediction compared to 14 other methods
both at nucleotide and site level. The results,
though did not stand out in detection of false posi-
tives, showed a remarkable performance in most of
the cases in sensitivity and in overall performance
at site level, generally outperforming the other
methods in these three statistics, and suggesting
that the algorithm can be a powerful tool to suc-
cessfully predict motifs in different kinds of sets of
DNA sequences.

10. Evaluation of Sequence Features from Intrin-
sically Disordered Regions for the Estima-
tion of Protein Function

Alok Sharma®®, Abdollah Dehzangi*®*, James
Lyons” Seiya Imoto, Satoru Miyano, Kenta Nakai,
Ashwini Patil: °School of Engg. and Physics, The
Univ. of the South Pacific, Suva, Fiji, “IlIS,
Griffith Univ., *"NICTA, “School of Engg., Griffith
Univ., Brisbane, Australia

With the exponential increase in the number of
sequenced organisms, automated annotation of pro-
teins is becoming increasingly important. Intrinsi-
cally disordered regions are known to play a sig-
nificant role in protein function. Despite their abun-
dance, especially in eukaryotes, they are rarely
used to inform function prediction systems. In this
study, we extracted seven sequence features in in-

trinsically disordered regions and developed a
scheme to use them to predict Gene Ontology Slim
terms associated with proteins. We evaluated the
function prediction performance of each feature.
Our results indicate that the residue composition
based features have the highest precision while bi-
gram probabilities, based on sequence profiles of
intrinsically disordered regions obtained from
PSIBlast, have the highest recall. Amino acid bi-
grams and features based on secondary structure
show an intermediate level of precision and recall.
Almost all features showed a high prediction per-
formance for GO Slim terms related to extracellular
matrix, nucleus, RNA and DNA binding. However,
feature performance varied significantly for differ-
ent GO Slim terms emphasizing the need for a
unique classifier optimized for the prediction of
each functional term. These findings provide a first
comprehensive and quantitative evaluation of se-
quence features in intrinsically disordered regions
and will help in the development of a more infor-
mative protein function predictor. This project was
funded by the Ministry of Education, Culture,
Sports, Science and Technology, Japan.

11. Identifying active gene sub-networks using
time-course gene expression profiles using
TimeXNet

Ashwini Patil and Kenta Nakai

Time-course gene expression profiles are fre-
quently used to provide insight into the changes in
cellular state over time and to infer the molecular
pathways involved. When combined with large-
scale molecular interaction networks, such data can
provide information about the dynamics of cellular
response to stimulus. However, few tools are cur-
rently available to predict a single active gene sub-
network from time-course gene expression profiles.
We introduce a tool, TimeXNet, which identifies ac-
tive gene sub-networks with temporal paths using
time-course gene expression profiles in the context
of a weighted gene regulatory and protein-protein
interaction network. TimeXNet uses a specialized
form of the network flow optimization approach to
identify the most probable paths connecting the
genes with significant changes in expression at con-
secutive time intervals. TimeXNet has been exten-
sively evaluated for its ability to predict novel
regulators and their associated pathways within ac-
tive gene sub-networks in the mouse innate im-
mune response and the yeast osmotic stress re-
sponse. Compared to other similar methods,
TimeXNet identified up to 50% more novel regula-
tors from independent experimental datasets. It
predicted paths within a greater number of known
pathways with longer overlaps (up to 7 consecutive
edges) within these pathways. TimeXNet was also
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shown to be robust in the presence of varying
amounts of noise in the molecular interaction net-
work. TimeXNet is a reliable tool that can be used
to study cellular response to stimuli through the
identification of time-dependent active gene sub-
networks in diverse biological systems. It is signifi-
cantly better than other similar tools. TimeXNet is
implemented in Java as a stand-alone application
and supported on Linux, MS Windows and Macin-
tosh. The output of TimeXNet can be directly
viewed in Cytoscape. This project is funded by the
Japan Society for the Promotion of Science.

12. Project for constructing an IT infrastructure
for accelerating the clinical application of re-
generative medicine technologies

Kenta Nakai, Wataru Fujibuchi®, Kozo Imai,
Tatsutoshi Nakahata®, Norio Nakatsuji*®, Kohji
Nishida®, Hideyuki Okano', Masayo Takahashi®,
Akihiro Umezawa®, Masayuki Yamato®, Mihoko
Adachi, Emi lIkeda, Yusuke Komiyama, Takashi
Kurosawa, Sung-Joon Park, and Yuki Saito:
BCiRA, Kyoto U., “Res. Hospital, IMSUT, *IFMS,
Kyoto U, “Grad. Sch. Med., Osaka U., “"Sch.
Med., Keio U., ®*CDB, RIKEN, *Nat. Res. Inst.

Child Health and Development, *Tokyo Women's
Med. U.

The level of research on regenerative medicine is
quite high in Japan but the study is under severe
international competition. One way to boost the re-
search level is to share raw data of failed and/or
unpublished experiments between top researchers
in Japan. With such sharing, they may be able to
avoid repeating unnecessary experiments or to find
new value in unpublished data from a new per-
spective. In addition, applying data mining tech-
niques across data will be likely to lead to new dis-
coveries. Comparing data from different labs would
be useful in establishing new guidelines for the
quality control of stem cells and/or their deriva-
tives. The aim of this project is, therefore, to build a
collaborative platform among researchers using in-
formation and communications technology. We are
developing a computer network which connects re-
searchers securely as well as its accompanying soft-
ware, while addressing various difficulties, includ-
ing intellectual property-related, ethical, and infor-
mation security-related ones, to achieve our goal.
This project is supported by the Ministry of Health,
Labor and Welfare.
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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

We have been commissioned to provide research
ethics consultation to several large projects promot-
ing genomic medicine, including The Biobank Ja-
pan (BB]) Project (BBJP) and Project for Develop-
ment of Innovative Research on Cancer Therapeu-
tics (P-DIRECT). BBJP is a disease-focused biobank-
ing project started in 2003. BBJ consists of donated
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DNA, sera, and clinical information from 200,000
patients in Japan, and continues to collect new
DNA and clinical information. Informed consent,
which ensures the autonomous decisions of partici-
pants, is believed to be practically impossible for
the biobanking project in general. We have issued
semiannual newsletters for sample donors for trans-
parency and information (Fig. 1). Since 2014, BBJ
has started to store tissue samples from cancer pa-
tients and to share DNA samples from participants
of several clinical trials. We have supported for its
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Figure 1. Examples of BBJP brochures we developed for sample donors and their physicians
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launch from ethical perspectives.

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. Since 2014, P-DIRECT welcomed new 20 re-
search projects. We have advised those principal in-
vestigators to comply with ethical guidelines and
provided sample consent forms. We have checked
all documents and made sure that all institutional
review board (IRB) approvals were acceptable. We
held "forums for research ethics consultants" in Sep-
tember of 2014.

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

We have been commissioned to provide research
ethics consultation called "research on the ethical,
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legal, and social implications related to regenerative
medicine" since 2012. 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 2014, we pro-
vided more than 60 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, governance of iPSC banking
and communication with patient advocacy groups
(Fig. 2).

We also provided educational opportunities for
researchers who are in charge of obtaining in-
formed consent. As identified by participants at the
workshop, one of the key challenges with obtaining
true informed consent was ensuring equitable sub-
ject selection, particularly for potentially vulnerable
patients enrolled in clinical trials using stem cells
("stable ethics"). Other issues identified include en-
suring that study volunteers understand that they
can withdraw from the study at any time, and
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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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monitoring and ensuring the long-term safety of
patients. Most important, particularly for studies in-
volving cutting-edge interventions like the use of
stem cells, researchers must understand that they
cannot always adequately address patient questions
and concerns during the initial recruitment and
consent process, so must continue to engage study
volunteers in discussions of trial design, conduct
and outcomes throughout the research process.

We organized interdisciplinary research groups
to address the ethical, legal, and social implications
(ELSI) related to regenerative medicine in a com-
prehensive manner, with a view to establishing a
framework for ethical support and review of regen-
erative medicine.

3. Patient perspectives and experiences of clini-
cal trials in Japan

Clinical trials are at the heart of all medical ad-
vances. Achieving target sample sizes for clinical
trials might be enhanced by understanding what is
likely to motivate patients to participate, but thera-
peutic misconceptions must be avoided for ethical
reasons. Substantial previous research suggested
that people take part in clinical trials mostly for al-
truistic reasons, and that deriving personal benefit
was a secondary consideration. However, interview
studies of clinical trial participants in the UK (Lo-
cock and Smith 2010) and in Brazil (Nappo et al.
2013) showed that gaining some personal benefit
has emerged as an important primary motivation,
whereas altruistic considerations appeared to be
largely subsidiary. Thus, we have conducted a
quantitative and a qualitative study about clinical
trial participants.

Our quantitative study is an online survey on
clinical trials. Invitation was sent to 21,502 adult
patients (> 20 year-old) in Japan. The questionnaire
included items relating to knowledge, informed
consent, the decision to participate, risk and benefit
of clinical trials, and information after the trials. Of
the 21,502, 12,506 responses were analyzed. The
study periods were from March 26 to March 28,
2014. Mean age of the respondents was 52 (range,
20 to 79). Men and women were 49.7% and 50.3%,
respectively. Most of them (89.5%, n = 11,197) had
heard or seen the word "clinical trial" (including
"CHIKEN") via television (57.3%), internet (52.7%),
newspaper/magazine/advertisement (43.8%), or
other information sources. "Randomization" and
"placebo" were poorly understood (25.5% and 56.1
%, respectively) while most of them (87.4%) under-
stood that clinical trials were conducted to establish
evidence for future medicine. Of the 11,197, 8.7%
(n = 967) had enrolled a clinical trial, and others
(77.4%) had never involved any clinical trials. The
major motivations for enrolling were "contributing
to develop new therapies for my disease" (44.2%),

"contributing to the advances in medicine" (42.7%),
"potential benefit for my condition" (37.3%), and
"receiving a new therapy" (32.4%). Among the en-
rollee who withdraw the trials according to re-
searchers' convenience (n = 52), more enrollees were
motivated by personal benefit, including "potential
benefit for my condition" (55.8%) or "receiving a
new therapy" (40.4%). Respondents with no experi-
ence of clinical trials (n = 8877) recognized the
benefits; "potential benefit for my condition" (59.0
%), "contributing to develop new therapies for my
disease" (54.0%), "contributing to the advances in
medicine" (53.1%), and "receiving a new therapy"
(59.0%). Fewer respondents (26.2%) recognized
"payment for the burden" than experienced respon-
dents (37.1%). Most of the experienced and non-ex-
perienced patients (54.7% and 87.7%, respectively)
recognized "adverse event" as a risk of clinical tri-
als. The continuous outreach efforts by government,
hospitals, and research institutions have achieved a
certain result in patients' understanding of clinical
trials. Experiences may have some impacts on the
patients' perspective of clinical trials; understanding
of "randomization" and "placebo”, and the degree of
expectation of personal and therapeutic benefits for
clinical trials. As financial issues on clinical trials
widely differ with types of trials, it should be dis-
cussed according to each case. Patients' perspective
on clinical trials would depend on their condition
and trial types. Further investigation should be con-
ducted at this point.

On the other hand, our qualitative study aims to
clarify the motivation for clinical trial participation
in Japanese participants. Recruitment was based on
purposive maximum variation sampling. Recruit-
ment packs (containing the participant information
sheet and a leaflet about the study) were distrib-
uted through research networks, patient and public
involvement groups, trial clinics and researchers,
websites, and other media. Our target sample size
was 50. Twenty-one patients have thus far partici-
pated in our in-depth, individual narrative inter-
views. We explored patients' experiences of clinical
trials, including informed consent, communications
with healthcare professionals, as well as their
thoughts, impressions, and motivations regarding
participation. They were interviewed at home or in
quiet meeting rooms. Interviews were either video
or audio recorded. Before coding and thematic
analysis, transcripts were returned to interviewees
for corrections. As shown by the previous study in
the UK, we observed a variety of reasons for par-
ticipating in clinical trials to gain personal benefits,
including increased survival, access to new treat-
ment, care from an expert medical team, and finan-
cial compensation. Some interviewees vaguely ex-
pressed that their participation in clinical trials
might have improved their symptoms. Others be-
lieved that their physicians would not recommend



82

clinical trials if they did not benefit their health.
Wanting to benefit others was mentioned by just
two interviewees as feedback to the patient involve-
ment group and gratitude for the hospital. Among
several motivations for gaining personal benefits,
we observed therapeutic misconception. Two altru-
istic reasons emerged for "visible" others in inter-
viewees' personal communities, whereas partici-
pants in the previous study in the UK showed mo-
tivation for "invisible" others, that is, acknowledge-
ment to past generations, benefiting future genera-
tions, moral duty, and furthering medical knowl-
edge for the common good. If Japanese citizens un-
derstood the nature of clinical trials as an essential
tool for the development of new drugs or therapies
for future generations, the reasons people give for
taking part in clinical trials for benefitting others
should be deeper and more complex. Further inter-
views should be conducted.

4. DTC genetic testing issues

With the development of genome sequencing
technology, direct-to-consumer (DTC) genetic test-
ing services have begun to be used widely. In Ja-
pan, genetic-medicine-related societies develop
guidelines for genetic testing and issue statements
concerning DTC genetic testing. In this context, the
Ministry of Economy, Trade and Industry (METI)
considered the regulations governing DTC genetic
testing and attached importance to quality control,
scientific evidence, and informed consent. In par-
ticular, the METI has endeavored to set regulations,
which recommend against the sale of scientifically
groundless tests. In other countries, there have been
reports on opinion surveys of the scientific evi-
dence of genetic testing and the regulations of ge-
netic testing, however the attitudes held by the
Japanese public toward scientific evidence in sup-
port of genetic testing are unclear. Our aim was to
clarify public attitudes toward genetic testing and
related scientific evidence. In March 2014, an
anonymous online survey was administrated to
24,718 men and women aged 20-69 years in Japan.
The questionnaire included questions concerning
genetic knowledge, attitudes toward genetic testing,
the regulations governing DTC genetic testing, and
technology. There were 4 response options used to
indicate attitudes toward scientific evidence sup-
porting genetic testing. The options were "even if
there is little scientific evidence to support genetic
testing, I would like to undergo the tests," "if there
is scientific evidence in support of genetic testing
for people of different races, I would like to un-
dergo the tests," "if there is scientific evidence in
support of genetic testing for people of East Asian
ethnicity, I would like to undergo the tests,” and
"even if there is sufficient scientific evidence to sup-
port genetic testing, I would not like to undergo the

tests." A total of 7,540 individuals completed sur-
veys. The mean age of the respondents was 45.7
14.0 years. With respect to questions regarding will-
ingness to undergo 6 types of genetic testing by sci-
entific evidence, around 50% of respondents re-
ported that they could not decide whether to un-
dergo any type of genetic testing. Our results sug-
gest that members of the Japanese public have posi-
tive attitudes toward genetic testing, which pro-
vides useful information concerning the prevention
and treatment of disease, and may attach less im-
portance to scientific evidence supporting genetic
testing than academic societies and the METI do. In
addition, our results suggest the possibility that
there is a relation between the attributes of the re-
spondents and the attitudes toward scientific evi-
dence of genetic testing. Further analyses are
needed to clarify these associations.

5. Incidental findings

To establish appropriate measures that deal with
incidental findings (IFs), the neuroscience commu-
nity needs to address various ethical issues. The
current state of research facilities regarding IFs and
investigator attitudes as well as potentially eligible
research participants must be assessed prior to fu-
ture discussions and before the development of
policies and guidelines. To this end, we conducted
two questionnaire surveys to clarify i) how IFs are
addressed at neuroimaging research facilities in Ja-
pan and ii) the views of investigators and potential
research participants regarding the handling of IFs.
Thirty-one principal investigators (PIs) involved in
the Strategic Research Program for Brain Sciences
(SRPBS), a government-funded project, were asked
to fill out a questionnaire regarding ways IFs were
handled at the facility. A total of 110 investigators
engaged in SRPBS tasks, including 31 PIs who par-
ticipated in the research facility survey and re-
searchers conducting studies under the manage-
ment of the PIs, and 500 individuals from the gen-
eral public (i.e.,, general population) were asked to
select the most appropriate way to deal with IFs in
two scenarios, namely the medical school and hu-
manities and social sciences department scenarios.
More than 40% of PIs responded that they did not
know or were unsure of what type of approach
was employed to handle IFs at their research facili-
ties. Nevertheless, they were willing to improve the
current status if sufficient resources were provided.
With regard to specialist involvement, 37.7% of in-
vestigators responded that it was appropriate to
have a specialist check all images in the medical
school scenario, whereas 13.3% responded that
such involvement was appropriate in the humani-
ties and social sciences department scenario. In con-
trast, 76.1% and 61.0% of the general population
indicated that specialist involvement was appropri-
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ate in the medical school and humanities and social
sciences department scenarios, respectively. These
results show that expectations of the general popu-
lation exceed those of investigators regarding meas-
ures to address IFs. Both investigators and the gen-
eral population demanded more responsibility from
PIs at medical institutions, compared to PIs at non-

medical institutions. Based on our preliminary re-
sults, we recommended that a licensed physician
perform a screening test to appropriately examine
clear abnormalities. These recommendations were
implemented by the SRPBS as guidelines for han-
dling IFs in national research projects in Japan.
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