
1. Systems Cancer Research and Systems Biol-
ogy

a. An empirical Bayesian framework for somatic
mutation detection from cancer

Shiraishi Y, Sato Y1, Chiba K, Okuno Y1, Nagata
Y1, Yoshida K1, Shiba N1, Hayashi Y2, Kume H1,
Homma Y1, Sanada M1,7, Ogawa S1,7, Miyano S:
1Graduate School of Medicine, The University of
Tokyo, 2Gunma Children's Medical Center

High-throughput sequencing technologies have
enabled comprehensive dissections of the cancer

genome clarifying a large number of somatic muta-
tions in a wide variety of cancer types. Various
methods have been suggested for mutation calling
based on a large amount of sequencing data, which
is accomplished in most cases by tactical statisti-
cally evaluating the differences in the observed al-
lele frequencies of possible single nucleotide vari-
ants between tumours and paired normal samples.
However, more accurate detection of mutations
challenge for data with low sequencing depths or
tumour contents. To overcome this problem, we de-
vised a novel statistical method, Empirical Bayesian
mutation Calling (https://github.com/friend1ws/
EBCall), for detecting somatic mutations. Ogawa
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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.
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Lab contributed to the experimental validation of
our method. Unlike previous methods, our method
discriminates somatic mutations from sequencing
errors based on an empirical Bayesian framework,
where the model parameters are estimated using
sequencing data from multiple non-paired normal
samples. Using 13 whole-exome sequencing data
with 87.5-206.3 mean sequencing depths, we dem-
onstrate that our method not only outperforms sev-
eral existing methods in the calling of mutations
with moderate allele frequencies but also enables
accurate calling of mutations with low allele fre-
quencies (＜―10％) harboured within a minor tu-
mour subpopulation, thus allowing for the deci-
phering of fine substructures within a tumour
specimen.

b. Multi-omics approach for estimating meta-
bolic networks using low-order partial corre-
lations

Kayano M3, Imoto S, Yamaguchi R, Miyano S:
3Obihiro University of Agriculture and Veterinary
Medicine

Kayano is a member of Systems Cancer Research
and this is a result of this project. There are two
typical purposes of metabolome analysis. One is to
estimate metabolic pathways and the other is to un-
derstand the regulatory systems underlying the me-
tabolism. As the source of information for these
analyses, we assume a set of multi-omics data for
RNA, proteins, and metabolites. However, inte-
grated methods that analyze multi-omics data si-
multaneously and unravel the systems behind me-
tabolisms have not been well established. Our sta-
tistics-based method is the first successful method
whose idea is the use of low-order partial correla-
tions with a robust correlation coefficient for esti-
mating metabolic networks from metabolome, pro-
teome, and transcriptome data. Our method is de-
fined by the maximum of low-order, particularly
first-order, partial correlations (MF-PCor) in order
to assign a correct edge with the highest correlation
and to detect the factors that strongly affect the cor-
relation coefficient. First, through numerical experi-
ments with real and synthetic data, we showed that
the use of protein and transcript data of enzymes
improved the accuracy of the estimated metabolic
networks in MF-PCor. In these experiments, the ef-
fectiveness of the proposed method was also dem-
onstrated by comparison with a correlation network
(Cor) and a Gaussian graphical model (GGM). Our
theoretical investigation confirmed that the per-
formance of MF-PCor could be superior to that of
the competing methods. In addition, in the real
data analysis, we investigated the role of metabo-
lites, enzymes, and enzyme genes that were identi-
fied as important factors in the network established

by MF-PCor. We then found that some of them cor-
responded to specific reactions between metabolites
mediated by catalytic enzymes that were difficult to
be identified by analysis based on metabolite data
alone.

c. Multilayer cluster heat map visualizing bio-
logical tensor data

Niida A, Tremmel G, Imoto S, Miyano S

Biological visualization is getting more and more
important since high-throughput technologies are
generating a broad range of omics data. Facing a
torrent of massive biological data, visual data min-
ing can be considered an intuitive and powerful ap-
proach for hypothesis generation. The cluster heat
map approach has been popularly used to visualize
the matrix types of biological data. We extended
the use of the cluster heat map to reveal informa-
tive patterns hidden in third-order tensor-type bio-
logical data. By applying the extended method, a
multilayer cluster heat map, to trans-omics and net-
work tensor data, we successfully demonstrated the
proof-of-concept of our approach. Our new visual
data mining method will be a useful tool for in-
creasing the amount of biological tensor data, espe-
cially, cancer data. The software and the tensor
data studied are available from http://www.hgc.jp/
～niiyan/MCHM.

d. The tumor-suppressive miR-497-195 cluster
targets multiple cell-cycle regulators in hepa-
tocellular carcinoma

Furuta M4, Kozaki K4, Tanimoto K4, Tanaka S4,
Arii S4, Shimamura T, Niida A, Miyano S, Inaza-
wa J4: 4Tokyo Medical and Dental University

We contributed to this study for systems biology
approach and its data analysis. MicroRNAs are
known to play key post-transcriptional regulators
of gene expression and commonly deregulated in
carcinogenesis. The aim of this study is to explore
functionally crucial tumor-suppressive (TS)-miR-
NAs in hepatocellular carcinoma (HCC). We de-
signed and performed integrative function- and ex-
pression-based screenings of TS-miRNAs in six
HCC cell lines. The screenings identified seven
miRNAs, which showed growth-suppressive activi-
ties through the overexpression of each miRNA and
were endogenously downregulated in HCC cell
lines. Further expression analyses using a large
panel of HCC cell lines and primary tumors dem-
onstrated four miRNAs, miR-101, -195, -378 and
-497, as candidate TS-miRNAs frequently silenced
in HCCs. Among them, two clustered miRNAs
miR-195 and miR-497 showed significant growth-
suppressive activity with induction of G1 arrest.
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Comprehensive exploration of their targets using
Argonute 2 - immunoprecipitation - deep - sequencing
(Ago2-IP-seq) and genome-wide expression profil-
ing after their overexpression followed by pathway
analysis, revealed a significant enrichment of cell
cycle regulators. Among the candidates, we suc-
cessfully identified CCNE1, CDC25A, CCND3,
CDK4, and BTRC as direct targets for miR-497 and
miR-195. Moreover, target genes frequently upregu-
lated in HCC in a tumor-specific manner, such as
CDK6, CCNE1, CDC25A and CDK4, showed an in-
verse correlation in the expression of miR-195 and
miR-497, and their targets. These results suggest the
molecular pathway regulating cell cycle progression
to be integrally altered by downregulation of miR-
195 and miR-497 expression, leading to the aberrant
cell proliferation in hepatocarcinogenesis.

e. Recurrent mutations in multiple components
of the cohesin complex in myeloid neoplasms

Kon A1, Shih LY5, Minamino M6, Sanada M7,
Shiraishi Y, Nagata Y1, Yoshida K1, Okuno Y1, Ba-
ndo M6, Nakato R6, Ishikawa S4, Sato-Otsubo A1,
Nagae G8, Nishimoto A, Haferlach C9, Nowak D10,
Sato Y1, Alpermann T9, Nagasaki M11, Shimamura
T, Tanaka H, Chiba K, Yamamoto R12, Yamagu-
chi T12, Otsu M13, Obara N14, Sakata-Yanagimoto
M14, Nakamaki T15, Ishiyama K16, Nolte F10, Hof-
mann WK10, Miyawaki S16, Chiba S14, Mori H15,
Nakauchi H12, Koeffler HP17, Aburatani H8, Hafer-
lach T9, Shirahige K6, Miyano S, Ogawa S7:
5Chang Gung University, 6Institute of Molecular
and Cellular Biosciences, The University of Tokyo,
7Graduate School of Medicine, Kyoto University,
8Research Center for Advanced Science and Tech-
nology, The University of Tokyo, 9Munich Leuke-
mia Laboratory, 10University Hospital Mannheim,
11Tohoku Medical Megabank Organization, To-
hoku University, 12Division of Stem Cell Therapy,
Institute of Medical Science, 13Center for Stem Cell
Biology and Regenerative Medicine, Institute of
Medical Science, 14Faculty of Medicine, University
of Tsukuba, 15Showa University School of Medi-
cine, 16Tokyo Metropolitan Ohtsuka Hospital, 17Ce-
dars-Sinai Medical Center

We contributed to this study for improving the
NGS data analysis pipeline and large-scale data
analysis for detecting mutations and deletions using
the supercomputer of Human Genome Center.
Ogawa Lab took the initiative of this study. Cohe-
sin is a multimeric protein complex that is involved
in the cohesion of sister chromatids, post-replicative
DNA repair and transcriptional regulation. We
found recurrent mutations and deletions involving
multiple components of the cohesin complex, in-
cluding STAG2, RAD21, SMC1A and SMC3, in dif-
ferent myeloid neoplasms. These mutations and de-

letions were mostly mutually exclusive and oc-
curred in 12.1％ (19/157) of acute myeloid leuke-
mia, 8.0％ (18/224) of myelodysplastic syndromes,
10.2％ (9/88) of chronic myelomonocytic leukemia,
6.3％ (4/64) of chronic myelogenous leukemia and
1.3％ (1/77) of classical myeloproliferative neo-
plasms. Cohesin-mutated leukemic cells showed re-
duced amounts of chromatin-bound cohesin com-
ponents, suggesting a substantial loss of cohesin
binding sites on chromatin. The growth of leukemic
cell lines harboring a mutation in RAD21 (Kasumi-1
cells) or having severely reduced expression of
RAD21 and STAG2 (MOLM-13 cells) was sup-
pressed by forced expression of wild-type RAD21
and wild-type RAD21 and STAG2, respectively.
These findings suggest a role for compromised co-
hesin functions in myeloid leukemogenesis.

f. Integrated molecular analysis of clear-cell re-
nal cell carcinoma

Sato Y1, Yoshizato T1, Shiraishi Y, Maekawa S1,
Okuno Y1, Kamura T18, Shimamura T, Sato-
Otsubo A1, Nagae G8, Suzuki H1, Nagata Y1,
Yoshida K1, Kon A1, Suzuki Y19, Chiba K, Tanaka
H, Niida A, Fujimoto A20, Tsunoda T20, Morikawa
T1, Maeda D1, Kume H, Sugano S19, Fukayama M1,
Aburatani H8, Sanada M1,7, Miyano S, Homma Y1,
Ogawa S1,7: 18Graduate School of Science, Nagoya
University, 19Graduate School of Frontier Sciences,
The University of Tokyo, 20Center for Genomic
Medicine, RIKEN

We contributed to this study for improving the
NGS data analysis pipeline, development of data
analysis method and large-scale omics-data analysis
by using the supercomputer of Human Genome
Center. Ogawa Lab coordinated this study. Clear-
cell renal cell carcinoma (ccRCC) is the most preva-
lent kidney cancer and its molecular pathogenesis
is incompletely understood. Here we report an inte-
grated molecular study of ccRCC in which ＞―100
ccRCC cases were fully analyzed by whole-genome
and/or whole-exome and RNA sequencing as well
as by array-based gene expression, copy number
and/or methylation analyses. We identified a full
spectrum of genetic lesions and analyzed gene ex-
pression and DNA methylation signatures and de-
termined their impact on tumor behavior. Defective
VHL-mediated proteolysis was a common feature
of ccRCC, which was caused not only by VHL inac-
tivation but also by new hotspot TCEB1 mutations,
which abolished Elongin C-VHL binding, leading to
HIF accumulation. Other newly identified pathways
and components recurrently mutated in ccRCC in-
cluded PI3K-AKT-mTOR signaling, the KEAP1-NRF
2-CUL3 apparatus, DNA methylation, p53-related
pathways and mRNA processing. This integrated
molecular analysis unmasked new correlations be-
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tween DNA methylation, gene mutation and/or
gene expression and copy number profiles, ena-
bling the stratification of clinical risks for patients
with ccRCC.

g. A restricted level of PQBP1 is needed for the
best longevity of Drosophila

Tamura T4, Sone M26, Nakamura Y4, Shimamura
T, Imoto S, Miyano S, Okazawa H4: 26Department
of Biomolecular Science, Faculty of Science, Toho
University

A number of neurological diseases are caused by
mutations of RNA metabolism-related genes. A
complicating issue is that whether under- or over-
function of such genes is responsible for the pheno-
type. Polyglutamine tract binding protein-1, a
causative gene for X-linked mental retardation, is
also involved in RNA metabolism, and both muta-
tion and duplication of the gene were reported in
human patients. In this study, we first report a
novel phenotype of dPQBP1 (drosophila homolog
of Polyglutamine tract binding protein-1)-mutant
flies, lifespan shortening. We next address the gene
dose-phenotype relationship in lifespan shortening
and in learning disability, a previously described
phenotype. The 2 phenotypes are rescued by
dPQBP1 but in different dose-phenotype relation-
ships. Either insufficient or excessive expression of
dPQBP1 does not recover lifespan, while excessive
expression recovers learning ability. We finally ad-
dress the mechanism of lifespan shortening. Tissue-
specific expression of dPQBP1-RNA interference
construct reveals both neural and nonneural dPQBP
1 contribute to the lifespan, while the latter has a
dominant effect. Gene expression profiling sug-
gested retinophilin/MORN repeat containing 4, a
gene promoting axonal degeneration, to contribute
to lifespan shortening by neural dPQBP1. Systems
biology analysis of the gene expression profiles re-
vealed indirect influence of dPQBP1 on insulin-like
growth factor 1, insulin receptor, and peroxisome
proliferator-activated receptor/ signaling path-
ways in nonneural tissues. Collectively, given that
dPQBP1 affects multiple pathways in different
dose -dependent and tissue - specific manners,
dPQBP1 at a restricted expression level is needed
for the best longevity.

2. Statistical/Algorithmic Data Analysis Methods

a. Principal component analysis using QR de-
composition

Sharma A, Paliwal KK21, Imoto S, Miyano S:
21School of Engineering, Griffith University

We developed QR based principal component

analysis (PCA) method. Similar to the singular
value decomposition (SVD) based PCA method this
method is numerically stable. We have carried out
analytical comparison as well as numerical com-
parison (on Matlab software) to investigate the per-
formance (in terms of computational complexity) of
our method. The computational complexity of SVD
based PCA is around 14dn 2 flops (where d is the di-
mensionality of feature space and n is the number
of training feature vectors); whereas the computa-
tional complexity of QR based PCA is around 2dn 2

＋2dth flops (where t is the rank of data covariance
matrix and h is the dimensionality of reduced fea-
ture space). It is observed that the QR based PCA is
more efficient in terms of computational complex-
ity.

b. A strategy to select suitable physicochemical
attributes of amino acids for protein fold rec-
ognition

Sharma A, Paliwal KK21, Dehzangi A21, Lyons J21,
Imoto S, Miyano S

Assigning a protein into one of its folds is a tran-
sitional step for discovering three dimensional pro-
tein structure, which is a challenging task in bi-
molecular (biological) science. The present research
focuses on: 1) the development of classifiers, and 2)
the development of feature extraction techniques
based on syntactic and/or physicochemical proper-
ties. Apart from the above two main categories of
research, we have shown that the selection of
physicochemical attributes of the amino acids is an
important step in protein fold recognition and has
not been explored adequately. We have presented a
multi-dimensional successive feature selection (MD-
SFS) approach to systematically select attributes.
The proposed method is applied on protein se-
quence data and an improvement of around 24％ in
fold recognition has been noted when selecting at-
tributes appropriately. The MD-SFS has been ap-
plied successfully in selecting physicochemical at-
tributes of the amino acids. The selected attributes
show improved protein fold recognition perform-
ance.

c. Detecting superbubbles in assembly graphs

Onodera T, Sadakane K22, Shibuya T: 22National
Institute of Informatics

A new concept of a subgraph class called a su-
perbubble for analyzing assembly graphs is intro-
duced, and an efficient algorithm for detecting it
was developed. Most assembly algorithms utilize
assembly graphs like the de Bruijn graph or the
overlap graph constructed from reads. From these
graphs, many assembly algorithms first detect sim-

86



ple local graph structures (motifs), such as tips and
bubbles, mainly to find sequencing errors. These
motifs are easy to detect, but they are sometimes
too simple to deal with more complex errors. The
superbubble is an extension of the bubble, which is
also important for analyzing assembly graphs.
Though superbubbles are much more complex than
ordinary bubbles, we show that they can be effi-
ciently enumerated. We propose an average-case
linear time algorithm (i.e., O (m＋n) for a graph
with n vertices and m edges) for graphs with a rea-
sonable model, though the worst-case time com-
plexity of our algorithm is quadratic (i.e., O (n(n＋
m))). Moreover, the algorithm is practically very
fast: Our experiments show that our algorithm runs
in reasonable time with a single CPU core even
against a very large graph of a whole human
genome.

d. The gapped spectrum kernel for support vec-
tor machines

Onodera T, Shibuya T

The problem of classifying string data faster and
more accurately arises in various fields that involve
the analysis of huge amount of strings such as com-
putational biology. A solution to this problem was
found. We devised a new string kernel, called
gapped spectrum kernel, that yields a kind of se-
quence of kernels interpolating faster and less accu-
rate string kernels such as the spectrum kernel and
slower and more accurate ones such as the wild-
card kernel. As a result, we devised an algorithm to
compute the wildcard kernel that is provably faster
than the state-of-the-art method. The recently intro-
duced b-suffix array data structure plays an impor-
tant role in this algorithm. Another result is a better
trade-off between the speed and accuracy of classi-
fication, which we demonstrate by protein classifi-
cation experiment.

3. Bioinformatics and Alternative Medicine

a. Analysis of questionnaire for traditional medi-
cal and develop decision support system

Katayama K, Yamaguchi R, Imoto S, Matsuura
K23, Watanabe K23,24, Miyano S: 23Center for
Kampo Medicine, Keio University School of Medi-
cine, 24Faculty of Environment and Information
Study, Keio University

Kampo medicine is the Japanese adaptation of
traditional medicine. In Kampo medicine, "medical
interview" plays an important role. "Medical inter-
view" in Japanese traditional medicine includes not
only chief complaint but also a questionnaire that
asked about the patient's lifestyle and subjective

symptoms. The diagnosis by Kampo is called "Sho"
and determined by completely different view from
Western medicine. Specialists gather all available
information and decide "Sho." This is one of the
reasons why non-Kampo specialists without techni-
cal knowledge have difficulties to use traditional
medicine. We analyzed "medical interview" data to
establish an indicator for non-Kampo specialist
without technical knowledge to perform suitable
traditional medicine. We predicted "Sho" by using
random forests algorithm which is powerful algo-
rithm for classification. First, we use all the 2,830
first-visit patients' data. The discriminant ratio of
training data was perfect but that of test data is
only 67.0％. Second, to achieve high prediction
power for practical use, we did data cleaning, and
discriminant ratio of test data was 72.4％. Third, we
added body mass index (BMI) data to "medical in-
terview" data and discriminant ratio of test data is
91.2％. Originally, deficiency and excess category
means that patient is strongly built or poorly built.
We notice that the most important variable for clas-
sification is BMI.

b. Statistical analysis of hie (cold sensation)
and hiesho (cold disorder) in kampo clinic

Yoshino T23, Katayama K, Munakata K24, Horiba
Y25, Yamaguchi R, Imoto S, Miyano S, Watanabe
K23,24: 25Center for Preventive Medicine, Keio Uni-
versity School of Medicine

A cold sensation (hie) is common in Japanese
women and is an important treatment target in
Kampo medicine. Physicians diagnose patients as
having hiesho (cold disorder) when hie disturbs
their daily activity. However, differences between
hie and hiesho in men and women are not well de-
scribed. Hie can be of three types depending on
body part where patients feel hie. We aimed to
clarify the characteristics of patients with hie and
hiesho by analyzing data from new patients seen at
the Kampo Clinic at Keio University Hospital dur-
ing 2008 and 2013. We collected information about
patients' subjective symptoms and their severity us-
ing visual analogue scales. Of 4,016 new patients,
2,344 complained about hie and 524 of those were
diagnosed with hiesho. Hie was most common in
legs/feet and combined with hands or lower back,
rather than the whole body. Almost 30％ of pa-
tients with hie felt upper body heat symptoms like
hot flushes. Cold sensation was stronger in hiesho
than non-hiesho patients. Patients with hie had
more complaints. Men with hiesho had the same
distribution of hie and had symptoms similar to
women. The results of our study may increase
awareness of hiesho and help doctors treat hie and
other symptoms.
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1. Genes playing significant roles in human can-
cer

(1) Epigenetics

The histone methyltransferase Wolf-Hirschhorn
syndrome candidate 1-like 1 (WHSC1L1) is in-
volved in human carcinogenesis

Histone lysine methylation plays a fundamental
role in chromatin organization. Although a set of
histone methyltransferases have been identified and
biochemically characterized, the pathological roles
of their dysfunction in human cancers are still not
well understood. In this study, we demonstrate im-
portant roles of WHSC1L1 in human carcinogene-
sis. Expression levels of WHSC1L1 transcript were
significantly elevated in various human cancers in-

cluding bladder carcinoma. Immunohistochemical
analysis of bladder, lung, and liver cancers con-
firmed overexpression of WHSC1L1. WHSC1L1-
specific small interfering RNAs significantly
knocked down its expression and resulted in sup-
pression of proliferation of bladder and lung cancer
cell lines. WHSC1L1 knockdown induced cell cycle
arrest at the G(2)/M phase followed by multinuclea-
tion of cancer cells. Expression profile analysis us-
ing Affymetrix GeneChip(® ) showed that WHSC1L
1 affected the expression of a number of genes in-
cluding CCNG1 and NEK7, which are known to
play crucial roles in the cell cycle progression at
mitosis. As WHSC1L1 expression is significantly
low in various normal tissues including vital or-
gans, WHSC1L1 could be a good candidate mole-
cule for development of novel treatment for various
types of cancer.

(2) Kidney 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.
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Downregulation of the tumor suppressor
HSPB7, involved in the p53 pathway, in renal
cell carcinoma 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
HSPB7 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 HSBP7 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.

(3) Liver cancer

Identification of a functional variant in the MICA
promoter which regulates MICA expression and
increases HCV-related hepatocellular carcinoma
risk.

Hepatitis C virus (HCV) infection is the major
cause of hepatocellular carcinoma (HCC) in Japan.
We previously identified the association of SNP rs
2596542 in the 5' flanking region of the MHC class I
polypeptide-related sequence A (MICA) gene with
the risk of HCV-induced HCC. In the current
study, we performed detailed functional analysis of
12 candidate SNPs in the promoter region and
found that a SNP rs2596538 located at 2.8 kb up-
stream of the MICA gene affected the binding of a
nuclear protein(s) to the genomic segment includ-
ing this SNP. By electrophoretic mobility shift assay
(EMSA) and chromatin immunoprecipitation (ChIP)
assay, we identified that transcription factor Speci-
ficity Protein 1 (SP1) can bind to the protective G
allele, but not to the risk A allele. In addition, re-
porter construct containing the G allele was found
to exhibit higher transcriptional activity than that
containing the A allele. Moreover, SNP rs2596538
showed stronger association with HCV-induced
HCC (P=1.82×10(－5) and OR=1.34) than the previ-
ously identified SNP rs2596542. We also found sig-
nificantly higher serum level of soluble MICA

(sMICA) in HCV-induced HCC patients carrying
the G allele than those carrying the A allele (P=
0.00616). In summary, we have identified a func-
tional SNP that is associated with the expression of
MICA and the risk for HCV-induced HCC

2. Pharmacogenetics

Impact of four loci on serum tamsulosin hydro-
chloride concentration.

Tamsulosin hydrochloride is one of the most po-
tent drugs for treatment of benign prostatic hyper-
plasia (BPH), however, the efficacy of tamsulosin
hydrochloride varies among individuals. In this
study, we measured the maximum serum concen-
tration (Cmax) of tamsulosin hydrochloride in 182
of BPH patients and found remarkable individual
variability. To investigate the genetic factors that
regulate pharmacokinetics of tamsulosin hydrochlo-
ride, we conducted a genome-wide association
study in these 182 BPH patients. As a result, rs
16902947 on chromosome 5p13.2, rs7779057 on 7q
22.3, rs35681285 on 7p21.2 and rs2122469 on 8p21.3
indicated possible associations with Cmax of tamsulosin
hydrochloride (P=1.29×10(－7), 2.15×10(－7), 4.35
×10(－7) and 7.03×10(－7), respectively), although
these single-nucleotide polymorphisms (SNPs) did
not reach the genome-wide significance threshold
after Bonferroni correction. As these associated
SNPs showed additive effects on serum tamsulosin
hydrochloride concentration, we defined the `Cmax
prediction index' based on genotypes of these
SNPs. This index clearly associated with Cmax val-
ues (P=4.5×10(－6)), indicating the possible roles of
these four variants in tamsulosin hydrochloride
pharmacokinetics. Our findings would partially ex-
plain the variability of the response to the tamsu-
losin hydrochloride treatment.

3. Genome-wide association study

A genome-wide association study of HCV-in-
duced liver cirrhosis in the Japanese population
identifies novel susceptibility loci at the MHC re-
gion.

BACKGROUND & AIMS:
We performed a genome-wide association study

(GWAS) of hepatitis C virus (HCV)-induced liver
cirrhosis (LC) to identify predictive biomarkers for
the risk of LC in patients with chronic hepatitis C
(CHC).
METHODS:
A total of 682 HCV-induced LC cases and 1045

CHC patients of Japanese origin were genotyped by
Illumina Human Hap 610-Quad bead Chip.
RESULTS:
Eight SNPs which showed possible associations
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(p<1.0×10(－5)) at the GWAS stage were further
genotyped using 936 LC cases and 3809 CHC pa-
tients. We found that two SNPs within the major
histocompatibility complex (MHC) region on chro-
mosome 6p21, rs910049 and rs3135363, were signifi-
cantly associated with the progression from CHC to
LC (pcombined=9.15×10(－11) and 1.45×10(－10),
odds ratio (OR)=1.46 and 1.37, respectively). We
also found that HLA-DQA1(*)0601 and HLA-DRB1
(*)0405 were associated with the progression from
CHC to LC (p=4.53×10(－4) and 1.54×10(－4) with
OR=2.80 and 1.45, respectively). Multiple logistic re-
gression analysis revealed that rs3135363, rs910049,
and HLA-DQA1(*)0601 were independently associ-
ated with the risk of HCV-induced LC. In addition,
individuals with four or more risk alleles for these
three loci have a 2.83-fold higher risk for LC than
those with no risk allele, indicating the cumulative
effects of these variations.
CONCLUSIONS:
Our findings elucidated the crucial roles of multi-

ple genetic variations within the MHC region as
prognostic/predictive biomarkers for CHC patients.

A replication study for three nephrolithiasis loci
at 5q35.3, 7p14.3 and 13q14.1 in the Japanese
population.

A previous genome-wide association study
(GWAS) reported three novel nephrolithiasis-sus-
ceptibility loci at 5q35.3, 7p14.3 and 13q14.1. Here,
we investigated the association of these loci with
nephrolithiasis by using an independent Japanese
sample set. We performed case-control association
analysis using 601 patients with nephrolithiasis and
201 control subjects. We selected seven single-nu-
cleotide polymorphisms (SNPs): rs12654812 and rs
11746443 from 5q35.3 (RGS14-SLC34A1-PFN3-F12);
rs12669187 and rs1000597 from 7p14.3 (INMT-FAM
188B-AQP1); and rs7981733, rs1170155, and rs
4142110 from 13q14.1 (DGKH (diacylglycerol
kinase)), which were previously reported to be sig-
nificantly associated with nephrolithiasis. rs
12654812, rs12669187 and rs7981733 were signifi-
cantly associated with nephrolithiasis after Bonfer-
roni's correction (P=3.12×10(－3), odds ratio (OR)=
1.43; P=6.40×10(－3), OR=1.57; and P=5.00×10(－3),
OR=1.41, respectively). Meta-analysis of current and
previous GWAS results indicated a significant asso-
ciation with nephrolithiasis (P=7.65×10(－15), 7.86
×10(－14) and 1.06×10(－9), respectively). We ob-
served a cumulative effect with these three SNPs;
individuals with three or more risk alleles had a

5.9-fold higher risk for nephrolithiasis development
than those with only one risk allele. Our findings
elucidated the significance of genetic variation at
these three loci in nephrolithiasis in the Japanese
population.

Impact of PSCA variation on gastric ulcer sus-
ceptibility.

Peptic ulcer is one of the most common gastroin-
testinal disorders with complex etiology. Recently
we conducted the genome wide association study
for duodenal ulcer and identified disease suscepti-
bility variations at two genetic loci corresponding
to the Prostate stem cell antigen (PSCA) gene and
the ABO blood group (ABO) gene. Here we investi-
gated the association of these variations with gas-
tric ulcer in two Japanese case-control sample sets,
a total of 4,291 gastric ulcer cases and 22,665 con-
trols. As a result, a C-allele of rs2294008 at PSCA
increased the risk of gastric ulcer with odds ratio
(OR) of 1.13 (P value of 5.85×10(－7)) in an addi-
tive model. On the other hand, SNP rs505922 on
ABO exhibited inconsistent result between two co-
horts. Our finding implies presence of the common
genetic variant in the pathogenesis of gastric and
duodenal ulcers.

Genome wide association study of age at
menarche in the Japanese population.

Age at menarche (AAM) is a complex trait in-
volving both genetic and environmental factors. To
identify the genetic factors associated with AAM,
we conducted a large-scale meta-analysis of
genome-wide association studies using more than
15,000 Japanese female samples. Here, we identified
an association between SNP (single nucleotide poly-
morphism) rs364663 at the LIN28B locus and AAM,
with a P-value of 5.49×10(－7) and an effect size of
0.089 (year). We also evaluated 33 SNPs that were
previously reported to be associated with AAM in
women of European ancestry. Among them, two
SNPs rs4452860 and rs7028916 in TMEM38B indi-
cated significant association with AAM in the same
directions as reported in previous studies (P?=?
0.0013 with an effect size of 0.051) even after Bon-
ferroni correction for the 33 SNPs. In addition, six
loci in or near CCDC85A, LOC100421670, CA10,
ZNF483, ARNTL, and RXRG exhibited suggestive
association with AAM (P<0.05). Our findings eluci-
dated the impact of genetic variations on AAM in
the Japanese population.
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1. Promoter structure modeling of co-expressed
genes

Yosvany López and Kenta Nakai

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. Nowadays, the
identification and characterization of these compo-
nents is valuable because the presence or absence of
transcription factors binding sites (TFBSs) seems to
be responsible for the complexity of gene regulation
in every living organism. Based on the assumption
that regulatory regions of genes showing similar
expression profiles should share some common
structural characteristics, we are attempting to ex-
plain how the binding of transcription factors is
carried out in promoters of genes expressed in spe-
cific biological tissues or physiological conditions.
We have found new structural patterns of motif
combinations capable of describing the promoters
of co-expressed genes in five different plant struc-
tures. In addition, we have also proposed a set of
features including relative position between pairs of

motifs, positioning from transcription start sites, or-
der and orientation of motifs in promoters of Droso-
phila melanogaster's co-expressed genes. We expect
to improve the feature set with additional charac-
teristics to help describe the distinct promoters.

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

Kuo-Ching Liang, Yutaro Kumagai1, Yutaka
Suzuki2 and Kenta Nakai: 1WPI-iFReC, Osaka
University, 2Graduate School of Frontier Sciences

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
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

Human Genome Center

Laboratory of Functional Analysis In Silico
機能解析イン・シリコ分野

Professor Kenta Nakai, Ph.D.
Assistant Professor Ashwini Patil, Ph.D.

教 授 理学博士 中 井 謙 太
助 教 理学博士 パティル・アシュウィニ

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-
ter-gene interactions.
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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. Inferring the choreography of parental
genomes during fertilization from ultra-large-
scale whole-transcriptome analysis

Sung-Joon Park, Makiko Komata3, Fukashi
Inoue4, Kaori Yamada4, Kenta Nakai, Miho Oh-
sugi4, Katsuhiko Shirahige3: 3IMCB, U. Tokyo, 4Di-
vision of Oncology

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 14×104 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: Foxd1, Nkx2-5,
Sox18, Myod1, and Runx1. 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/.

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

Sung-Joon Park, Terumasa Umemoto5, Mihiko
Saito-Adachi, Yoshiko Shiratsuchi5, Masayuki
Yamamoto5, Kenta Nakai: 5Institute 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
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.

5. Genome-wide analysis of transcription start
sites and promoters in Ciona intestinalis

Rui Yokomori, Kotaro Shimai6, Koki Nishitsuji7,
Yutaka Suzuki2, Takehiro Kusakabe6 and Kenta
Nakai : 6Fac. of Sci. and Engineering, Konan
Univ, 7Grad. Schl. of Life Sci., Univ. of Hyogo

The high-throughput sequencing method that
generates millions of 5′sequences derived from 5′
capped RNAs has enabled us to identify transcrip-
tion start sites (TSSs) on a genome-wide scale and
has helped identify promoters and study their char-
acteristics. Ciona intestinalis, one of the urochor-
dates, has compact gene regulatory regions com-
pared to human. Moreover, it has recently been
shown that the urochordate is an invertebrate that
is evolutionarily closest to vertebrates. These indi-
cate that C. intestinalis is a useful and important
model organism in the study of cis-regulatory re-
gions. However, genome-wide promoter analysis
has not been done in C. intestinalis and the charac-
teristics of the promoters are unknown. Therefore,
we identified TSSs of C. intestinalis on a genome-
wide scale and obtained the corresponding promot-
ers. We found many unknown promoters in inter-
genic and intron regions in addition to known pro-
moters. We further characterized promoters based
on TSS distributions and promoter motifs and com-
pared them with human promoters. While the char-
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acteristics and the function of TCT motifs and
TATA boxes were conserved, TSS usage and the as-
sociation with CpG islands were different between
the two species. These results help in our under-
standing of the evolution of promoters.

6. A study of the innate immunity interactome
dynamics

Asmaa Elzawahry, Ashwini Patil, Yutaro Kuma-
gai1, Yutaka Suzuki2, 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 S100A8 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.

7. Alterations in rRNA-mRNA interaction during
plastid evolution

Kyungtaek Lim, Ichizo Kobayashi2, 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 in-
teraction (3′CCCU/5′GGGA or 3′CUUCC/5′GAAGG)
through coordinated changes in the sequences of
the core rRNA motif and its paired mRNA signal.
These changes in plastids of Chlorophyta and
Euglenophyta proceeded through intermediate
steps that allowed both the classical and altered SD
interactions. This coevolution between the rRNA
motif and the mRNA signal demonstrates unex-
pected plasticity in the translation initiation ma-
chinery.

8. Evaluation of Sequence Features from Intrin-
sically Disordered Regions for the Estimation
of Protein Function

Alok Sharma8,9, Abdollah Dehzangi9,10, James
Lyons11, Seiya Imoto, Satoru Miyano, Kenta
Nakai, Ashwini Patil: 8School of Engg. and Phys-
ics, The Univ. of the South Pacific, Suva, Fiji,
9IIIS, Griffith Univ., 10NICTA, 11School 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
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and will help in the development of a more infor-
mative protein function predictor.

9. Linking Transcriptional Changes over Time in
Stimulated Dendritic Cells to Identify Gene
Networks Activated during the Innate Immune
Response

Ashwini Patil, Kuo-Ching Liang, Yutaro Kuma-
gai1, Yutaka Suzuki2, and Kenta Nakai

The innate immune response is primarily medi-
ated by the Toll-like receptors functioning through
the MyD88-dependent and TRIF-dependent path-
ways. Despite being widely studied, it is not yet
completely understood and systems-level analyses
have been lacking. In this study, we identified a
high-probability network of genes activated during
the innate immune response using a novel ap-
proach to analyze time-course gene expression pro-
files of activated immune cells in combination with
a large gene regulatory and protein-protein interac-
tion network. We classified the immune response
into three consecutive time-dependent stages and
identified the most probable paths between genes
showing a significant change in expression at each
stage. The resultant network contained several
novel and known regulators of the innate immune
response, many of which did not show any observ-
able change in expression at the sampled time
points. The response network shows the dominance
of genes from specific functional classes during dif-
ferent stages of the immune response. It also sug-
gests a role for the protein phosphatase 2a catalytic
subunit a in the regulation of the immunoprotea-
some during the late phase of the response. In or-
der to clarify the differences between the MyD88-
dependent and TRIF-dependent pathways in the in-
nate immune response, time-course gene expression
profiles from MyD88-knockout and TRIF-knockout
dendritic cells were analyzed. Their response net-

works suggest the dominance of the MyD88-de-
pendent pathway in the innate immune response,
and an association of the circadian regulators and
immunoproteasomal degradation with the TRIF-de-
pendent pathway. The response network presented
here provides the most probable associations be-
tween genes expressed in the early and the late
phases of the innate immune response, while taking
into account the intermediate regulators. We pro-
pose that the method described here can also be
used in the identification of time-dependent gene
sub-networks in other biological systems.

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

Kenta Nakai, Wataru Fujibuchi12, Kozo Imai13,
Tatsutoshi Nakahata14, Norio Nakatsuji15, Kohji
Nishida16, Hideyuki Okano17, Masayo Takahashi18,
Akihiro Umezawa19, Masayuki Yamato18, Mihoko
Adachi, Emi Ikeda, Takashi Kurosawa, Sung-Joon
Park, and Yuki Saito: 12CiRA, Kyoto U., 13Res.
Hospital, IMSUT, 14IFMS, Kyoto U., 15Grad. Sch.
Med., Osaka U., 16Sch. Med., Keio U., 17CDB,
RIKEN, 18Nat. Res. Inst. Child Health and Devel-
opment, 19Tokyo Women's Med. U.

This project aims to achieve the earliest possible
clinical application of regenerative medicine tech-
nologies using safe, effective and high-quality hu-
man stem cells by building a collaborative platform
among researchers through a network centric re-
search infrastructure. For this purpose, the basis of
an "open innovation" environment allowing re-
search institutes to continuously create innovative
technologies is under development. This project is
supported by the Ministry of Health, Labor and
Welfare as an inter-ministry "Highway Construc-
tion Project for Realizing Regenerative Medicine".
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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 (BBJ) 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
DNA, sera, and clinical information from 200,000
patients of 66 hospitals in Japan, and continues to
collect new DNA and clinical information. In-
formed consent, which ensures the autonomous de-
cisions of participants, is believed to be practically
impossible for the biobanking project in general.
Since 2008, we have issued semiannual newsletters
for sample donors for transparency and informa-
tion.

Human Genome Center

Department of Public Policy
公共政策研究分野

Professor Kaori Muto, Ph.D.
Project Associate Professor Ayako Kamisato, Ph.D.
Assistant Professor Yusuke Inoue, Ph.D.
Project Assistant Professor Hyunsoo Hong, Ph.D.
Project Assistant Professor Yuichi Maru, M.A.

教 授 博士（保健学） 武 藤 香 織
特任准教授 博士（法学） 神 里 彩 子
助 教 博士（社会医学） 井 上 悠 輔
特任助教 博士（学術） 洪 賢 秀
特任助教 修士（法学） 丸 祐 一

The Department of Public Policy works to achieve three major missions: public
policy studies of translational research, its application, and its impact on society;
research 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.
Furthermore, we study specific ethics issues related to the construction of a hu-
man biological substances collection as well as to vaccination policy.

Figure 1. Examples of BBJP brochures we developed for sample donors and their physicians

101



P-DIRECT promotes strategic research and devel-
opment (R & D) of the basic compounds (seeds)
that contribute to development of next-generation
innovative diagnostic techniques and new thera-
peutic agents incorporating basic research results.
We have provided research ethics consultation for
34 research projects at 64 designated institutions.
We have addressed a basic research ethics policy to
use stored and newly acquired samples from cancer
patients for this research project. We have also de-
veloped a research ethics management system and
collected all protocols and consent forms. We have
checked all documents and made sure that all insti-
tutional review board (IRB) approvals were accept-
able. We held "forums for research ethics consult-
ants" in February and September of 2013. To com-
ply with the 2013 revision of Japanese government's
"ethical guidelines on human genetic/genomic re-
search," we have checked basic research ethics poli-

cies of both projects and developed new policies on
incidental findings.

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

We were commissioned to provide research eth-
ics consultation programming called "research on
the ethical, legal, and social implications related to
regenerative medicine" in 2012. In order to make
regenerative medicine more concrete, it is essential
to promote research development with a definite
focus on clinical applications and to establish a
framework for clinical research at an early stage.
We needed to provide researchers at each institu-
tion with ethical support from the very beginning
of their basic research and to have IRBs examine it
thoroughly to make sure that clinical research was

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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implemented in an appropriate manner. On the
other hand, there are considerable differences
among Japanese research institutions in terms of
the quality of the ethical support and review sys-
tems; this is quite far from a standardized system.
Moreover, there may be ethical issues unique to the
field of regenerative medicine, but we are not sure
of the nature of ethical support and review that is
specific to this field should be. This program then
offered concrete ethical support to those research-
ers, research facilities, and IRBs. Furthermore, we
organized interdisciplinary research groups to ad-
dress 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. Our study aimed to clarify the
motivation for clinical trial participation in Japanese
participants.
Recruitment was based on purposive maximum

variation sampling. Our target sample size was 50.
Sixteen patients (four male) have thus far partici-
pated in our in-depth, individual, narrative inter-
views in 2013. We explored patients' experiences of
clinical trials, including informed consent, commu-
nication with healthcare professionals, and 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.

4. Research in progress

We have been conducting other studies as de-
scribed below.
- Ethical, legal, and social implications of commer-
cial genetic/genomic testing services in eastern
Asia.

- Analysis of the roles of research coordinators for
better recruitment and building trust with partici-
pants.

- Ethical, legal, and social implications of stem cell
studies, including animal-human chimeric em-
bryos and iPS cell banking.

- Ethics issues in collecting human biological sub-
stances for constructing a research infrastructure.
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