
1. Systems Cancer Research and Systems Biol-
ogy

a. Interaction-based feature selection for uncov-
ering cancer driver genes through copy num-
ber-driven expression level

Park H1, Niida A2, Imoto S2, Miyano S: 1Yama-
guchi University, 2Health Intelligence Center

Driver gene selection is crucial to understand the
heterogeneous system of cancer. To identity cancer
driver genes, various statistical strategies have been
proposed, especially the L1-type regularization

methods have drawn a large amount of attention.
However, the statistical approaches have been de-
veloped purely from algorithmic and statistical
point, and the existing studies have applied the sta-
tistical approaches to genomic data analysis with-
out consideration of biological knowledge. We con-
sider a statistical strategy incorporating biological
knowledge to identify cancer driver gene. The al-
terations of copy number have been considered to
driver cancer pathogenesis processes, and the re-
gion of strong interaction of copy number altera-
tions and expression levels was known as a tumor-
related symptom. We incorporate the influence of
copy number alterations on expression levels to
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cancer driver gene-selection processes. To quantify
the dependence of copy number alterations on ex-
pression levels, we consider cis- and trans- effects
of copy number alterations on expression levels of
genes, and incorporate the symptom of tumor
pathogenesis to gene-selection procedures. We then
proposed an interaction-based feature-selection
strategy based on the adaptive L1-type regulariza-
tion and random lasso procedures. The proposed
method imposes a large amount of penalty on
genes corresponding to a low dependency of the
two features, thus the coefficients of the genes are
estimated to be small or exactly 0. It implies that
the proposed method can provide biologically rele-
vant results in cancer driver gene selection. Monte
Carlo simulations and analysis of the Cancer
Genome Atlas (TCGA) data show that the proposed
strategy is effective for high-dimensional genomic
data analysis. Furthermore, the proposed method
provides reliable and biologically relevant results
for cancer driver gene selection in TCGA data
analysis.

b. A novel adaptive penalized logistic regres-
sion for uncovering biomarker associated
with anti-cancer drug sensitivity

Park H1, Shiraishi Y, Imoto S2, Miyano S

We developed a novel adaptive penalized logistic
regression modeling strategy based on Wilcoxon
rank sum test (WRST) to effectively uncover driver
genes in classification. In order to incorporate sig-
nificance of gene in classification, we first measure
significance of each gene by gene ranking method
based on WRST, and then the adaptive L1-type pen-
alty is discriminately imposed on each gene de-
pending on the measured importance degree of
gene. The incorporating significance of genes into
adaptive logistic regression enables us to impose a
large amount of penalty on low ranking genes, and
thus noise genes are easily deleted from the model
and we can effectively identify driver genes. Monte
Carlo experiments and real world example are con-
ducted to investigate effectiveness of the proposed
approach. In Sanger data analysis, we introduce a
strategy to identify expression modules indicating
gene regulatory mechanisms via the principal com-
ponent analysis (PCA), and perform logistic regres-
sion modeling based on not a single gene but gene
expression modules. We can see through Monte
Carlo experiments and real world example that the
proposed adaptive penalized logistic regression
outperforms feature selection and classification
compared with existing L1-type regularization. The
discriminately imposed penalty based on WRST ef-
fectively performs crucial gene selection, and thus
our method can improve classification accuracy
without interruption of noise genes. Furthermore, it

can be seen through Sanger data analysis that the
method for gene expression modules based on
principal components and their loading scores pro-
vides interpretable results in biological viewpoints.

c. OVarCall: Bayesian mutation calling method
utilizing overlapping paired-end reads

Moriyama T, Shiraishi Y, Chiba K, Yamaguchi R,
Imoto S2, Miyano S

Detection of somatic mutations from tumor and
matched normal sequencing data has become a
standard approach in cancer research. Although a
number of mutation callers are developed, it is still
difficult to detect mutations with low allele fre-
quency even in exome sequencing. We expect that
overlapping paired-end read information is effec-
tive for this purpose, but no mutation caller has
modeled overlapping information statistically in a
proper form in exome sequence data. Here, we de-
velop a Bayesian hierarchical method, OVarCall,
where overlapping paired-end read information im-
proves the accuracy of low allele frequency muta-
tion detection. Firstly, we construct two generative
models: one is for reads with somatic variants gen-
erated from tumor cells and the other is for reads
that does not have somatic variants but potentially
includes sequence errors. Secondly, we calculate
marginal likelihood for each model using a varia-
tional Bayesian algorithm to compute Bayes factor
for the detection of somatic mutations. We empiri-
cally evaluated the performance of OVarCall and
confirmed its better performance than other existing
methods.

d. D3M: detection of differential distributions of
methylation levels

Matsui Y3, Mizuta M3, Ito S3, Miyano S, Shima-
mura T3: 3Nagoya University

DNA methylation is an important epigenetic
modification related to a variety of diseases includ-
ing cancers. We focus on the methylation data from
Illumina's Infinium HumanMethylation450 Bead-
Chip. One of the key issues of methylation analysis
is to detect the differential methylation sites be-
tween case and control groups. Previous ap-
proaches describe data with simple summary statis-
tics or kernel function, and then use statistical tests
to determine the difference. However, a summary
statistics-based approach cannot capture compli-
cated underlying structure, and a kernel function-
based approach lacks interpretability of results.
We propose a novel method D3M, for detection

of differential distribution of methylation, based on
distribution-valued data. Our method can detect
the differences in high-order moments, such as
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shapes of underlying distributions in methylation
profiles, based on the Wasserstein metric. We test
the significance of the difference between case and
control groups and provide an interpretable sum-
mary of the results. The simulation results show
that the proposed method achieves promising accu-
racy and shows favorable results compared with
previous methods. Glioblastoma multiforme and
lower grade glioma data from The Cancer Genome
Atlas show that our method supports recent bio-
logical advances and suggests new insights.
An R implemented code is freely available from

https://github.com/ymatts/D3M/.

e. A likelihood-free filtering method via approxi-
mate Bayesian computation in evaluating bio-
logical simulation models

Hasegawa T2, Niida A2, Mori T4, Shimamura T3,
Yamaguchi R, Miyano S, Akutsu T4, Imoto S2:
4Kyoto University

For the evaluation of the dynamic behavior of
biological processes, e.g., gene regulatory se-
quences, we typically utilize nonlinear differential
equations within a state space model in the context
of genomic data assimilation. For the estimation of
the parameter values for such systems, the particle
filter can be a strong approach in terms of obtain-
ing their theoretically exact posterior distributions
of the parameter values. However, it has some
drawbacks for dealing with biological processes in
practice: (i) the number of unique particles de-
creases rapidly since the dimension of the parame-
ter vector and the number of observed time points
are higher than its capability, (ii) it cannot be ap-
plied when the likelihood function is analytically
intractable, and (iii) the prior distributions of the
parameter values are often arbitrary determined. To
address these problems, we propose a novel
method that utilizes the approximate Bayesian com-
putation in filtering the data and self-organizing
ensemble Kalman filter in constructing the prior
distributions of the parameter values. Simulation
studies show that the proposed method can over-
come these problems; thus, it can estimate the pos-
terior distributions of the parameter values with
automatically setting prior distributions even for
the cases that the particle filter cannot perform
good results. Finally, we apply the method to real
observation data in rat circadian oscillation and
demonstrate the usefulness in practical situations.

f. Tuning and performance modeling of a human
gene analysis program for large-scale super-
computers

Suzuki S5, Ito S, Ikeda N6, Balaza G5, Miyoshi I6,
Maruyama I5, Takizawa S, Murase Y, Ishikawa

Y5, Miyano S: 5RIKEN AICS, 6Fujitsu Limited

This paper presents a performance analysis and
tuning of a human gene analysis program called
Genomon-fusion, one of the priority applications
for the post-K supercomputer. We first optimize the
analysis workflow running on the K computer us-
ing a single RNA sequence sample, which then al-
lows us to build a performance model of multi-
sample analyses on parallel computing systems in a
streaming way. We present the estimated analysis
throughput when the whole system of the K com-
puter is employed, and also discuss its expected
performance when applied to whole genome analy-
ses in 2020. This paper received the Best Paper
Award of HPCS2016 (High-Performance Comput-
ing and Computational Science 2016).

g. Addiction to the IGF2-ID1-IGF2 circuit for
maintenance of the breast cancer stem-like
cells

Tominaga K7, Shimamura T, Kimura N7, Mura-
yama T7, Matsubara D8, Kanauchi H9, Niida A,
Shimizu S9, Nishioka K10, Tsuji EI10, Yano M11,
Sugano S12, Shimono Y13, Ishii H14, Saya H15, Mori
M14, Akashi K16, Tada KI10, Ogawa T10, Tojo A7,
Miyano S, Gotoh N7,17: 7Division of Molecular
Therapy, 8Division of Molecular Pathology, 9Showa
General Hospital, 10Graduate School of Medicine,
University of Tokyo, 11Minami Machida Hospital,
12Graduate School of Frontier Science, University
of Tokyo, 13Kobe University, 14Graduate School of
Medicine, Osaka University, 15Graduate School of
Medicine, Keio University, 16Kyushu University
Graduate School of Medicine, 17Cancer Research
Institute, Kanazawa University

In this research we contributed to systems biol-
ogy analysis.
The transcription factor nuclear factor-B (NF-B)

has important roles for tumorigenesis, but how it
regulates cancer stem cells (CSCs) remains largely
unclear. We identified insulin-like growth factor 2
(IGF2) is a key target of NF-B activated by HER2/
HER3 signaling to form tumor spheres in breast
cancer cells. The IGF2 receptor, IGF1R, was ex-
pressed at high levels in CSC-enriched populations
in primary breast cancer cells. Moreover, IGF2-PI3K
(IGF2-phosphatidyl inositol 3 kinase) signaling in-
duced expression of a stemness transcription factor,
inhibitor of DNA-binding 1 (ID1), and IGF2 itself.
ID1 knockdown greatly reduced IGF2 expression,
and tumor sphere formation. Finally, treatment
with anti-IGF1/2 antibodies blocked tumorigenesis
derived from the IGF1Rhigh CSC-enriched popula-
tion in a patient-derived xenograft model. Thus,
NF-B may trigger IGF2-ID1-IGF2-positive feedback
circuits that allow cancer stem-like cells to appear.
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Then, they may become addicted to the circuits. As
the circuits are the Achilles' heels of CSCs, it will be
critical to break them for eradication of CSCs.

2. Cancer Genomics

a. Aberrant PD-L1 expression through 3'-UTR
disruption in multiple cancers

Kataoka K18, Shiraishi Y, Takeda Y19, Sakata S20,
Matsumoto M20, Nagano S21, Maeda T21, Nagata
Y18, Kitanaka A22, Mizuno S23, Tanaka H, Chiba K,
Ito S, Watatani Y18, Kakiuchi N18, Suzuki H18,
Yoshizato T18, Yoshida K18, Sanada M24, Itonaga
H25, Imaizumi Y26, Totoki Y27, Munakata W28,
Nakamura H27, Hama N27, Shide K22, Kubuki Y22,
Hidaka T22, Kameda T22, Masuda K21, Minato N29,
Kashiwase K30, Izutsu K31, Takaori-Kondo A32,
Miyazaki Y26, Takahashi S23, Shibata T27,33,
Kawamoto H21, Akatsuka Y34,35, Shimoda K22,
Takeuchi K20, Seya T19, Miyano S, Ogawa S18: 18De-
partment of Pathology and Tumor Biology,
Graduate School of Medicine, Kyoto University,
19Graduate School of Medicine, Hokkaido Univer-
sity, 20Cancer Institute, Japanese Foundation for
Cancer Research, 21Institute for Frontier Medical
Science, Kyoto University, 22Faculty of Medicine,
University of Miyazaki, 23Laboratory Animal Re-
source Center and Faculty of Medicine, University
of Tsukuba, 24Nagoya Medical Center, 25Sasebo
City General Hospital, 26Atomic Bomb Disease In-
stitute, Nagasaki University, 27National Cancer
Center Research Institute, 28National Cancer Cen-
ter Hospital, 29Department of Immunology and
Cell Biology, Graduate School of Medicine, Kyoto
University, 30Japanese Red Cross Kanto -Ko-
shinetsu Block Blood Center, 31Department of He-
matology, Toranomon Hospital, 32Department of
Hematology and Oncology, Graduate School of
Medicine, Kyoto University, 33Laboratory of Mo-
lecular Medicine, Human Genome Center, Insti-
tute of Medical Science, 34Department of Hematol-
ogy, Fujita Health University School of Medicine,
35Division of Immunology, Aichi Cancer Center
Research Institute

Successful treatment of many patients with ad-
vanced cancer using antibodies against pro-
grammed cell death 1 (PD-1; also known as
PDCD1) and its ligand (PD-L1; also known as
CD274) has highlighted the critical importance of
PD-1/PD-L1-mediated immune escape in cancer de-
velopment. However, the genetic basis for the im-
mune escape has not been fully elucidated, with the
exception of elevated PD-L1 expression by gene
amplification and utilization of an ectopic promoter
by translocation, as reported in Hodgkin and other
B-cell lymphomas, as well as stomach adenocarci-
noma. Here we show a unique genetic mechanism

of immune escape caused by structural variations
(SVs) commonly disrupting the 3' region of the PD-
L1 gene. Widely affecting multiple common human
cancer types, including adult T-cell leukaemia/lym-
phoma (27%), diffuse large B-cell lymphoma (8%),
and stomach adenocarcinoma (2%), these SVs in-
variably lead to a marked elevation of aberrant PD-
L1 transcripts that are stabilized by truncation of
the 3'-untranslated region (UTR). Disruption of the
Pd-l1 3'-UTR in mice enables immune evasion of
EG7-OVA tumour cells with elevated Pd-l1 expres-
sion in vivo, which is effectively inhibited by Pd-1/
Pd-l1 blockade, supporting the role of relevant SVs
in clonal selection through immune evasion. Our
findings not only unmask a novel regulatory
mechanism of PD-L1 expression, but also suggest
that PD-L1 3'-UTR disruption could serve as a ge-
netic marker to identify cancers that actively evade
anti-tumour immunity through PD-L1 overexpres-
sion. We contributed to bioinformatics methodol-
ogy development and analysis and supercomput-
ing.

b. Dynamics of clonal evolution in myelodys-
plastic syndromes

Makishima H36, Miyano S, Ogawa S18, et al.: 36De-
partment of Translational Hematology and Oncol-
ogy Research, Taussig Cancer Institute, Cleveland
Clinic

To elucidate differential roles of mutations in
myelodysplastic syndromes (MDS), we investigated
clonal dynamics using whole-exome and/or tar-
geted sequencing of 699 patients, of whom 122
were analyzed longitudinally. Including the results
from previous reports, we assessed a total of 2,250
patients for mutational enrichment patterns. During
progression, the number of mutations, their diver-
sity and clone sizes increased, with alterations fre-
quently present in dominant clones with or without
their sweeping previous clones. Enriched in secon-
dary acute myeloid leukemia (sAML; in comparison
to high-risk MDS), FLT3, PTPN11, WT1, IDH1,
NPM1, IDH2 and NRAS mutations (type 1) tended
to be newly acquired, and were associated with
faster sAML progression and a shorter overall sur-
vival time. Significantly enriched in high-risk MDS
(in comparison to low-risk MDS), TP53, GATA2,
KRAS, RUNX1, STAG2, ASXL1, ZRSR2 and TET2
mutations (type 2) had a weaker impact on sAML
progression and overall survival than type-1 muta-
tions. The distinct roles of type-1 and type-2 muta-
tions suggest their potential utility in disease moni-
toring.

c. Other Applications of Genomon for Cancer
Genomics
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All laboratory members and many collaborators

We have been developing an omics analysis pipe-
line Genomon for analyzing genome sequence data
including RNA sequences. By collaborations with
many cancer researchers, we contributed to data
analyses using the supercomputer at Human
Genome Center and K computer at AICS, RIKEN.
Due to the limit of space, we list up our contrib-
uted papers: 1, 4, 8-12, 14-15, 17-18, 21, 25-26, 28,
30, 34, 36, 38, 40, 43, 47.

d. International Cancer Genome Consortium

All laboratory members and many collaborators

(ア) Whole-genome mutational landscape and
characterization of noncoding and struc-
tural mutations in liver cancer.

Liver cancer, which is most often associated with
virus infection, is prevalent worldwide, and its un-
derlying etiology and genomic structure are hetero-
geneous. Here we provide a whole-genome land-
scape of somatic alterations in 300 liver cancers
from Japanese individuals. Our comprehensive
analysis identified point mutations, structural vari-
ations (STVs), and virus integrations, in noncoding
and coding regions. We discovered mutational sig-
natures related to liver carcinogenesis and recur-
rently mutated coding and noncoding regions, such
as long intergenic noncoding RNA genes (NEAT1
and MALAT1), promoters, CTCF-binding sites, and
regulatory regions. STV analysis found a significant
association with replication timing and identified
known (CDKN2A, CCND1, APC, and TERT) and
new (ASH1L, NCOR1, and MACROD2) cancer-re-
lated genes that were recurrently affected by STVs,
leading to altered expression. These results empha-
size the value of whole-genome sequencing analysis
in discovering cancer driver mutations and under-
standing comprehensive molecular profiles of liver
cancer, especially with regard to STVs and noncod-
ing mutations.

(イ) Whole genome sequencing discriminates
hepatocellular carcinoma with intrahe-
patic metastasis from multi-centric tu-
mors

Patients with hepatocellular carcinoma (HCC)
have a high-risk of multi-centric (MC) tumor occur-
rence due to a strong carcinogenic background in
the liver. In addition, they have a high risk of intra-
hepatic metastasis (IM). Liver tumors with IM or
MC are profoundly different in their development
and clinical outcome. However, clinically or pa-
thologically discriminating between IM and MC can
be challenging. This study investigated whether IM

or MC could be diagnosed at the molecular level.
We performed whole genome and RNA sequenc-

ing analyses of 49 tumors including two extra-he-
patic metastases, and one nodule-in-nodule tumor
from 23 HCC patients.
Sequencing-based molecular diagnosis using so-

matic single nucleotide variation information
showed higher sensitivity compared to previous
techniques due to the inclusion of a larger number
of mutation events. This proved useful in cases,
which showed inconsistent clinical diagnoses. In
addition, whole genome sequencing offered advan-
tages in profiling of other genetic alterations, such
as structural variations, copy number alterations,
and variant allele frequencies, and helped to con-
firm the IM/MCdiagnosis. Divergent alterations be-
tween IM tumors with sorafenib treatment, long
time-intervals, or tumor-in-tumor nodules indicated
high intra-tumor heterogeneity, evolution, and clo-
nal switching of liver cancers.
It is important to analyze the differences between

IM tumors, in addition to IM/MC diagnosis, before
selecting a therapeutic strategy for multiple tumors
in the liver.

3. Oncoimmunology

a. Characterization of T-cell receptor repertoire
in inflamed tissues of patients with crohn's
disease through deep sequencing

Chapman CG36, Yamaguchi R, Tamura K36,
Weidner J36, Imoto S, Kwon J36, Fang H36, Yew
PY36, Marino SR36, Miyano S, Nakamura Y36,
Kiyotani K36: 36Department of Medicine, The Uni-
versity of Chicago

Intestinal tissues of patients with Crohn's disease
(CD) contain expanded populations of T cells which
are believed to mediate inflammation. We per-
formed a detailed characterization of these T-cell
repertoires.
We obtained biopsies from the neoterminal ileum

of 12 patients undergoing evaluation for postopera-
tive recurrent CD and 4 individuals with normal
terminal ileum and no history of inflammatory
bowel disease (controls). Samples of diseased termi-
nal ileum were obtained from 5 patients undergo-
ing surgery for stricturing or penetrating CD. Total
RNA was extracted from tissues and peripheral
blood mononuclear cells, and cDNAs were gener-
ated. We used next-generation sequencing to char-
acterize T-cell receptor (TCR)- and TCR- cDNAs
in ileal mucosal tissue and matched peripheral
blood mononuclear cells of 17 patients with CD to
identify oligoclonal expansions of T-cell popula-
tions associated with CD.
TCR diversity in mucosal tissue was significantly

lower than that of matched peripheral blood mono-

62

／■修校了／１－３４４／本文４／Ａ１３４４ＣＧ 2017.04.20 16.43.47 Page 26



nuclear cells, indicating expansion of certain T-cell
populations in inflamed intestinal tissue. A single
TCR- clonotype, CASSWTNGEQYF (TRBV10-1-
TRBJ2-7), was enriched at a frequency of 7.0% to
28.9% in the neoterminal ileum of 4 of 12 patients
with recurrent CD. The abundance of this clonotype
significantly correlated with the severity of disease
recurrence, based on Rutgeerts score (P = 0.015).
Specific populations of T cells are expanded in

the inflamed intestinal mucosa of patients with CD;
their abundance correlates with severity of disease
recurrence. Studies of these T cells could provide
information about mechanisms of CD pathogenesis.
Deep TCR sequencing is a powerful tool that rap-
idly provides in-depth, real-time assessment of the
T-cell repertoire.

b. Characterization of the T cell repertoire by
deep T cell receptor sequencing in tissues
and blood from patients with advanced col-
orectal cancer

Tamura K36, Hazama S36, Yamaguchi R, Imoto S,
Takenouchi H36, Inoue Y36, Kanekiyo S36, Shindo
Y36, Miyano S, Nakamura Y36, Kiyotani K36

The aim of the present study was to characterize
infiltrated T cell clones that define the tumor im-
mune environment and are important in the re-
sponse to treatment in patients with advanced col-
orectal cancer (CRC). In order to explore predictive
biomarkers for the efficacy of immunochemothera-
pies, T cell receptor (TCR) repertoire analysis was
performed using blood samples and tumor tissues
obtained from patients with advanced CRC that
had been treated with a combination of five-cancer
peptide vaccines and oxaliplatin-based chemother-
apy. The TCR-/ complementary DNAs (cDNAs),
prepared from the messenger RNAs (mRNAs) ob-
tained from 17 tumor tissues and 39 peripheral
blood mononuclear cells of 9 CRC patients at vari-
ous time points, were sequenced. The oligoclonal
enrichment of certain TCR sequences was identified
in tumor tissues and blood samples; however, only
a few TCR sequences with a frequency of >0.1%
were commonly detected in pre- and post-treatment
tumor tissues, or in post-treatment blood and tissue
samples. The average correlation coefficients of the
TCR- and TCR- clonotype frequencies between
the post-treatment tumor tissues and blood samples
were 0.023 and 0.035, respectively, and were much

lower compared with the correlation coefficients of
the TCR- and TCR- clonotype frequencies be-
tween pre- and post-treatment blood samples (0.430
and 0.370, respectively), suggesting that T cell
populations in tumor tissues vary from those in
blood. Although the sample size was small, a ten-
dency for the TCR diversity in tumor tissues to
drastically decrease during the treatment was indi-
cated in two patients, who exhibited a longer pro-
gression-free survival time. The results of the pre-
sent study suggest that TCR diversity scores in tis-
sues may be a useful predictive biomarker for the
therapeutic effect of immunochemotherapy for pa-
tients with advanced CRC.

4. Algorithms for Bioinformatics

a. Fast classification of protein structures by an
alignment-free kernel

Onodera T, Shibuya T

Alignment is the most fundamental algorithm
that has been widely used in numerous research in
bioinformatics, but its computation cost becomes
too expensive in various modern problems because
of the recent explosive data growth. Hence the de-
velopment of alignment-free algorithms, i.e., alter-
native algorithms that avoid the computationally
expensive alignment, has become one of the recent
hot topics in algorithmic bioinformatics.
Analysis of protein structures is a very important

problem in bioinformatics. We focus on the prob-
lem of predicting functions of proteins from their
structures, as the functions of proteins are the keys
of everything in the understandings of any organ-
isms and moreover these functions are said to be
determined by their structures. But the previous
best-known (i.e., the most accurate) method for this
problem utilizes alignment-based kernel method,
which suffers from the high computation cost of
alignments.
For the problem, we developed a new kernel

method that does not employ alignments. Instead
of alignments, we apply the two-dimensional suffix
tree and the contact map graph to reduce kernel-re-
lated computation cost dramatically. Experiments
show that, compared to the previous best algo-
rithm, our new method runs about 16 times faster
in training and about 37 times faster in prediction
while preserving comparatively high accuracy.

Publications

1. Arashiki N, Takakuwa Y, Mohandas N, Hale J,
Yoshida K, Ogura H, Utsugisawa T, Ohga S,
Miyano S, Ogawa S, Kojima S, Kanno H.
ATP11C is a major flippase in human erythro-

cytes and its defect causes congenital hemolytic
anemia. Haematologica. 101(5): 559-565, 2016.

2. Ayada E, Hasegawa T, Niida A, Miyano S,
Imoto S. Binary contingency table method for
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1. Mutational signatures associated with to-
bacco smoking in human cancer.

Ludmil B. Alexandrov1,2,3, Young Seok Ju4, Kerstin
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ment of Haematology, University of Cambridge,
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Tobacco smoking increases the risk of at least 17
classes of cancer. We analyzed somatic mutations
and DNA methylation in more than 5,000 cancers
of types for which tobacco smoking confers an ele-
vated risk. Smoking is associated with increased
mutation burdens of multiple distinct mutational
signatures, which contribute to different extents in
different cancers. One of these signatures, mainly
found in cancers derived from tissues directly ex-
posed to tobacco smoke, is attributable to misrepli-
cation of DNA damage caused by tobacco carcino-
gens. Others likely reflect indirect activation of
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DNA editing by APOBEC cytidinedeaminases and
of an endogenous clock-like mutational process.
The results are consistent with the proposition that
smoking increases cancer risk by increasing the so-
matic mutation load, although direct evidence for
this mechanism is lacking in some smoking-related
cancer types.

2. Whole genome mutational landscape and
characterization of non-coding and structural
mutations in liver cancer.

Akihiro Fujimoto1, Mayuko Furuta1, Yasushi To-
toki2, Tatsuhiko Tsunoda3, Mamoru Kato4, Yuichi
Shiraishi5, Hiroko Tanaka5, Hiroaki Taniguchi1,
Yoshiiku Kawakami5, Masaki Ueno6, Kunihito Go-
toh7, Shun-ichi Ariizumi8, Christopher P Wardell1,
Shinya Hayami6, Nakamura Toru9, Hiroshi Ai-
kata5, Koji Arihiro10, Keith A Boroevich3, Tetsuo
Abe3, Kaoru Nakano1, Kazuhiro Maejima1, Aya
Sasaki-Oku1, Tetsuo Shibuya11, Hiromi Nakamura2,
Natsuko Hama2, Fumie Hosoda2, Yasuhito Arai2,
Tomoko Urushidate12, Shoko Ohashi2, Genta Na-
gae13, Shogo Yamamoto13, Hiroki Ueda13, Kenji
Tatsuno13, Hidenori Ojima14, Nobuyuki Hiraoka15,
Takuji Okusaka16, Shigeru Marubashi7, Akimasa
Yamada7, Michiaki Kubo17, Satoshi Hirano9,
Masakazu Yamamoto8, Hideki Ohdan18, Kazuaki
Shimada15, Osamu Ishikawa7, Hiroki Yamaue6,
Kazuki Chayama5,19, Satoru Miyano5,11, Hiroyuki
Aburatani13, Tatsuhiro Shibata2,12, Hidewaki Naka-
gawa1: 1Laboratory for Genome Sequencing Ana-
lysis, 3Laboratory for Medical Science Mathemat-
ics, 17Laboratory for Genotyping Development,
19Laboratory for Digestive Diseases, RIKEN Cen-
ter for Integrative Medical Sciences, Yokohama,
Japan, 2Division of Cancer Genomics, 4Department
of Bioinformatics, National Cancer Center Re-
search Institute, Tokyo, Japan, 5Laboratory of
DNA Information Analysis, 11Laboratory of Se-
quence Analysis, 12Laboratory of Molecular Medi-
cine, Human Genome Center, The Institute of
Medical Science, The University of Tokyo, Tokyo,
Japan, 5Department of Medicine & Molecular Sci-
ence, 10Department of Anatomical Pathology, 18De-
partment of Gastroenterological Surgery, Hiro-
shima University School of Medicine, Hiroshima,
Japan, 6Second Department of Surgery, Waka-
yama Medical University, Wakayama, Japan, 7De-
partment of Surgery, Osaka Medical Center for
Cancer and Cardiovascular Diseases, Osaka, Ja-
pan, 8Department of Gastroenterological Surgery,
Tokyo Women's Medical University, Tokyo, Ja-
pan, 9Department of Gastroenterological Surgery
II, Hokkaido University Graduate School of Medi-
cine, Sapporo, Japan, 13Genome Science Division,
Research Center for Advanced Science and Tech-
nology, The University of Tokyo, Tokyo, Japan,
14Department of Pathology, Keio University School

of Medicine, Tokyo, Japan, 15Division of Pathology
and Clinical Laboratories, 16Hepatobiliary and
Pancreatic Surgery Division, 17Department of He-
patobiliary and Pancreatic Oncology, National
Cancer Center Hospital, Tokyo, Japan.

Liver cancer is prevalent worldwide, mainly as-
sociated with virus infection, and its underlying eti-
ology and genomic structure are heterogeneous. We
have unrevealed a whole-genome landscape of so-
matic alterations in 300 Japanese liver cancers. Our
comprehensive analysis elucidated point mutations
in non-coding regions, structural variants (SVs),
and virus integrations, in addition to coding muta-
tions, and demonstrated new mutational signatures
related with liver carcinogenesis, novel recurrently
mutated coding and non-coding regions such as
lincRNA (NEAT1/MALAT1), promoters, CTCF bind-
ing sites, and regulatory regions. SV analysis found
a significant association with replication timing,
and revealed that known cancer genes (CDKN2A,
CCND1, APC, and TERT) and new cancer genes
(ASH1L, NCOR1, MACROD2) were recurrently af-
fected by SVs, leading to altered expression of
nearby genes. These results emphasize the value of
whole genome sequencing analysis to discover can-
cer driver mutations and to understand comprehen-
sive molecular profiles of liver cancer, especially for
SVs and non-coding mutations.

3. Genomic sequencing identifies ELF3 as a
driver of ampullary carcinoma.
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Ampullary carcinomas are highly malignant neo-
plasms that can have either intestinal or pancreato-
biliary differentiation. To characterize somatic al-
terations in ampullary carcinomas, we performed
whole-exome sequencing and DNA copy number
analysis on 60 ampullary carcinomas resected from
clinically well-characterized Japanese and American
patients. We next selected 92 genes and performed
targeted-sequencing to validate significantly mu-
tated genes in additional 112 cancers. The preva-
lence of driver gene mutations in carcinomas with
the intestinal phenotype is different from those
with the pancreatobiliary phenotype. We identified
previously known driver genes (TP53, KRAS, APC
and others) and a novel significantly mutated
driver gene (ELF3). Functional studies demon-
strated that ELF3 silencing in normal human epi-
thelial cells enhances their motility and invasion.
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1. Genome-wide association study

Association of germline variants in the APOBEC3
region with cancer risk and enrichment with
APOBEC-signature mutations in tumors.

High rates of APOBEC-signature mutations are
found in many tumors, but factors affecting this
mutation pattern are not well understood. Here we
explored the contribution of two common germline
variants in the APOBEC3 region. SNP rs1014971
was associated with bladder cancer risk, increased
APOBEC3B expression, and enrichment with
APOBEC-signature mutations in bladder tumors. In
contrast, a 30 - kb deletion that eliminates
APOBEC3B and creates an APOBEC3A-APOBEC3B
chimera was not important in bladder cancer,
whereas it was associated with breast cancer risk
and enrichment with APOBEC-signature mutations
in breast tumors. In vitro, APOBEC3B expression
was predominantly induced by treatment with a
DNA-damaging drug in bladder cancer cell lines,
and APOBEC3A expression was induced as part of
the antiviral interferon-stimulated response in

breast cancer cell lines. These findings suggest a tis-
sue-specific role of environmental oncogenic trig-
gers, particularly in individuals with germline
APOBEC3 risk variants.

Identification of Susceptibility Loci and Genes
for Colorectal Cancer Risk.

BACKGROUND & AIMS: Known genetic factors
explain only a small fraction of genetic variation in
colorectal cancer (CRC). We conducted a genome-
wide association study to identify risk loci for CRC.
METHODS: This discovery stage included 8027

cases and 22,577 controls of East-Asian ancestry.
Promising variants were evaluated in studies in-
cluding as many as 11,044 cases and 12,047 con-
trols. Tumor-adjacent normal tissues from 188 pa-
tients were analyzed to evaluate correlations of risk
variants with expression levels of nearby genes. Po-
tential functionality of risk variants were evaluated
using public genomic and epigenomic databases.
RESULTS: We identified 4 loci associated with

CRC risk; P values for the most significant variant
in each locus ranged from 3.92×10－8 to 1.24×10－12:
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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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6p21.1 (rs4711689), 8q23.3 (rs2450115, rs6469656),
10q24.3 (rs4919687), and 12p13.3 (rs11064437). We
also identified 2 risk variants at loci previously as-
sociated with CRC: 10q25.2 (rs10506868) and
20q13.3 (rs6061231). These risk variants, conferring
an approximate 10％-18％ increase in risk per al-
lele, are located either inside or near protein-coding
genes that include transcription factor EB (lysosome
biogenesis and autophagy), eukaryotic translation
initiation factor 3, subunit H (initiation of transla-
tion), cytochrome P450, family 17, subfamily A,
polypeptide 1 (steroidogenesis), splA/ryanodine re-
ceptor domain and SOCS box containing 2 (protea-
some degradation), and ribosomal protein S2 (ribo-
some biogenesis). Gene expression analyses showed
a significant association (P＜.05) for rs4711689 with
transcription factor EB, rs6469656 with eukaryotic
translation initiation factor 3, subunit H, rs11064437
with splA/ryanodine receptor domain and SOCS
box containing 2, and rs6061231 with ribosomal
protein S2.
CONCLUSIONS: We identified susceptibility loci

and genes associated with CRC risk, linking CRC
predisposition to steroid hormone, protein synthesis
and degradation, and autophagy pathways and
providing added insight into the mechanism of
CRC pathogenesis.

Contribution of a Non-classical HLA Gene, HLA-
DOA, to the Risk of Rheumatoid Arthritis.

Despite the progress in human leukocyte antigen
(HLA) causal variant mapping, independent local-
ization of major histocompatibility complex (MHC)
risk from classical HLA genes is challenging. Here,
we conducted a large-scale MHC fine-mapping
analysis of rheumatoid arthritis (RA) in a Japanese
population (6,244 RA cases and 23,731 controls)
population by using HLA imputation, followed by
a multi-ethnic validation study including east Asian
and European populations (n＝7,097 and 23,149, re-
spectively). Our study identified an independent
risk of a synonymous mutation at HLA-DOA, a
non-classical HLA gene, on anti-citrullinated pro-
tein autoantibody (ACPA)-positive RA risk (p＝1.4
×10－9), which demonstrated a cis-expression quan-
titative trait loci (cis-eQTL) effect on HLA-DOA ex-
pression. Trans-ethnic comparison revealed differ-
ent linkage disequilibrium (LD) patterns in HLA-
DOA and HLA-DRB1, explaining the observed
HLA-DOA variant risk heterogeneity among eth-
nicities, which was most evident in the Japanese
population. Although previous HLA fine-mapping
studies have identified amino acid polymorphisms
of the classical HLA genes as driving genetic sus-
ceptibility to disease, our study additionally identi-
fies the dosage contribution of a non-classical HLA
gene to disease etiology. Our study contributes to
the understanding of HLA immunology in human

diseases and suggests the value of incorporating
additional ancestry in MHC fine-mapping.

2. Epidemiological analysis of various diseases

Overview of BioBank Japan Follow-up Data in 32
Diseases

Background: We established a patient-oriented
biobank cohort, BioBank Japan with cooperation of
about 200,000 patients, suffering from any of 47
common diseases. Among 47 diseases, we focused
on 32 diseases for follow-up survey which may en-
compass poor vital prognosis of patients and col-
lected their survival information including cause of
death. We conducted survival analysis for all sub-
jects to get an overview of BioBank Japan follow-up
data.
Methods: 141,612 participants were included for

follow-up survey. The survival data were last up-
dated in 2014. Kaplan-Meier survival analysis was
performed after categorizing the subjects according
to sex, age-group, and disease status. Relative sur-
vival rates were estimated by using a survival-rate
table of Japanese general population.
Results: Of 141,612 subjects (56.48％ male) with

1,087,434 person-years, 35,482 deceased for the fol-
low-up duration with a 97.0％ follow-up rate. Mean
age at the enrollment was 64.24 years in males and
63.98 in females. 5-year and 10-year relative sur-
vival rates of the all subjects were 0.944 and 0.911,
respectively with median follow-up of 8.40 years.
Survival analysis showed subjects with pancreatic
cancer had worst prognosis (0.184 of 10-year rela-
tive survival), while those with dyslipidemia had
most favorable prognosis (1.013). The most com-
mon cause of death was malignant neoplasms,
though a number of subjects died from diseases
other than their registered disease(s).
Conclusions: To our knowledge, this is the first

report to perform follow-up survival analysis across
various common diseases. Further studies, using
detailed clinical and genomic information, shall
identify predictors of mortality in patients with
common diseases, contributing to implementation
of personalized medicine.

Cross-sectional analysis of BioBank Japan Clini-
cal Data: A Large Cohort of 200,000 Patients
with 47 Common Diseases

Background: To implement personalized medi-
cine, we established a large-scale patient cohort,
BioBank Japan in 2003. BioBank Japan contains
DNA and serum derived from about 200,000 pa-
tients with 47 diseases as well as their clinical infor-
mation. Serum and clinical information were col-
lected annually until 2012.
Methods: We analyzed baseline clinical informa-
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tion at the enrollment including age, sex, BMI, hy-
pertension, smoking and drinking status across 47
diseases, and compared the results with Japanese
national public database; Patient Survey and Na-
tional Health and Nutrition Survey. We conducted
multivariate logistic-regression models adjusted for
sex and age, to assess the association of family his-
tory with disease development.
Results: Analysis of clinical information indicated

high association of smoking with COPD, drinking
with esophageal cancer, high BMI with metabolic
diseases, and hypertension with cardiovascular dis-
eases. Comparison with the public database identi-
fied almost comparable distribution in sex and age,
life-style and physical status. The logistic-regression
analysis showed that individuals with family his-
tory of keloid exhibited quite high odds ratio com-
pared with those without family history, indicating
the strong impact of host genetic factor(s) on dis-
ease onset.
Conclusions: Cross-sectional analysis of clinical

information at the enrollment unwrapped charac-
teristics of the present cohort, which were mostly
consistent with those in public database. Analysis
of family history revealed the impact of host ge-
netic factors in each disease. BioBank Japan, distrib-
uting the clinical information as well as DNA and
serum samples publicly, could be a fundamental in-
frastructure for the implementation of personalized
medicine.

3. Genes playing significant roles in human can-
cers

EPSIN 3, a novel p53 target, regulates the apop-
totic pathway and gastric carcinogenesis

BACKGROUND & AIM: p53 activation by cellu-
lar stresses induces the transcription of hundreds of
its target genes. To elucidate the entire picture of its
downstream pathway, we screened a cDNA mi-
croarray dataset of adriamycin-treated HCT116
p53－/－ or p53＋/＋ cells and identified EPSIN 3 as a
novel p53 target. METHODS: Potential p53 binding
sequences in the EPSIN 3 locus were evaluated by
reporter and CHIP assays. To investigate the role of
EPSIN 3 in the p53 downstream pathway, we as-
sessed DNA damage-induced apoptosis in EPSIN 3-
knockdown HCT116 cells or Epsin 3-deficient mice.
In addition, we evaluated EPSIN 3 expression lev-
els in various tissues, including gastric adenocarci-
noma, human gastric mucosa with or without Heli-
cobacter pylori infection, and mouse acute gastritis
tissues induced by indomethacin. RESULTS: In re-
sponse to DNA damage, p53 induced the expres-
sion of EPSIN 3 through the p53 binding elements
in the EPSIN 3 promoter and the first intron.
Knockdown of EPSIN 3 resulted in resistance to
DNA damage-induced apoptosis both in vitro and

in vivo. EPSIN 3 expression was downregulated in
gastric cancer tissues compared with normal tis-
sues. In addition, Helicobacter pylori infection and
indomethacin-induced acute gastritis repressed
EPSIN 3 expression in gastric mucosa. CONCLU-
SIONS: EPSIN 3 is a novel p53 target and a key
mediator of apoptosis. Chronic or acute mucosal in-
flammation as well as p53 inactivation induced
downregulation of EPSIN 3 and subsequently
caused apoptosis resistance, which is a hallmark of
cancer cells.

Regulation of myo-inositol biosynthesis by p53-
ISYNA1 pathway.

In response to various cellular stresses, p53 exerts
its tumor suppressive effects such as apoptosis, cell
cycle arrest, and senescence through the induction
of its target genes. Recently, p53 was shown to con-
trol cellular homeostasis by regulating energy me-
tabolism, glycolysis, antioxidant effect, and auto-
phagy. However, its function in inositol synthesis
was not reported. Through a microarray screening,
we found that five genes related with myo-inositol
metabolism were induced by p53. DNA damage en-
hanced intracellular myo- inositol content in
HCT116 p53＋/＋ cells, but not in HCT116 p53－/－

cells. We also indicated that inositol 3-phosphate
synthase (ISYNA1) which encodes an enzyme es-
sential for myo-inositol biosynthesis as a direct tar-
get of p53. Activated p53 regulated ISYNA1 expres-
sion through p53 response element in the seventh
exon. Ectopic ISYNA1 expression increased myo-
inositol levels in the cells and suppressed tumor
cell growth. Knockdown of ISYNA1 caused resis-
tance to adriamycin treatment, demonstrating the
role of ISYNA1 in p53-mediated growth suppres-
sion. Furthermore, ISYNA1 expression was signifi-
cantly associated with p53 mutation in bladder,
breast cancer, head and neck squamous cell carci-
noma, lung squamous cell carcinoma, and pancre-
atic adenocarcinoma. Our findings revealed a novel
role of p53 in myo-inositol biosynthesis which
could be a potential therapeutic target.

Cystatin C as a p53-inducible apoptotic mediator
that regulates cathepsin L activity.

In response to various cellular stresses, p53 is ac-
tivated and inhibits malignant transformation
through the transcriptional regulation of its target
genes. However, the full picture of the p53 down-
stream pathway still remains to be elucidated. Here
we identified cystatin C, a major inhibitor of
cathepsins, as a novel p53 target. In response to
DNA damage, activated p53 induced cystatin C ex-
pression through p53 binding sequence in the first
intron. We showed that cathepsin L activity was
decreased in HCT116 p53＋/＋ cells after adriamycin
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treatment, but not in HCT116 p53 p53－/－ cells. We
also found that knockdown of cystatin C reduced
adriamycin-induced caspase-3 activation. Cystatin C
expression was significantly downregulated in
breast cancer cells with p53 mutations, and de-

creased cystatin C expression was associated with
poor prognosis of breast cancer. Our findings re-
vealed an important role of the p53-cystatin C path-
way in human carcinogenesis.
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1. Identification of cis-regulatory elements that
control spliced-leader trans-splicing in the
primitive chordate, Ciona intestinalis

Rui Yokomori, Kotaro Shimai1, Koki Nishitsuji2,
Yutaka Suzuki3, Takehiro G. Kusakabe1 and
Kenta Nakai: 1Faculty of Science and Engineering,
Konan Univ, 2Graduate School of Life Sci., Univ.
of Hyogo, 3Graduate School of Frontier Sciences,
U. Tokyo

In the primitive chordate, Ciona intestinalis, about
half of mRNAs undergo specialized trans-splicing,
in which a small non-coding RNA, called spliced-
leader (SL) RNA, is replaced by the non-coding 5'-
end region of pre-mRNA, called outron. However,
its mechanism is still poorly understood. In this
study, we identify cis-regulatory elements that play
an important role in the spliced-leader trans-splic-
ing. We found that some GT-rich elements are en-
riched in the first 50bp of outron regions. Interest-
ingly, these enriched elements can be binding mo-
tifs of the 3'-end sites of the SL RNA, suggesting
the possibility that the SL RNA is recruited by
binding to the GT-rich elements in outron regions.
This is similar to the binding of the U1 snRNA to
the donor site in cis-splicing. Moreover, we found

the peak of the putative binding sites of SR pro-
teins, which is one of splicing enhancer proteins
and enhance the U1 snRNA binding, at upstream
regions of GT-rich elements. Taken together, it
seems that the mechanism of spliced-leader trans-
splicing is basically similar to that of cis-splicing
and an alternative splicing that utilizes specialized
small non-coding RNA and results in transcripts
with different non-coding regions.

2. Cell type specific features of non-CpG meth-
ylation

Jong-Hun Lee and Kenta Nakai

DNA methylation is one of the most important
epigenetic markers that regulate gene expression.
Although most of the methylation occurs in the
CpG context, recent studies have found that the
methylation in the non-CpG context is also func-
tional in embryonic stem cell (ESC) and neurons.
Interestingly, the non-CpG methylation in these
two cell types shows differential distribution and
function. In this study, we attempted to uncover
the reason for cell type specific non-CpG methyla-
tion pattern by integrating whole genome bisulfite
sequencing data (WGBS) with hundreds of tran-

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.
Senior Assistant Professor Ashwini Patil, Ph.D.
Project Senior Assistant Professor Sung-Joon Park, Ph.D.
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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-
ter-gene interactions.
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scriptomes, as well as DNA methyltransferase 3a
and 3b (DNMT3a, and 3b, respectively) -knock out
methylomes. We found that the differential activity
of DNMT3-family induces the distinct features of
non-CpG methylation in ESC and neuron, such as
interacting DNA motifs or correlation with gene ex-
pression. These results give insights into the mecha-
nism of cell type specific regulation by non-CpG
methylation.

3. Application of topic models to motif finding
algorithms

Josep Basha Gutierrez and Kenta Nakai

Topic models are statistical models which try to
discover the topics contained in a set of documents
to reveal their hidden structure. We analogize this
problem to the discovery of the structure of the
motifs contained in a set of biological sequences. To
study if this approach is possible, we developed
two methods. First, an algorithm relying solely on
topic models, and, in addition, a previously devel-
oped method which we enhanced with the addition
of topic models. The first approach showed a re-
markable performance, and the second approach
noticeably improved its accuracy and reached out-
standing levels in sensitivity and in overall per-
formance at site level. We conclude that the appli-
cation of topic models has proven to be a valid
method for motif finding and that it will be useful
in future studies.

4. Modeling the cis-regulatory modules of genes
expressed in developmental stages of Droso-
phila melanogaster

Yosvany López, Alexis Vandenbon4, Akinao Nose5

and Kenta Nakai: 4WPI-iFReC, Osaka University;
5Department of Complexity Science and Engineer-
ing, Graduate School of Frontier Sciences

Since transcription is the first step in the regula-
tion of gene expression, our understanding of how
transcription factors bind to their DNA binding
motifs has become absolutely necessary. It has been
shown that the promoters of genes with similar ex-
pression profiles share common structural patterns.
We performed an extensive study of the regulatory
regions of genes expressed in 22 developmental
stages of Drosophila melanogaster . We used the com-
bination of four types of structural features, such as
positioning of individual motifs relative to the tran-
scription start site, orientation, pairwise distance
between motifs, and presence of motifs anywhere
in the promoter to identify models of gene regula-
tion. RNA-sequencing data was utilized to create
and validate the 22 models, resulting in 19 (86.4％)
statistically significant models. Each model yielded

a set of highly informative features, which were
used to search for genes with similar biological
functions.

5. Stable feature selection based on the ensem-
ble L1-norm support vector machine for
biomarker discovery

Myungjin Moon and Kenta Nakai

Biomarker discovery has become one of the most
significant research areas in the biomedical field.
Owing to the presence of high-throughput tech-
nologies, genomic data have become widely avail-
able. However, they tend to be noisy with a large
number of genes (high-dimensional features) and a
small number of samples; thus, conventional fea-
ture selection approaches for biomarker discovery
might be problematic. We propose a stable feature
selection method for high-dimensional datasets. We
apply an ensemble L1-norm support vector machine
to efficiently reduce irrelevant features, considering
the stability of features. The proposed methodology
is evaluated by classifying the stage of renal clear
cell carcinoma with RNA-seq data. A comparison
with established algorithms enabled us to prove the
superior performance of our method. The proposed
approach is expected to be applicable to many
other studies aimed at biomarker discovery.

6. Biomarker discovery in cancer cell panel by
an unsupervised approach

Naoya Fujita, Katsuhiko Murakami6 and Kenta
Nakai: 6School of Bioscience and Biotechnology,
Tokyo University of Technology

Precision medicine for cancer patients with mo-
lecular targeted drugs and predictive biomarkers
will lead to paradigm shift from one-size-fits-all
medicine to responder enrichment medicine. Our
research objective is to detect promising biomarker
candidates from multi-dimensional genomic and
pharmacologic data in a collection of cell lines. An
unsupervised approach could detect previously re-
ported relationships between drugs and biomark-
ers. Our approach clustered a well-known pair of
FDA approved drug and predictive biomarker
(BRAF inhibitor and BRAF mutation). Furthermore,
new biomarker candidates have also been priori-
tized.

7. Assessing the impact of bacterial and viral
contamination on human cell profiles

Sung-Joon Park, Josep Basha Gutierrez, Myungjin
Moon, Kenta Nakai

During the course of sampling and culturing
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cells, bacterial and viral contamination and infec-
tion can occur and lead to misinterpretations. Par-
ticularly in the field of allogenic cell transplantation
therapy, eliminating contamination is a crucial issue
because of its potential contribution to the develop-
ment of various diseases. In this study, we imple-
mented a bioinformatics strategy that identifies se-
quenced reads derived from multiple sources. In
the case of RNA-seq data, our strategy simultane-
ously quantifies the expression variability of host
genes due to the contamination. We applied it to
over 300 public human RNA-seq data sets, and
found 103-105 potential contaminant reads per one
million human mapped reads. Remarkably, specific
gene expression levels were associated with the
level of contamination, which suggests the existence
of functional interplay between host transcription
and contamination. These results illustrate that the
proposed pipeline can be used for routinely assess-
ing the quality of NGS experiments and the safety
of cultured cells.

8. Developing a Repository System for High-di-
mensional Chromatin Structure Information

Sung-Joon Park and Kenta Nakai

The advent of high-throughput sequencing tech-
nology for the profiling of long-range chromatin in-
teractions, such as Hi-C and ChIA-PET, has greatly
enhanced our ability to capture the functional im-
portance of structural domains remotely positioned
on the one-dimensional genome sequence. In this
study, to manage and integrate the chromatin struc-
ture information, we are developing a web-based
repository system (https://openlooper.hgc.jp/) as a
sub project of the research project "Chromosome or-
chestration system" (http://www.chromosomeos.
com)". This system allows users to share their de-
posited data along with other heterogeneous public
data (e.g. TF ChIP-seq data), which may promote
various downstream studies, such as the functional
characterization of enhancers. Our system offers
valuable tools and resources in the new era of ge-
netic and epigenetic research.

9. ZBTB16 as a Downstream Target Gene of
Osterix Regulates Osteoblastogenesis of Hu-
man Multipotent Mesenchymal Stromal Cells

Satoru Onizuka7,8, Takanori Iwata7, Sung-Joon
Park, Kenta Nakai, Masayuki Yamato8, Teruo
Okano8 and Yuichi Izumi7: 7Department of Peri-
odontology, Graduate School of Medical Dental
Sciences, Tokyo Medical Dental University, 8Insti-
tute of Advanced Biomedical Engineering and Sci-
ence, Tokyo Women's Medical University

Human mesenchymal stem cells (hMSCs) possess

the ability to differentiate into osteoblasts, and they
can be utilized as a source for bone regenerative
therapy. Osteoinductive pretreatment that induces
the osteoblastic differentiation of hMSCs in vitro is
widely used for bone tissue engineering. However,
the molecular basis of osteoblastic differentiation
induced by osteoinductive medium (OIM) is still
unknown. In this study, we used a next-generation
sequencer to investigate the changes in gene ex-
pression during the osteoblastic differentiation of
hMSCs. Our whole-transcriptome analysis revealed
that the expression of zinc finger and BTB domain
containing 16 (ZBTB16) is significantly increased
during the osteoblastogenesis. In addition, the
siRNA-mediated ZBTB16 silencing experiment evi-
denced the functional impact of ZBTB16 on the ac-
tivity of alkaline phosphatase (ALP) and osteogenic
gene expression including Osterix (Osx). These
findings suggest that ZBTB16 acts as a downstream
transcriptional regulator of Osx and can be useful
as a late marker of osteoblastic differentiation.

10. Whole-genome sequencing data analysis for
the identification of driver mutations in
Esophageal Squamous Cell Carcinoma

Munmee Dutta, Masashi Fujita9, Ashwini Patil,
Kenta Nakai and Hidewaki Nakagawa9: 9RIKEN
Center for Integrative Medical Sciences, Labora-
tory for Genome Sequencing Analysis

Esophageal squamous cell carcinoma (ESCC) is
the eighth most common cancer type and sixth
most common cause of cancer-related death world-
wide. However, a complete mutational landscape of
ESCC is yet to be established for the discovery of
more candidate driver genes for better treatment
options. In this study, we have attempted to un-
cover the driver mutations and genes in coding and
non-coding regions of ESCC genome and link them
to future therapeutic use. We used 16 pairs of tu-
mor and normal whole-genome sequencing (WGS)
data from patients with ESCC from a Japanese co-
hort. The structural variations (SVs) of these 16
pairs of tumor and normal data were analyzed us-
ing VarScan2 and Genomon2 tools. Furthermore,
we analyzed the somatic copy number variations
with these 16 sample pairs using VarScan2. We
have identified some of the novel cancer driver
genes affected by SVs in ESCC, some of which are
reported to be cancer-causing in other cancer-types.
This study will help understand the comprehensive
mutational landscape of ESCC with special refer-
ence to the non-coding and structural variation mu-
tations.

11. Molecular characterization of TCR clones us-
ing 3D protein structure modelling of the
TCR/pMHC complex with hgp100 antigen
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Yasuo Ouchi10, Ashwini Patil, Yusuke Tamura11,
Hiroshi Nishimasu12, Naoki Takemura10,11, Takeshi
Sato13, Yasumasa Kimura13, Osamu Nureki12,
Kenta Nakai, Hiroshi Kiyono12,14,15, Satoshi Ue-
matsu10,11: 10Dept of Mucosal Immunology, Chiba
University, 11Division of Innate Immune Regula-
tion, IMS, U. Tokyo, 12Dept of Biol Sci, U. Tokyo,
13Division of Systems Immunology, IMS, U. Tokyo,
14Division of Mucosal Immunology, IMS, U. Tokyo,
15Dept of Immunology, Chiba University

Adoptive immunotherapy with genetically engi-
neered T-cells has emerged as a promising novel
strategy for cancer treatment. We selected the hu-
man (h) gp100 melanoma-associated tumour anti-
gen as a model system, and cloned hgp100-specific
high-avidity CTLs and their TCR sequences from
hgp100-immunized mice. To obtain structural in-
sights into the recognition of hgp100 by the TCR,
we predicted the 3D structures of the TCR-MHC-
hgp100 complex using semi-automatic modelling
and docking. Consistent with a theoretical binding
mode, our model indicated that the hgp100-specific
TCR precisely binds to the surface H2-Db residues
adjacent to the bound hgp100 peptide. Our compu-
tational analysis showed the structural significance
of the IFN- high-expressing TCR clone for its anti-
tumour activity.

12. Organism-level analysis of vaccination re-
veals networks of protection across tissues

Motohiko Kadoki16, Ashwini Patil, Cornelius C.
Thaiss16, Donald J. Brooks16, Surya Pandey16, Deek-
sha Deep16, David Alvarez18, Ulrich H. von An-
drian18, Amy J. Wagers17, Kenta Nakai, Tarjei S.
Mikkelsen17 , Magali Soumillon17 , Nicolas
Chevrier16: 16Faculty of Arts & Sciences Center for
Systems Biology, 17Dept of Stem Cell and Regen-
erative Biology, Harvard Stem Cell Institute, Har-
vard Univ., 18Department of Microbiology and Im-
munobiology, Harvard Medical School

A fundamental challenge in immunology is to
decipher the principles governing immune re-
sponses at the whole-organism scale. Immune sig-
nal propagation was observed within and between
organs to obtain a dynamic map of immune proc-
esses at the organismal level. By analyzing ligand-
receptor connectivity across tissues, type I IFNs
were found to trigger a whole-body antiviral state
within hours upon skin vaccination. Combining
parabiosis and single-cell analyses, a multi-organ
network of tissue-resident memory T cells was ob-
served that functionally adapt to their environment
so as to stop viral particles as they progress from
one tissue to the next.

13. Predicting MoRFs in protein sequences us-
ing HMM Profiles

Ronesh Sharma19,20, Shiu Kumar19,20, Tatsuhiko
Tsunoda21,22,23, Ashwini Patil§, Alok Sharma20,21,22,23§:
19School of Electrical and Electronics Engg, Fiji
National University, Suva, Fiji, 20School of Engg.
and Physics, The Univ. of the South Pacific, Suva,
Fiji, 21CREST, JST, 22RIKEN Center for Integra-
tive Medical Science, 23Medical Research Institute,
Tokyo Medical and Dental University

We introduced a method using hidden Markov
model (HMM) profiles to accurately identify the lo-
cation of binding regions (MoRFs) in disordered
protein sequences. Using windowing technique,
HMM profiles were utilised to extract features from
protein sequences and support vector machines
(SVM) were used to calculate a propensity score for
each residue. The performance of the method was
compared to that of other MoRF predictors;
MoRFpred and ANCHOR. The results showed that
the proposed method outperforms these two pre-
dictors.

14. Multidisciplinary insight into clonal expan-
sion of HTLV-1-infected cells in adult T-cell
leukemia via modeling by deterministic finite
automata coupled with high-throughput se-
quencing

Amir Farmanbar＊, Sanaz Firouzi24＊§, Sung-Joon
Park, Kenta Nakai, Kaoru Uchimaru24,25, Toshiki
Watanabe24,26§: 24Dept of Comp Biol and Medical
Sciences, Grad School of Frontier Sciences, U. To-
kyo, 25Hematology/Oncology, Research Hospital,
IMS, U. Tokyo, 26Dept of Advanced Medical Inno-
vation, St. Marianna Univ.

Clonal expansion of leukemic cells leads to onset
of adult T-cell leukemia (ATL), an aggressive lym-
phoid malignancy with a very poor prognosis. In-
fection with human T-cell leukemia virus type-1
(HTLV-1) is the direct cause of ATL onset, and inte-
gration of HTLV-1 into the human genome is essen-
tial for clonal expansion of leukemic cells. We ana-
lyzed clinical samples from HTLV-1-infected indi-
viduals with a broad range of proviral loads using
a high-throughput methodology that enables isola-
tion of HTLV-1 integration sites and accurate meas-
urement of the size of infected clones. We catego-
rized clones into four size groups, "very small",
"small", "big", and "very big", based on the patterns
of clonal growth and observed clone sizes and de-
veloped a model of clonal expansion based on ob-
served clonality data. Our model provides a basic
understanding as well as a unique perspective for
clarifying the mechanisms of clonal expansion in
ATL.
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15. Genome Informatics Analysis of Regulation
between Long Non-coding RNA Genes and
Transcription Factor Genes

Taiju Yamada, Izuho Hatada27 and Kenta Nakai:
27Institute for Molecular and Cellular Regulation,
Gunma Univ.

We examined the prevalence of long non-coding
RNAs in the vicinity of genes encoding transcrip-

tion factors in the genomes of various eukaryotes.
We checked the distribution of the distance be-
tween lncRNA and gene sequences along with co-
expression correlation and evolutionary conversa-
tion. We found that long non-coding RNA loci are
present in close proximity to genes encoding tran-
scription factors at statistically significant levels and
are potentially co-expressing. This indicates a po-
tential role for the long non-coding RNAs in the
regulation of expression of transcription factors.

Publications

Basha Gutierrez, J., Nakai, K. A study on the appli-
cation of topic models to motif finding algo-
rithms. BMC Bioinformatics, 17: 129-138, 2016.

Farmanbar, A., Firouzi, S., Park, S.J., Nakai, K.,
Uchimaru, K., and Watanabe, T. Multidiscipli-
nary insight into clonal expansion of HTLV-1-in-
fected cells in adult T-cell leukemia via modeling
by deterministic finite automata coupled with
high - throughput sequencing. BMC Medical
Genomics, in press.

Fukumura, K., Wakabayashi, S., Kataoka, N.,
Sakamoto, H., Suzuki, Y., Nakai, K., Mayeda, A.,
Inoue, K. The Exon Junction Complex Controls
the Efficient and Faithful Splicing of a Subset of
Transcripts Involved in Mitotic Cell-Cycle Pro-
gression. Int J Mol Sci, 17, 2016.

Moon, M., Nakai, K. Stable feature selection based
on the ensemble L 1 -norm support vector ma-
chine for biomarker discovery. BMC Genomics, 17:
65-74, 2016.

Onizuka, S., Iwata, T., Park, S.J., Nakai, K., Yamato,
M., Okano, T., Izumi, Y. ZBTB16 as a Down-
stream Target Gene of Osterix Regulates Os-
teoblastogenesis of Human Multipotent Mesen-
chymal Stromal Cells. J Cell Biochem, 117: 2423-34,
2016.

Park, S.J., Komiyama, Y., Suemori, H., Umezawa,
A., Nakai, K. OpenTein: a database of digital
whole-slide images of stem cell-derived tera-
tomas. Nucleic Acids Res, 44: D1000-4, 2016.

Park, S.J., Saito-Adachi, M., Komiyama, Y., Nakai,

K. Advances, practice, and clinical perspectives in
high-throughput sequencing. Oral Dis, 22: 353-64,
2016.

Park, S.J., Nakai, K. Chapter 7: Computational In-
ference of Gene Regulation from Whole-Tran-
scriptome Analysis of Early Embryos, in (I. Iva-
nov, X. Qian and R. Pal ed.) Emerging Research
in the Analysis and Modeling of Gene Regulatory
Networks, 241-279, IGI Global, 2016

Sasakura, Y., Ogura, Y., Treen, N., Yokomori, R.,
Park, S.J., Nakai, K., Saiga, H., Sakuma, T.,
Yamamoto, T., Fujiwara, S., Yoshida, K. Tran-
scriptional regulation of a horizontally trans-
ferred gene from bacterium to chordate. Proc Biol
Sci, 283, 2016.

Sasamoto, Y., Hayashi, R., Park, S.J., Saito-Adachi,
M., Suzuki, Y., Kawasaki, S., Quantock, A.J.,
Nakai, K., Tsujikawa, M., Nishida, K. PAX6 Iso-
forms, along with Reprogramming Factors, Dif-
ferentially Regulate the Induction of Cornea-spe-
cific Genes. Sci Rep, 6: 20807, 2016.

Sharma, R., Kumar, S., Tsunoda, T., Patil, A.,
Sharma, A. Predicting MoRFs in protein se-
quences using HMM profiles. BMC Bioinformatics,
17: 251-258, 2016.

Yokomori, R., Shimai, K., Nishitsuji, K., Suzuki, Y.,
Kusakabe, T.G., Nakai, K. Genome-wide identifi-
cation and characterization of transcription start
sites and promoters in the tunicate Ciona intesti-
nalis. Genome Res, 26: 140-50, 2016.

80

／■修校了／１－３４４／本文１／Ａ１３４４Ｍ 2017.04.20 16.38.43 Page 126



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

Japan Agency for Medical Research and Develop-
ment (AMED) has commissioned to provide re-
search ethics consultation to several large projects
promoting genomic medicine, including The Bio-
bank Japan (BBJ) Project (BBJP), Project for Devel-
opment of Innovative Research on Cancer Thera-
peutics (P-DIRECT) and Project for Cancer Research
and Therapeutic Evolution (P-CREATE). BBJP is a
disease-focused biobanking project started in 2003.
BBJ consists of donated DNA, sera, and clinical in-
formation from 200,000 patients in Japan, and con-
tinues to collect new DNA and clinical information.
Informed consent, which ensures the autonomous
decisions of participants, is believed to be practi-
cally impossible for the biobanking project in gen-
eral. We issued semiannual newsletters for sample
donors for transparency and information. Since
2014, BBJ started to store samples from National
Hospital Organization (NHO), Japan Clinical On-
cology Group (JCOG), and Japan Children's Cancer
Group (JCCG). We supported to establish ethical
policies for collecting these samples.

On the other hands, P-DIRECT promotes strate-
gic research and development (R & D) of the basic
compounds (seeds) that contribute to development
of next-generation innovative diagnostic techniques
and new therapeutic agents incorporating basic re-
search results. We provided research ethics consul-
tation for 34 research projects at 64 designated insti-
tutions and advised those principal investigators to
comply with ethical guidelines and provided sam-
ple consent forms. Since April of 2016, the new in-
itiative called P-CREATE started. We have pro-
vided seminars for researchers about revision of
Act on the Protection of Personal Information Act.

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

Japan Agency for Medical Research and Develop-
ment (AMED) has also commissioned us to provide
research ethics consultation to stem cell research
since 2012. The program is called "research on the
ethical, legal, and social implications related to re-
generative medicine". In order to make regenerative
medicine more concrete, it is essential to promote
research development with a definite focus on clini-
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cal applications and to establish a framework for
clinical research at an early stage. In 2015, we pro-
vided more than 50 consultations for stem cell re-
searchers. Topics of those consultations include re-
search design, informed consent, IRBs, return of re-
search results, inclusion criterion of participants of
first-in-human trials and governance of iPSC bank-
ing.
Based on our training workshops informed con-

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

groups to address the ethical, legal, and social im-
plications (ELSI) related to regenerative medicine in
a comprehensive manner, with a view to establish-
ing a framework for ethical support and review of
regenerative medicine.

3. Current public support for human-animal chi-
mera research in Japan is limited, despite
high levels of scientific approval

In Japan, the national guidelines based on the
Act on Regulation of Human Cloning Techniques
limited the handling of human-animal chimeric em-
bryos to "basic research" and prohibited implanting
these embryos in animal uteruses or growing them
for longer than 14 days. However, policy recom-
mendations in this arena have undergone a remark-
able shift in recent years, largely due to scientific
achievements by Japanese researchers (e.g., Kobay-
ashi et al., 2010) and concerns that the prohibitions
would encourage researchers to leave Japan.
To assess public attitudes toward this potential

policy shift, we conducted a pair of surveys before
the aforementioned recommendations by the Expert
Panel on Bioethics (2012) and 3 years later (2015)
about their support for human-animal chimera re-
search and regenerative medicine in general. We re-
ceived about 5,000 responses from the general pub-
lic and compared their answers to those from mem-

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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bers of JSRM, the Japanese Society for Regenerative
Medicine.
The survey results indicate that the general popu-

lation has considerably less support for human-ani-
mal chimera research than research scientists in Ja-
pan, despite overall high levels of support for re-
generative medicine research. Even among those
who supported making human-animal chimeras,
the general public expressed several specific views
regarding which animals should not be used in this
kind of research. A larger proportion of the re-
searchers supported the use of any species (42.4%).
These answers differ from the findings of past sur-
veys conducted overseas.

4. The point of decision-making and informed
consent: patients' perspective and experi-
ences of clinical trials in Japan

Clinical trials are a crucial step in the develop-
ment of new medical technologies. Obtaining in-
formed consent (IC) is a key component of clinical
trials that ensures that potential participants have
the necessary information for decision-making.
While patients' involvement is essential to improve
the systems and circumstances of clinical trials,
their perspectives and experiences are rarely shared

with others. This study aims to investigate patients'
perspectives and experiences of IC in clinical trials
in Japan. A mixed method approach was adopted,
including an internet-based survey of 21,502 pa-
tients and in-depth interviews of 41 patients. In the
survey, 12,506 responses were analyzed, focusing
on their understanding of IC. Among the 12,506 pa-
tients, 2,330 had some experience of clinical trials.
Among the 888 patients who remembered receiving
an explanation from the medical staff, 93.6% re-
sponded that it was easy to understand. Most re-
spondents (84.5%) who had received an IC form
read it again and 54.5% did not spend much time
thinking before deciding whether to participate.
Through the in-depth interviews, we found the fol-
lowing: the point of decision-making and the mean-
ing of IC for the patients. The patients made their
"informal" decision prior to the "formal" IC process.
They confirmed their "informal" decision during the
IC process by collecting important information re-
garding the health risk of participation. From the
patients' perspective, the point of decision-making
is outside the IC process. While patients make an
informal decision, both medical staff and patients
should recognize that written consent is the formal
decision.
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