
The neural retina is a part of the central nervous
system (CNS), and regeneration of the retina from
retinal stem cells or other sources by transplanta-
tion is a critical issue from both clinical and neuro-
biological points of view. Although reports of suc-
cessful regeneration of the CNS from neural stem
cells (NSC) have appeared in the literature, such
has not been the case for the vertebrate neural ret-
ina. Furthermore, the nature of retinal stem cells
has not been clarified, making it difficult to attempt
regeneration of the retina. Based on the techniques
and knowledge that have been accumulated
through work on of haematopoietic systems in our
laboratory, we attempt to identify mammalian reti-
nal stem cells and following developmental proc-
esses by revealing the expression pattern of cell
surface proteins. We found that various CD anti-
gens mark spatiotemporally distinct populations of
retinal cells, and genes specifically expressed in
such populations has been revealed by microarray
analyses. Various signaling molecules and tran-
scriptional factors are under investigation for their
roles on retinal development. We recently focuse on
roles of Histone methylation for retinal develop-
ment and maintenance. For developmental biologi-
cal analyses, we use zebrafish in addition to mouse

as model animals. We also work on molecular
analysis of glioma causative genes using mouse
model. Projects, which gave major findings during
2017 are as follows.

Cancer gene discovery using the Sleeping
Beauty transposon-based insertional mutagene-
sis

Shingo Ito1, Hideto Koso, Sumiko Watanabe: 1De-
partment of Coloproctological Surgery, Juntendo
University Graduate School of Medicine

The Sleeping Beauty (SB ) transposon mutagenesis
is an unbiased and high-throughput method to pro-
file the landscape of driver genes in a mouse model
system. To better understand genes and signaling
pathways that are able to transform neural stem
cells into brain cancer-initiating cells, we have per-
formed a transposon mutagenesis screen in mice.
We identified an RNA-binding protein, DHX15, as
a candidate tumor suppressor gene in glioma. DHX
15 expression was consistently decreased in human
glioma cell lines compared with normal neural
stem cells. Overexpression of LARP4B in glioma
cell lines suppressed proliferation and foci forma-
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Our long-term goal is to understand the molecular mechanisms which coordinately
regulate growth and differentiation of stem cells and differentiated cells with em-
phasis on intracellular signal transduction. Furthermore, recently we are focusing
on failure of maintenance of differentiated cells, that ultimately lead to degenera-
tion and cancer. For this purpose we are using models ranging from iPS and vari-
ous culture cells, zebrafish, mouse, to clinical samples. Based on our research
background on the area of cytokine signals, we now focus on the analysis of de-
velopment and regeneration of neural retina and mechanisms of development of
glioblastoma.
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tion in vitro. Moreover, DHX15 suppressed tumor
formtion in a genograft mouse model. ATPase ac-
tivity was not required for the growth-inhibitory
function of DHX15; however, the Ia, Ib, IV, and V
motifs, which act as RNA-binding domains in DHX
15, were essential. qPCR analysis revealed that
DHX15 suppressed expression of NF-kB down-
stream target genes as well as the genes involved in
splicing. These data provide strong evidence that
DHX15 serves as a tumor suppressor gene in
glioma.

Analysis of Müller glia specific genes and their
histone modification using Hes1 -promoter
driven EGFP expressing mouse

Toshiro Iwagawa, Masao Nagasaki2, Yutaka
Suzuki3, Sumiko Watanabe: 2Division of Biomedi-
cal Information Analysis, Department of Integra-
tive Genomics, Tohoku Medical Megabank Or-
ganization, Tohoku University, 3Department of
Medical Genome Sciences, Graduate School of
Frontier Sciences

Background: Retinal neurons and Müller glia are
generated from a common population of multipo-
tent retinal progenitor cells by a process that is
regulated by various molecular mechanisms, in-
cluding transcriptional and post-transcriptional
regulation. To clarify the contribution of histone K4
and K27 methylation in this process, we identified
Müller glia-specific molecular signatures during
retinal development.
Using transgenic mice carrying the Hes1 pro-

moter (pHes1) and the enhanced green fluorescent
protein (EGFP) gene, we purified EGFP-positive
Müller glia and other EGFP-negative retinal cells
from developing retinas and subjected them to
RNA sequence analysis. EGFP-positive cell-specific
genes (pHes1-EPGs) were identified by comparing
the gene expression patterns of the pHes1-EGFP-
positive and -negative fractions. The pHes1-EPGs
were similar to genes expressed in retinal progeni-
tors, suggesting that most of the pHes1-positive
cells were not induced prior to commitment to the
Müller glia lineage, but rather were downregulated
in other cell lineages. We examined the modifica-
tion profiles of H3K27me3 and H3K4me3 at pHes1-
EPG-loci by referring to chromatin immunoprecipi-
tation-sequence data of the Cd73-positive and -
negative retinal fractions, which represented rods
and other cells, respectively. Clustering of pHes1-
EPGs by the H3K4me3 and H3K27me3 values fol-
lowed by ontology analysis using an Ingenuity
Pathway Analysis revealed a high incidence of
transcription factors in clusters with high H3K27me
3 levels. Hes1 was included in the cluster, and its
expression level decreased dramatically in postnatal
retinas. The H3K27me3 level at the Hes1-locus was

upregulated strongly during retinal development,
and the Hes1 expression level was upregulated in
an Ezh2-knockout retina, suggesting that Hes1 ex-
pression was attenuated, at least partly, by modify-
ing H3K27me3. In contrast, no correlation was de-
tected between neurogenic gene expression levels
and H3K27me3 levels, except for Neurod1 . The H3K
27me3 level at the Neurod1 locus was suppressed
after treating the retina with DAPT, which inhibits
differentiation of Müller glia, suggesting that com-
mitment to the Müller glia lineage modulates H3K
27me3 status. Müller glia-specific genes overlapped
with genes expressed in progenitors, and loci of
transcription factors were highly modified with H3
K27me3. These results suggest that downregulation
of Müller glia-related genes in other lineage rather
than upregulation of them in Müller glia contrib-
uted Müller-specific molecular features, and a role
for modified H3K27me3 in suppressing Müller glia-
related genes in other retinal cell lineages to avoid
unfavorable expression.

Pivotal roles of Fezf2 in differentiation of cone
OFF bipolar cells and functional maturation of
cone ON bipolar cells in retina

Haruna Suzuki-Kerr, Toshiro Iwagawa, Yutaka
Suzuki3, Sumiko Watanabe

During development of the retina, common reti-
nal progenitor cells give rise to six classes of neu-
rons that subsequently further diversify into more
than 55 subtypes of neuronal subtypes. Here, we
have investigated the expression and function of
Fezf2, Fez zinc finger family of protein, in the de-
veloping mouse retina. Expression of Fezf2 was
strongly observed in the embryonic retinal progeni-
tors at E14 and declined quickly in subsequent de-
velopment of retina. Then, in postnatal stage at
around post natal day 8, Fezf2 was transiently ex-
pressed then declined again. Loss-of-function analy-
sis using retinas from mice in which Fezf2 coding
region was substituted with b-D-galactosidase
showed that Fezf2 is expressed in a subset of cone
OFF bipolar cells and required for their differentia-
tion. Using electroretinogram, we found that Fezf2
knockout retina exhibited significantly reduced
photopic b-wave, suggesting functional abnormality
of cone ON bipolar cells. Furthermore, reduced ex-
pression of synaptic protein Trpm1 and structural
alteration of ON bipolar cell invagination, both of
which affected cone photoreceptor terminal synap-
tic activity, was identified by transmission electron
microscopy and immunohistochemistry, respec-
tively. Taken together, our results show that Fezf2
is indispensable in differentiation of bipolar precur-
sors into cone OFF bipolar cells and in functional
maturation of cone ON bipolar cells during devel-
opment of mouse retina. These results contribute to

264



our understanding of how diversity of neuronal
subtypes and hence specificity of neuronal connec-
tions are established in the retina by intrinsic cues.

Analysis of the role of docosahexaenoic acid in
retinal degeneration

Hideto Koso, Asano Tsuhako, Hideo Shindo4,
Takao Shimizu4, Sumiko Watanabe: 4Department
of Lipid Signaling, National Center for Global
Health and Medicine

We analyzed the role of docosahexaenoic acid
(DHA) in the retina. DHA has essential roles in
photoreceptor cells in the retina and is therefore
crucial to healthy vision. Although the influence of
dietary DHA on visual acuity is well known and
the retina has an abundance of DHA-containing
phospholipids (PL-DHA), the mechanisms associ-
ated with DHA's effects on visual function are un-

known. By using comprehensive phospholipid
analyses and imaging mass spectroscopy, we found
that LPAAT3 is expressed in the inner segment of
photoreceptor cells and that PL-DHA disappears
from the outer segment in the LPAAT3-knock-out
mice. Following loss of PL-DHA, LPAAT3-knock-
out mice exhibited abnormalities in the retinal lay-
ers, such as incomplete elongation of the outer seg-
ment and decreased thickness of the outer nuclear
layers and impaired visual function, as well as dis-
ordered disc morphology in photoreceptor cells.
Our results indicate that PL-DHA contributes to
visual function by maintaining the disc shape in
photoreceptor cells and that this is a function of
DHA in the retina. This study thus provides the
reason why DHA is required for visual acuity and
may help inform approaches for overcoming retinal
disorders associated with DHA deficiency or dys-
function.
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1. RNA Aptamer Discovery

Therapeutic molecules can be classified as low-,
middle- and high-molecular weight drugs depend-
ing on their molecular masses. Antibodies represent
high-molecular weight drugs and their clinical ap-
plications have been developing rapidly. Aptamers,
on the other hand, are middle-molecular weight
molecules that are short, single-stranded nucleic
acid sequences that are selected in vitro from large
oligonucleotide libraries based on their high affinity
to a target molecule. Hence, aptamers can be
thought of as a nucleic acid analog to antibodies.
However, several viewpoints hold that the potential
of aptamers arises from interesting characteristics
that are distinct from, or in some cases, superior to
those of antibodies. Recently, therapeutic middle
molecules gain considerable attention as protein-
protein interaction (PPI) inhibitors.

a. Aptamers targeting cell surface proteins.

Masaki Takahashi

High affinity binders targeting specific cell sur-
face proteins are vital for development of basic and
applied biosciences. However, despite sustained ef-
forts to generate such binders by chemicals and an-
tibodies, there are still many cell surface proteins
that lack high affinity binders. Nucleic acid aptam-
ers have potential as binding molecules for cell sur-
face proteins, because they form distinct structures
that have high affinity and specificity for a wide
range of targets. Aptamers are isolated from large
combinatorial libraries using a unique iterative se-
lection-amplification process known as systematic
evolution of ligands by exponential enrichment (SE-
LEX). Among advantages of this method, purified
and complex heterogeneous targets, such as bacte-
ria, viruses, and whole-living cells, can be used for
selection of aptamers. Moreover, SELEX allows gen-
eration of cell-surface-specific aptamers without
prior knowledge of expression profiles in target
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RNA no longer stands behind DNA or protein but stands in front of DNA and pro-
tein. Recent achievements and discovery in biological science clearly emphasize
the importance of RNA in life: the discovery of RNA interference, molecular mim-
icry between protein and RNA, ribosome structure at atomic resolution, and RNA
quality control triggered by aberrant mRNAs. Moreover, the completed human
genome project revealed, to our great surprise, the existence of a large amount of
protein-noncoding RNAs (ncRNAs). These ncRNAs can be classified into two
types: one, like antisense and microRNA, those function with sequence comple-
mentarity to the target mRNA or DNA, while the other, like aptamer, those function
independent of sequence complementarity. In our laboratory, we aim to: 1) create
artificial aptamers to target proteins of therapeutic interest: and 2) uncover the mo-
lecular mechanism underlying the versatile interaction between nucleic acid and
protein of biological significance.
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cells. Therefore, the technology has been widely
used as a valid and feasible method to generate
specific binders against cell surface proteins with
intact structure.

b. NMR monitoring of the SELEX process to
confirm enrichment of structured RNA.

Ryo Amano1, Kazuteru Aoki2, Shin Miyakawa2,
Yoshikazu Nakamura, Tomoko Kozu3, Gota
Kawai1, Taiichi Sakamoto1: 1Department of Life
and Environmental Sciences, Faculty of Engineer-
ing, Chiba Institute of Technology, Chiba, Japan,
2RIBOMIC Inc., Tokyo, Japan, 3Research Institute
for Clinical Oncology, Saitama Cancer Center,
Saitama, Japan,

RNA aptamers are selected from an RNA pool
typically comprising up to 1015 different sequences
generated by SELEX procedure. Over several
rounds of SELEX, the diversity of the RNA pool
decreases and the aptamers are enriched. Hence,
monitoring of the enrichment of these RNA pools is
critical for the successful selection of aptamers, and
several methods for monitoring them have been de-
veloped. In this study, we measured one-dimen-
sional imino proton NMR spectra of RNA pools
during SELEX. The spectrum of the initial RNA
pool indicates that the RNAs adopt tertiary struc-
tures. The structural diversity of the RNA pools
was shown to depend highly on the design of the
primer-binding sequence. Furthermore, we demon-
strate that enrichment of RNA aptamers can be
monitored using NMR. The RNA pools can be re-
covered from the NMR tube after measurement of
NMR spectra. We also can monitor target binding
in the NMR tubes. Thus, we propose using NMR to
monitor the enrichment of structured aptamers dur-
ing the SELEX process.

c. Alkaline-tolerant RNA aptamers useful to pu-
rify acid-sensitive antibodies in neutral condi-
tions.

Emire Inomata1, Erika Tashiro2, Shin Miyakawa1,
Yoshikazu Nakamura, Kazumasa Akita1: 1RI-
BOMIC Inc., Tokyo, Japan, 2EVEC, Inc., Hok-
kaido, Japan.

Aptamer could be used for various purposes, not
only therapeutics but also diagnostics, and applica-
ble to affinity chromatography as a carrier molecule
to purify proteins of interest. Here we demonstrate
the usage and advantages of RNA aptamer to Fc
region of human IgG (i.e., IgG aptamer) for purifi-
cation of human antibodies. IgG aptamer requires
divalent cations for binding to IgG and bound IgG
dissociates easily upon treatment with chelating re-
agent, such as EDTA, under neutral conditions.

This elution step is very mild and advantageous for
maintaining active conformations of therapeutic an-
tibodies compared to the widely used affinity puri-
fication with Protein A/G, which requires acidic
elution that often damages the active conformation
of antibodies. In fact, of several monoclonal anti-
bodies tested, three antibodies were prone to aggre-
gate on acidic elution from the Protein A/G resin,
while remained fully active upon neutral elution
from the IgG aptamer resin. The IgG aptamer was
fully manipulated to alkaline resistant by ribose 2′-
modifications, and thereby reusable numerous
times with 1 N NaOH washing. The capacity of the
aptamer resin to bind IgG was equivalent to that of
the Protein A/G resin. Therefore, the IgG aptamer
will provide us with a unique tool to uncover and
purify human monoclonal antibodies, which hold
therapeutic potential but lose the activity upon
acidic elution from Protein A/G-based affinity resin.

2. Molecular Mechanism Underlying the Versa-
tile Interaction between Nucleic Acid and Pro-
tein

a. Nonstop-mRNA decay machinery is involved
in the clearance of mRNA 5′-fragments pro-
duced by RNAi and NMD in Drosophila
melanogaster cells.

Yoshifumi Hashimoto, Masaki Takahashi, Eri
Sakota, Yoshikazu Nakamura

When translating mRNAs are cleaved in protein-
coding regions, 5′ fragments of mRNAs are de-
tached from stop codons (i.e., nonstop mRNAs) and
protected from 3′-5′ exonucleases by ribosomes
stalled at the 3′termini. It has been shown in yeast
that the nonstop mRNA decay (NSD) machinery
triggers nonstop mRNA degradation by removing
stalled ribosomes in the artificial reporter mRNAs.
However, it is not known well whether NSD is in-
volved in the degradation of endogenous nonstop
mRNAs in higher eukaryotes. In this work, we ad-
dressed the question of whether 5′-nonstop-mRNA
fragments generated by siRNA cleavage or non-
sense-mediated-mRNA decay (NMD) are degraded
by the NSD pathway in Drosophila melanogaster cells
by knocking down three NSD components, Pelota
(a yeast Dom34 homolog), Hbs1 and ABCE1 (a ri-
bosome-recycling factor). We found that double,
but not single, knockdown of any two of these
three factors efficiently stabilized nonstop reporter
mRNAs and triple knockdown of Pelota, Hbs1 and
ABCE1 further stabilized nonstop mRNAs in highly
ribosome-associated state. These findings demon-
strated that Pelota, Hbs1 and ABCE1 are crucial for
NSD in Drosophila cells as in yeast for rescuing
stalled ribosomes and degrading nonstop mRNAs.
To our knowledge, this is the first comprehensive
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report to show the involvement of the NSD ma-
chinery in the clearance of mRNA 5′-fragments
produced by RNAi and NMD in eukaryotes.

b. Transcription pausing: biological significance
of thermal fluctuations biased by repetitive
genomic sequences.

Masahiko Imashimizu, David B. Lukatsky1: 1De-
partment of Chemistry, Ben-Gurion University of
the Negev, Be'er Sheva, Israel.

Transcription of DNA by RNA polymerase
(RNAP) takes place in a cell environment domi-
nated by thermal fluctuations. How are transcrip-

tion reactions including initiation, elongation, and
termination on genomic DNA so well-controlled
during such fluctuations? A recent statistical me-
chanical approach using high-throughput sequenc-
ing data reveals that repetitive DNA sequence ele-
ments embedded into a genomic sequence provide
the key mechanism to functionally bias the fluctua-
tions of transcription elongation complexes. In par-
ticular, during elongation pausing, such repetitive
sequence elements can increase the magnitude of
one-dimensional diffusion of the RNAP enzyme on
the DNA upstream of the pausing site, generating a
large variation in the dwell times of RNAP pausing
under the control of these genomic signals.
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1. Construction of fast bioinformatics pipelines
for meta-genome analysis

Yasumasa Kimura, Shuji Suzuki1, Masanori
Kakuta1, Rui Yamaguchi2, Seiya Imoto3, Yasushi
Akiyama1, Hiroshi Kiyono4, Satoru Miyano2, Sa-
toshi Uematsu5, Takeshi Satoh: 1Department of
Computer Science, Graduate School of Informa-
tion Science and Engineering, Tokyo Institute of
Technology. 2Human Genome Center, The Insti-
tute of Medical Science, The University of Tokyo.
3Division of Health Medical Data Science, Health
Intelligence Center, The Institute of Medical Sci-
ence, The University of Tokyo. 4Division of Mu-
cosal Immunology, Department of Microbiology
and Immunology, The Institute of Medical Sci-
ence, The University of Tokyo. 5Division of Innate
Immune regulation, International Research and
Development Center for Mucosal Vaccines, The
Institute of Medical Science, The University of To-
kyo.

There are huge numbers of intestinal commensal
bacteria (more than 100 trillions in human) mutu-
ally interacting host organism and regulating host
immune system. In recent studies, bacterial 16S
rRNA sequencing method is used for analysis of
bacterial flora. However, the analysis with whole

genome sequencing method provides more detailed
and precise data to investigate populations of mi-
croorganisms in the gut. To develop a workflow for
meta-genome analysis with whole genome sequenc-
ing method, we initiated collaboration with Human
Genome Center in our institute and Tokyo Institute
of Technology for high performance computing to
analyze meta-genome sequence produced by next
generation sequencers. Using already acquired
meta-genome sequencing data from human feces
DNA, we constructed new meta-genome analysis
pipeline with ultra rapid software, GHOST-MP,
and super computer. When general homology
search method is used for meta-genome analysis
without super computer, the analysis time is more
than two weeks. Combining GHOST-MP with su-
per computer, we archived "10 minutes analysis."
This indicates that the pipeline enables us to multi-
ple sample analysis in the short time and also vari-
ous-type analysis. With this pipeline, we will collect
various meta-genome sample data from genetically
modified mice associated with diseases and human.
Analysis of these huge and various kinds of data
will lead to the discovery of etiology and new
therapies.

2. Development of new method for "virome"
analysis
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The immune system in mammals consists of many types of cells. They interact
with each other and construct a complex network to maintain homeostasis and
protect from pathogens. Our goal is to investigate the function of each immune
cell from various points of view and analyze the multicellular events using bioinfor-
matics. Furthermore, we will apply the knowledge from our research for the dis-
covery of novel drugs or methods for the treatment of immune diseases.
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Yasumasa Kimura, Kosuke Fujimoto1, Shanai Yin,
Yuki Usui, Naoki Takemura1, Yasuo Ouchi1, Shuji
Suzuki2, Masanori Kakuta3, Rui Yamaguchi3, Seiya
Imoto4, Yasushi Akiyama2, Hiroshi Kiyono5, Satoru
Miyano3, Satoshi Uematsu1, Takeshi Satoh: 1Divi-
sion of Innate Immune regulation, International
Research and Development Center for Mucosal
Vaccines, The Institute of Medical Science, The
University of Tokyo. 2Department of Computer
Science, Graduate School of Information Science
and Engineering, Tokyo Institute of Technology.
3Human Genome Center, The Institute of Medical
Science, The University of Tokyo. 4Division of
Health Medical Data Science, Health Intelligence
Center, The Institute of Medical Science, The Uni-
versity of Tokyo. 5Division of Mucosal Immunol-
ogy, Department of Microbiology and Immunol-
ogy, The Institute of Medical Science, The Univer-
sity of Tokyo.

Numerous numbers of microorganisms reside in
the mammal gut. Many studies showed that com-
mensal bacteria are involved in the host health. In
fact, various viruses, including bacteriophage, also
exist in this tissue. Only a few studies about mu-
cosal virus meta-genome (virome) have been done.
Therefore, roles of the viruses in the gut for the
health remain unclear. We focused on the virus
population in the gut and tried to establish virome
analysis method. To recover the viruses in the mu-
cosal tissue, we need to apply different protocols
from bacteria separation. We invented a new
method to separate viruses from feces samples ef-
fectively using detergents and lytic enzymes. This
protocol increases the recovery of virus comparing
with that of other researchers. With this powerful
technique, we are going ahead with virome study
for mice and human.

3. Construction of bioinformatics pipelines for
virome analysis

Yasumasa Kimura, Seiya Imoto1, Shuji Suzuki2,
Masanori Kakuta3, Rui Yamaguchi3, Yasushi Aki-
yama2, Hiroshi Kiyono4, Satoru Miyano3, Satoshi
Uematsu5, Takeshi Satoh: 1Division of Health
Medical Data Science, Health Intelligence Center,
The Institute of Medical Science, The University of
Tokyo. 2Department of Computer Science, Gradu-
ate School of Information Science and Engineer-
ing, Tokyo Institute of Technology. 3Human
Genome Center, The Institute of Medical Science,
The University of Tokyo. 4Division of Mucosal Im-
munology, Department of Microbiology and Im-
munology, The Institute of Medical Science, The
University of Tokyo. 5Division of Innate Immune
regulation, International Research and Develop-
ment Center for Mucosal Vaccines, The Institute
of Medical Science, The University of Tokyo.

The vast majority of viral metegenomic reads do
not align to currently known viral sequences; these
are termed "viral dark matter" and cause a major
obstacle in comprehensively defining viromes. We
constructed a computational pipeline that recon-
structs viral genomes by assembling sequence reads
(contig generation), predicts and annotates open
reading frames (ORFs) on the contigs, and esti-
mates their taxa. The pipeline further enabled us to
analyze unknown viruses, which are the source of
"viral dark matter." We use our virus separation
method with this pipeline and accelerate virome
study.

4. Analysis of phage-bacteria associations

Yasumasa Kimura, Seiya Imoto1, Georg Tremmel2,
Kosuke Fujimoto3, Yuki Usui, Rui Yamaguchi2,
Hiroshi Kiyono4, Satoru Miyano2, Satoshi Ue-
matsu3, Takeshi Satoh: 1Division of Health Medical
Data Science, Health Intelligence Center, The In-
stitute of Medical Science, The University of To-
kyo. 2Human Genome Center, The Institute of
Medical Science, The University of Tokyo. 3Divi-
sion of Innate Immune regulation, International
Research and Development Center for Mucosal
Vaccines, The Institute of Medical Science, The
University of Tokyo. 4Division of Mucosal Immu-
nology, Department of Microbiology and Immu-
nology, The Institute of Medical Science, The Uni-
versity of Tokyo.

The majority of intestinal phages are unknown.
One way of defining those phages is to know their
host bacteria. We performed bacteriome
metagenome analyses of the same fecal samples
that were used to analyze viromes for examining
phage-bacteria associations. The lysogenized pro-
phage sequences on bacterial contigs were compre-
hensively detected by searching homologous se-
quences of the viral contigs. CRISPR (clustered
regularly interspaced short palindromic repeats)
loci hold phage genomic fragments (CRISPR spac-
ers) as a record of past infections by both temperate
and virulent phages. By detecting CRISPR spacers
on bacterial contigs and confirming their origins on
viral contigs, we identified CRISPR spacer-based
host-parasite associations. The identified phage-bac-
teria associations provide fundamental information
for characterizing unknown phages.

5. Optimization of 16S rRNA metagenome analy-
sis protocol

Yasumasa Kimura, Hiroko Ohmiya, Kosuke Fuji-
moto1, Yuki Usui, Rui Yamaguchi2, Seiya Imoto3,
Hiroshi Kiyono4, Satoru Miyano2, Satoshi Ue-
matsu1, Takeshi Satoh: 1Division of Innate Immune
regulation, International Research and Develop-
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ment Center for Mucosal Vaccines, The Institute
of Medical Science, The University of Tokyo. 2Hu-
man Genome Center, The Institute of Medical Sci-
ence, The University of Tokyo. 3Division of Health
Medical Data Science, Health Intelligence Center,
The Institute of Medical Science, The University of
Tokyo. 4Division of Mucosal Immunology, Depart-
ment of Microbiology and Immunology, The Insti-
tute of Medical Science, The University of Tokyo.

In our body, a huge number of microbes are

colonized. They have beneficial and occasionally
detrimental effects for our health. Therefore, many
researchers focused on analysis of microbial com-
munity with 16S rRNA sequence method. Although
this method has been used generally in the world,
each researcher uses slightly different protocol.
Here, we focused on target regions of 16S rRNA
gene sequencing and compared coverage and phy-
lum spectrum. From our results, the region includ-
ing V4 was the best for detecting wide diversity of
microbiota.

Publications

Eri T, Kawahata K, Kanzaki T, Imamura M,
Michishita K, Akahira L, Bannai E, Yoshikawa N,
Kimura Y, Satoh T, Uematsu S, Tanaka H,
Yamamoto K. Intestinal microbiota link lym-
phopenia to murine autoimmunity via PD-1＋
CXCR5－/dim B-helper T cell induction. Sci Rep.
2017 Apr 26; 7: 46037.

Takase Y, Usui K, Shimizu K, Kimura Y, Ichihara T,
Ohkawa T, Atsumi J, Enokida Y, Nakazawa S,
Obayashi K, Ohtaki Y, Nagashima T, Mitani Y,
Takeyoshi I. Highly sensitive detection of a HER2
12-base pair duplicated insertion mutation in
lung cancer using the Eprobe-PCR method. PLoS
one. 2017; 12(2): e0171225.
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1. Elucidation of regulatory mechanisms under-
lying self-renewal and differentiation of hema-
topoietic stem cells

Izawa K, Tojo A, Satoshi Yamazaki

Our studies focus mainly on investigation of
stem cell biology using the hematopoietic stem cell
(HSC) as a research model. Recent identification of
a variety of stem cell sources including embryonic
and somatic (tissue-specific) stem cells has brought
about substantial progress in the field of stem cell
research. The HSC represents the first stem cell for
which identity and existence were determined.
Studies on HSCs have provided us with some basic
concepts applying to different types of stem cells,
yet many of these concepts remain unverified. It
therefore is very important to continue basic stud-
ies to answer many questions left unsolved and
thus to permit contributions to the field of biologi-
cal research and clinical medicine. HSCs are capa-
ble of continuous supply of all lineages of blood
cells to each individual for his or her entire life.
Both self-renewal and multilineage differentiation
potentials enable this task. One major advantage in
HSC research lies in that established assay systems
allow clonal analysis of each individual stem cell.

Using a defined assay system, we can test capabili-
ties of self-renewal and multilineage differentiation
at single cell levels using either in vitro or in vivo
assays. We believe that HSC research will eventu-
ally make great contributions to the development of
safe and efficacious regenerative medicine and gene
therapy.

2. Basic research for developing cell-based ther-
apy using human mesenchymal stem/stromal
cells

Nonaka H, Ota S, Yumoto M, Hasegawa H, Naga-
mura T, Tojo A, Satoshi Yamazaki

Mesenchymal stromal/stem cells (MSCs) have
great potential for use in regenerative medicine and
cell-based therapies. There are growing expectations
that such advanced therapeutic procedures will
provide solutions for unmet medical needs. Cur-
rently, more than 300 clinical trials using MSCs are
ongoing worldwide for the treatment of various
diseases. However, to bring safe and efficient MSC-
based therapies into practical use, fundamental and
therapeutic properties of MSCs remain to be under-
stood. In this project, we examined basic, immuno-
suppressive and anti-fibrotic properties of MSCs

Social Cooperation Research Program
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先端的再生医療社会連携研究部門

Professor Arinobu Tojo, M.D., D.M.Sc.
Project Associate Professor Satoshi Yamazaki, Ph.,D

教授（兼務） 医学博士 東 條 有 伸
特任准教授 博士（生命科学） 山 﨑 聡

Our major goal is to develop the regenerative medicine and to restore the physical
impairments with various types of stem cells, which include mesenchymal stem/
stromal cells (MSC) and pluripotent stem cells (PSC), such as embryonic stem
cells (ESC) and induced pluripotent stem cells (iPSC). Currently our efforts are fo-
cused on 1) characterization of MSCs derived from various sources (adipose tis-
sue, umbilical cord, and iPSC) for their tissue regenerative ability, 2) application of
patient-derived iPSCs to delineate the pathogenesis of intractable disorders and to
develop their breakthrough therapies.
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derived from different tissues and showed that
MSCs exhibited distinct characteristics depending
on their origin. We also compared MSCs expanded
in culture medium supplemented with FBS to
MSCs expanded in in-house formulated serum-free
medium. Interestingly, MSCs exhibited distinct
therapeutic potential depending on the expansion
condition in several in vitro assays. Moreover, the
similar effects of the culture condition on the char-
acteristics of MSCs obtained by were observed
within MSCs derived from different tissues. To un-
derstand molecular mechanisms underlying the dis-
tinct properties of MSCs, we analyzed gene expres-
sion profiles and identified a set of genes that were
differentially expressed in MSCs either from differ-
ent tissues or expanded in different medium. Out-
comes from our research lead to identifying a new
biomarker and a better understanding of MSCs'
therapeutic potential.

3. Generation of disease-specific human iPS
cells

Izawa K, Tojo A, Satoshi Yamazaki

Here, using intractable disease-specific human
iPS, we are intended to elucidate the pathogenetic
mechanism and develop a new agent for the treat-
ment of disease. Myelodysplastic symdrome (MDS)
is a group of disorders that healthy blood cells are
poorly formed in bone marrow (BM). However, the
disease developing mechanism is not clear. First,
we used a MDS patient sample, which has a point
mutation in splicing factor 3B, subunit1 (SF3B1) gene,
to generate MDS-specific iPS. 12 iPS clones were
generated from CD34＋ cells that were isolated from
the patient BMCs. So far, unfortunately, 8 of 12
clones had no variation in SF3B1 . The second gen-
eration sequencing analysis of CD34＋ cells revealed
a mutant allele burden (MAB) of 37.6％. SF3B1 mu-
tation is the herterozygous one, therefore, MAB of
50％ implies that 100％ of the cells carry the muta-
tion. These results suggest that it is more difficult
to reprogram the SF3B1 variant CD34＋ cells than
normal that. We will analyze the SF3B1 mutation of
other 4 clones and then generate new iPSC clones.

Publications

1. Kon A, Yamazaki S, Nannya Y, Kataoka K, Ota
Y, Nakagawa MM, Yoshida K, Shiozawa Y,
Morita M, Yoshizato T, Sanada M, Nakayama M,
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ological Srsf2 P95H expression causes impaired
hematopoietic stem cell functions and aberrant
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2. Tsukada M, Ota Y, Wilkinson AC, Becker HJ,
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Y, Lai CY, Otsu M, Nakamura Y, Ema H,
Nakauchi H, Yamazaki S. An All-Recombinant
Protein-Based Culture System Specifically Identi-
fies Hematopoietic Stem Cell Maintenance Fac-
tors. Stem Cell Reports. 2017 Mar 14; 8(3): 500-508.
doi: 10.1016/j.stemcr.2017.01.015. Epub 2017 Feb
23. PMID: 28238792

6. Tajima Y, Ito K, Umino A, Wilkinson AC,
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Implementing advanced medical research at IM-
SUT

Yuji, K.

The Project Division was established in Novem-
ber 2014. Our mission is to contribute to the pro-
gress of advanced medical research at IMSUT; to
perform field research in which innovative medi-
cine will be implemented; and to further the cross-
disciplinary education of physicians, researchers,
and professionals. Our future plans include collabo-
ration in innovative projects in the Coastal Area

Life Innovation Comprehensive Special Zone for In-
ternational Competitiveness Development.

Projections on the future healthcare system in
Japan, the first fully fledged aged society

Yuji, K.

Japan is rapidly becoming a fully fledged aged
society, and the increasing dependence of the eld-
erly population is a significant concern. We have
simulated both the supply and demand features of
Japan's future healthcare system.

Publications
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2. Tanimoto T, Oshima Y, Yuji K, Ozaki A, Kami
M. Organophosphate poisoning and terrorism.
Malaysian Journal of Medical Sciences, 24(4):
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ministration of low-dose etoposide for chronic-
type adult T-cell leukemia/lymphoma: A case
report and literature review. Intern Med, 56(14):
1879-1884, 2017.

5. Oshima Y, Tanimoto T, Yuji K, Tojo A. Associa-
tion between aortic dissection and systemic ex-
posure of vascular endothelial growth factor
pathway inhibitors in the Japanese Adverse
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A. Gene therapy, immune cell therapy and diag-
nosis of malignant tumors

The most commonly used therapies for malignant
tumors include surgery, radiation therapy, chemo-
therapy, and some combination of these therapies.
However, they have been not sufficiently effective
for some types of tumors and the recurrent ones. In
our lab, several approaches of immune therapy,
which is expected to be an effective therapy for
cancers refractory to conventional treatment, are
under investigation.

a. A phase I clinical trial of immunotherapy
combined with cyclophosphamide for pa-
tients with advanced solid tumors.

Yasuki Hijikata, Toshihiko Okazaki, Kazunari
Yamada, Mutsunori Murahashi, Hisanobu Ogata
Kenzaburo Tani:

We conducted a phase I clinical trial of RNF43
peptide-specific immune cell therapy combined
with low dose cyclophosphamide (CPM) for pa-

tients with advanced solid tumors. The eligible pa-
tients were resistant to standard therapy, HLA-A＊

2402 or A＊0201 positive and exhibiting high RNF43
expression in their tumor cells. Total adequate 10
patients were enrolled in this trial. Primarily, no se-
vere adverse events greater than Grade 3 were ob-
served. One patient exhibited PR 4 weeks after the
completion of this trial. Six out of 10 patients had
SD 7 weeks after initiation of treatment, among
them, 2 patients experienced a decrease in the tu-
mor markers with stabilized tumor sizes. On the
other hand, 4 other patients showed PD. The fre-
quency of Tregs in SD significantly decreased after
the administration of CPM. In ICS assay, the ratio
of IFN-gamma producing RNF43-specific CD8＋T
cells increased with time in SD, but conversely in
PD. Consequently, the combination of immunother-
apy and CPM may induce tumor specific immune
cells accompanied by the decreased frequency of
Tregs. Our phase I clinical trial exhibited safe toler-
ability and could bring clinical benefit against ad-
vanced solid tumors.
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The overall mission of our lab is to contribute to develop new science, technology,
and medical treatment based on or related with the comprehensive utilization of 5-
aminolevulinic acid (5-ALA). To achieve this goal, we especially focus on the field
of basic/clinical research on gene therapy and cell therapy for malignant tumors,
and basic research on regenerative medicine for the treatment of intractable dis-
eases.
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b. The development of novel recombinant onco-
lytic Coxsackievirus B3 therapy

Miyako Sagara, Shohei Miyamoto, Yuto Taki-
shima, Hiroyuki Shimizu, Yoichi Nakanishi,
Kenzaburo Tani:

Oncolytic virotherapy using enteroviruses emerges
as a promising anticancer strategy. As therapeutic
advantages, enteroviruses immediately induce ro-
bust oncolytic activity and do not have oncogenes
that may lead to tumorigenesis. We recently
showed coxsackievirus B3 wild type (CVB3-WT) in-
fection elicited remarkably oncolytic activity against
human non-small cell lung cancer cells (NSCLC).
However, CVB3-WT infection caused adverse
events of weight loss, pancreatitis, and myocarditis
in mice. To overcome these pathogenicity, we engi-
neered CVB3-WT genome for the development of
microRNA (miRNA)-regulated oncolytic virus. We
focused on two miRNAs (miR-1 and miR-217) ex-
pressed mainly normal muscle or pancreas. We suc-
cessfully genetically constructed a novel recombi-
nant CVB3-miR-1&217T (CVB3-miRT) by inserting
4 tandem target sequences complementary to two
miR-1 and two miR-217 into the 3' UTR of CVB3-
WT genome.
Recently, we investigated whether an infection

with CVB3-miRT displays oncolytic activities
against NSCLC. We found that CVB3-miRT infec-
tion induced potent oncolytic activity comparable
to CVB3-WT in human NSCLC in vitro and in vivo.
Here, we attempted to explore the oncolysis to tri-
ple-negative breast cancer (TNBC) because TNBC
are highly aggressive and intractable tumors with
dismal prognosis. We performed in vitro crystal
violet staining to examine the effect of CVB3-miRT
on TNBC. These results showed that CVB3-miRT
had potent oncolytic activity against TNBC cell
lines in a MOI-dependent manner. Furthermore,
consecutive administrations of CVB3-miRT into
subcutaneous xenografts of human TNBC pre-es-
tablished in athymic nude mice significantly sup-
pressed the tumor growth with a prolonged sur-
vival rate. The intratumoral CVB3-miRT admini-
strations into human TNBC xenograft tumor mice
model displayed dramatically decreased side effects
of CVB3-WT-induced pathogenicity.
Collectively, we showed that CVB3-miRT infec-

tion indicated marked oncolytic activity against hu-
man NSCLC and TNBC cells in vitro and in vivo as
well as CVB3-WT. This approach could be a prom-
ising new therapeutic modality to improve survival
in patients suffering from NSCLC and TNBC in ad-
vanced stage.

c. Oncolytic Coxsackievirus therapy as an im-
munostimulator

Shohei Miyamoto, Miyako Sagara, Lisa Hirose-
Yotsuya, Hiroshi Kohara, Hiroyuki Shimizu,
Kenzaburo Tani:

Oncolytic virotherapy emerges as a novel anti-
cancer therapeutic modality because of its distinc-
tive cytotoxic mechanism of conventional therapies
such as chemotherapy and radiotherapy. Oncolytic
viruses are self-replicating, tumor-selective viruses,
with an ability to directly induce cancer cell death,
and have emerged as a promising treatment plat-
form for cancer therapy.
Enteroviruses have recently been used as an on-

colytic virus for cancer virotherapy. We carried out
the screening of 38 enteroviral strains and found
that coxsackievirus B3 (CVB3) possessed specific
oncolytic activity against cell lines of human lung
cancer, malignant pleural mesothelioma and breast
cancer. In addition, We previously demonstrated
that CVB3 had potent oncolytic activity with im-
munostimulatory properties, abundant cell surface
calreticulin expression and secreted ATP as well as
translocated extranuclear high-mobility group box 1
(HMGB1) in CVB3-infected lung cancer cell lines,
which are required for immunogenic cell death.
Moreover, intratumoral CVB3 administration mark-
edly recruited natural killer (NK) cells and granulo-
cytes, both of which contributed to the antitumor
effects as demonstrated by depletion assays, macro-
phages, and mature dendritic cells (DCs) into tu-
mor tissues.
However, CVB3 showed several organ toxicities.

To overcome this situation, we constructed a novel
recombinant CVB3-miRT by genetically incorporat-
ing two distinct normal tissue-specific miRNA tar-
get sequences into the CVB3 genome. The admini-
strations into human lung cancer xenograft tumor
in athymic nude mice with CVB3-miRT, but not pa-
rental CVB3, dramatically decreased serum level of
amylase and mitigated both pancreatitis and myo-
carditis with a significant tumor regression.
For acquisition of non-clinical proof of concept,

we developed the production method of CVB3-
miRT reagent using 293 cells grown in a serum-free
bag culture system. The harvested CVB3-miRT was
concentrated and purified by tangential flow filtra-
tion and sucrose gradient zonal ultracentrifugation
for non-clinical safety testing using mice and mon-
keys.
Our results provide important information for

the development of novel anti-tumor enterovirus
virotherapy.

d. A novel, polymer-coated oncolytic measles vi-
rus overcomes immune suppression and in-
duces robust antitumor activity

Kaname Nosaki, Katsuyuki Hamada, Yuto Taki-
shima, Miyako Sagara, Yumiko Matsumura, Sho-
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hei Miyamoto, Yasuki Hijikata, Toshihiko
Okazaki, Yoichi Nakanishi, Kenzaburo Tani:

Although various therapies are available to treat
cancers, including surgery, chemotherapy, and ra-
diotherapy, cancer has been the leading cause of
death in Japan for the last 30 years, and new thera-
peutic modalities are urgently needed. As a new
modality, there has recently been great interest in
oncolytic virotherapy, with measles virus being a
candidate virus expected to show strong antitumor
effects. The efficacy of virotherapy, however, was
strongly limited by the host immune response in
previous clinical trials. To enhance and prolong the
antitumor activity of virotherapy, we combined the
use of two newly developed tools: the genetically
engineered measles virus (MV-NPL) and the multi-
layer virus-coating method of layer-by-layer deposi-
tion of ionic polymers. We compared the oncolytic
effects of this polymer-coated MV-NPL with the na-
ked MV-NPL, both in vitro and in vivo. In the
presence of anti-MV neutralizing antibodies, the
polymer-coated virus showed more enhanced onco-
lytic activity than did the naked MV-NPL in vitro.
We also examined antitumor activities in virus-
treated mice. Complement-dependent cytotoxicity
and antitumor activities were higher in mice treated
with polymer-coated MV-NPL than in mice treated
with the naked virus. This novel, polymer-coated
MV-NPL is promising for clinical cancer therapy in
the future.

e. Characterization of tumor-infiltrating CD8＋ T
lymphocytes in malignant lymphoma

Mutsunori Murahashi, Hiroyuki Kishi, Taichi
Matsumoto, Shuji Hara, Atsushi Muraguchi,
Kazuo Tamura, Kenzaburo Tani:

Characterization of tumor-specific CD8＋ tumor-
infiltrating T lymphocytes (TILs) is in progress for
application to adoptive cell transfer. However, the
immunological roles of these cells have not yet
been clarified for malignant lymphoma. In this
study, we studied the TCR sequences of TILs to
identify their clonality. Three patients who were
pathologically diagnosed as diffuse large B cell
lymphoma were evaluated. CD8＋ TILs were flow
cytometrically analyzed for their CTL expression
markers of 4-1BB and PD-1. In addition, TCRs of
these T cells were identified using PCR method.
The flow cytometric analyses of CD8＋ TILs
showed that the frequency of 4-1BB＋ and PD-1＋
cells were 17.2％±5.7％ and 59.8％±1.3％, respec-
tively in CD8＋CD45RA－ cells. Both of 4-1BB and
PD-1 were significantly highly expressed in CD8＋
CD45RA－ cells compared to CD8＋CD45RA＋
cells. Our results suggest that CD8＋ TILs charac-
terized by high PD-1 expression existed in malig-

nant lymphoma. Identification and functional
analysis of their TCRs are now underway and such
information would be helpful to develop new gene
therapy modality for malignant lymphoma.

f. Pilot study to detect circulating tumor cells in
human peripheral blood using 5-aminole-
vulinic acid

Hiroshi Kohara, Satoshi Takahashi, Masaru Shi-
nozaki, Kaoru Uchimaru, Arinobu Tojo, Naohide
Yamashita, Yasuki Hijikata, Shohei Miyamoto,
Kenzaburo Tani:

Circulating tumor cells (CTCs) have been de-
tected in peripheral blood of patients with a variety
of cancers, and expected to be of its potential diag-
nostic and prognostic value. Although the United
States Food and Drug Administration (FDA)-ap-
proved CellSearchTM system has been commonly
used for counting CTCs in peripheral blood, this
system has limitation in terms of its clinical sensi-
tivity. Namely, this system detect only EpCAM-ex-
pressing CTCs.
5-aminolevulinic acid (5-ALA) has been shown to

be a useful fluorescent sensitizing agent for pho-
todynamic therapy, photodynamic detection, and
other approaches in cancer therapeutics and diag-
nosis. Here we show the construction of a novel de-
tection system of CTCs in human peripheral blood
by taking advantage of 5-ALA. We performed flow
cytometric detection of 5-ALA-derived Protopor-
phyrin IX (PpIX) fluorescence in EpCAM-positive
and EpCAM-negative human cancer cell lines. Not
only in EpCAM-positive cell lines including A549
(lung carcinoma), PC-3 (prostate cancer), Caco-2
(colon cancer) and AsPc-1 (pancreatic tumor), 5-
ALA-derived PpIX fluorescence was detected also
in EpCAM-negative cell lines including A498 (kid-
ney carcinoma) and MMAc (melanoma) after 6
hour incubation in the presence of 5-ALA. We then
evaluated the detection efficiency of rare cancer
cells in human blood using serial dilution samples
of pre-labeled cancer cells spiked into 1-2 mL of
blood from healthy donor. The number of cancer
cells detected by using 5-ALA-based labeling were
in a good correlation with the number of the cells
expected. We noticed that faint fluorescence was
also detected in some leukocytes of healthy donor
as predicted. Flow cytometric analysis of blood
samples revealed CD45＋CD14 high monocyte line-
age cells showed relatively higher PpIX fluores-
cence than the other cell types in peripheral blood.
These data indicated that CTC detection system

using 5-ALA-based cell labeling might be useful for
early diagnosis of cancer patients. It is highly ex-
pected that 5-ALA-based labeling with the negative
selection of CD45 and/or CD14 positive population
would increase the sensitivity and specificity of
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CTCs in patients' blood samples. We are now pre-
paring to analyze peripheral blood samples from
patients suffered from various malignancies with
different clinical stages to evaluate the potential of
5-ALA-based CTC labeling.

g. Therapeutic vaccination based on side popu-
lation cells transduced by the granulocyte-
macrophage colony-stimulating factor gene
elicits potent antitumor immunity

Chika Sakamoto, Hiroshi Kohara, Hiroyuki Inoue,
Megumi Narusawa, Yoshie Ogawa, Lisa Hirose-
Yotsuya, Shohei Miyamoto, Yumiko Matsumura,
Kazunari Yamada, Atsushi Takahashi, and
Kenzaburo Tani:

Among cancer immunotherapies, granulocyte-
macrophage colony-stimulating factor (GM-CSF)
gene-transduced tumor cell vaccines (GVAX) thera-
pies appears promising and have been shown to be
safe and effective in multiple clinical trials. How-
ever, the antitumor efficacies of GVAX therapy
alone are in some cases limited. Here we showed
that GVAX therapy targeting cancer stem cells
(CSCs) substantially suppressed tumor develop-
ment in syngeneic immunocompetent mice reca-
pitulating normal immune systems. CSCs were iso-
lated as side population (SP) cells from 4T1 murine
breast carcinoma cell line, and transduced with
GM-CSF gene delivered by non-transmissible Sen-
dai virus (4T1-SP/GM). Impaired tumorigenicity of
subcutaneously injected 4T1-SP/GM depended on
CD8＋ T cells in concert with CD4＋ T cells and
natural killer (NK) cells. Mice therapeutically vacci-
nated with irradiated 4T1-SP/GM cells had mark-
edly suppressed tumor development of subcutane-
ously transplanted 4T1-SP cells compared with
those treated with irradiated cells of non-trans-
duced 4T1-SP cells or non SP (4T1-NSP/GM) cells.
Tumor suppression was accompanied by the robust
accumulation of mature dendritic cells at vaccina-
tion sites and Th1-skewed systemic cellular immu-
nity. Our results suggested that CSCs cell-based
GVAX immunotherapy might be clinically useful
for inducing potent tumor-specific antitumor immu-
nity.

B. Regenerative medicine and related technique
development

Regenerative medicine is expected to be another
essential therapeutic strategy for intractable dis-
eases. We have been actively investigating some
novel strategies to yield cell sources in regenerative
medicine, and evaluated efficiency and safety of the
cells for regenerative medicine.

a. Generation and functional analysis of con-
genital dyserythropoietic anemia (CDA) pa-
tient-specific induced pluripotent stem cells

Hiroshi Kohara, Hiromi Ogura, Takako Aoki,
Chika Sakamoto, Yoshie Ogawa, Shohei Mi-
yamoto, Hitoshi Kanno, Kenzaburo Tani:

The congenital dyserythropoietic anemias (CDAs)
are inherited red blood cell disorders representing
ineffective erythropoiesis and dyserythropoietic
changes in the bone marrow. We recently diag-
nosed a female patient with undiagnosed congeni-
tal anemia as type IV CDA caused by a heterozy-
gous missense mutation of the erythroid-specific
transcription factor, KLF1; c.973G>A, p. E325K. Al-
though the mutation has been reported in a male
patient characterized as hydrops fetalis, severe neo-
natal jaundice and transfusion-dependent anemia
(Arnaud L et al ., Am J Hum Genet, 2010), the pro-
band showed relatively mild phenotype showing
moderate dyserythropoietic anemia. In order to in-
vestigate the pathological significance of mutant
KLF1 during erythroid cell development and differ-
entiation, we generated induced pluripotent stem
cells (iPSCs) from peripheral blood of the CDA pa-
tient (CDA-iPSCs), and utilized these cells to estab-
lish in vitro CDA model for better understanding of
its molecular basis. CDA-iPSCs were generated
from T lymphocytes in peripheral blood mononu-
clear cells. Hematopoietic precursors were induced
from CDA-iPSCs by embryoid bodies formation.
CD34＋ precursor cells were isolated and further
cultured in liquid culture with cytokine cocktail
(erythropoietin (EPO), interleukin (IL)-3, and stem
cell factor (SCF)) for additional 1-3 weeks. Flow cy-
tometric analysis showed that CDA-iPSC-derived
cells contained significantly lower percentage of
CD235a＋/CD71＋ erythroid lineage cells than the
cells derived from control iPSCs, and lack expres-
sion of the adhesion molecule CD44, which is
known to be down regulated in peripheral blood
erythroid cells of CDA patients (Arnaud L et al.,
Am J Hum Genet, 2010). In addition, colony-form-
ing unit (CFU) assay indicated that CD34＋ fraction
derived from CDA-iPSCs contained a lower num-
ber of erythroid colony-forming cells and the most
of the cells in these colonies are morphologically
abnormal, in comparison with control iPSCs. We
next evaluated mRNA expression levels of fetal
(HBG1 and HBG2), embryonic (HBE), and adult
(HBB) globins, resulting that HBG1 and HBG2 were
significantly increased in CDA-iPSCs-derived
erythroid lineage cells, whereas HBE showed no
significant change and HBB was decreased in CDA-
iPSCs-derived erythroid lineage cells. However,
BCL11A, one of the target genes of KLF1 and also
known as a suppressor of HBG1 and HBG2, was
not decreased in the presence KLF1 gene mutation,
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indicating that elevated HBG1 and HBG2 in CDA-
iPSCs-derived erythroid cells was mediated by
other mechanism like Leukemia/lymphoma Related
Factor (LRF; Masuda T et al., Science, 2016). Here
we suggest that our model provides insights on un-
derstanding the mechanisms of type IV CDA and
the effect of KLF1 gene mutation on clinical pheno-
type and it would be a useful tool for drug screen-
ing and identification of novel biomarker for the
rare congenital anemia.

b. Role of P53 on T lymphopoiesis from human
embryonic stem cells

Liao Jiyuan, Hiroshi Kohara, Shohei Miyamoto,
Yoko Nagai, Tomotoshi Marumoto, Kenzaburo
Tani:

Although pluripotent stem cells are well recog-
nized as a potential source of cell therapy, it is still
needed to improve efficiency to differentiate into
target cell lineages. Tumor suppressor P53 regulates
multiple signaling pathways triggered by diverse
cellular stresses including DNA damages, onco-
genic stimulations, and hypoxic stress, resulting in
cell-cycle arrest, apoptosis, and senescence. P53 sig-
naling is also important for double-stranded DNA
breaks (DSBs) induced during physiologic events, i.
e., rearrangement of antigen-specific receptors. It
has been reported that P53-mediated DSB check-
point contribute to normal murine T lymphopoiesis,
especially at the double-negative (DN) stage which
is defined as CD4-CD8- fraction in thymus and re-
quires rearrangements of the T cell receptor (TCR)
b locus and successful pre-TCR signaling (Guidos
CJ et al ., Genes Dev, 1996; Jiang D et al ., J Exp Med
2006; HaksMC et al ., Immunity, 1999). Here we de-
fined the role of P53 on hematopoietic develop-
ment, especially lymphopoiesis, from human em-
bryonic stem cells (ESCs).
Firstly we modified P53 gene of human ESC H1

by utilizing genome editing tool of zinc finger nu-
clease (ZFN) targeting the 5th exon of the P53 gene,
kindly provided by Sangamo BioSciences. Sequenc-
ing analysis of the P53 knockout (KO) ES cells
showed the successful deletion at the 5th exon
which induced the frame shift of the downstream
sequence in both of its alleles. qRT-PCR showed no
stable expression of full length P53 mRNA and
western blot analysis of P53 phosphorylation status
in P53 KO ESCs showed undetectable levels of
phosphorylated or non-phosphorylated P53 pro-
teins when cultured in the presence or absence of
apoptotic signal triggered by mitomycin C (MMC).
In consistent with this, P53 KO ESCs showed sig-
nificant resistance to MMC-induced cell death. In
addition, P53 KO ESCs lacked apoptotic stimula-
tion-induced upregulation of P53 downstream tar-
get genes including P53 up-regulated modulator of

apoptosis (PUMA). On the other hand induction of
P53 target gene P21 was not observed both in H1
and P53 KO ESCs, as reported previously by other
groups (Ginis I et al ., Dev Biol, 2004; Barta T et al .,
Stem Cells, 2010; García CP et al ., Stem Cell Res,
2014; World J et al ., Stem Cells, 2014).
We then induced hematopoietic differentiation of

P53 KO ESCs through embryoid body formation.
Erythroid lineage cells developed from human
ESCs were significantly suppressed in the absence
of P53 signaling during embryoid body maturation.
Pharmacological inhibition of P53 had the same ef-
fect as genetic disruption of P53 gene. CD34＋ he-
matopoietic precursors were isolated from embry-
oid bodies originated from H1 and P53 KO ECSs,
plated on OP9-DL1 stromal cells, and cultured in
the presence of stem cell factor (SCF), FLT3 ligand,
and interleukin (IL)-7. After 3-4 weeks of culture,
CD45＋CD3＋ T lineage cells were induced from
both H1 and P53 KO ECSs-derived CD34＋ cells.
Among these cells, most of the cells were in CD4＋
CD8＋ double-positive (DP) stage, with increase in
the yield of DP cells in the absence of P53 signaling
(H1: 343 cells/1 x 106 input CD34＋ cells; P53 KO:
2476 cells /1 x 106 input CD34＋ cells; Figure).
Whether pharmacological inhibition of P53 had the
similar effect on T lymphopoiesis as genetic disrup-
tion of P53 gene needs to be investigated further-
more.
Our data indicate that P53 mediated signaling

regulate in vitro early T lymphopoiesis from hu-
man pluripotent stem cells, especially at the transi-
tion from double negative into DP stage. These ob-
servations promoted us to perform high throughput
transcriptome analysis including cDNA microarray
analysis between early T lineage cells derived from
H1 and P53 KO ESCs. Genes associated with the
early T lymphopoiesis from human ESCs were
identified and currently under further characteriza-
tion.

c. Single-Cell-State Culture of Human Pluripo-
tent Stem Cells Increases Transfection Effi-
ciency.

Takenobu Nii, Hiroshi Kohara, Tomotoshi Maru-
moto, Tetsushi Sakuma, Takashi Yamamoto,
Kenzaburo Tani:

Efficient gene transfer into human pluripotent
stem cells (hPSCs) holds great promise for regen-
erative medicine and pharmaceutical development.
In the past decade, various methods were devel-
oped for gene transfer into hPSCs; however, hPSCs
form tightly packed colonies, making gene transfer
difficult. In this study, we established a stable cul-
ture method of hPSCs at a single-cell state to re-
duce cell density and investigated gene transfection
efficiency followed by gene editing efficiency.
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hPSCs cultured in a single-cell state were trans-
fected using nonliposomal transfection reagents
with plasmid DNA or mRNA encoding enhanced
green fluorescent protein. We found that most cells
(DNA>90％; mRNA>99％) were transfected without
the loss of undifferentiated PSC marker expression
or pluripotency. Moreover, we demonstrated an ef-

ficient gene editing method using transcription acti-
vator-like effector nucleases (TALENs) targeting the
adenomatous polyposis coli (APC) gene. Our new
method may improve hPSC gene transfer tech-
niques, thus facilitating their use for human regen-
erative medicine.
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1. Construction of infrastructure for research on
advanced genome medicine

Hiroshi Yasui, Mikiko Suzuki, Megumi Isobe, Ari-
nobu Tojo

In order to establish a framework for developing
genome analysis while expanding our understand-
ing of diseases, including hereditary and nonge-
netic diseases, we are using comprehensive ap-
proaches to advanced genome medicine. These ap-
proaches include addressing various issues, such as
multidisciplinary collaborations among scientific ex-
perts: the Ethical, Legal, and Social Implications
(ELSI) program: management of specimen preserva-
tion, clinical information, and personal information
protection for genomic medicine as well as bio-
banking. Our mission also includes enhancement of
social acceptance for genomic medicine.

2. Japan-US Comparative study for the promo-
tion of the cancer genomic medicine in Japan

Hiroshi Yasui, Mikiko Suzuki, Arinobu Tojo

Regarding the spread of cancer genomic medicine
Japan is behind not only Western countries but also
China and Korea. We study to compare the current
situation and the future prospects of cancer
genomic medicine in Japan and the United States in
order to contribute to design a policy to promote
dissemination and uniformization of cancer
genomic medicine for cancer patients in Japan.

3. Program for supporting biospecimen analysis
for the diagnosis and treatment of hemato-
logical malignancies

Hiroshi Yasui, Arinobu Tojo, Kaoru Uchimaru1,
Toshiki Watanabe2: 1Department of Computational

Corporate Sponsored Research Program

Project Division of Fundamental Study on
Cutting Edge of Genome Medicine
先端ゲノム医療の基盤研究寄付研究部門

Professor Arinobu Tojo, M.D., D.M.Sc.
Project Associate Professor Hiroshi Yasui, M.D., D.M.Sc.

教授（兼務） 医学博士 東 條 有 伸
特任准教授 博士（医学） 安 井 寛

Our major goal is to realize advanced genomic medicine. Major advancements in
genome analysis have recently been reported from researchers around the globe,
along with improvements in next-generation sequencing, leading to an era where
genomic information can be collected and analyzed at low cost and in a short pe-
riod of time. Thus, it is necessary to establish a framework for developing genome
analysis while expanding our understanding of general society, academia, and
medical associations, etc., in order to identify different diseases, such as heredi-
tary diseases or nongenetic diseases.
In our department, comprehensive basic research on advanced genome medicine
has been realized through our multidisciplinary collaborations among scientific ex-
perts: the Ethical, Legal, and Social Implications (ELSI) program: specimen pres-
ervation: electronic medical records access: and personal information protection.
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Biology and Medical Sciences, Graduate School of
Frontier Sciences, The University of Tokyo, 2De-
partment of Advanced Medical Innovation, St.
Marianna University School of Medicine

To support cancer scientists in promoting transla-
tional research and genome medicine, we have es-
tablished a platform for supporting cohort studies
and biospecimen analysis. Under this program, we
are collecting and managing clinical materials, in-
cluding tumor cells, serum, and peripheral blood
mononuclear cells from patients at high risk of he-
matologic malignancies as well as patients with
blood cancer. We provide support for obtaining
and/or analyzing biomaterials, as requested by re-
searchers, and contribute to their clinical studies
and publications.

4. Investigator-initiated clinical trials under an
Investigational New Drug application for the
development of novel cancer therapeutics
and biomarkers

Hiroshi Yasui, Fumitaka Nagamura1, Giichiro
Tsurita2, Kohzoh Imai3, Arinobu Tojo: 1Center for
Translational Research, IMSUT Hospital, Univer-
sity of Tokyo, 2Department of Surgery, IMSUT
Hospital, University of Tokyo, 3Office of Support
for Platforms for Advanced Technologies and Re-
search Resources

Genome medicine and genome research, includ-
ing pharmacogenomics and pharmacogenetics, are
important for developing novel therapeutic agents

for cancer and incurable diseases and identifying
biomarkers. Our research aims to develop efficient
approaches for conducting investigator-initiated
clinical trials under Investigational New Drug
(IND) applications to promote translational research
and discover biomarkers for prediction of the safety
and efficacy of novel therapeutics through omics
analyses, including genomics. In 2017, we were
conducting, supporting, or preparing three investi-
gator-initiated clinical trials under INDs applica-
tions for the development of academic-oriented in-
novative anticancer drug especially novel cancer
immunotherapy.

5. Support and management of translational re-
search

Hiroshi Yasui

To promote translational research and genome
medicine, Dr. Yasui, as a member of the Transla-
tional Research Advancement Center at the Univer-
sity of Tokyo, participates in the "Translational Re-
search Network Program, Japanese Translational
Research and Clinical Trials Core Centers", sup-
ported by the Japan Agency for Medical Research
and Development. The aim of the program is to
promote translational research and investigator-led
clinical trials aiming for practical applications of ba-
sic studies in academia, managing the assessment
of scientific seeds and intellectual property rights,
and therefore promoting the development of ad-
vanced medical arts, including genome medicine.
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1. Thermodynamic analyses of amino acid resi-
dues at the interface of an antibody B2212A
and its antigen roundabout homolog 1

A. Yui, H. Akiba, S. Kudo, M. Nakakido, S. Na-
gatoishi and K. Tsumoto

Artificial affinity maturation of antibodies is
promising but often shows difficulties because the
roles of each amino acid residue are not well
known. To elucidate their roles in affinity against
the antigen and thermal stability, interface residues
in single-chain Fv of an antibody B2212A with its
antigen roundabout homolog 1 were mutated and
analyzed. Some amino acids played important roles
in the affinity while others contributed to thermal
stability.

2. Structure of the triose-phosphate/phosphate
translocator reveals the basis of substrate
specificity

Y. Lee, T. Nishizawa, M. Takemoto, K. Kumazaki,
K. Yamashita, K. Hirata, A. Minoda, S. Na-
gatoishi, K. Tsumoto, R. Ishitani and O. Nureki

The triose -phosphate /phosphate translocator
(TPT) catalyses the strict 1: 1 exchange of triose-
phosphate, 3-phosphoglycerate and inorganic phos-
phate across the chloroplast envelope, and plays
crucial roles in photosynthesis. Despite rigorous
study for more than 40 years, the molecular mecha-
nism of TPT is poorly understood because of the
lack of structural information. Here we report crys-
tal structures of TPT bound to two different sub-
strates, 3-phosphoglycerate and inorganic phos-
phate, in occluded conformations. The structures re-

Social Cooperation Research Program

Project Division of Advanced
Biopharmaceutical Science
先進的バイオ医薬品学社会連携研究部門

Professor Hirotoshi Tanaka, Ph.D.
Professor Kouhei Tsumoto, Ph.D.
Project Associate Professor Satoru Nagatoishi, Ph.D.

教 授 医学博士 田 中 廣 壽
教 授 博士（工学） 津 本 浩 平
特任准教授 博士（生命科学） 長門石 曉

Various antibodies have been approved for therapeutic use and currently exam-
ined in clinical development. Developments and improvements of technology for
the discovery and optimization of high-potency antibodies, therefore, have greatly
increased to find the specific and stable antibody with desired biological proper-
ties. Biophysical analyses of therapeutic antibody, particularly those of protein in-
teraction and stability, are recognized as one of the critical procedures in the de-
velopment of biopharmaceuticals, which would be assessed as an essential step
to develop next generation antibodies. Development of analytical methods with
quantitative and high-sensitive detection of antigen interaction, protein stability and
biological function of antibody, therefore, has been intriguing for the pharmaceutic
companies. In this division, we study biophysical analyses of various antibody to
propose new strategy for development of the next generation antibody.

285



veal that TPT adopts a 10-transmembrane drug/me-
tabolite transporter fold. Both substrates are bound
within the same central pocket, where conserved ly-
sine, arginine and tyrosine residues recognize the
shared phosphate group. A structural comparison
with the outward-open conformation of the bacte-
rial drug/metabolite transporter suggests a rocker-
switch motion of helix bundles, and molecular dy-
namics simulations support a model in which this
rocker-switch motion is tightly coupled to the sub-
strate binding, to ensure strict 1: 1 exchange. These
results reveal the unique mechanism of sugar phos-
phate/phosphate exchange by TPT.

3. Biophysical characterization of the interaction
between heme and proteins responsible for
heme transfer in S. pyogenes

M. Hoshino, M. Nakakido, S. Nagatoishi, J.M.M.
Caaveiro, C. Aikawa, I. Nakagawa and K. Tsu-
moto

Streptococcus pyogenes, an important pathogen
that causes a wide range of diseases, possesses the
sia gene cluster, which encodes proteins involved in
the heme acquisition system. Although this system
was previously described, the molecular mechanism
of effective heme transfer remains to be elucidated.
Here, we have characterized the interactions be-
tween heme and each domain of Streptococcal he-
moprotein receptor (Shr) and Streptococcal heme-
binding protein (Shp). Our kinetic and thermody-
namic analyses suggested that effective heme trans-
fer within this system is achieved not only by affin-
ity-based transfer but also by the difference of the
binding driving force. The biophysical characteriza-
tion of the above-mentioned interaction will lead to
an indication for the selection of the target for a
chemical screening of inhibitors as novel antibacte-
rial agents based on biophysical approaches.

4. Structural Basis for Binding and Transfer of
Heme in Bacterial Heme-Acquisition Systems.

Y. Naoe, N. Nakamura, MM. Rahman, T. Tosha,
S. Nagatoishi, K. Tsumoto, Y. Shiro, H. Sugimoto.

Periplasmic heme-binding proteins (PBPs) in
Gram-negative bacteria are components of the
heme acquisition system. These proteins shuttle
heme across the periplasmic space from outer
membrane receptors to ATP-binding cassette (ABC)
heme importers located in the inner-membrane. In
the present study, we characterized the structures
of PBPs found in the pathogen Burkholderia ceno-
cepacia (BhuT) and in the thermophile Roseiflexus
sp. RS-1 (RhuT) in the heme-free and heme-bound
forms. The conserved motif, in which a well-con-
served Tyr interacts with the nearby Arg coordi-

nates on heme iron, was observed in both PBPs.
The heme was recognized by its surroundings in a
variety of manners including hydrophobic interac-
tions and hydrogen bonds, which was confirmed
by isothermal titration calorimetry. Furthermore,
this study of 3 forms of BhuT allowed the first
structural comparison and showed that the heme-
binding cleft of BhuT adopts an "open" state in the
heme-free and 2-heme-bound forms, and a "closed"
state in the one-heme-bound form with unique con-
formational changes. Such a conformational change
might adjust the interaction of the heme(s) with the
residues in PBP and facilitate the transfer of the
heme into the translocation channel of the importer.

5. Use of SpyTag/SpyCatcher to construct bis-
pecific antibodies that target two epitopes of
a single antigen

K. Yumura, H. Akiba, S. Nagatoishi, O. Kusano-
Arai, H. Iwanari, T. Hamakubo and K. Tsumoto

Bispecific antibody targeting of two different an-
tigens is promising, but when fragment-based anti-
bodies are used, homogeneous production is diffi-
cult. To overcome this difficulty, we developed a
method using the SpyTag/SpyCatcher system in
which a covalent bond is formed between the two
polypeptides. Using this method, we constructed a
bispecific antibody that simultaneously interacted
with two different epitopes of roundabout homo-
logue 1 (ROBO1), a membrane protein associated
with cancer progression. A bispecific tetravalent an-
tibody with an additional functional moiety was
also constructed by using a dimeric biotin-binding
protein. An interaction analysis of ROBO1-express-
ing cells and the recombinant antigen demonstrated
the improved binding ability of the bispecific anti-
bodies through spontaneous binding of the two an-
tibody fragments to their respective epitopes. In ad-
dition, multivalency delayed dissociation, which is
advantageous in therapy and diagnosis.

6. The carboxyl-terminal region of Dok-7 plays a
key, but not essential, role in activation of
muscle-specific receptor kinase MuSK and
neuromuscular synapse formation

R. Ueta, T. Tezuka, Y. Izawa, S. Miyoshi, S. Na-
gatoishi, K. Tsumoto and Y. Yamanashi

As the synapse between a motor neuron and
skeletal muscle, the neuromuscular junction (NMJ)
is required for muscle contraction. The formation
and maintenance of NMJs are controlled by the
muscle-specific receptor kinase MuSK. Dok-7 is the
essential cytoplasmic activator of MuSK, and in-
deed mice lacking Dok-7 form no NMJs. Moreover,
DOK7 gene mutations underlie DOK7 myasthenia,
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an NMJ synaptopathy. Previously, we failed to de-
tect MuSK activation in myotubes by Dok-7 mu-
tated in the N-terminal pleckstrin homology (PH)
or phosphotyrosine binding (PTB) domain or that
lacked the C-terminal region (Dok-7-DC). Here, we
found by quantitative analysis that Dok-7-DC mar-
ginally, but significantly, activated MuSK in myo-
tubes, unlike the PH- or PTB-mutant. Purified, re-
combinant Dok-7-DC, but not other mutants, also
showed marginal ability to activate MuSK's cyto-
plasmic portion, carrying the kinase domain. Con-
sistently, forced expression of Dok-7-DC rescued
Dok-7-deficient mice from neonatal lethality caused
by the lack of NMJs, indicating restored MuSK acti-
vation and NMJ formation. However, these mice
showed only marginal activation of MuSK and died
by 3 weeks of age apparently due to an abnormally
small number and size of NMJs. Thus, Dok-7's C-
terminal region plays a key, but not fully essential,
role in MuSK activation and NMJ formation.

7. Disruption of cell adhesion by an antibody
targeting the cell-adhesive intermediate (X-di-
mer) of human P-cadherin

S. Kudo, J.M.M. Caaveiro, S. Nagatoishi, T. Miya-
fusa, T. Matsuura, Y. Sudou and K. Tsumoto

Human P-cadherin is a cell adhesion protein of
the family of classical cadherins, the overexpression
of which is correlated with poor prognosis in vari-
ous types of cancer. Antibodies inhibiting cell-cell
adhesion mediated by P-cadherin show clear thera-
peutic effect, although the mechanistic basis ex-
plaining their effectiveness is still unclear. Based on
structural, physicochemical, and functional analy-
ses, we have elucidated the molecular mechanism
of disruption of cell adhesion by antibodies target-
ing human P-cadherin. Herein we have studied
three different antibodies, TSP5, TSP7, and TSP11,
each recognizing a different epitope on the surface
of the cell-adhesive domain (EC1). Although all

these three antibodies recognized human P-cad-
herin with high affinity, only TSP7 disrupted cell
adhesion. Notably, we demonstrated that TSP7
abolishes cell adhesion by disabling the so-called X-
dimer (a kinetic adhesive intermediate), in addition
to disrupting the strand-swap dimer (the final ther-
modynamic state). The inhibition of the X-dimer
was crucial for the overall inhibitory effect, raising
the therapeutic value of a kinetic intermediary not
only for preventing, but also for reversing, cell ad-
hesion mediated by a member of the classical cad-
herin family. These findings should help to design
more innovative and effective therapeutic solutions
targeting human P-cadherin.

8. Through-bond effects in the ternary com-
plexes of thrombin sandwiched by two DNA
aptamer

A. Pica, I. Russo Krauss, V. Parente, H. Tateishi-
Karimata, S. Nagatoishi, K. Tsumoto, N. Sugimoto
and F. Sica

Aptamers directed against human thrombin can
selectively bind to two different exosites on the
protein surface. The simultaneous use of two DNA
aptamers, HD1 and HD22, directed to exosite I and
exosite II respectively, is a very powerful approach
to exploit their combined affinity. Indeed, strategies
to link HD1 and HD22 together have been pro-
posed in order to create a single bivalent molecule
with an enhanced ability to control thrombin activ-
ity. In this work, the crystal structures of two ter-
nary complexes, in which thrombin is sandwiched
between two DNA aptamers, are presented and
discussed. The structures shed light on the cross
talk between the two exosites. The through-bond ef-
fects are particularly evident at exosite II, with net
consequences on the HD22 structure. Moreover,
thermodynamic data on the binding of the two ap-
tamers are also reported and analyzed.
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長門石曉，津本浩平．低分子薬剤開発に活かされる
熱量測定の最前線．熱測定．熱測定学会．４４（４）：

２０１７．
津本浩平，長門石曉，中木戸誠．バイオ医薬品の分
析のコツ 品質評価のための基礎と応用（第２回）
タンパク質科学の基礎と取扱い．PHARM TECH
JAPA．じほう．３３（１１）：２０１７．
長門石曉，津本浩平（分担執筆）．医療応用のための
物理化学．CSJカレントビュー 医療・診断・創
薬の化学．化学同人．２０１７．

長門石曉，津本浩平．抗体の品質・物性評価に関す
る解説（２）：プロセス・製剤における評価．製剤
機械技術学会誌．製剤機械技術学会．２６（１）：２０１７
長門石曉，津本浩平（分担執筆）．８章 酵素．生体
分子化学．講談．２０１７．
長門石曉，津本浩平．物理化学的解析技術を利用し
たリガンドスクリーニング．バイオサイエンスと
インダストリー．バイオインダストリー協会．７５
（１）：２０１７
津本浩平，長門石曉．日本発次世代創薬のための化
学：抗体医薬品開発の現状と展望．化学と工業．
日本化学会．７０（１）：２０１７．
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