
1. A transposon screen for medulloblastoma
cancer genes reveals new genes that regulate
SHH signaling and proliferation of granule
neuron precursors

Hideto Koso, Asano Tsuhako, Eli Lyons, Nancy A.
Jenkins1, Neal G. Gopeland1, Sumiko Watanabe:
1Division of Genetics and Genomics, Institute of
Molecular and Cell Biology, Agency for Science,
Technology and Research, Singapore

Medulloblastoma (MB) is the most common ma-
lignant childhood brain tumor. These tumors are
thought to arise within the cerebellum, with ～25％
originating from granule neuron precursor cells
(GNPs) after aberrant activation of the Sonic
Hedgehog (SHH) pathway. To identify novel driver
genes for MB, we performed a transposon mutage-
nesis screen in the developing brain of wild-type
and Trp53 mutant mice. These mice are not predis-
posed to MBs, however mobilized transposons in-
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Our long-term goal is to understand the molecular mechanisms which coordinately
regulate growth and differentiation of stem cells as well as differentiated cells with
emphasis on intracellular signal transduction. For this purpose we are using mod-
els ranging from iPS and various culture cells, zebrafish, mouse, to monkey.
Based on our research background on the area of cytokine signals, we now focus
on the analysis of development and regeneration of neural retina.
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 transplantation is a critical
issue from both clinical and neurobiological points of view. Although reports of
successful regeneration of the CNS from neural stem cells (NSC) have appeared
in the literature, such has not been the case for the vertebrate neural retina. Fur-
thermore, 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 labora-
tory, we attempt to identify mammalian retinal stem cells and following develop-
mental processes by revealing the expression pattern of cell surface proteins. We
found that various CD antigens mark spatiotemporally distinct populations of reti-
nal cells, and genes specifically expressed in such populations has been revealed
by microarray analyses. Various signaling molecules and transcriptional factors
are under investigation for their roles on retinal development. For developmental
biological analyses, we use zebrafish in addition to mouse as model animals. We
also continue to work on haematological projects, and bidirectional cooperative
progress between neurological and haematological works is one of unique fea-
tures of our laboratory. Projects, which gave major findings during 2013 are as fol-
lows.
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duced MBs in ～50％ of the mice. Sequencing of the
transposon insertion sites from 44 tumors identified
26 candidate MB genes, including well-known MB-
associated genes such as Gli1 and Crebbp , with 38％
of the genes involved in transcription. Foxr2 , the
most frequently mutated gene identified in the
screen, is upregulated by transposon insertions, and
is overexpressed in a small subset of human MBs of
the SHH subtype. Two putative novel oncogenes
identified in the screen, Tgif2 and Alx4 , are
strongly expressed in the SHH subtype of human
MB. Mutations in these two genes tend to co-occur
and be mutually exclusive with mutations in Gli1 ,
suggesting potential involvement in the SHH path-
way. Consistent with this, Foxr2, Tgif2 and Alx4 ac-
tivated the Gli-binding site in cooperation with Gli
1 , providing evidence that these genes function in
SHH signaling. We also show that Foxr2 has trans-
forming activity in NIH3T3 cells and promotes pro-
liferation of GNPs. Co-transduction of Tgif2 and
Alx4 also promoted proliferation of GNPs. Taken
together, these data provide the first forward ge-
netic and functional evidence associating Foxr2 , Tgif
2 and Alx4 with MB.

2. Critical roles of timed Jmjd3 expression for
the development of retinal bipolar cell-sub-
sets

Atsumi Iida, Toshiro Iwagawa, Hiroshi Kuri-
bayashi, Yukihiro Baba, Hiromitsu Nakauchi2,
Akira Murakami3, Sumiko Watanabe: 2Division of
Stem Cell Therapy, Center for Stem Cell Biology
and Regenerative Medicine, Institute of Medical
Science, University of Tokyo, 3Department of Oph-
thalmology, Juntendo University School of Medi-
cine

Di- and tri-methylation of lysine 27 on histone H
3 (H3K27me2/3) is an important gene repression
mechanism. The H3K27me2/3-specific demethylase,
Jmjd3, was expressed in the inner nuclear layer
during late retinal development. In contrast, H3K27
methyltransferase, Ezh2, was highly expressed in
embryonic retina, but its expression decreased rap-
idly after birth. Jmjd3 loss-of-function in the devel-
oping retina resulted in failed differentiation of
PKC-positive bipolar cell subsets (rod-ON-bipolar)
and reduced Bhlhb4 expression, which is critical for
the differentiation of rod-ON-bipolar cells. Expres-
sion of Bhlhb4 , but not other bipolar cell-related
genes such as Neurod and Chx10 , in Jmjd3-knock-
down retina rescued loss of PKC-positive bipolar
cells. Populations of other retinal cell subsets were
not significantly affected. In addition, proliferation
activity and apoptotic cell number during retinal
development was not affected by the loss of Jmjd3.
Levels of the Bhlhb4 locus H3K27me3 were lower in
Islet-1-positive bipolar cells and amacrine cells than

in the Islet-1-negative cell fraction, which consisted
mainly of photoreceptors, suggestive of lineage-spe-
cific de-methylation of H3K27me3 in the Bhlhb4 lo-
cus. In contrast, knockout of the H3K27 methylase,
Ezh2, resulted in microphthalmia and a higher pro-
portion of PKC positive bipolar cells. Based on
these results, we propose that lineage-specific H3K
27me3 demethylation of critical gene loci by spatio-
temporal-specific Jmjd3 expression is required for
appropriate maturation of retinal cells.

3. Profiling of MicroRNA in Human and Mouse
ES and iPS Cells Reveals Overlapping but
Distinct MicroRNA Expression Patterns

Siti Razila Abdul Razak, Kazuko Ueno4, Hideto
Koso, Hitomitsu Nakauchi2, Makoto Otsu2, Sumiko
Watanabe: 4Division of Biomedical Information
Analysis, Department of Integrative Genomics, To-
hoku Medical Megabank Organization, Tohoku
University

Using quantitative PCR-based miRNA arrays, we
comprehensively analyzed the expression profiles
of miRNAs in human and mouse embryonic stem
(ES), induced pluripotent stem (iPS), and somatic
cells. Immature pluripotent cells were purified us-
ing SSEA-1 or SSEA-4 and were used for miRNA
profiling. Hierarchical clustering and consensus
clustering by nonnegative matrix factorization
showed two major clusters, human ES/iPS cells and
other cell groups, as previously reported. Principal
components analysis (PCA) to identify miRNAs
that segregate in these two groups identified miR-
187, 299-3p, 499-5p, 628-5p, and 888 as new miR-
NAs that specifically characterize human ES/iPS
cells. Detailed direct comparisons of miRNA ex-
pression levels in human ES and iPS cells showed
that several miRNAs included in the chromosome
19 miRNA cluster were more strongly expressed in
iPS cells than in ES cells. Similar analysis was con-
ducted with mouse ES/iPS cells and somatic cells,
and several miRNAs that had not been reported to
be expressed in mouse ES/iPS cells were suggested
to be ES/iPS cell-specific miRNAs by PCA. Com-
parison of the average expression levels of miRNAs
in ES/iPS cells in humans and mice showed quite
similar expression patterns of human/mouse miR-
NAs. However, several mouse- or human-specific
miRNAs are ranked as high expressers. Time
course tracing of miRNA levels during embryoid
body formation revealed drastic and different pat-
terns of changes in their levels. In summary, our
miRNA expression profiling encompassing human
and mouse ES and iPS cells gave various perspec-
tives in understanding the miRNA core regulatory
networks regulating pluripotent cells characteristics.
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4. Expression of Sox4 and Sox11 is regulated
by multiple mechanisms during retinal devel-
opment

Ayumi Usui3, Yujin Mochizuki3, Atsumi Iida,
Akira Murakami3, Sumiko Watanabe

Sox11 and Sox4 play critical roles in retinal de-
velopment, during which they display specific and
unique expression patterns. The expression of Sox
11 and Sox4 is temporally sequential, albeit spa-
tially overlapping in some retinal subtypes. Gain-
of-function and loss-of-function analyses suggested
that Notch signaling suppresses Sox11 expression in
the early developing retina but not during the later
period of development. The levels of histone H3-
acetylation and H3-lysine 4 tri-methylation at the
Sox11 locus declined during development, as did
the levels of Sox11. A similar but less marked
change was seen for Sox4 . For both genes, histone
H3-lysine 27 methylation was low during develop-
ment and increased markedly in the adult.

5. Temporal regulation of cre activity in neural
stem cells and rod photoreceptors

Hideto Koso, Asano Tsuhako, Sumiko Watanabe

Retinitis pigmentosa is one of the most common
inherited diseases of the retina, which is character-
ized by progressive degeneration of rod photore-
ceptor cells. More than thirty disease-causing genes
have been identified, but there is still no effective
treatment to stop or cure this disease. To model rod
photoreceptor degeneration in mouse, we devel-
oped a novel model, in which expression of diph-
theria toxin fragment a (dta) is induced in rod pho-
toreceptor cells upon tamoxifen administration (dta
mice), thereby causing rod photoreceptor cell death.
Compared to the existing models of rod photore-
ceptor degeneration such as rd/rd mice and light in-
jury, this model allows photoreceptor injury in a
temporally regulated and cell type specific manner.
Histological examination of the retina of dta mice
revealed decreased thickness of the outer nuclear
layer at several weeks after tamoxifen administra-
tion. Consistent with this, scotopic erg showed de-
creased amplitude of a-wave responses in dta mice.
Regardless of the primary causes, photoreceptor in-
jury almost invariably leads to the activation of two
types of glia: Mueller glia and microglia. We are
currently investigating molecular mechanisms regu-
lating the activation of glial cells in the damaged
retina.
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A) Zinc-finger-containing transcriptional factor,
Kruppel-like factor 2 (KLF2)

The Kruppel-like factor (KLF) proteins are multi-
tasked transcriptional regulators with an expanding
tumor suppressor function. KLF2 is a member of
the KLF family of zinc-finger transcription factors
and is involved in maintaining T-cell quiescence,
regulating preadipocyte differentiation, endothelial
cell function, lung development and the self-re-
newal of ES cells. Furthermore, KLF2 is one of the
prominent members of the family because of its di-
minished expression in malignancies and its
growth-inhibitory, pro-apoptotic and anti-angio-
genic roles.
We indicate that epigenetic silencing of KLF2 oc-

curs in cancer cells through direct transcriptional
repression mediated by the Polycomb group pro-
tein Enhancer of Zeste Homolog 2 (EZH2). Binding
of EZH2 to the 5'-end of KLF2 is also associated

with a gain of trimethylated lysine 27 histone H3
and a depletion of phosphorylated serine 2 of RNA
polymerase.
Upon depletion of EZH2 by RNA interference,

short hairpin RNA or use of the small molecule 3-
Deazaneplanocin A, the expression of KLF2 is re-
stored. The transfection of KLF2 in cells with EZH2-
associated silencing showed a significant anti-tu-
moral effect, both in culture and in xenografted
nude mice.
In this last setting, KLF2 transfection was also as-

sociated with decreased dissemination and lower
mortality rate. In EZH2-depleted cells, which char-
acteristically have lower tumorigenicity, the induc-
tion of KLF2 depletion 'rescued' partially the onco-
genic phenotype, suggesting that KLF2 repression
has an important role in EZH2 oncogenesis.
Most importantly, the translation of the described

results to human primary samples demonstrated
that patients with prostate or breast tumors with
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Tumors contain a small population of putative cancer stem cells (CSC), which
possess unique self-renewal properties, and survive in a quiescent state for many
years after remission and result in later relapse and metastasis. Therefore, it is
conceivable that targeting CSCs will eradicate tumor-initiating cells, whereas con-
ventional chemotherapies will only eradicate the bulk of a tumor.
Cancer stem cells and normal tissue stem cells utilize the same self-renewal path-
way. However, researchers characterize some of changes, which occur in cancer
stem cells, not in normal tissue stem cells. The design of new therapeutic agents
should be aimed at targeting these unique molecular changes.
We have currently focused on studying these unique molecular changes, which
occur in cancer stem cells, not in normal tissue stem cells. This could be a new
therapeutic target against solid tumors.
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low levels of KLF2 and high expression of EZH2
had a shorter overall survival.

B) PR domain-containing protein, PRDM14

PRDM have been linked to human cancers. To
explore the role of the PR domain family genes in
breast carcinogenesis, we examined the expression
profiles of 16 members of the PRDM gene family in
a panel of breast cancer cell lines and primary
breast cancer specimens using semiquantitative
real-time PCR.
We found that PRDM14 mRNA is overexpressed

in about two thirds of breast cancers. Moreover, im-
munohistochemical analysis showed that expression
of PRDM14 protein is also up-regulated. PRDM14

are known as a key transcription factor required for
the maintenance of hESC identity and the reacquisi-
tion of pluripotency in human somatic cells.
Introduction of PRDM14 into cancer cells reduced

their sensitivity to chemotherapeutic drugs. Con-
versely, knockdown of PRDM14 by siRNA induced
apoptosis in breast cancer cells and increased their
sensitivity to chemotherapeutic drugs. Moreover,
PRDM14 regulated cancer metastasis, angiogenesis,
and stemness of cancer cells.
That little or no expression of PRDM14 is seen in

noncancerous tissues suggests that PRDM14 could
be an ideal therapeutic target for the treatment of
breast cancer. Now, we also develop new method-
logy with nuclear acid medicine and modified anti-
body drug against PRDM14.
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【Medical Governance】

Masaharu Tsubokura, Koichiro Yuji1, Yasuhiro
Mizuno2, Tomoko Matsumura3, Naoko Murashige3,
Yuko Kodama, Masahiro Kami, Tetsuya Tani-
moto3, Masayoshi Nagata4, Haruka Nakada: 1Cen-
ter for Antibody and Vaccine Therapy, Institute of
Medical Science, the University of Tokyo, 2Maru
Clinic, 3Navitas Clinic, 4National Center for Global
Health and Medicine Center Hospital

We simulated the insufficiency of the surgeon
and the pandemic of the flu, and we published the
results in scientific journals (Yuji K, et al., Mizuno
Y, et al., Nagata M, et al., Yamaguchi R, et al., Saito
M, et al.).

【Medical support for disaster-stricken area】

Masaharu Tsubokura, Yukio Kanazawa5, To-
moyoshi Oikawa5, Akemi Takada5, Tomoko Ma-
tsumura, Morihito Takita6, Kazuhiko Kobayashi7,
Syuichi Iwamoto3, Jinichi Mori8, Masaki Miya-
saka9 Kenji Shibuya10, Amina Sugimoto10, Syuhei
Nomura10, Tetsuya Tanimoto3, Takeaki Ishii11,
Shigeaki Kato11, Sae Ochi11, Giichiro Oiso12, Yuko
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10Graduate school of Medicine, Department of
Global Health Policy, The University of Tokyo,
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Collaborating with physicians who work in disas-
ter-stricken area and many support physicians, we
conducted measurement of internal radiation expo-
sure and gave medical guidance to the local people
and publish the results in scientific journals
(Tsubokura M, et al., Mori J, et al. Nomura S, et al.,
Tsubokura M, et al., Ishii T, et al., Tsubokura M, et
al, Sugimoto A, et al). These results were widely
published in news papers and popular magazines.

【Economic Burden of Health Care on Patients】

Yuko Kodama, Ryoko Morozumi13, Akihiko Ma-
tsui14, Masahiro Kami: 13Faculty of Economics,
University of Toyama, 14Faculty of Economics, the
University of Tokyo
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The aim of our division is to establish and popularize state-of-art medicine and to
promote translational research (TR). We investigate medical governance and the
methodology to develop national consensus in health care by using media.
We also perform individual case studies on economic burden of health care on
patients, medical support for disaster-stricken area by the Great East Japan Earth-
quake on March 11, 2011 and physician supply. In each case, we also study the
system of management, information circulation, and network.
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We conducted a research about high medical ex-
penses of long term patients with economists. This
research will change the government's plan for the
burden of high medical expenses of the patients.
The economic burden on patients or the govern-
ment with prevailing advanced medical care in-
cluding anticancer drugs is an important issue, we
continue further investigation.

【Clinically Oriented Research】

Tomoko Matsumura3, Tetsuya Tanimoto3, Hiroto

Narimatsu15, Natsuko Watanabe16, Jinichi Mori8,
Yukie Takahashi8, Masaki Miyasaka9, Kenji
Tsuda17, Tomohiro Morita18: 15Graduate School of
Medicine/Cohort Management Unit, Yamagata
University, 16Ito Hospital, 17Teikyo University
Chiba Medical Center, 18Kameda Medical Center

We studied in prophylaxis and treatment in lym-
phoma, heat disorder, and so on. These results
were published in scientific journals (Tanimoto T, et
al., Miyasaka M, et al., Tsuda K, et al. Watanabe N,
et al. Morita T, et al.).
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Efficiency of puromycin-based technologies me-
diated by release factors and a ribosome recy-
cling factor

Hiroyuki Ohashi1, Masamichi Ishizaka2, Naoya
Hirai1 and Etsuko Miyamoto-Sato1,3: 1Div. Interac-
tome Med. Sci., Inst. Med. Sci., Univ. of Tokyo
2Dept. Biosci. & Info., Keio Univ. 3Human Genome
Ctr., Inst. Med. Sci., Univ. of Tokyo

Two useful puromycin-based techniques, in vitro
virus (IVV) and C-terminal labelling of proteins,
were developed based on the observation that
puromycin can bind to the C-terminus of a full-
length protein. Puromycin technology is a useful
tool for the detection of proteins and analysis of
protein-protein interactions (PPIs); however, prob-
lems arise due to the existence of stop codons in
the native mRNAs. Release factors (RFs) enter the
A site of the ribosome at stop codons, which inevi-
tably compete with the puromycin. To overcome
this difficulty, we have used a highly controllable
reconstituted cell-free system for puromycin-based
techniques and observed efficient IVV formation
and C-terminal labelling using templates possessing
a stop codon. The optimal conditions of IVV forma-
tion using templates possessing a stop codon was

RF (－), while that of C-terminal labelling was RF
(－) and the ribosome recycling factor (RRF) (＋).
Thus, we have overcome the experimental limita-
tions of conventional IVV. In addition, we discov-
ered that RRF significantly increases the efficiency
of C-terminal protein labelling, but not IVV forma-
tion. This approach overcomes the experimental
limitations of conventional IVV. Thus, we believe
that our results support the practical use of puro-
mycin-based techniques for evolutionary protein
engineering and comprehensive proteome research.

Towards Personalized Medicine Mediated by in
Vitro Virus-based Interactome Approaches

Hiroyuki Ohashi1, and Etsuko Miyamoto-Sato1,2:
1Div. Interactome Med. Sci., Inst. Med. Sci., Univ.
of Tokyo 2Human Genome Ctr., Inst. Med. Sci.,
Univ. of Tokyo

We have developed a simple in vitro virus (IVV)
selection system based on cell-free co-translation,
using a highly stable and efficient mRNA display
method. The IVV system is applicable to the high-
throughput and comprehensive analysis of proteins
and protein-ligand interactions. Huge amounts of
genomic sequence data have been generated over
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In our lab, the interactome (protein-protein interactions) is analyzed using technol-
ogy developed in Japan and referred to as "puromycin technology". Toward the
"personalized medicine" era, we will apply these tools to medical science. To de-
velop the "interactome analysis pipeline", we are collaborating with the human
genome center, where large amounts of sequence data are generated from next
generation sequencers and analyzed using a supercomputer. In particular, our re-
search focuses on "cancer", and we collaborate with cancer researchers. For a
cooperative study involving society and academia, our research involves industrial
partnerships.
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the last decade. The accumulated genetic alterations
and the interactome networks identified within cells
represent a universal feature of a disease, and
knowledge of these aspects can help to determine
the optimal therapy for the disease. The concept of
the 'integrome' has been developed as a means of
integrating large amounts of data. We have devel-
oped an interactome analysis method aimed at pro-
viding individually-targeted health care. This will
facilitate archiving of the interactome map of a
whole-cell library at low cost. We suggest that IVV
systems can provide an important contribution to
our understanding of the interactome networks in
cancer cells, and thus help in the development of
pharmaceutical agents to treat currently intractable
diseases.

Mitochondria-nucleus shuttling FK506-binding
protein 51 interacts with TRAF proteins and fa-
cilitates the RIG-I-like receptor-mediated expres-
sion of type I IFN

Taishin Akiyama1, Takuma Shiraishi1, Junwen
Qin1,2, Hiroyasu Konno1, Nobuko Akiyama1, Miho
Shinzawa1, Maki Miyauchi1, Nobukazu Takizawa1,
Hiromi Yanai1, Hiroyuki Ohashi3, Etsuko Mi-
yamoto-Sato3, Hiroshi Yanagawa4, Weidong Yong5,
Weinian Shou5, and Jun-Ichiro Inoue1: 1Div. Cellu-
lar and Molecular Biology, Inst. Med. Sci., Univ.
of Tokyo 2Dep. Dev. Reg. Bio, Jinan University,
China 3Div. Interactome Med. Sci., Inst. Med. Sci.,
Univ. of Tokyo 4Dept. Biosci. & Info., Keio Univ.
5Riley Heart Research Center, Indiana University
School of Medicine, USA

Virus-derived double-stranded RNAs (dsRNAs)
are sensed in the cytosol by retinoic acid-inducible
gene (RIG)-I-like receptors (RLRs). These induce the
expression of type I IFN and proinflammatory cy-
tokines through signaling pathways mediated by
the mitochondrial antiviral signaling (MAVS) pro-
tein. TNF receptor-associated factor (TRAF) family
proteins are reported to facilitate the RLR-depend-
ent expression of type I IFN by interacting with
MAVS. However, the precise regulatory mecha-
nisms remain unclear. We investigated the role of
FK506-binding protein 51 (FKBP51) in regulating
the dsRNA-dependent expression of type I IFN.
The binding of FKBP51 to TRAF6 was first identi-
fied by "in vitro virus" selection and was subse-
quently confirmed with a coimmunoprecipitation
assay in HEK293T cells. The TRAF-C domain of
TRAF6 is required for its interaction, although
FKBP51 does not contain the consensus motif for
interaction with the TRAF-C domain. Besides TRAF
6, we found that FKBP51 also interacts with TRAF3.
The depletion of FKBP51 reduced the expression of
type I IFN induced by dsRNA transfection or New-
castle disease virus infection in murine fibroblasts.

Consistent with this, FKBP51 depletion delayed the
phosphorylation of IRF3 induced by dsRNA stimu-
lation. Interestingly, dsRNA stimulation promoted
the accumulation of FKBP51 in the mitochondria.
Moreover, the overexpression of FKBP51 inhibited
RLR-dependent transcriptional activation, suggest-
ing a scaffolding function for FKBP51 in the MAVS-
mediated signaling pathway. Overall, we have
demonstrated that FKBP51 interacts with TRAF
proteins and facilitates the expression of type I IFN
induced by cytosolic dsRNA. These findings sug-
gest a novel role for FKBP51 in the innate immune
response to viral infection.

The analysis of transcription factor networks us-
ing the IVV method

Hiroyuki Ohashi1, Shigeo Fujimori1, Naoya Hirai1,
Hiroshi Yanagawa2 and Etsuko Miyamoto-Sato1,3:
1Div. Interactome Med. Sci., Inst. Med. Sci., Univ.
of Tokyo 2Dept. Biosci. & Info., Keio Univ. 3Hu-
man Genome Ctr., Inst. Med. Sci., Univ. of Tokyo

We have developed a simple and totally in vitro
selection procedure based on cell-free cotranslation
using a highly stable and efficient in vitro virus
(IVV). Cell-free cotranslation of tagged bait and
prey proteins is advantageous for the formation of
protein complexes and allows high-throughput
analysis of protein-protein interactions (PPI) as a re-
sult of providing in vitro instead of in vivo prepara-
tion of bait proteins. The use of plural selection
rounds and a two-step purification of the IVV selec-
tion, followed by in vitro post-selection, is advanta-
geous for decreasing false positives. This simple
IVV selection system based on cell-free cotransla-
tion is applicable to high-throughput and compre-
hensive analysis of transcription factor networks.

The Dynamic Whole-Cell Omics Analyses to Un-
derstand and Control Cancer Stem Cells

Takatsune Smimizu1,2, Rui Yamaguchi3, Hiroyuki
Ohashi1, Seiya Imoto3, Naoya Hirai1, Hideyuki
Saya2, Satoru Miyano3, Etsuko Miyamoto-Sato1,3:
1Div. Interactome Med. Sci., Inst. Med. Sci., Univ.
of Tokyo 2Div. Gene Reg., IAMR, Keio Univ. Sch.
Med. 3Human Genome Ctr., Inst. Med. Sci., Univ.
of Tokyo

Recent scientific discoveries resulted from the
next-generation sequencing (NGS) highlight the
striking impact of massively parallel sequencing
data on genetics. Thus, the interest of basic research
in the medical care has changed from the conven-
tional post-genomic to the personal genomic re-
search, especially for cancer therapy. To understand
the individuality of cancer, we have to conduct
various dynamic omics analyses and comprehend
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the individual biomolecular networks for each cell
type. Our research focuses on diversity of cancer
stem cells (CSCs), and is aimed at discerning and
regulation of CSCs by the collaboration of research-
ers, who have the experiment system for studying
CSCs, the technology for omics analysis, and the
network analysis technique. We have model CSCs
derived from bone-marrow stromal cells of Ink4a/
Arf KO mice (Shimizu et al., Oncogene. 2010). To
compare those CSCs having distinct characters, we
attempt to conduct "dynamic whole-cell omics";
analyses, especially for interactome sequencing. To
collect comprehensive protein level's data from
NGS, we have developed IVV-HiTSeq (Fujimori et
al., Scientific Reports 2012) standing for the In Vitro
Virus method (Miyamoto-Sato et al., PLoS ONE
2010) coupled with High-Throughput Sequencing.
IVV-HiTSeq can obtain reliable interactome data
suitable for the medical field due to low false posi-
tives. Moreover, we attempt to develop the bait-free
IVV method as IVV square (IVV2) to obtain not par-
tial but a whole-cell?interactome. IVV2 also detects
'interacting regions (IR)', allowing us to analyze re-
lations between interactome and aberrance (e.g.,
DNA mutation) observed in cancer. Accordingly,
we have developed the database to investigate such
relations.

A whole-cell Interactome Mapping using IVV
Square toward Personal Genomics

Hiroyuki Ohashi1, Shigeo Fujimori1, Naoya Hirai1,
Takatsune Shimizu2, Hideyuki Saya2 and Etsuko
Miyamoto-Sato1: 1Div. Interactome Med. Sci., Inst.
Med. Sci., Univ. of Tokyo 2Div. Gene Reg., IAMR,

Keio Univ. Sch. Med.

In the last decade, huge amount of genomic se-
quence data have been determined and gathered.
The Human genome project provided the human
genome sequence. Understanding the genetic se-
quences of individual patients is becoming a central
feature of medical care. It is very important that the
accumulation of genetic alterations and the interac-
tome networks in cancer cells represents a universal
feature of the disease. The knowledge can contrib-
ute to determining optimal therapy for the disease.
Since protein-protein interactions (PPIs) are at the
core of the biomolecule network, we have devel-
oped in vitro virus (IVV) system, which is a mRNA
display, to detect PPIs toward personal genomics.
We have succeeded to obtain significant results of
interactome analysis by using the system. On the
other hand, the system has a limitation in the high-
throughput screening and identification of interac-
tion pairs of proteins, due to the time consuming
preparation of bait proteins and the low ability of
the conventional sequencing method. To overcome
the problem, we are trying to develop "a bait-free
IVV", termed IVV Square (IVV2), which enables
genes encoding interacting protein pairs to be
linked. This will facilitate archiving of the interac-
tome mapping of a whole-cell library. IVV2 libraries
will be subjected to the high-throughput sequenc-
ing with the next-generation sequencers to generate
interactome information. We believe that the new
system will contribute to understand the interac-
tome networks in cancer cells, and to develop phar-
maceutical drugs to treat intractable diseases.
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1. Nonstop mRNA and Protein degradation in
Drosophila melanogaster cells

Isao Kashima, Eri Sakota, Yoshikazu Nakamura,
Toshifumi Inada1: 1Graduate School of Pharma-
ceutical Sciences, Tohoku University

Nonstop mRNA decay (NSD) is quality-control
mechanism that detects and degrades mRNAs lack-
ing stop codons. Nonstop protein degradation
(NSPD) eliminates aberrant proteins derived from
nonstop mRNA. The previous studies in yeast indi-
cate that the Dom34:Hbs1 complex, which are
paralogues of mammalian eRF1:eRF3 complex, pro-
motes peptidyle-tRNA release and stalled ribosome
dissociation by binding to the empty A site of the
stalled ribosome. This enables access of the Ski:
Exosome exonuclease complex at 3' end of nonstop
mRNAs for subsequent NSD. The E3 ubiquitin li-

gase Ltn1 is responsible for proteasome-dependent
aberrant nonstop polypeptides degradation (NSPD)
following the dissociation of ribosome. Here we
show that Pelota (Dom34 paralog) and Hbs1 are in-
volved in the degradation of nonstop mRNAs in
shared as well as distinct manners compared with
yeast, and Ltn1 is essential for NSPD via protea-
some pathway in Drosophila melanogaster cells.

2. Therapeutic Aptamer Discovery

a. Selection of RNA aptamer against fibroblast
growth factor 2 and its therapeutic applica-
tion

Akira Ishiguro, Maiko Sakamoto, Michiru Ozawa,
Shoichiro Shibata, Yoshikazu Nakamura

Fibroblast growth factor is a class of heparin
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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/
polypeptide 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 the se-
quence complementarity to the target mRNA or DNA, while the other, like ap-
tamer, those function independent of the sequence complementarity. In our labo-
ratory, we aim to: 1) uncover the molecular mechanism underlying the mRNA sur-
veillance and aberrant product clearance; and 2) create artificial aptamers to tar-
get proteins of therapeutic interest. Additionally, molecular biology of the 'prion' na-
ture associated with yeast translation factor Sup35 is under investigation in this
laboratory.
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binding proteins that mediate a variety of cellular
responses during embryonic development and in
the adult organism. Fibroblast growth factor 2 (FGF2
or bFGF for basic fibroblast growth factor) has an
important role in proliferation, migration, angio-
genesis and morphogenesis. Secreted FGF2 protein
activates several cell signaling such as JNK, MAPK,
via through FGF receptors on the cell surface. Re-
cent reports suggested that the expression level of
FGF2 protein is enhanced expression in rheumatoid
arthritis (RA) patients, and also elevated in rat joints
of adjuvant-induced arthritis (AIA).
By screening of a large library of nuclease-resis-

tant RNA oligonucleotides by SELEX, we selected
an RNA aptamer that bind human and mouse FGF2
proteins with high affinity and specificity. The se-
lected aptamer binds strongly to FGF2, but not to
FGF1, and inhibits the interaction between FGF2
and its receptor when examined by the surface
plasmon resonance (SPR) analysis. Consistently, the
aptamer prevented efficient phosphorylation of
FGF2 signaling factors, FRS2 and MAPK, in the
cell-based assay with NIH3T3. Furthermore, the ap-
tamer inhibited the FGF2-dependent repression of
osteoprotegerin (OPG) secretion in HFLS-RA (Hu-
man Fibroblast-Like Synoviocytes cells from RA pa-
tient).
We then demonstrated that in vivo efficacy of the

aptamer using GPI-induced rheumatoid arthritis
mice model. When administered immediately after
immunization with GPI, the aptamer inhibited the
development of arthritic symptoms in a dose-de-
pendent manner. Significantly, the aptamer slowed
the progression of arthritis when administered after
the onset of GPI induced arthritis. Our findings in-
dicate that the chemically processed anti-FGF2 ap-
tamer inhibits FGF2 action and the development of
RA in mouse models. These results offer, for the
first time an aptamer-based therapeutic approach
for FGF2 related disorders.

b. An RNA aptamer targeting the growth factor
midkine suppresses the tumorigenesis of
neuroblastoma

Satoshi Kishida1, Mu Ping1, Shin Miyakawa2,
Masatoshi Fujiwara2, Tomoyuki Abe2, Kazuma
Sakamoto1, Akira Onishi3, Yoshikazu Nakamura,
Kenji Kadomatsu1: 1Department of Biochemistry,
Nagoya University Graduate School of Medicine;
2RIBOMIC, Inc.; 3Transgenic Animal Research
Center, National Institute of Agrobiological Sci-
ences.

Midkine is a heparin-binding growth factor
highly expressed in various cancers, including neu-
roblastoma, the most common extracranial pediatric
solid tumor. Prognosis of patients with neuroblas-
toma in which MYCN is amplified remains particu-

larly poor. In this study, we used a MYCN trans-
genic model for neuroblastoma in which midkine is
highly expressed in precancerous lesions of sympa-
thetic ganglia. Genetic ablation of midkine in this
model delayed tumor formation and reduced tumor
incidence. Furthermore, an RNA aptamer that spe-
cifically bound midkine suppressed the growth of
neuroblastoma cells in vitro and in vivo in tumor
xenografts. In precancerous lesions, midkine-defi-
cient MYCN transgenic mice exhibited defects in
activation of Notch2, a candidate midkine receptor,
and expression of the Notch target gene HES1.
Similarly, RNAaptamer-treated tumor xenografts
also showed attenuation of Notch2-HES1 signaling.
Our findings establish a critical role for the mid-
kine-Notch2 signaling axis in neuroblastoma tu-
morigenesis, which implicates new strategies to
treat neuroblastoma.

3. Molecular Biology of Yeast Prions.

a. Clearance of yeast prions by misfolded multi-
transmembrane proteins

Chie Arai, Hiroshi Kurahashi1, Masao Ishiwata2,
Keita Oishi, and Yoshikazu Nakamura: 1Depart-
ment of Neurochemistry, Tohoku University
Graduate School of Medicine; 2Technical Research
and Development Institute, Japan Ministry of De-
fense

Accumulation of misfolded proteins in the endo-
plasmic reticulum (ER) induces the stress response
to protect cells against toxicity by the unfolded pro-
tein response (UPR), heat shock response (HSR),
and ER-associated degradation pathways. Here, we
found that over-production of C-terminally trun-
cated multi-transmembrane (MTM) mutant proteins
triggers HSR, but not UPR, and clearance of yeast
prions [PSI ＋] and [URE3]. One of the mutant MTM
proteins, Dip5C-v82, produces a disabled amino-
acid permease. Fluorescence microscopy analysis
revealed abnormal accumulation of Dip5C-v82 in
the ER. Importantly, the mutant defective in the
GET pathway, which functions for ER membrane
insertion of tail-anchored proteins, failed to translo-
cate Dip5C-v82 to the ER and disabled Dip5C-v
82-mediated prion clearance. These findings suggest
that the GET pathway plays a pivotal role in qual-
ity assurance of MTM proteins, and entraps mis-
folded MTM proteins into ER compartments, lead-
ing to loss-of-prion through a yet undefined mecha-
nism.

b. Clearance of yeast eRF-3 prion [PSI＋] by amy-
loid enlargement due to the imbalance be-
tween chaperone Ssa1 and cochaperone Sgt2

Chie Arai, Hiroshi Kurahashi1, Chan-Gi Pack2,
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Yasushi Sako2, and Yoshikazu Nakamura: 1De-
partment of Neurochemistry, Tohoku University
Graduate School of Medicine; 2Cellular Informat-
ics Laboratory, RIKEN Advanced Science Insti-
tute.

The cytoplasmic [PSI ＋] element of budding yeast
represents the prion conformation of translation re-
lease factor eRF-3 (Sup35). Prions are transmissible
agents caused by self-seeded highly ordered aggre-
gates (amyloids). Much interest lies in understand-
ing how prions are developed and transmitted.
However, the cellular mechanism involved in the
prion clearance is unknown. Recently we have
found that excess misfolded multi-transmembrane

protein, Dip5C-v82, eliminates yeast prion [PSI ＋].
In this study, we showed that the prion loss was
caused by enlargement of prion amyloids, unsuit-
able for transmission, and its efficiency was affected
by the cellular balance between the chaperone Hsp70-
Ssa1 and Sgt2, a small cochaperone known as a
regulator of chaperone targeting to different types
of aggregation-prone proteins. The present findings
suggest that Sgt2 is titrated by excess Dip5C-v82,
and the shortage of Sgt2 led to non-productive
binding of Ssa1 on [PSI ＋] amyloids. Clearance of
prion [PSI ＋] by the imbalance between Ssa1 and
Sgt2 might provide a novel array to regulate the re-
lease factor function in yeast.
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1. Structural basis for the recognition of Ubc13
by the Shigella flexneri effector OspI.

Nishide A1, Kim M, Takagi K1, Himeno A, Sanada
T3, Sasakawa C2, Mizushima T1: 1Picobiology Insti-
tute, Department of Life Science, Graduate School
of Life Science, University of Hyogo, Hyogo, Ja-
pan, 2Nippon Institute for Biological Science, Shin-
machi, Ome, Tokyo, Japan, 3Division of Bacteriol-
ogy, Department of Infectious Disease Control, In-
ternational Research Center for Infectious Dis-
eases, Institute of Medical Science, The University
of Tokyo, Tokyo, Japan

Ubc13 is a ubiquitin-conjugating enzyme that
plays a key role in the nuclear factor-B signal
transduction pathway in human diseases. The Shig-
ella flexneri effector OspI affects inflammatory re-
sponses by catalyzing the deamidation of a specific
glutamine residue at position 100 in Ubc13 during
infection. This modification prevents the activation
of the TNF (tumor necrosis factor) receptor-associ-
ated factor 6, leading to modulation of the diacyl-
glycerol-CBM (CARD-Bcl10-Malt1) complex-TNF
receptor-associated factor 6-nuclear factor-B signal-
ing pathway. To elucidate the structural basis of
OspI function, we determined the crystal structures
of the catalytically inert OspI C62A mutant and its

complex with Ubc13 at resolutions of 3.0 and 2.96
Å, respectively. The structure of the OspI-Ubc13
complex revealed that the interacting surfaces be-
tween OspI and Ubc13 are a hydrophobic surface
and a complementary charged surface. Further-
more, we predict that the complementary charged
surface of OspI plays a key role in substrate speci-
ficity determination.

2. The Shigella OspC3 effector inhibits caspase-
4, antagonizes inflammatory cell death, and
promotes epithelial infection.

Kobayashi T1,2, Ogawa M1, Sanada T1,2, Mimuro
H2, Kim M, Ashida H, Akakura R1, Yoshida M3,
Kawalec M4, Reichhart JM4, Mizushima T5, Sasa-
kawa C1,6,7: 1Department of Microbiology and Im-
munology, Institute of Medical Science, The Uni-
versity of Tokyo, Tokyo, Japan, 2Division of Bacte-
riology, Department of Infectious Disease Control,
International Research Center for Infectious Dis-
eases, Institute of Medical Science, The University
of Tokyo, Tokyo, Japan, 3Division of Ultrastruc-
tural Research, BioMedical Research Center,
Graduate School of Medicine, Juntendo Univer-
sity, Tokyo, Japan, 4Institute de Biologie Molécu-
laire et Cellulaire, Centre National de la Recher-
che Scientifique Unité Propre de Recherche, Uni-
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Many pathogenic bacteria, including Shigella, enteropathogenic Escherichia coli
(EPEC), and enterohemorrhagic E. coli (EHEC), are associated with diarrheal dis-
eases and are an important cause of death in many countries. Our current interest
is to understand the complex interactions among pathogenic bacteria, the gastro-
intestinal epithelium and microbiota during pathogenic bacteria infection. The main
goal of our research is to develop new therapeutic tools or vaccines that will target
these bacterial infections.
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Caspase-mediated inflammatory cell death acts as
an intrinsic defense mechanism against infection.
Bacterial pathogens deploy countermeasures against
inflammatory cell death, but the mechanisms by
which they do this remain largely unclear. In a
screen for Shigella flexneri effectors that regulate cell
death during infection, we discovered that Shigella
infection induced acute inflammatory, caspase-4-de-
pendent epithelial cell death, which is counteracted
by the bacterial OspC3 effector. OspC3 interacts
with the caspase-4-p19 subunit and inhibits its acti-
vation by preventing caspase-4-p19 and caspase-4-p
10 heterodimerization by depositing the conserved
OspC3 X1-Y-X2-D-X3 motif at the putative catalytic
pocket of caspase-4. Infection of guinea pigs with a
Shigella ospC3-deficient mutant resulted in en-
hanced inflammatory cell death and associated
symptoms, correlating with decreased bacterial bur-
dens. Salmonella Typhimurium and enteropathogenic
Escherichia coli infection also induced caspase-4-de-
pendent epithelial death. These findings highlight
the importance of caspase-4-dependent innate im-
mune responses and demonstrate that Shigella de-
livers a caspase-4-specific inhibitor to delay epithe-

lial cell death and promote infection.

3. Shigella IpaH0722 E3 ubiquitin ligase effector
targets TRAF2 to inhibit PKC-NF-B activity in
invaded epithelial cells.

Ashida H, Nakano H1, Sasakawa C2,3: 1Department
of Immunology, Juntendo University Graduate
School of Medicine, Tokyo, Japan, 2Nippon Insti-
tute for Biological Science, Shinmachi, Ome, To-
kyo, Japan, 3Medical Mycology Research Center,
Chiba University, Chiba, Japan.

NF-B plays a central role in modulating innate
immune responses to bacterial infections. Therefore,
many bacterial pathogens deploy multiple mecha-
nisms to counteract NF-B activation. The invasion
of and subsequent replication of Shigella within epi-
thelial cells is recognized by various pathogen rec-
ognition receptors as pathogen-associated molecular
patterns. These receptors trigger innate defense
mechanisms via the activation of the NF-B signal-
ing pathway. Here, we show the inhibition of the
NF-B activation by the delivery of the IpaH E3
ubiquitin ligase family member IpaH0722 using
Shigella's type III secretion system. IpaH0722 damp-
ens the acute inflammatory response by preferen-
tially inhibiting the PKC-mediated activation of NF-
B by ubiquitinating TRAF2, a molecule down-
stream of PKC, and by promoting its proteasome-
dependent degradation.
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