
1. Systems Cancer Research and Systems Biol-
ogy

a. Robust Sample-Specific Stability Selection
with Effective Error Control

Park H1, Yamada M2, Imoto S3, Miyano S: 1Fac-
ulty of Global and Science Studies, Yamaguchi
University, 2Kyoto University, Graduate School of
Informatics, 3Health Intelligence Center

Identifying individual characteristics is a crucial
issue in personalized genome research. To effec-
tively identify sample-specific characteristics, we
propose a novel strategy called robust sample-spe-

cific stability selection. Although stability selection
shows effective feature selection results and has at-
tractive theoretical property (i.e., per-family error
rate control), the method's results are sensitive to
the value of the regularization parameter because
the method performs feature selection based only
on the particular parameter value that maximizes
the selection probability. To resolve this issue, we
propose robust stability selection and show that our
method provides an effective theoretical property
(i.e., effective per-family error rate control). We also
propose a sample-specific random lasso based on
the kernel-based L1- type regularization and
weighted random sampling. The proposed robust
sample-specific stability selection estimates the se-
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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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lection probabilities of variables using the sample-
specific random lasso and then selects variables
based on robust stability selection. Our method
controls the effect of samples on sample-specific
analysis by the two-stage strategy (i.e., the weighted
random sampling and the kernel-based L1-type ap-
proach in the random lasso), and thus we can effec-
tively perform sample-specific analysis without dis-
turbances of samples having characteristics differ-
ent from those of the target sample. We observe
from the numerical studies that our strategies can
effectively perform sample-specific analysis and
provide biologically reliable results in gene selec-
tion.

b. A comprehensive characterization of cis-act-
ing splicing-associated variants in human
cancer

Shiraishi Y, Kataoka K11,19, Chiba K, Okada A,
Kogure Y11, Tanaka H, Ogawa S11, Miyano S:
19National Cancer Center Research Institute

Although many driver mutations are thought to
promote carcinogenesis via abnormal splicing, the
landscape of splicing-associated variants (SAVs) re-
mains unknown due to the complexity of splicing
abnormalities. Here, we developed a statistical
framework to systematically identify SAVs disrupt-
ing or newly creating splice site motifs and applied
it to matched whole-exome and transcriptome se-
quencing data from 8976 samples across 31 cancer
types, generating a catalog of 14,438 SAVs. Such a
large collection of SAVs enabled us to characterize
their genomic features, underlying mutational proc-
esses, and influence on cancer driver genes. In
fact, ～50％ of SAVs identified were those disrupt-
ing noncanonical splice sites (non-GT-AG dinucleo-
tides), including the third and fifth intronic bases of
donor sites, or newly creating splice sites. Mutation
signature analysis revealed that tobacco smoking is
more strongly associated with SAVs, whereas ultra-
violet exposure has less impact. SAVs showed re-
markable enrichment of cancer-related genes, and
as many as 14.7％ of samples harbored at least one
SAVs affecting them, particularly in tumor suppres-
sors. In addition to intron retention, whose associa-
tion with tumor suppressor inactivation has been
previously reported, exon skipping and alternative
splice site usage caused by SAVs frequently af-
fected tumor suppressors. Finally, we described
high-resolution distributions of SAVs along the
gene and their splicing outcomes in commonly dis-
rupted genes, including TP53 , PIK3R1 , GATA3 , and
Nak, which offers genetic clues for understanding
their functional properties. Collectively, our find-
ings delineate a comprehensive portrait of SAVs,
novel insights into transcriptional de-regulation in
cancer.

c. Virtual Grid Engine: Accelerating thousands
of omics sample analyses using large-scale
supercomputers

Ito S, Yadome M, Nishiki T4, Ishiduki S4, Inoue
H4, Yamaguchi R, Miyano S: 4Frontier Computing
Center, Fujitsu Limited

DNA analyses of rare variant diseases are esti-
mated to require tens of thousands of sample
analyses. The use of supercomputers in bioinfor-
matics has become common with the increase in the
amount of analysis data. However, only a few stud-
ies have utilized massively parallel supercomputers
ranked in TOP500. This is because Grid Engine
(GE) services, such as Sun Grid Engine and Univa
Grid Engine, are not provided on them. Most soft-
ware and programs that run on supercomputers are
paralleled using Message Passing Interface (MPI)
[6], wherein all subprocesses work synchronously.
On the other hand, array jobs, automatically paral-
leled subprocesses of software pipelines by GE are
asynchronous. Therefore, the GE conflicts with
MPI-based systems from the perspective of the job-
filling factor. Here, the MPI parallelization of soft-
ware pipelines requires expert knowledge and ex-
perience. It is necessary for the MPI parallelization
of software pipelines to use C or Fortran language
wrapper programs or to commission High Perform-
ance Computing (HPC) experts to overwrite them
fundamentally, which will be difficult for users. Re-
cently, Cloud-base systems, such as Amazon Web
Services (AWS), have been popular in NGS data
analysis. Cloud computing services are very useful
for small laboratories and companies that do not
have computational resources. However, they still
require significant costs for large-scale analyses. In
addition, there are still several problems to be over-
come, such as data transfer time, data corruption
checking, and data security management. From the
perspective of HPC, DRAGEN achieved drastic ac-
celeration of the GATK pipeline. The hardware im-
plementation of all the processes in GATK using
FPGA caused this great acceleration. This approach
is the ultimate software-tuning technique. On the
other hand, it makes it quite difficult to improve
the implemented workflows. GATK is one of the
gold-standard pipelines for somatic mutation call-
ing, so this tuning is extremely efficient for it. How-
ever, there is a great variety of target variants for
NGS data analyses for each study, and it is inevita-
ble for algorithms and pipelines to be designed for
the study. Therefore, general software pipelines still
have merits in many studies and massively paral-
leled supercomputers are useful for accelerating
their analyses. In this study, we developed MPI-
based middleware named Virtual Grid Engine
(VGE) that enables software pipelines based on GE
system to run on massively parallel supercomput-
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ers. This is a collaboration study with Frontier
Computing Center of Fujitsu. VGE is freely avail-
able from https://github.com/SatoshiITO/VGE.

d. ALPHLARD: a Bayesian method for analyzing
HLA genes from whole genome sequence
data

Hayashi S, Yamaguchi R, Mizuno S5, Komura M,
Miyano S, Nakagawa H6, Imoto S3: 5Center for
Advanced Medical Innovation, Kyushu University,
6RIKEN Center for Integrative Medical Sciences

Regulation of transcription factor Although hu-
man leukocyte antigen (HLA) genotyping based on
amplicon, whole exome sequence (WES), and RNA
sequence data has been achieved in recent years,
accurate genotyping from whole genome sequence
(WGS) data remains a challenge due to the low
depth. Furthermore, there is no method to identify
the sequences of unknown HLA types not regis-
tered in HLA databases. We developed a Bayesian
model, called ALPHLARD, that collects reads po-
tentially generated from HLA genes and accurately
determines a pair of HLA types for each of
HLA-A, -B, -C, -DPA1, -DPB1, -DQA1, -DQB1,
and -DRB1 genes at 3rd field resolution. Further-
more, ALPHLARD can detect rare germline vari-
ants not stored in HLA databases and call somatic
mutations from paired normal and tumor sequence
data. We illustrate the capability of ALPHLARD us-
ing 253 WES data and 25 WGS data from Illumina
platforms. By comparing the results of HLA geno-
typing from SBT and amplicon sequencing meth-
ods, ALPHLARD achieved 98.8％ for WES data and
98.5％ for WGS data at 2nd field resolution. We
also detected three somatic point mutations and
one case of loss of heterozygosity in the HLA genes
from the WGS data. ALPHLARD showed good per-
formance for HLA genotyping even from low-cov-
erage data. It also has a potential to detect rare
germline variants and somatic mutations in HLA
genes. It would help to fill in the current gaps in
HLA reference databases and unveil the immu-
nological significance of somatic mutations identi-
fied in HLA genes.

e. Targeting Tyro3 ameliorates a model of
PGRN-mutant FTLD-TDP via tau-mediated
synaptic pathology

Fujita K7, Chen X7, Homma H7, Tagawa K7,
Amano M8, Saito A, Imoto S3, Akatsu H9, Hashi-
zume Y10, Kaibuchi K8, Miyano S, Okazawa H7:
7Tokyo Medical and Dental University, 8Graduate
School of Medicine, Nagoya University, 9Nagoya
City University, 10Aichi Medical University

Mutations in the progranulin (PGRN) gene cause

a tau pathology-negative and TDP43 pathology-
positive form of frontotemporal lobar degeneration
(FTLD-TDP). We generated a knock-in mouse har-
boring the R504X mutation (PGRN-KI). Phospho-
proteomic analysis of this model revealed activation
of signaling pathways connecting PKC and MAPK
to tau prior to TDP43 aggregation and cognitive
impairments, and identified PKCa as the kinase re-
sponsible for the early-stage tau phosphorylation at
Ser203. Disinhibition of Gas6 binding to Tyro3 due
to PGRN , PKCa via PLCg, inducing tau phospho-
rylation at Ser203, mislocalization of tau to den-
dritic spines, and spine loss. Administration of a
PKC inhibitor, B-Raf inhibitor, or knockdown of
molecules in the Gas6-Tyro3-tau axis rescues spine
loss and cognitive impairment of PGRN-KI mice.
Collectively, these results suggest that targeting of
early-stage and aggregation-independent tau signal-
ing represents a promising therapeutic strategy for
this disease.

2. Cancer Genomics

a. Age-related remodelling of oesophageal epi-
thelia by mutated cancer drivers

Yokoyama A11, Kakiuchi N11, Yoshizato T11, Nann-
ya Y11, Suzuki H11, Takeuchi Y11, Shiozawa Y11,
Sato Y11, Aoki K11, Kim SK11, Fujii Y11, Yoshida
K11, Kataoka K11, Nakagawa MM11, Inoue Y11,
Hirano T11, Shiraishi Y, Chiba K, Tanaka H, Sana-
da M12, Nishikawa Y11, Amanuma Y11, Ohashi S11,
Aoyama I11, Horimatsu T11, Miyamoto S11, Tsunoda
S11, Sakai Y11, Narahara M13, Brown JB11, Sato Y14,
Sawada G15, Mimori K15, Minamiguchi S11, Haga
H11, Seno H11, Miyano S, Makishima H11, Muto
M11, Ogawa S11,16: 11Kyoto University, 12Nagoya
Medical Center, 13McGill University, 14Sato Clinic,
15Kyushu University, 16Karolinska Institute

Clonal expansion in aged normal tissues has been
implicated in the development of cancer. However,
the chronology and risk dependence of the expan-
sion are poorly understood. Here we intensively se-
quence 682 micro-scale oesophageal samples and
show, in physiologically normal oesophageal epi-
thelia, the progressive age-related expansion of
clones that carry mutations in driver genes (pre-
dominantly NOTCH1), which is substantially accel-
erated by alcohol consumption and by smoking.
Driver-mutated clones emerge multifocally from
early childhood and increase their number and size
with ageing, and ultimately replace almost the en-
tire oesophageal epithelium in the extremely eld-
erly. Compared with mutations in oesophageal can-
cer, there is a marked overrepresentation of
NOTCH1 and PPM1D mutations in physiologically
normal oesophageal epithelia; these mutations can
be acquired before late adolescence (as early as

52



early infancy) and significantly increase in number
with heavy smoking and drinking. The remodelling
of the oesophageal epithelium by driver-mutated
clones is an inevitable consequence of normal age-
ing, which-depending on lifestyle risks-may affect
cancer development.
Our DNA and RNA-sequence analysis pipe line

Genomon (https://github.com/Genomon-Project) on
HGC supercomputer SHIROKANE played an im-
portant role in this study. We contributed to se-
quence data analysis and statistical methodology
development using HGC supercomputer SHIRO-
KANE.

b. Aberrant splicing and defective mRNA pro-
duction induced by somatic spliceosome mu-
tations in myelodysplasia

Shiozawa Y17,11, Malcovati L18, Gallì A18, Sato-
Otsubo A11, Kataoka K11, Sato Y11, Watatani Y11,
Suzuki H11, Yoshizato T11, Yoshida K11, Sanada
M12, Makishima H11, Shiraishi Y, Chiba K, Hell-
ström-Lindberg E16, Miyano S, Ogawa S11,16, Caz-
zola M18: 17Department of Pediatrics, The Univer-
sity of Tokyo, 18University of Pavia

Spliceosome mutations are frequently found in
myelodysplasia. Splicing alterations induced by
these mutations, their precise targets, and the effect
at the transcript level have not been fully eluci-
dated. Here we report transcriptomic analyses of
265 bone marrow samples from myelodysplasia pa-
tients, followed by a validation using CRISPR/Cas9-
mediated gene editing and an assessment of non-
sense-mediated decay susceptibility. Small but
widespread reduction of intron-retaining isoforms
is the most frequent splicing alteration in SF3B1-
mutated samples. SF3B1 mutation is also associated
with 3' splice site alterations, leading to the most
pronounced reduction of canonical transcripts. Tar-
get genes include tumor suppressors and genes of
mitochondrial iron metabolism or heme biosynthe-
sis. Alternative exon usage is predominant in
SRSF2- and U2AF1-mutated samples. Usage of an
EZH2 cryptic exon harboring a premature termina-
tion codon is increased in both SRSF2- and U2AF1-
mutated samples. Our study reveals a landscape of
splicing alterations and precise targets of various
spliceosome mutations.

c. Applications of Genomon for Cancer Genom-
ics and Cancer Clinical Sequence

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: 1-3, 5-7, 9-11, 15-18, 20, 22-23, 26, 28,
31, 33, 39-41, 43, 46-47. With Genomon on HGC su-
percomputer, we have also contributed to cancer
clinical sequence at IMSUT Research Hospital: 21,
29, 32, 42, 48.

3. Contributions by System for Cancer Clinical
Sequencing

We have developed a system for cancer clinical
sequencing using HGC supercomputer, and have
been contributing cancer genomic medicine at IM-
SUT Research Hospital.

a. Circulating tumor DNA dynamically predicts
response and/or relapse in patients with he-
matological malignancies

Nakamura S20, Yokoyama K21, Yusa N21, Ogawa
M20, Takei T20, Kobayashi A20, Ito M20, Shimizu E,
Kasajima R, Wada Y, Yamaguchi R, Imoto S3,
Nagamura-Inoue T21, Miyano S, Tojo A20,21: 20Ad-
vanced Clinical Research Center, The Institute of
Medical Science, The University of Tokyo, 21Re-
search Hospital, The Institute of Medical Science,
The University of Tokyo

A growing body of evidence suggests that tumor-
derived fragmentary DNA, known as circulating tu-
mor DNA (ctDNA), has the potential to serve as a
non-invasive biomarker for disease monitoring.
However, in the setting of hematological malig-
nancy, few published studies support the utility of
ctDNA. We retrospectively investigated ctDNA lev-
els of 17 patients with various hematological malig-
nancies who had achieved remission after first-line
therapy. We identified somatic driver mutations by
next-generation sequencing, and designed droplet
digital PCR assays for each mutation to measure
ctDNA. Variant allele frequencies of ctDNA
changed in association with clinical response in all
patients. Eight patients clinically relapsed after a
median of 297 days post-first-line therapy (termed,
"relapsed group"); the remaining nine patients re-
mained disease-free for a median of 332 days
(termed, "remission group"). Among patients in the
relapsed group, ctDNA levels increased more than
twofold at paired serial time points. In marked con-
trast, ctDNA levels of all patients in the remission
group remained undetectable or stable during clini-
cal remission. Notably, ctDNA-based molecular re-
lapse demonstrated a median 30-day lead time over
clinical relapse. In summary, ctDNA monitoring
may help identify hematologic cancer patients at
risk for relapse in advance of established clinical
parameters.
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b. Cell-lineage level-targeted sequencing to
identify acute myeloid leukemia with myelo-
dysplasia-related changes

Yokoyama K21, Shimizu E, Yokoyama N21, Naka-
mura S20, Kasajima R3, Ogawa M20, Takei T20, Ito
M20, Kobayashi A20, Yamaguchi R, Imoto S3,
Miyano S, Tojo A20,21

Acute myeloid leukemia (AML) is a clonal
myeloid neoplasm that typically arises de novo;
however, some cases evolve from a preleukemic
state, such as myelodysplastic syndrome (MDS).
Such secondary AMLs and those with typical MDS-
related clinical features are known as AMLs with
myelodysplasia-related changes (AML-MRC). Be-
cause patients with AML-MRC have poor progno-
sis, more accurate diagnostic approaches are re-
quired. In this study, we performed targeted se-
quencing of 54 genes in 3 cell populations (granulo-
cyte, blast, and T-cell fractions) using samples from
13 patients with MDS, 16 patients with clinically di-
agnosed AML-MRC, 4 patients with suspected

AML-MRC but clinically diagnosed as AML not
otherwise specified (AML-NOS), and 11 patients
with de novo AML. We found that overlapping
mutations, defined as those shared at least by the
blast and granulocyte fractions, were significantly
enriched in patients with MDS and AML-MRC, in-
cluding those with suspected AML-MRC, indicating
a substantial history of clonal hematopoiesis. In
contrast, blast-specific nonoverlapping mutations
were significantly enriched in patients with de
novo AML. Furthermore, the presence of overlap-
ping mutations, excluding DNMT3A , TET2 , and
ASXL1 , effectively segregated patients with MDS
and AML-MRC or suspected AML-MRC from pa-
tients with de novo AML. Additionally, the pres-
ence of >―3 mutations in the blast fraction was use-
ful for distinguishing patients with AML-MRC
from those with MDS. In conclusion, our approach
is useful for classifying clinically diagnosable AML-
MRC and identifying clinically diagnosed AML-
NOS as latent AML-MRC. Additional prospective
studies are needed to confirm the utility of this ap-
proach.
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1. Epigenetic landscape influences the liver can-
cer genome architecture.

Hama N1, Totoki Y1, Miura F2, Tatsuno K3, Saito-
Adachi M1, Nakamura H1, Arai Y1, Hosoda F1,
Urushidate T4, Ohashi S1, Mukai W1, Hiraoka N5,
Aburatani H3, Ito T2, Shibata T6,7; 1Division of
Cancer Genomics, National Cancer Center Re-
search Institute, Japan. 2Department of Biochemis-
try, Kyushu University Graduate School of Medi-
cal Sciences, Japan. 3Genome Science Division, Re-
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of Molecular Medicine, Human Genome Center,
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The accumulations of different types of genetic
alterations such as nucleotide substitutions, struc-
tural rearrangements and viral genome integrations
and epigenetic alterations contribute to carcinogene-
sis. Here, we report correlation between the occur-

rence of epigenetic features and genetic aberrations
by whole-genome bisulfite, whole-genome shotgun,
long-read, and virus capture sequencing of 373
liver cancers. Somatic substitutions and rearrange-
ment breakpoints are enriched in tumor-specific
hypo-methylated regions with inactive chromatin
marks and actively transcribed highly methylated
regions in the cancer genome. Individual mutation
signatures depend on chromatin status, especially,
signatures with a higher transcriptional strand bias
occur within active chromatic areas. Hepatitis B vi-
rus (HBV) integration sites are frequently detected
within inactive chromatin regions in cancer cells, as
a consequence of negative selection for integrations
in active chromatin regions. Ultra-high structural
instability and preserved unmethylation of inte-
grated HBV genomes are observed. We conclude
that both precancerous and somatic epigenetic fea-
tures contribute to the cancer genome architecture.

2. Current state of therapeutic development for
rare cancers in Japan, and proposals for im-
provement.

Kawai A1,2, Goto T1,3, Shibata T1,4, Tani K1,5, Mizu-
tani S1,6, Nishikawa A1,7, Shibata T1,8, Matsumoto
S1,9, Nagata K1,10, Narukawa M1,11, Matsui S1,12,
Ando M1,13, Toguchida J1,14, Monden M1,15, Heike
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The Laboratory of Molecular Medicine focuses on comprehensive characterization
of currently-untreatable diseases including cancer on the basis of molecular
genomics and aims to make "breakthroughs for human health" by identifying novel
disease-related genes/pathways, including potential therapeutic or preventive tar-
gets and biomarkers, and to understand human diseases as heterogeneous but
intervention-able "biological systems". This group has also organized the facility
for the analysis of next-generation high-performance sequencers.
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pan. 12Department of Biostatistics, Nagoya Univer-
sity Graduate School of Medicine, Nagoya, Japan.
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Frontier Life and Medical Sciences/Center for iPS
Cell Research and Application, Kyoto University,
Tokyo, Japan. 15Sakai City Hospital Organization,
Sakai, Japan. 16Hyogo Prefectural Amagasaki Gen-
eral Medical Center, Amagasaki, Japan. 17Division
of Hematology, Respiratory Medicine and Oncol-
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In order to develop novel clinical options for rare
cancers, which tend to remain left out of novel
therapeutic development because of their paucity,
efficient recruitment of eligible patients, who tend
to be widely dispersed across the country and
treated at different centers, is necessary. For this
purpose, it is important to establish rare cancer reg-
istries that are linked with clinical studies, to organ-
ize a central pathological diagnosis system and bio-
banks for rare cancers, and to consolidate patients
with rare cancers to facilities that can conduct clini-
cal studies meeting international standards. Estab-
lishing an all-Japan cooperative network is essen-
tial. Clinical studies of rare cancers have consider-
able limitations in study design and sample size as
a result of paucity of eligible patients and, as a re-
sult, the level of confirmation of the efficacy and
safety shown by the studies is relatively low. There-
fore, measures to alleviate these weaknesses inher-
ent to external conditions need to be explored. It is
also important to reform the current research envi-

ronment in order to develop world-leading treat-
ment for rare cancers, including promotion of basic
research, collaboration between industry and acade-
mia, and improvement of the infrastructure for
clinical studies. Collaboration among a wide range
of stakeholders is required to promote the clinical
development of treatment for rare cancers under a
nationwide consensus.

3. Rearrangement bursts generate canonical
gene fusions in bone and soft tissue tumors.

Anderson ND1,2, de Borja R1, Young MD3, Fuligni
F1, Rosic A1, Roberts ND3, Hajjar S1, Layeghifard
M1, Novokmet A1, Kowalski PE1, Anaka M1,
Davidson S4, Zarrei M5, Id Said B1, Schreiner LC1,
Marchand R1, Sitter J1, Gokgoz N6, Brunga L1,
Graham GT7, Fullam A3, Pillay N8,9, Toretsky JA7,
Yoshida A10, Shibata T11,12, Metzler M13, Somers
GR2,14, Scherer SW1,5,15,16, Flanagan AM9,10, Camp-
bell PJ3,17, Schiffman JD18, Shago M2,4, Alexandrov
LB19, Wunder JS20,21, Andrulis IL6,15, Malkin D22,23,24,
Behjati S25,26, Shlien A22,2,4; 1Program in Genetics
and Genome Biology, The Hospital for Sick Chil-
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Laboratory Medicine and Pathobiology, University
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and Adolescent Medicine, University Hospital Er-
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thology, Hospital for Sick Children, University of
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of Molecular Genetics, University of Toronto,
Toronto, Ontario, Canada. 16The McLaughlin Cen-
tre, University of Toronto, Toronto, Ontario, Can-
ada. 17Department of Haematology, University of
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Sarcomas are cancers of the bone and soft tissue
often defined by gene fusions. Ewing sarcoma in-
volves fusions between EWSR1, a gene encoding an
RNA binding protein, and E26 transformation-spe-
cific (ETS) transcription factors. We explored how
and when EWSR1-ETS fusions arise by studying
the whole genomes of Ewing sarcomas. In 52 of 124
(42％) of tumors, the fusion gene arises by a sud-
den burst of complex, loop-like rearrangements, a
process called chromoplexy, rather than by simple
reciprocal translocations. These loops always con-
tained the disease-defining fusion at the center, but
they disrupted multiple additional genes. The loops
occurred preferentially in early replicating and
transcriptionally active genomic regions. Similar
loops forming canonical fusions were found in
three other sarcoma types. Chromoplexy-generated
fusions appear to be associated with an aggressive
form of Ewing sarcoma. These loops arise early,
giving rise to both primary and relapse Ewing sar-
coma tumors, which can continue to evolve in par-
allel.

4. Changes in immune-related gene expression
profiles of gastric cancer patients before and
after chemotherapy.

Satoshi Yamasaki1, Tomoko Urushidate1, Tatsu-
hiro Shibata1,2: 1Laboratory of Laboratory of Mo-
lecular Medicine, Human Genome Center, The In-
stitute of Medical Science, The University of To-
kyo. 2Division of Cancer Genomics, National Can-
cer Center Research Institute.

Programmed death 1(PD1) and PDL1, one of
ligands of PD1, are well known molecules as regu-
lators of immune response system. Tumor cells can
escape from immune response using such immune
checkpoint pathways, which inhibit proliferation or
activation of antigen specific T cells. Many studies
have shown increased expression of PD-L1 in vari-
ous types of cancers, but the factor which induces

such increase is still unclear. Identification of pre-
cursive change will be useful for immunotherapy.
In this study we performed transcriptome analysis
of 90 gastric cancer patients before and after che-
motherapy, and investigated changes in immune
related gene expression profile. We found differ-
ences in gene expression profile of checkpoints, in-
terleukins and cytokines in patients, but no correla-
tion with clinical status of patient was observed.
We will further explore molecular mechanisms un-
derlising increased expression of immunregulators
in cancers.

5. Prediction of RNA tertiary structures and
RNA-RNA/Protein interactions.

Satoshi Yamasaki1,2, Takayuki Amemiya1, Yukimi-
tsu Yabuki1,3, Katsuhisa Horimoto1 ,Kazuhiko
Fukui1: 1Molecular Profiling for Drug Discovery
Research Center (molprof), National Institute of
Advanced Industrial Science and Technology
(AIST). 2The Institute of Medical Science, Univer-
sity of Tokyo (IMSUT). 3IMSBIO Co., Ltd.

Recent progress in molecular biology has re-
vealed that many non-coding RNAs regulate gene
expression or catalyze biochemical reactions in tu-
mors, viruses and other diseases. The tertiary struc-
tures of RNA molecules and RNA-RNA/protein in-
teraction sites are of increasing importance as po-
tential targets for new therapies that could treat a
broad array of human diseases. Current RNA drugs
are split into two groups: antisense RNA molecules
and aptamers. In this study, we present a novel
workflow to predict RNA tertiary structures and
RNA-RNA/protein interactions using the KNIME
environment, which enables us to assemble a com-
bination of RNA-related analytical tools and data-
bases. In this workflow, three analytical workflows
for comprehensive structural analysis of RNA are
available: (1) prediction of the tertiary structure of
RNA; (2) prediction of the structures of RNA-RNA
complexes and analysis of their interactions; and (3)
prediction of the structures of RNA-protein com-
plexes and analysis of their interactions. We dem-
onstrated that the tertiary structure prediction of
several RNA aptamer drugs, and performed dock-
ing calculations of the aptamer and its target pro-
teins using a fragment of the interaction site of the
aptamer. The affinity of aptamer-protein complex
was evaluated using MMGB/SA method. The re-
sults provide valuable information for designing
novel features of aptamer-protein complexes. This
work is a collaborative research with Molecular
Profiling for Drug Discovery Research Center,
AIST.
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1. Genome-wide association study

Genetic analysis of quantitative traits in the
Japanese population links cell types to complex
human diseases.

Clinical measurements can be viewed as useful
intermediate phenotypes to promote understanding
of complex human diseases. To acquire comprehen-
sive insights into the underlying genetics, here we
conducted a genome-wide association study
(GWAS) of 58 quantitative traits in 162,255 Japa-
nese individuals. Overall, we identified 1,407 trait-
associated loci (P<5.0×10－8), 679 of which were
novel. By incorporating 32 additional GWAS results
for complex diseases and traits in Japanese indi-
viduals, we further highlighted pleiotropy, genetic
correlations, and cell-type specificity across quanti-
tative traits and diseases, which substantially ex-
pands the current understanding of the associated
genetics and biology. This study identified both
shared polygenic effects and cell-type specificity,
represented by the genetic links among clinical
measurements, complex diseases, and relevant cell

types. Our findings demonstrate that even without
prior biological knowledge of cross-phenotype rela-
tionships, genetics corresponding to clinical meas-
urements successfully recapture those measure-
ments' relevance to diseases, and thus can contrib-
ute to the elucidation of unknown etiology and
pathogenesis.

GWAS identifies two novel colorectal cancer loci
at 16q24.1 and 20q13.12.

Colorectal cancer (CRC) is the fourth leading
cause of cancer mortality worldwide. Genome-wide
association studies (GWAS) identified more than 50
CRC loci. However, most of the previous studies
were conducted in European population, and host
genetic factors among Japanese population are
largely remained to be identified. To identify novel
loci in the Japanese population, here, we performed
a large-scale GWAS using 6692 cases and 27 178
controls followed by a replication analysis using
more than 11000 case-control samples. We found
the significant association of 10 loci (P<5×10－8),
including 2 novel loci on 16q24.1 (IRF8-FOXF1, rs
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847208, P＝3.15×10－9 and odds ratio＝1.107 with
95％ confidence interval (CI) of 1.071-1.145) and 20q
13.12 (TOX2, rs6065668, P＝4.47×10－11 and odds
ratio＝0.897 with 95％ CI of 0.868-0.926). Moreover,
35 previously reported single nucleotide polymor-
phisms (SNPs) in 24 regions were validated in the
Japanese population (P<0.05) with the same risk al-
lele as in the previous studies. SNP rs6065668 was
significantly associated with TOX2 expression in
the sigmoid colon. In addition, nucleotide substitu-
tions in the regulatory region of TOX2 were pre-
dicted to alter the binding of several transcription
factors, including KLF5. Our findings elucidate the
important role of genetic variations in the develop-
ment of CRC in the Japanese population.

Large-scale Genome-wide Association Study of
East Asians Identifies Loci Associated With Risk
for Colorectal Cancer.

BACKGROUND&AIMS: Genome-wide associa-
tion studies (GWASs) have associated approxi-
mately 50 loci with risk of colorectal cancer (CRC)-
nearly one-third of these loci were initially associ-
ated with CRC in studies conducted in East Asian
populations. We conducted a GWAS of East Asians
to identify CRC risk loci and evaluate the generaliz-
ability of findings from GWAS of European popu-
lations to Asian populations METHODS: We ana-
lyzed genetic data from 22,775 patients with CRC
(cases) and 47,731 individuals without cancer (con-
trols) from 14 studies in the Asia Colorectal Cancer
Consortium. First, we performed a meta-analysis of
7 GWAS (10,625 cases and 34,595 controls) and
identified 46,554 promising risk variants for replica-
tion by adding them to the Multi-Ethnic Global Ar-
ray (MEGA) for genotype analysis in 6445 cases
and 7175 controls. These data were analyzed, along
with data from additional 5705 cases and 5961 con-
trols genotyped using the ONCOARRAY: We also
obtained data from 57,976 cases and 67,242 controls
of European descent. Variants at identified risk loci
were functionally annotated and evaluated in corre-
lation with gene expression levels.
RESULTS: A meta-analyses of all samples from
people of Asian descent identified 13 loci and 1
new variant at a known locus (10q24.2) associated
with risk of CRC at the genome-wide significance
level of P<5×10－8. We did not perform experi-
ments to replicate these associations in additional
individuals of Asian ancestry. However, the lead
risk variant in 6 of these loci was also significantly
associated with risk of CRC in European descen-
dants. A strong association (44％-75％ increase in
risk per allele) was found for 2 low-frequency vari-
ants: rs201395236 at 1q44 (minor allele frequency,
1.34％) and rs77969132 at 12p11.21 (minor allele fre-
quency, 1.53％). For 8 of the 13 associated loci, the
variants with the highest levels of significant asso-

ciation were located inside or near the protein-cod-
ing genes L1TD1, EFCAB2, PPP1R21, SLCO2A1,
HLA-G, NOTCH4, DENND5B, and GNAS. For
other inter-genic loci, we provided evidence for the
possible involvement of the genes ALDH7A1,
PRICKLE1, KLF5, WWOX, and GLP2R. We repli-
cated findings for 41 of 52 previously reported risk
loci.
CONCLUSIONS: We showed that most of the risk
loci previously associated with CRC risk in indi-
viduals of European descent were also associated
with CRC risk in East Asians. Furthermore, we
identified 13 loci significantly associated with risk
for CRC in Asians. Many of these loci contained
genes that regulate the immune response, Wnt sig-
naling to beta-catenin, prostaglandin E2 catabolism,
and cell pluripotency and proliferation. Further
analyses of these genes and their variants is war-
ranted-particularly for the 8 loci for which the lead
CRC risk variants were not replicated in persons of
European descent.

Genome-wide association study (GWAS) of ovar-
ian cancer in Japanese predicted regulatory
variants in 22q13.1.

Genome-wide association studies (GWAS) have
identified greater than 30 variants associated with
ovarian cancer, but most of these variants were in-
vestigated in European populations. Here, we inte-
grated GWAS and subsequent functional analyses
to identify the genetic variants with potential regu-
latory effects. We conducted GWAS for ovarian
cancer using 681 Japanese cases and 17,492 controls
and found that rs137672 on 22q13.1 exhibited a
strong association with a P-value of 1.05×10－7
and an odds ratio of 0.573 with a 95％ confidence
interval of 0.466-0.703. In addition, three previously
reported SNPs, i.e., rs10088218, rs9870207 and rs
1400482, were validated in the Japanese population
(P<0.05) with the same risk allele as noted in previ-
ous studies. Functional studies including regulatory
feature analysis and electrophoretic mobility shift
assay (EMSA) revealed two regulatory SNPs in 22q
13.1, rs2072872 and rs6509, that affect the binding
affinity to some nuclear proteins in ovarian cancer
cells. The plausible regulatory proteins whose mo-
tifs could be affected by the allele changes of these
two SNPs were also proposed. Moreover, the pro-
tective G allele of rs6509 was associated with a de-
creased SYNGR1 expression level in normal ovarian
tissues. Our findings elucidated the regulatory vari-
ants in 22q13.1 that are associated with ovarian
cancer risk.

Genome-wide association study identifies gas-
tric cancer susceptibility loci at 12q24.11-12 and
20q11.21.

63



Gastric cancer is the third leading cause of cancer
mortality in Japan and worldwide. Although previ-
ous studies identify various genetic variations asso-
ciated with gastric cancer, host genetic factors are
largely unidentified. To identify novel gastric can-
cer loci in the Japanese population, herein, we car-
ried out a large-scale genome-wide association
study using 6171 cases and 27 178 controls fol-
lowed by three replication analyses. Analysis using
a total of 11 507 cases and 38 904 controls identified
two novel loci on 12q24.11-12 (rs6490061, P＝3.20×
10－8 with an odds ratio [OR] of 0.905) and 20q
11.21 (rs2376549, P＝8.11×10－10 with an OR of
1.109). rs6490061 is located at intron 19 of the CUX2
gene, and its expression was suppressed by Helico-
bacter pylori infection. rs2376549 is included within
the gene cluster of DEFB families that encode anti-
bacterial peptides. We also found a significant asso-
ciation of rs7849280 in the ABO gene locus on 9q
34.2 (P＝2.64×10－13 with an OR of 1.148). CUX2
and ABO expression in gastric mucosal tissues was
significantly associated with rs6490061 and rs
7849280 (P＝0.0153 and 8.00×10－11), respectively.
Our findings show the crucial roles of genetic vari-
ations in the pathogenesis of gastric cancer.

2. Genetic analysis of various diseases

Citrullination of RGG motifs in FET proteins by
PAD regulates protein aggregation and ALS sus-
ceptibility.

Recent proteome analyses have provided a com-
prehensive overview of various posttranscriptional
modifications (PTMs); however, PTMs involving
protein citrullination remain unclear. We performed
a proteomic analysis of citrullinated proteins and
identified more than 100 PAD4 (peptidyl arginine
deiminase 4) substrates. Approximately one-fifth of
the PAD4 substrates contained an RG/RGG motif,
and PAD4 competitively inhibited the methylation
of the RGG motif in FET proteins (FUS, EWS, and
TAF15) and hnRNPA1, which are causative genes
for ALS (Amyotrophic lateral sclerosis). PAD4-me-
diated citrullination significantly inhibited the ag-
gregation of FET proteins, a frequently observed
feature in neurodegenerative diseases. FUS protein
levels in arsenic-induced stress granules were sig-
nificantly increased in Padi4－/－ MEF. Moreover,
rs2240335 was associated with low expression of
PADI4 in the brain and a high risk of ALS (P＝
0.0381 and odds ratio of 1.072). Our findings sug-
gest that PAD4-mediated RGG citrullination plays a
key role in protein solubility and ALS pathogenesis.

Single Nucleotide Polymorphisms of HAAO and
IRX6 Genes as Risk Factors for Hypospadias.

PURPOSE: We evaluated the association of hypo-

spadias and 17 susceptibility loci previously identi-
fied by a European genome-wide association study
in a cohort of Japanese patients. We also examined
the expression of candidate genes in male mouse
embryos to determine the possible underlying
mechanisms of this disease.
MATERIALS AND METHODS: We enrolled 169
Japanese patients (mean age at surgery 3.7 years)
who underwent repair of hypospadias. Genotyping
of 17 single nucleotide polymorphisms was per-
formed using a multiplex polymerase chain reac-
tion invader assay. We also performed in situ hy-
bridization to determine whether candidate genes
were expressed in the male genital tubercle during
embryonic development of the external genitalia in
mice.
RESULTS: Single nucleotide polymorphism rs
3816183 of HAAO was significantly associated with
susceptibility to hypospadias in general (p＝0.0019)
and to anterior/middle hypospadias (p＝0.0283)
and posterior hypospadias (p＝0.0226), while single
nucleotide polymorphism rs6499755 of IRX6
showed an association with susceptibility to ante-
rior/middle hypospadias (p＝0.0472). In mouse em-
bryos there was no significant upregulation of
Haao expression in the developing male external
genitalia. Irx3 and Irx5, which are linked to Irx6
within the IrxB cluster, were expressed in the mes-
enchyme remote from the urethral plate epithelium
during the critical embryonic period for masculini-
zation. Irx6 was expressed in the ectodermal epithe-
lium, demonstrating prominent dorsal ectodermal
expression without expression in the ventral ecto-
derm adjacent to the urethral plate during the same
period.
CONCLUSIONS: Genetic variations of HAAO and
IRX6 influence susceptibility to hypospadias in the
Japanese population. Further research is needed to
clarify the mechanism by which variations in these
genes contribute to the pathogenesis of hypo-
spadias.

Decrease in PSCA expression caused by Helico-
bacter pylori infection may promote progression
to severe gastritis.

SNP rs2294008 in Prostate Stem Cell Antigen
(PSCA) and decreased PSCA expression are associ-
ated with gastric cancer. The objective of this study
is to investigate the role of rs2294008 and PSCA ex-
pression in the gastritis-gastric cancer carcinogenic
pathway. We conducted a case-control association
study of H. pylori-infected gastritis and gastric can-
cer. rs2294008 was associated with the progression
to chronic active gastritis (P＝9.4×10－5; odds ratio
＝3.88, TT＋TC vs CC genotype), but not with H.
pylori infection per se nor with the progression
from active gastritis to gastric cancer. We also as-
sessed the association of rs2294008 with PSCA
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mRNA expression in the gastric mucosa at various
disease stages and found that rs2294008 was associ-
ated with PSCA expression (P＝1.3×10－12). H.
pylori infection (P＝5.1×10－8) and eradication
therapy (P<1×10－11) resulted in the reduced and
increased PSCA expression, respectively, indicating
negative regulation of PSCA expression by H. py-
lori infection. PSCA expression was decreased in
severe gastritis compared with mild gastritis only
among T allele carriers. Our findings revealed the
regulation of PSCA expression by host genetic vari-
ation and bacterial infection might contribute to
gastritis progression after H. pylori infection.

3. Genes playing significant roles in human can-
cers

Frequent mutations of genes encoding vacuolar
H＋ -ATPase components in granular cell tu-
mors.

Granular cell tumors (GCTs) are rare mesenchy-
mal tumors that exhibit a characteristic morphology
and a finely granular cytoplasm. The genetic altera-

tions responsible for GCT tumorigenesis had been
unknown until recently, when loss-of-function mu-
tations of ATP6AP1 and ATP6AP2 were described.
Thus, we performed whole-exome sequencing,
RNA sequencing, and targeted sequencing of 51
GCT samples. From these genomic analyses, we
identified mutations in genes encoding vacuolar
H＋ -ATPase (V-ATPase) components, including
ATP6AP1 and ATP6AP2, in 33 (65％) GCTs. ATP6
AP1 and ATP6AP2 mutations were found in 23 (45
％) and 2 (4％) samples, respectively, and all were
truncating or splice site mutations. In addition,
seven other genes encoding V-ATPase components
were also mutated, and three mutations in ATP6V0C
occurred on the same amino acid (isoleucine 136).
These V-ATPase component gene mutations were
mutually exclusive, with one exception. These re-
sults suggest that V-ATPase function is impaired in
GCTs not only by loss-of-function mutations of
ATP6AP1 and ATP6AP2 but also through muta-
tions of other subunits. Our findings provide addi-
tional support for the hypothesis that V-ATPase
dysfunction promotes GCT tumorigenesis.
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1. Comprehensive characterization of spliced
chimeric RNAs: insights into the mechanism
of trans-splicing

Rui Yokomori, Takehiro G. Kusakabe1 and Kenta
Nakai: 1Fac. of Sci. and Engineering, Konan Univ.

Trans-splicing is a post-transcriptional processing
event that joins exons from separate RNAs to pro-
duce a chimeric RNA. Although trans-splicing is
thought to be a rare event in vertebrates, recent
studies have suggested the existence of an unex-
pected number of trans-spliced RNAs in various
human tissues and cells, increasing the potential
importance of trans-splicing. Moreover, the princi-
ple of trans-splicing has been applied to gene ther-
apy for human genetic diseases in the last two dec-
ades. However, the detailed mechanism of trans-
splicing remains poorly understood. Here we exten-
sively characterize trans-spliced genes and provide
insights into the mechanism of trans-splicing. To
study the trans-splicing mechanism, we mainly use
Ciona, the closest invertebrate relative to humans,
in which trans-splicing frequently occurs. Our in
silico analysis revealed several characteristics of
Ciona trans-spliced genes: i) the preferential location
of trans-splice acceptor sites (TASs) at the first func-

tional acceptor site, ii) the weak 5' splice sites, and
iii) AU- and GU-rich regions upstream of TASs. In-
terestingly, these characteristics appear to be con-
served between Ciona and humans, raising the pos-
sibility that they share the same basic mechanism of
trans-splicing and highlighting the potential useful-
ness of Ciona as a model organism for trans-splic-
ing studies. Moreover, motif analysis suggested that
RNA-binding proteins including hnRNP and SR
proteins may promote trans-splicing to produce chi-
meric RNAs. Our results will not only help us bet-
ter understand the mechanism of trans-splicing in
Ciona and humans, but also may lead to the devel-
opment of more efficient trans-splicing-based gene
therapy for human genetic diseases.

2. Cell specific change of DNA hydroxymethyla-
tion and function analysis about pluripotent
stem cell and somatic cell

Yasuhisa Ishikawa and Kenta Nakai

Epigenetic Factors like DNA methylation or his-
tone modification are well known for influencing
various biological phenomena (gene expression, cell
differentiation, cell reprogramming and so on). In
recent years, among these epigenetic factors DNA
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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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hydroxymethylation and the product 5hmC (5-hy-
droxymethylated-cytosine) is attracting researcher's
attention. 5hmC is found to be widespread in many
tissues and cell types at different levels. In particu-
lar, 5hmC is abundant in the central nervous sys-
tem and ESCs. Therefore, understanding the dy-
namic 5hmC changes during reprogramming will
provide further insight into somatic cell reprogram-
ming mechanisms. More than ten years ago the
well-known reprogramming factors (Oct3/4, Sox2,
Klf4, Myc) were identified based on the difference
of gene expression between ESC and somatic cell.
Investigating the change of DNA methylation and
hydroxy methylation may lead to finding new re-
programming factors, terms, mechanism, and other
clues instead of gene expression change. So, we in-
vestigated the distribution of these epigenetic fac-
tors in ESC and somatic cells, and checked the dif-
ferences around whole genes. As a result, remark-
able differences are observed around genebody.
Next, we investigated the relationship between
gene expression and the previous differences of dis-
tribution. Certain distribution patterns were corre-
lated with gene expression. From these results and
further analysis, there is a possibility that research
of combining these epigenetic factors and gene ex-
pression can bring more information about repro-
gramming.

3. Analyzing the 3D chromatin organization co-
ordinating with gene expression regulation in
B-cell lymphoma

Luis Augusto Eijy Nagai, Sung-Joon Park and
Kenta Nakai

Eukaryotes compact chromosomes densely and
non-randomly, forming three-dimensional struc-
tures. Alterations of the chromatin structures are
often associated with diseases. In particular, aggres-
sive cancer development from the disruption of the
humoral immune system presents abnormal gene
regulation which is accompanied by chromatin re-
organizations. How the chromatin structures or-
chestrate the gene expression regulation is still
poorly understood. Herein, we focus on chromatin
dynamics in normal and abnormal B cell lympho-
cytes, and investigate its functional impact on the
regulation of gene expression. We conducted an in-
tegrative analysis using publicly available multi-
omics data that include Hi-C, RNA-seq and ChIP-
seq experiments with normal B cells, lymphoma
and ES cells. We processed and re-analyzed the
data exhaustively and combined different scales of
genome structures with transcriptomic and epige-
netic features. We found that the chromatin organi-
zations are highly preserved among the cells. 5.2％
of genes at the specific repressive compartment in
normal pro-B cells were switched to the permissive

compartment in lymphoma along with increased
gene expression. The genes are involved in B-cell
related biological processes. Remarkably, the bo-
undaries of topologically associating domains were
not enriched by CTCF motif, but significantly en-
riched with Prdm1 motif that is known to be the
key factor of B-cell dysfunction in aggressive lym-
phoma. This study shows evidence of a complex re-
lationship between chromatin reorganization and
gene regulation. However, an unknown mechanism
may exist to restrict the structural and functional
changes of genomic regions and cognate genes in a
specific manner. Our findings suggest the presence
of an intricate crosstalk between the higher-order
chromatin structure and cancer development.

4. Genomic Analysis of Pancreatic Juice DNA
Assesses Malignant Risk of Intraductal Papil-
lary Mucinous Neoplasm of Pancreas

Raúl Nicolás Mateos, Hidewaki Nakagawa2, Seiko
Hirono3, Shinichi Takano4, Mitsuharu Fukasawa4,
Akio Yanagisawa5, Satoru Yasukawa5, Kazuhiro
Maejima2, Aya Oku-Sasaki2, Kaoru Nakano2,
Munmee Dutta, Hiroko Tanaka5, Satoru Miyano6,
Nobuyuki Enomoto4, Hiroki Yamaue3, Kenta Na-
kai, and Masashi Fujita2: 2RIKEN Center for Inte-
grative Medical Sciences, 3Second Dept. of Sur-
gery, Wakayama Medical Univ., 4First Dept. of In-
ternal Medicine, Univ. of Yamanashi, 5Dept. of
Surgical Pathology, Kyoto Pref. Univ. of Medicine,
6Lab. of DNA Information Analysis, IMS, Univ. of
Tokyo

Intraductal papillary mucinous neoplasm (IPMN)
of pancreas has a high risk to develop into invasive
cancer or co-occur with malignant lesion. For this
reason, it is important to assess its malignant risk
by non-invasive approach. An ideal material for
this purpose would be Pancreatic juice cell-free
DNA (PJD), but genetic biomarkers for predicting
malignant risk from PJD are not yet established.
Here, I performed deep exome sequencing analysis
of PJD from 40 IPMN patients with or without ma-
lignant lesion. In order to evaluate their potential as
a malignancy marker I compared the somatic al-
terations and copy number alterations detected in
PJD with the histologic grade of IPMN. Somatic
mutations of KRAS, GNAS, TP53, and RNF43 were
commonly detected in PJD of IPMNs, but no asso-
ciation with the histological grades of IPMN was
found. Instead, histologic grade was positively cor-
related with mutation burden (r＝0.417, P＝0.018). I
was also able to observe frequent copy number de-
letions in 17p13 (TP53) and amplifications in 7q21
and 8q24 (MYC) in PJDs. The amplifications in 7q21
and 8q24 were positively correlated with the his-
tologic grade and most prevalent in the cases of
grade 3 (P＝0.012 and 7/11; P＝0.011 and 6/11, re-
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spectively). Mutation burden and copy number al-
terations detected in PJD have potential to assess
the malignant progression risk of IPMNs. These
findings showed clinical usefulness of genomic pro-
filing of PJD for IPMN.

5. Whole Genome sequencing analysis of Eso-
phageal Squamous cell carcinoma in Japa-
nese population

Munmee Dutta, Masashi Fujita2, Tadashi Yasuda7,
Raúl Nicolás Mateos, Ashwini Patil, Kenta Nakai
and Hidewaki Nakagawa2: 7Dept. of Surgery, Kin-
ki Univ. School of Medicine, Osaka

Esophageal cancer is one of the most aggressive
cancer, ranked 6th worldwide in terms of cancer-re-
lated death. While the Esophageal Squamous Cell
Carcinoma (ESCC) is predominant in Asian region
such as Japan, China and India, the other type,
Esophageal Adenocarcinoma (EAC) is common in
western countries. However, the therapeutic and di-
agnostic options are still poor. Despite the advances
in recent technology, the survival rate of the ESCC
is still low, and in some cases tumor recur within
short period of post-surgery. This implies that the
molecular carcinogenesis and the progression of
ESCC is still not clear. In this study, we attempted
to elucidate the underlying genomic alterations af-
fected by different mutational events in ESCC. We
performed whole genome sequencing (WGS) of 20
pairs of matched normal and tumor samples with
ESCC. We identified frequent somatic mutations in
genes such as TP53, TTN, AHNAK2 and F5 in
ESCC. We also detected 6 mutation signatures, one
of which has association with smoking. In addition,
our copy number alterations (CNAs) analysis iden-
tified 10 amplified and deleted regions in ESCC,
such as 3q26.33 and 9p21.3. Identification of recur-
rent gene mutation, mutational signatures and
CNAs improves our understanding of the ESCC de-
velopment at molecular level and provides future
therapeutic targets for precision medicine.

6. Genome-wide prediction and analysis of cell-
specific enhancers and their strength inte-
grating sequence-based features with func-
tional genomic datasets

Leyi Wei and Kenta Nakai

Enhancers are DNA regulatory elements that
bind transcription factors (TFs) to boost the expres-
sion of distal target genes such as promoters. Un-
derstanding enhancers is currently an area of great
interest, since their importance is not only in devel-
opmental gene expression but also in evolution and
disease. To fully understand the functional mecha-
nisms of enhancers, it is critical to identify the se-

quence elements that have enhancer activity on a
genome-wide scale. Recently, machine learning
methods have emerged as effective and promising
approaches in the enhancer prediction field. How-
ever, feature representation for enhancers is still
quite a challenging task for accurate prediction of
enhancers. In this study, we propose a novel ma-
chine learning method for enhancer prediction us-
ing sequence only. In this method, we used multi-
ple sequence-based feature extraction algorithms
from different aspects, such as nucleotide composi-
tion, DNA motif, and DNA physical properties.
Specifically, to improve the feature representation
ability, we introduce a supervised feature represen-
tation learning scheme that automatically incorpo-
rates the class information to original low-level fea-
ture space and learn high-latent features via multi-
ple machine learning models. T-SNE visualization
results showed that the true enhancers and non-en-
hancers in our learnt feature space are distributed
more clearly in two clusters as compared to the
original feature space, demonstrating that the class
information is complementary to sequential infor-
mation to correctly distinguish enhancers from non-
enhancers. Moreover, benchmarking results with
the state-of-art methods that use sequence informa-
tion only showed that our proposed method signifi-
cantly outperforms existing methods in overall per-
formance, suggesting that our method is more ef-
fective to identify the regulatory enhancers.

7. Whole genome sequence enhancer annota-
tion without epigenetic information

Vincent Berthier and Kenta Nakai

Most enhancer identification tools use epigenetic
information (such as histone modifications) to iden-
tify enhancer sequences. While exhibiting good re-
sults, getting the required information is both ex-
pensive and time consuming, which is why some
new techniques, relying only on the sequence them-
selves have been developed. Those techniques how-
ever have two problems: first they consider each se-
quence isolated from the genome, second they only
aim at identifying if a given, very specific sequence,
is an enhancer or not. In this study, given the
whole sequence of a chromosome or organism we
aim to identify where the enhancers are likely to be
found, which would guide researchers to finding
the enhancers and not simply checking if a se-
quence is one or not.

8. Detecting Microbial Contaminants in Next
Generation Sequencing Data

Sung-Joon Park, Satoru Onizuka8,9, Takanori Iwa-
ta8, Kenta Nakai: 8Inst. of Advanced Biomedical
Engg. and Science, Tokyo Women's Medical Univ.,
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9Dept of Oral Function, Kyushu Dental Univ.

Quality assurance is becoming an increasingly
important issue in various research settings. In this
regard, computational approaches using next-gen-
eration sequencing (NGS) data offer promising di-
agnostics to assess the presence of contaminants in
biological and biomedical research. Since the bio-
logical resources contaminated by multiple microor-
ganisms impedes successful research, bioinformatics
requires careful attention to intra- and interspecies
sequence similarities that is indispensable for pre-
venting misinterpretations. Here we tackle this is-
sue by proposing a novel method that estimates the
likelihood of reads mapped to a specific microbial
genus and incorporates the reads mapped to multi-
ple microbial genera. Through the analysis of large-
scale NGS samples including microbe spike-in da-
tasets, we found that an RNA-seq assay includes
1,000-100,000 contaminant reads when one million
host reads are sequenced, and that the contaminant
reads consist of multiple genera with 10-10,000
reads. In addition, Cutibacterium was determined
as one of predominant contaminants in public NGS
data, and we identified 13 host genes from Myco-
plasma-infected mesenchymal stem cells as bio-
markers. We believe that our approach facilitates
the profiling of contamination landscape with re-
duced detection uncertainty.

9. Computational Modeling of Gene Regulation
with High-dimensional 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, as a sub project of the research project
"Chromosome orchestration system" (http://www.
chromosomeos.com)", we are trying to build a com-
putational model for explaining the importance of
high-dimensional chromatin structures underlying
the regulation of gene expression. By incorporating
the histone modification and RNA-seq data in the
web-based repository system (https://openlooper.
hgc.jp/) we launched, we particularly analyzed the
gene expression regulation in B-cell lymphoma
through a linear regression modeling approach that
successfully predicted the differentially expressed
genes in lymphoma. The model demonstrated that
intra-chromosome interactions found within 5k-bp
upstream regions from TSSs greatly impact on lym-
phoma development. This observation suggests the
existence of complex cross-talk among genetic and

epigenetic regulatory elements.

10. Analyzing Chromatin Accessibility Dynamics
in Male Germ Cell Development

Luis Augusto Eijy Nagai, Sung-Joon Park, Soi-
chiro Yamanaka10, Haruhiko Shiomi10, Kenta
Nakai: 10Dept. of Molecular Biology, Keio Univ.
School of Medicine

One of the most dramatic phenomena in mam-
malian life cycle is that the chromatin architecture
of primordial germ cells undergoes remodeling
during differentiation and spermatogenesis, accom-
panied with DNA demethylation and pervasive
transcriptomic activity. To unveil the dynamics of
chromatin conformational changes in the transition
from primordial germ cell to spermatogonial stem
cells, we here analyzed ATAC-seq and HiC-seq da-
tasets examined with mouse EGFP-positive gono-
cytes at seven developmental stages ranging from
embryonic day E13.5 to postnatal P6. By incorporat-
ing public RNA-seq and ChIP-seq data, we found
that specific genomic domains, spanning more than
mega bases, exhibit open/close chromatin states
with positive or negative correlation of gene ex-
pression changes during development. These do-
mains highly enriched with transposable elements
potentially include regulatory elements for genes
located at distal intra- or inter-chromosome loci. In
addition, the process of DNA demethylation and
re-establishment cooperates with the state of chro-
matin accessibility. These observations suggest the
global reprogramming during the transition is
strictly controlled by various epigenetic regulatory
elements.

11. Molecular characterization of TCR clones us-
ing 3D protein structure modelling of the
TCR/pMHC complex with hgp100 antigen

Yasuo Ouchi11, Ashwini Patil, Yusuke Tamura12,
Hiroshi Nishimasu13, Naoki Takemura11,12, Takeshi
Sato14, Yasumasa Kimura14, Osamu Nureki13, Ken-
ta Nakai, Hiroshi Kiyono13,15,16, Satoshi Uematsu11,12:
11Dept of Mucosal Immunology, Chiba Univ., 12Di-
vision of Innate Immune Regulation, IMS, Univ. of
Tokyo, 13Dept of Biol Sci, Univ. of Tokyo, 14Divi-
sion of Systems Immunology, IMS, Univ. of To-
kyo, 15Division of Mucosal Immunology, IMS,
Univ. of Tokyo, 16Dept of Immunology, Chiba
Univ.

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
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the hgp100-immunized mice. To obtain structural
insights 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-g high-expressing TCR clone for its anti-
tumour activity.

12. Prediction of MoRF regions in intrinsically
disordered protein sequences

Ronesh Sharma17,18, Gaurav Raicar17, Maitsetseg
Bayarjargal18, Tatsuhiko Tsunoda2,19, Ashwini Pa-
til§, Alok Sharma2,18,19§: 17Fiji National Univ., Suva,
Fiji, 18The Univ. of South Pacific, Suva, Fiji,
19Medical Research Institute, Tokyo Med. and
Dental Univ.

Intrinsically disordered proteins lack stable 3-di-
mensional structure and play a crucial role in per-
forming various biological functions. Key to their
biological function are the molecular recognition
features (MoRFs) located within long disordered
protein sequences. Computationally identifying
these MoRFs is a challenging task. In this study, we
created new MoRF predictors, MoRFPred-plus,
OPAL and OPAL＋, to identify MoRFs in disor-
dered protein sequences. All predictors were evalu-
ated using multiple test sets that have been previ-
ously used to evaluate MoRF predictors. The results
demonstrate that OPAL outperforms all the avail-
able MoRF predictors and is the most accurate pre-
dictor available for MoRF prediction. OPAL＋ uses
a length-specific strategy and performs equally
well.

13. TimeXNet Web: Active gene networks and
pathways using time-course biological data

Phit Ling Tan, Yosvany López19, Kenta Nakai,
Ashwini Patil

TimeXNet Web implements an algorithm to iden-
tify cellular response networks using time-course
transcriptomic, proteomic or phospho-proteomic
data and a molecular interaction network. It uses

minimum cost flow optimization to find the most
probable paths connecting genes/proteins activated
at successive time points within the interaction net-
work. It is implemented in Java and uses the GNU
Linear Programming Kit. TimeXNet has been evalu-
ated in multiple species and compared with other
similar algorithms. It has been shown to reconstruct
known pathways in KEGG in the mammalian im-
mune system1 and the yeast osmotic stress re-
sponse. It is the only tool providing a web interface
for the identification of cellular response networks
using multiple types of biological time-course data.

14. Waves of chromatin modifications in mouse
dendritic cells in response to LPS stimula-
tion

Alexis Vandenbon19, Yutaro Kumagai20, Mengjie
Lin19, Yutaka Suzuki21, and Kenta Nakai: 19Inst.
Front. Life Med. Sci., Kyoto Univ., 20IFReC,
Osaka Univ., 21Grad. Sch. Front. Sci., Univ. of To-
kyo

The importance of transcription factors (TFs) and
epigenetic modifications in the control of gene ex-
pression is widely accepted. However, causal rela-
tionships between changes in TF binding, histone
modifications, and gene expression during the re-
sponse to extracellular stimuli are not well under-
stood. Here, we analyze the ordering of these
events on a genome-wide scale in dendritic cells in
response to lipopolysaccharide (LPS) stimulation.
Using a ChIP-seq time series dataset, we find that
the LPS-induced accumulation of different histone
modifications follows clearly distinct patterns. In-
creases in H3K4me3 appear to coincide with tran-
scriptional activation. In contrast, H3K9K14ac accu-
mulates early after stimulation, and H3K36me3 at
later time points. Integrative analysis with TF bind-
ing data reveals potential links between TF activa-
tion and dynamics in histone modifications. Espe-
cially, LPS-induced increases in H3K9K14ac and H3
K4me3 are associated with binding by STAT1/2 and
were severely impaired in Stat1－/－ cells. While the
timing of short-term changes of some histone modi-
fications coincides with changes in transcriptional
activity, this is not the case for others. In the latter
case, dynamics in modifications more likely reflect
strict regulation by stimulus-induced TFs and their
interactions with chromatin modifiers.
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1. 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 commissioned us to provide re-
search ethics consultation to stem cell research since
2012. The program is called "research on the ethical,
legal, and social implications related to regenerative
medicine". In order to make regenerative medicine
more concrete, it is essential to promote research
development with a definite focus on clinical appli-
cations and to establish a framework for clinical re-
search at an early stage. We provided more than 70
consultations for stem cell researchers per year.
Topics of those consultations include research de-
sign, informed consent, research ethics committees,
return of research results, inclusion criterion of par-
ticipants of first-in-human trials and governance of
iPSC banking. We also organized interdisciplinary
research groups to address the ethical, legal, and
social implications (ELSI) related to regenerative
medicine in a comprehensive manner, with a view
to establishing a framework for ethical support and
review of regenerative medicine.

2. Research ethics consultation and studies on
ethical, legal, and social implications of can-
cer research

In order to create next-generation cancer thera-
pies, this research program promotes research
aimed at elucidating the biological properties of
cancer, research based on patients' clinical data, and
research combining both aspects. Through this
process, the program accelerates the development
and practical application of diagnostic biomarkers
for the prevention and early detection of cancer,
and innovative drugs for cancer treatment. We pro-
vided a model form for information sheet, consent
form and leaflet for research participants.

3. Research ethics consultation and studies on
ethical, legal, and social implications of pro-
spective cohort study of elderly people

Japan Prospective Studies Collaboration for Ag-
ing and Dementia (JPSC-AD) study is a collabora-
tive prospective cohort study of approximately
10,000 elderly people from 8 newly-established
community-based dementia cohort studies in Japan,
in which the data is prospectively collected by us-
ing the pre-specified standardized protocol. Ap-
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proximately 10,000 community-dwelling individuals
aged 65 years or older at 8 sites of Japan will be re-
cruited in the baseline survey from 2016 to 2018,
and followed up to detect incident cases of demen-
tia for at least 5 years. In the baseline survey, the
following data has been collected: lifestyle informa-
tion (smoking habits, alcohol intakes, diet, physical
activity, etc.), medical history, physical examina-
tion, blood test, and brain magnetic resonance im-
aging (MRI). Frozen samples of serum and plasma
(－80℃) have been also stored. We provided sev-
eral suggestions for protecting vulnerable research
participants and created a short movie to remind
them that their data has been collected and ana-
lyzed for this cohort study.

4. Survey on the perception of germline genome
editing among the general public in Japan

Genome editing of human embryos could be-
come a fundamental treatment approach for genetic
diseases; however, a few technical and ethical is-
sues need to be resolved before its application in
clinical settings. Presently, the Japanese government
has issued a statement prohibiting human germline
editing and emphasizing the need for discussions
that include a wide range of perspectives. How-
ever, current discussions tend to exclude the gen-
eral public. Therefore, we conducted a survey of
10,881 general adults and 1044 patients in Japan
who indicated that their disease conditions are re-
lated to their genetic makeup, and clarified their at-
titude toward this technology. The results clearly
indicated that the Japanese people generally ac-
cepted the use of genome editing for disease-related
genes, but many were concerned about the risks. In
addition, many Japanese people did not understand
the technology well. To improve awareness and un-
derstanding about genome editing, it is important
that scientists and science communicators create op-
portunities for the public to participate in relevant
discussions without harming vulnerable partici-
pants. It is also important to continuously track
changes in the acceptance of genome editing by the
public.

5. Ethical concerns on sharing genomic data in-
cluding patients' family members

Platforms for sharing genomic and phenotype
data have been developed to promote genomic re-
search, while maximizing the utility of existing da-
tasets and minimizing the burden on participants.
The value of genomic analysis of trios or family
members has increased, especially in rare diseases
and cancers. However, current data-sharing policies
have no specific safeguards or provisions for famil-
ial data sharing. A quantitative survey conducted
on 10,881 general adults in Japan indicated that

they expected stronger protection mechanisms
when their family members' clinical and/or genomic
data were shared together, as compared to when
only their data were shared. A framework that re-
spects decision-making and the right of withdrawal
of participants, including family members, along
with ensuring usefulness and security of data is
needed. To enable this, we propose recommenda-
tions on ancillary safeguards for familial data shar-
ing according to the stakeholders, namely, initial re-
searchers, genomic researchers, data submitters, da-
tabase operators, institutional review boards, and
the public and participants. Families have played
significant roles in genetic research, and its value is
re-illuminated in the era of genomic medicine. It is
important to make progress in data sharing while
simultaneously protecting the privacy and interests
of patients and families, and return its benefits to
them.

6. Attitudes toward genomic tumor profiling
tests in Japan

Genomic tumor profiling tests (GTPTs) to find
molecular targeted drugs for patients with ad-
vanced cancer are being introduced into clinical set-
tings, which may result in secondary germline find-
ings. We conducted anonymous surveys with 757
cancer patients (CPs), 763 family members (FMs),
and 3697 general adults (GAs) in Japan. Awareness
of GTPTs was low in all groups, however, both CPs
and FMs showed a higher degree of recognition in
the benefits of GTPTs. FMs wanted information on
germline findings to be shared more than the CPs.
Since advanced CPs may have psychological bur-
dens that make it difficult to express their opinions
on their therapeutic options and sharing germline
findings, GTPTs should be offered with advanced
care planning for patients.

7. Patient deliberation time during informal deci-
sion-making in clinical trials

Informed consent is an essential part of an ethical
clinical trial; to this end, researchers have devel-
oped several interventions to promote participants'
full understanding of trials and thereby improve
the consent process. However, few empirical stud-
ies have examined how patients make the decision
of whether to give consent. The objective of this
study, therefore, is to analyze patients' decision-
making process when participating in clinical trials.
We conducted an internet survey (n=2,045) and in-
terview data analysis (n=40) with patients and cate-
gorize respondents into three types of participants:
active, passive, and non-participation. Our results
show that patients often make informal and quick
decisions before medical staff provide them with
relevant information during the informed consent
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process. For example, 55.9％ of patients received in-
itial information on clinical trials from an online ar-
ticle or web advertising, and 54.5％ consulted no
one about whether to participate in the clinical trial
before making a decision. Only 20.7％ of respon-
dents subjectively spent time making the decision
whether to participate; 43.0％ of patients who said
that they "spent time" coming to a decision took
four or more days to reach a decision, while 8.3％
of people who "did not spend time" making a deci-
sion took this among of time. Based on these re-
sults, we were able to break patients' decision-mak-
ing process into four steps: first contact, informal

decision making, relevant information, and formal
decision making. Our results show that patients are
most likely to make a decision based on the first in-
formation they receive on the clinical trial, what-
ever the source. To this end, having a list of ques-
tions for potential participants to ask researchers
would be useful in helping better collecting infor-
mation of clinical trials. In addition, research teams
should give patients more than four days to decide
between providing them with relevant information
and obtaining written consent, even if the patient
seems to make a quick decision.

Publications

1. Nakada H, Yoshida S, Muto K. "Tell me what
you suggest, and let's do that, doctor": Patient
deliberation time during informal decision-mak-
ing in clinical trials. PLoS ONE 14(1): e0211338.
2019.

2. Takashima K, Maru Y, Mori S, Mano H, Noda T,
Muto K. Ethical concerns on sharing genomic
data including patients' family members. BMC
Medical Ethics 19: 61, 2018.

3. Nagai A, Ri I, Muto K. Attitudes toward geno-
mic tumor profiling tests in Japan: patients, fam-
ily members, and the public. J Hum Genet. 2019
Jan 10. (Epub ahead of print)

4. Uchiyama M, Nagai A, Muto K. Survey on the
perception of germline genome editing among

the general public in Japan. J Hum Genet. 2018
JUN; 63(6): 745-748.

5. 永井亜貴子，武藤香織，井上悠輔．本人通知制度
の実態と住民票を用いた予後調査への影響の検
討．６５（５）：２２３―２３２，２０１８

6. 稲野彰洋，内田英二，井上悠輔，楠岡英雄，田代
志門，長谷川純一，森下典子，笹栗俊之．多施設
共同治験における倫理審査集約化の現状と課題，
臨床薬理．４９（４）：１５９―１６７，２０１８

7. 船橋亜希子．過失犯における行為者個人の能力の
取扱いに関する序論的考察．明大論集．４９：１―
１８，２０１８

8. 李怡然・武藤香織，ゲノム医療時代における「知
らないでいる権利」，保健医療社会学論集，２９
（１），７２―８２，２０１８

78


