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Our long-term goal is to understand the molecular mechanisms which coordinately
requlate growth and differentiation of stem cells and differentiated cells with em-
phasis on intracellular signal transduction. For this purpose we are using models
ranging from iPS and various 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 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 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. For developmental
biological analyses, we use zebrafish in addition to
mouse as model animals. We also work on molecu-
lar analysis of glioma causative genes using mouse
model. Projects, which gave major findings during
2014 are as follows.

Functional analysis of candidate tumor suppres-
sor genes for glioma

Hideto Koso, Shingo Ito, Keisuke Sumiyoshi, Su-
miko Watanabe

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. Glioblastoma (GBM) is the most common
form of malignant brain cancer in adults. Patients
with GBM have a uniformly poor prognosis, with a
mean survival of one year. Thus, advances on all
fronts, both basic and applied, are needed in order
to combat this deadly disease. To better understand
genes and signaling pathways that are able to
transform neural stem cells into glioma-initiating
cells, we have performed a transposon mutagenesis
screen in mice. Two RNA-binding proteins were
identified as novel tumor suppressor genes in
glioma, and we have performed functional analyses
of these genes. The expression levels of both of the
RNA-binding proteins were decreased in glioma
compared to normal neural stem cells. The overex-
pression of these genes in glioma cell lines sup-
pressed proliferation of these cells in vitro. On the
other hand, shRNA-mediated knockdowon of these
genes in primary mouse astrocytes promoted tumor
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outgrowth in a xenograft mouse model. We are
currently investigating the molecular mechanisms
responsible for the growth inhibitory effects of the
RNA-binding proteins in glioma.

Functional analysis of candidate oncogenes for
medulloblastoma

Boonmin Poh, Hideto Koso, Sumiko Watanabe

Medulloblastoma is the most common malignant
brain tumor of childhood and tends to metastasize
throughout the central nervous system. Despite
overall improvements in survival with multimodal
treatment, a substantial proportion of patients are
still incurable. To develop better therapies, insights
into the molecular mechanisms leading to the de-
velopment of medulloblastomas are essential. By
conducting a SB transposon mutagenesis screen,
we have identified candidate oncogenes for medul-
loblastoma, including FoxR2, Alx4 and Tgif2. To
analyze the in vivo function of these genes, we gen-
erated conditional knock-in mice that allowed us to
overexpress these genes in a tissue-specific manner.
We have mated these knock-in strains with the
Nestin-cre transgenic mouse strain, which induces
recombination in the entire brain. We are currently
investigating the effect of overexpression of FoxR2,
Alx4 and Tgif2 on the proliferation of granule neu-
ron precursors in the cerebellum, the cell-of-origin
for medulloblastoma.

Analysis of the role of microglial in retinal de-
generation

Hideto Koso, Asano Tsuhako, Sumiko Watanabe

The retina is an integral part of the central nerv-
ous system (CNS), and has long served as a model
for studying CNS development and pathologies.
Retinitis pigmentosa is the most common cause of
inherited blindness, which is characterized by the
progressive loss of photoreceptor cells. There are
currently no effective treatments to stop or cure this
disease. Thus, a better understanding of its patho-
genesis is needed. Accumulating evidence suggests
pathogenic roles of microglia and infiltrating
macrophages in mouse models of retinal degenera-
tion; however differential roles of these two popu-
lations remain unclear. As microglia and infiltrating
macrophages often coexist in lesional tissues, a di-
rect comparison of gene expression patterns be-
tween these cells in the same lesion of the CNS is
needed. By combining bone marrow transplantation
(BMT) with the conditional model of rod photore-
ceptor degeneration, we were able to isolate micro-
glia and infiltrating macrophages from the injured
retina and perform gene expression profiling. By
comparing gene expression patterns, we identitified

a set of genes that are speicifically expressed in ac-
tivated microglia in the injured retina. We are cur-
rently investigating the functions of these genes in
microglial activation.

Differential regulation of genes in photorecep-
tors and other neurons by cell lineage specific
mechanisms of histone H3 methylation at K4
and K27 during retinal differentiation

Toshiro Iwagawa, Hiroshi Kuribayashi, Yukihiro
Baba, Yutaka Suzuki', Sumiko Watanabe: 'De-
partment of Medical Genome Sciences, Graduate
School of Frontier Sciences, University of Tokyo

Various retinal cell subtypes arise from common
progenitor population. Temporal dissection of mo-
lecular signature of different cell lineage must be a
powerful tool to understand developmental mecha-
nisms. Histone H3K27me3 is a negative marker of
transcription, and Ezh2 is a major methyltransferase
of H3K27 in retina; its ablation in the retina results
in microphtalmea, and molecular analysis sug-
gested that different molecular mechanisms are in-
volved in the reduction of photoreceptors and other
cells. To analyze cell lineage-specific transitions in
global transcriptional and epigenetic changes dur-
ing retinogenesis, we purified retinal cells from
postnatal normal mice at three different develop-
mental stages into two fractions, namely, photore-
ceptors and other retinal cells, based on Cd73 ex-
pression, and performed RNA sequencing and
ChIP sequencing of H3K27me3 and H3K4me3.
Genes expressed in the photoreceptor lineage were
marked with H3K4me3 in the Cd73-positive cell
fraction; however, the level of H3K27me3 was very
low in both Cd73-positive and -negative popula-
tions. Spatio-temporal onset of a subset of bipolar-
related genes was regulated by H3K27me3. Subsets
of genes expressed in amacrine- and retinal gan-
glion cells, which are early born retinal cells, were
maintained in a silent state by H3K27me3 during
late-stage retinogenesis. In the outer nuclear layer,
upregulation of tho and rod-related genes were ob-
served in Ezh2-ablated retina, suggesting roles of H
3K27me3 for maintain proper level of expression.
Taken together, our data on the transition of line-
age-specific molecular signatures during develop-
ment revealed that histone methylation regulates
retinal differentiation and maintenance through cell
lineage-specific mechanisms.

MicroRNA-7a regulates Miiller glia differentiation
by attenuating Notch3 expression

Yukihiro Baba, Sumiko Watanabe

miRNA-7a plays critical roles in various biologi-
cal aspects of health and disease. We aimed to re-
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veal the roles of miR-7a in mouse retinal develop-
ment using loss- and gain-of-function analyses of
miR-7a. Plasmids encoding miR-7a or miR-7a-decoy
(anti-sense miR-7a) were introduced into the mouse
retina at PO, and the retina was cultured as an ex-
plant. Then, retinal progenitor cell proliferation and
the differentiation of the retinal subtypes were ex-
amined using immunostaining. miR-7a had no ap-
parent effect on the proliferation of retinal progeni-
tor cells. However, the expression of the Miiller glia
marker cyclin D3 was reduced by the overexpres-
sion of miR-7a and upregulated by the miR-7a de-
coy, suggesting that miR-7a negatively regulates
Miiller glia differentiation. Potential miR-7a targets
were predicted by using a public available predic-

tion program miRNA.org, which suggested that
Notch3 is candidate miR-7a target. The 3'-UTR of
Notch3 contained a sequence complementary a to
the seed sequence of miR-7a. A reporter assay in
NIH3T3 cells using a plasmid containing multiple
repeats of the potential target sequence in the
Notch3 3-UTR demonstrated that miR-7a sup-
pressed expression Notch3 via the 3'-UTR. The ex-
pression of sh-Notch3 and the overexpression of
NICD3 in the retina suggested that miR-7a regu-
lates Miiller glia differentiation by attenuating
Notch3 expression. Taken together, our results sug-
gested that miR-7a regulates the differentiation of
Miiller glia by suppressing Notch3 expression.

Publications

1. Kohno, H., Koso, H., Okano, K., Sundermeier, T.
R., Saito, S., Watanabe, S., Tsuneoka, H. and
Sakai, T. Expression pattern of Ccr2 and Cx3crl
in inherited retinal degeneration. J. of Neuroin-
flammation 12: 188, 2015.

2. Takeda, H., Wei, Z., Koso, H., Rust, A.G., Yew,
C.C. K., Mann, M.B.,, Ward, J.M., Adams D/,
Copeland, N.G. and Jenkins, N.A. Transposon
mutagenesis identifies genes and evolutionary
forces driving gastrointestinal tract tumor pro-
gression. Nat. Genet. 47: 142-150, 2015.

3. Baba, Y., Aihara, Y. and Watanabe, S. Mi-
croRNA-7a regulates Miiller glia differentiation
by attenuating Notch3 expression, Exp Eye Res,
138: 59-65, 2015

4. Umebayashi M., Sumita, Y., Kawai, Y, Watanabe,
S. and Asahina, I. Gene activated-matrix com-
prised of atelocollagen and plasmid DNA encod-
ing Bmp4 or Runx2 promotes rat cranial bone
augmentation. Bio Research Open Access, 4: 64-

74, 2015

5. Arai, E., Baba, Y., Iwagawa, T., Kuribayashi, H.,
Mochizuki, Y. and Watanabe, S. Ablation of Kcnj
10 expression in retinal explants revealed pivotal
roles for Kenjl0 in the proliferation and develop-
ment of Miiller glia. Mol Vis, 21: 148-159, 2015

6. lida, A., Iwagawa, T., Baba, Y., Satoh, S., Mochi-
zuki, Y., Nakauchi, H. Furukawa, T., Koseki, H.,
Murakami, A. and Watanabe, S. Roles Histone H
3K27 tri-methylase Ezh2 in retinal proliferation
and differentiation, Developmental Neurobiol-
ogy, 111: 3751-3756, 2015

7. Watanabe, S. and Murakami A. Regulation of
retinal development via the epigenetic modifica-
tion of histone H3. Adv Exp Med Biol. 2016; 854:
635-41, 2016

8. Koso, H,, Yi, H., Sheridan, P., Miyano, S., Ino, Y.,
Todo, T., Watanabe, S. Identification of RNA-
binding protein LARP4B as a tumor suppressor
in glioma, Can Res, in Press.
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ment, information circulation, and network.

The aim of our division is to establish and popularize state-of-art medicine and to
promote translational research. We investigate ideal medical governance and
methodology to develop national consensus in healthcare, especially through the

We also perform individual case studies on vaccine development, drug approval,
and medical support for disaster-stricken area by the Great East Japan Earth-
quake on March 11, 2011. In each case, we also study the system of manage-

Medical support for disaster-stricken area

Masaharu Tsubokura, Shigeaki Kato', Shuhei
Nomura’, Tomohiro Morita, Amina Sugimoto’,
Stuart Gilmour!, Masahiro Kami, Tomoyoshi
Oikawa®, Yukio Kanazawa®’, Ryugo S. Hayano®,
Makoto Miyazaki’, Hideo Satou®, Katsumi Sato®,
Shin Masaki®, Yu Sakuma’, Tomoyuki Furutani’,
Daisuke Yoneoka’, Yoshitaka Nishikawa', Yuji
Fukuda', Yasutoshi Saito', Tetsuya Tanimoto",
Kikugoro Sakaihara’, Tatsuo Hanai’, Jinichi
Mori", Arinobu Hori”, Takeaki Ishii', Sae Ochi',
Kenji Shibuya®, Yukihide Iwamoto”, Hidekiyo
Tachiya, Akihiko Ozaki’, Yuni Watanabe’,
Michio Murakami®, Kyoko Ono', Tosihiro Oka",
Taikan OKki", Yuki Shimada®’, Toshiyuki Kambe’,
Tsuyoshi Nemoto®, Masahiko Nihei®, Hiroaki Shim-
mura®, Junichi Akiyama'", Michio Tokiwa®, Koi-
chiro Abe”, Shuji Sakai”, Takahiro Tetsuda®,
Junpei Kato”: 'Soma Central Hospital, Fuku-
shima, *Imperial College London, UK, *London

of Physics, Graduate School of Science, the Uni-
versity of Tokyo, 'Department of Radiation Health
Management, Fukushima Medical University,
*Hirata Central Hospital, Fukushima, ’Faculty of
Policy Management, Keio University, "Navitas
Clinic, Tokyo, "Human Genome Center, Institute
of Medical Science, the University of Tokyo, “Hi-
barigaoka Hospital, Fukushima, "Department of
Orthopaedic Surgery, Graduate School of Medical
Sciences, Kyushu University, “City Office of Soma,
Fukushima, “Institute of Industrial Science, the
University of Tokyo, “Research Institute of Sci-
ence for Safety and Sustainability, National Insti-
tute of Advanced Industrial Science and Technol-
ogy, Tsukuba, "Faculty of Economics, Fukui Pre-
fectural University, Fukui, “Jyoban Hospital,
Tokiwa Foundation, Iwaki, "Tokyo Women's
Medical University, Tokyo, “Fukuoka Houeikai
Hospital, Fukuoka

After Great East Japan Earthquake and subse-

School of Hygiene & Medicine, UK, ‘Department
of Global Health Policy, Graduate School of Medi-
cine, The University of Tokyo, Minamisoma Mu-
nicipal General Hospital, Fukushima, ‘Department

quent Fukushima Daiichi nuclear power plant dis-
aster, our team continues to provide the medical
care for residents in the disaster-stricken area, espe-
cially in Soma, Minamisoma, and Iwaki cities. Col-
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laborating with medical staff who work in the areas
and support physicians, we conducted researches
regarding the levels of internal and external radia-
tion exposure, and gave medical advice to the local
people through radiation seminars. We also exam-
ined the impacts of the nuclear disaster on public
health other than cancer development by radiation
exposure. These include deterioration of chronic
diseases, decreased strength and psycho-social im-
pacts." ™ These results were widely published in
newspapers and popular magazines.

Vaccine development in Japan

Masahiro Kami, Tetsuya Tanimoto", Eiji Kusu-
mi", Claire Leppold™: *University of Edinburgh,
UK

Vaccines are sometimes useful to prevent the dis-
ease development; however, they have potential ad-
verse effects, and they are not always effective for
every patient despite of extremely high cost. We
studied problems about approval, development,
and usage of vaccines in Japan.”

Clinically Oriented Research

Tsubokura Masaharu, Shigeaki Kato', Masahiro
Kami, Yukio Kanazawa®, Haruka Nakada, Yukiko
Kishi, Koichiro Yuji, Tomoko Matsumura, Masaki
Miyasaka®”, Yuukou Wada”, Tetsuya Tanimoto",
Akihiko Ozaki’, Manabu Tsukada®’, Kazuo Wata-
nabe™, Hiromichi Ohira’, Shigehira Saji”, Hiroshi
Kawaguchi®: *Sendaikousei Hospital, Sendai, *Mi-
yagihokubu Cardiovascular Clinic, Miyagi, *Divi-
sion of Diagnostic Pathology, Fukushima Pathol-
ogy Laboratory, Fukushima, *Fukushima Medical
University

We studied effective treatment for breast cancer,
and neurofibroma.”” And also we studied optimal
treatment for heart diseases.”” We examined the
reactions of medical journalists against cancer prob-
lems.” These results were published in scientific
journals

Economic Burden of Health Care on Patients

Yuko Kodama, Akihiko Matsui*, Ryoko Moro-
zumi”’, Masahiro Kami, Yurie Yoshino: *Faculty
of Economics, the University of Tokyo, *Faculty of
Economics, University of Toyama

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.

New drug approval in Japan

Masahiro Kami, Tetsuya Tanimoto", Jinichi Mori*,
Yuji Miura”: *Human Genome Center, Institute
of Medical Science, the University of Tokyo, *Divi-
sion of Hematology, Teikyo University Chiba
Medical Center, Chiba

New and emerging drugs are hopes for patients
with incurable diseases; however, rigorous assess-
ment of efficacy and adverse effects of these drugs
are mandatory. We studied problems about process
of drug approval in Japan.**

Publications

1. Tsubokura M, Kato S, Nomura S, Morita T,
Sugimoto A, Gilmour S, Kami M, Oikawa T,
Kanazawa Y. Absence of internal radiation con-
tamination by radioactive cesium among chil-
dren affected by the Fukushima Daiichi nuclear
power plant disaster. Health Phys. 108: 39-43,
2015.

2. Hayano RS, Tsubokura M, Miyazaki M, Satou
H, Sato K, Masaki S, Sakuma Y. Whole-body
counter surveys of Miharu-town school chil-
dren for four consecutive years after the
Fukushima NPP accident. Proc Jpn Acad Ser B
Phys Biol Sci. 91: 92-98, 2015.

3. Nomura S, Tsubokura M, Hayano R, Furutani
T, Yoneoka D, Kami M, Kanazawa Y, Oikawa
T. Comparison between direct measurements
and modeled estimates of external radiation ex-

posure among school children 18 to 30 months
after the Fukushima nuclear accident in Japan.
Environ Sci Technol. 49: 1009-1016, 2015.

4. Nishikawa Y, Fukuda Y, Tsubokura M, Kato S,
Nomura S, Saito Y. Managing Type 2 Diabetes
Mellitus through Periodical Hospital Visits in
the Aftermath of the Great East Japan Earth-
quake Disaster: A Retrospective Case Series.
PLo0S One. 10: 0125632, 2015.

5. Tsubokura M, Kato S, Morita T, Nomura S,
Kami M, Sakaihara K, Hanai T, Oikawa T, Ka-
nazawa Y. Assessment of the Annual Addi-
tional Effective Doses amongst Minamisoma
Children during the Second Year after the
Fukushima Daiichi Nuclear Power Plant Disas-
ter. PLoS One. 10: €0129114, 2015.

6. Morita T, Tanimoto T, Hori A, Kanazawa Y.
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10.

11.

12.

13.

Alcohol use disorder due to social isolation af-
ter a nuclear disaster in Fukushima. BM] Case
Rep. 2015.

Ishii T, Tsubokura M, Ochi S, Kato S, Sugimoto
A, Nomura S, Nishikawa Y, Kami M, Shibuya
K, Saito Y, Iwamoto Y, Tachiya H. Living in
Contaminated Radioactive Areas Is Not an
Acute Risk Factor for Noncommunicable Dis-
ease Development: A Retrospective Observa-
tional Study. Disaster Med Public Health Prep.
1-4, 2015.

Nomura S, Tsubokura M, Gilmour S, Hayano
RS, Watanabe YN, Kami M, Kanazawa Y,
Oikawa T. An evaluation of early countermea-
sures to reduce the risk of internal radiation ex-
posure after the Fukushima nuclear incident in
Japan. Health Policy Plan. 2015.

Murakami M, Ono K, Tsubokura M, Nomura S,
Oikawa T, Oka T, Kami M, Oki T. Was the
Risk from Nursing-Home Evacuation after the
Fukushima Accident Higher than the Radiation
Risk? PLoS One. 10: e0137906, 2015.

Hayano RS, Tsubokura M, Miyazaki M, Ozaki
A, Shimada Y, Kambe T, Nemoto T, Oikawa T,
Kanazawa Y, Nihei M, Sakuma Y, Shimmura
H, Akiyama ], Tokiwa M. Whole-body counter
surveys of over 2700 babies and small children
in and around Fukushima Prefecture 33 to 49
months after the Fukushima Daiichi NPP acci-
dent. Proc. Jpn. Acad., Ser. B. 91: 440-446, 2015.
Akiyama J, Kato S, Tsubokura M, Mori J, Tani-
moto T, Abe K, Sakai S, Hayano R, Tokiwa M,
Shimmura H. Minimal Internal Radiation Expo-
sure in Residents Living South of the
Fukushima Daiichi Nuclear Power Plant Disas-
ter. PLoS One. 10: e0140482, 2015.

Shimmura H, Tsubokura M, Kato S, Akiyama j,
Nomura S, Mori J, Tanimoto T, Abe K, Sakai S,
Kawaguchi H, Tokiwa M. Whole body counter
assessment of internal radiocontamination in
patients with end-stage renal disease living in
areas affected by the Fukushima Daiichi nu-
clear power plant disaster: a retrospective ob-
servational study. BMJ Open. 5: e009745, 2015.
Nomura S, Tsubokura M, Hayano R, Yoneoka
D, Ozaki A, Shimada Y, Furutani T, Kanazawa

14.

15.

16.

17.

18.

19.

20.

21.

22.

Y, Oikawa T. Compliance with the proper use
of an individual radiation dosimeter among
children and the effects of improper use on the
measured dose: a retrospective study 18 to 20
months following Japan's 2011 Fukushima nu-
clear incident. BMJ Open. 5: e009555, 2015.

Ishii T, Ochi S, Tsubokura M, Kato S, Tetsuda
T, Kato J, Nishikawa Y, Morita T, Kami M,
Iwamoto Y, Tachiya H. Physical performance
deterioration of temporary housing residents
after the Great East Japan Earthquake. Preven-
tive Medicine Reports 2015: 2: 916-9. 2015.
Tanimoto T, Kusumi E, Leppold C. Human pa-
pilloma virus: Restore vaccine trust in Japan.
Nature. 526: 323, 2015.

Ozaki A, Tsukada M, Watanabe K, Tsubokura
M, Kato S, Tanimoto T, Kami M, Ohira H, Ka-
nazawa Y. Perforated appendiceal diverticulitis
associated with appendiceal neurofibroma in
neurofibromatosis type 1. World ] Gastroen-
terol. 21: 9817-9821, 2015.

Ozaki A, Tanimoto T, Saji S. Palbociclib in Hor-
mone-Receptor-Positive Advanced Breast Can-
cer. N Engl ] Med. 373: 1672-1673, 2015.
Miyasaka M, Tada N, Kato S, Kami M, Horie K,
Honda T, Takizawa K, Otomo T, Inoue N.
Sheathless guide catheter in transradial percu-
taneous coronary intervention for ST-segment
elevation myocardial infarction. Catheter Car-
diovasc Interv. 2015, 2015.

Miyasaka M, Wada Y, Kami M. Bivalirudin ver-
sus heparin use for patients undergoing PPCL
Lancet. 385: 2044-2045, 2015.

Nakada H, Tsubokura M, Kishi Y, Yuji K, Mat-
sumura T, Kami M. How do medical journalists
treat cancer-related issues? Ecancermedi-
calscience. 9: 502, 2015.

Mori J, Tanimoto T, Miura Y, Kami M. Fatal ad-
verse drug reactions of anticancer drugs de-
tected by all-case post-marketing surveillance
in Japan. Jpn J Clin Oncol. 45: 588-594, 2015.
Tanimoto T. A perspective on the benefit-risk
assessment for new and emerging pharmaceuti-
cals in Japan. Drug Des Devel Ther. 9: 1877-
1888, 2015.
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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) create artificial aptamers to target proteins of therapeutic in-
terest; and 2) uncover the molecular mechanism underlying the mRNA surveil-

lance and aberrant product clearance.

1. Therapeutic RNA Discovery

a. Development of an efficient Cell-SELEX using
engineered isogenic cell lines to generate
RNA aptamers against a cell surface protein
of interest

Masaki Takahashi, Eri Sakota, Yoshikazu Naka-
mura

Aptamers are short single-stranded nucleic acid
molecules that are selected in vitro from a large
random sequence library based on their high and
specific affinity to a target molecule by a process
known as SELEX. Modified Cell-SELEX that em-
ploys whole living cells overexpressing the defined
cell surface proteins (for selection) and correspond-
ing mock cells (for counter-selection) has been
widely used as a valid and feasible method for gen-
erating aptamers against specific cell surface pro-
teins. However, the endogenous expression of tar-
get cell surface proteins in mock cells often im-
peded the isolation of aptamers against target pro-

teins. To solve this problem, we manipulated nega-
tive' cells, whose endogenous expression of target
proteins is silenced by shRNA-mediated gene
knockdown, and used them for counter-selection at
each round of selection to "positive’ (target-overex-
pressed) cells. As a model experiment, we targeted
integrin alpha V (ITGAV), which is a major trans-
membrane receptor expressed in almost all the
cells, and established ITGAV-overexpressed and si-
lenced HEK293 cells as positive and negative selec-
tion targets, respectively. By taking advantage of a
hundred-fold difference in the expression level of
ITGAV between these two isogenic cell lines, we
successfully isolated several anti-ITGAV aptamers,
whose binding to the cell-surface ITGAV was con-
firmed by flow cytometry with the dissociation con-
stant of the nanomolar range. The refined Cell-SE-
LEX targeting the specific proteins on cell surface
may be broadly useful for efficient isolation of ap-
tamers with high-affinity to various transmembrane
proteins, including pharmacologically and biologi-
cally important targets.
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b. Structural basis for specific inhibition of

Autotaxin by a DNA aptamer

Kazuki Kato', Hisako Ikeda’, Shin Miyakawa’, Sa-
toshi Futakawa’, Yosuke Nonaka’, Masatoshi Fuji-
wara’, Shinichi Okudaira’, Kuniyuki Kano’,
Junken Aoki’, Junko Morita', Ryuichiro Ishitani',
Hiroshi Nishimasu', Osamu Nureki', Yoshikazu
Nakamura: 'Graduate School of Science, The Uni-
versity of Tokyo, ’Ribomic Inc., *Graduate School
of Pharmaceutical Sciences, Tohoku University.

Autotaxin (ATX) is a plasma lysophospholipase
D that hydrolyzes lysophosphatidylcholine (LPC) to
produce lysophosphatidic acid (LPA), a lipid me-
diator involved in various physiological and patho-
physiological processes. Although ATX is an attrac-
tive therapeutic target, no ATX inhibition-mediated
treatment strategies for human diseases have been
established. Here, we report anti-ATX DNA aptam-
ers that inhibit ATX with high specificity and effi-
cacy. We selected anti-ATX DNA aptamers by the
SELEX (systematic evolution of ligands by expo-
nential enrichment) method. We solved the crystal
structure of ATX in complex with the anti-ATX ap-
tamer RB011, at 2.0 A resolution. The structure re-
vealed that RBO11 adopts a characteristic L-shaped
hairpin structure, supported by non-canonical base
pairs as well as Ca®" coordination. RB011 binds in
the vicinity of the active site through base-specific
interactions, thus preventing the access of the
choline moiety of LPC substrates. Based on the
structural information, we developed the modified
anti-ATX DNA aptamer RB014, which exhibits in
vivo efficacy in bleomycin-induced pulmonary fi-
brosis model mice. Our findings provide the struc-
tural basis for the specific inhibition of ATX by the
anti-ATX aptamer, and highlight the therapeutic
potential of anti-ATX aptamers for the treatment of
human diseases, such as pulmonary fibrosis.

c. Normalization of overexpressed o-Synuclein
causing Parkinson's disease by a moderate
gene silencing with RNA interference

Masaki Takahashi, Mari Suzuki', Masashi Fuku-
oka', Nobuhiro Fujikake', Shoko Watanabe', Miho
Murata', Keiji Wada', Yoshitaka Nagai', Hirohiko
Hohjoh': 'National Institute of Neuroscience, NCNP

The a-synuclein (SNCA) gene is a responsible
gene for Parkinson's disease (PD); and not only nu-
cleotide variations but also overexpression of SNCA
appears to be involved in the pathogenesis of PD.
A specific inhibition against mutant SNCA genes
carrying nucleotide variations may be feasible by a
specific silencing such as an allele-specific RNA in-
terference (RNAi); however, there is no method for
restoring the SNCA overexpression to a normal

level. Here, we show that an atypical RNAi using
small interfering RNAs (siRNAs) that confer a
moderate level of gene silencing is capable of con-
trolling overexpressed SNCA genes to return to a
normal level; named "expression-control RNAi" (Ex-
Cont-RNAi). ExCont-RNAi exhibited little or no
significant off-target effects in its treated PD pa-
tient's fibroblasts that carry SNCA triplication. To
further assess the therapeutic effect of ExCont-
RNAi, PD-model flies that carried the human
SNCA gene underwent an ExCont-RNAi treatment.
The treated PD-flies demonstrated a significant im-
provement in their motor function. Our current
findings suggested that ExCont-RNAi might be ca-
pable of becoming a novel therapeutic procedure
for PD with the SNCA overexpression, and that
siRNAs conferring a moderate level of gene silenc-
ing to target genes, which have been abandoned as
useless siRNAs so far, might be available for con-
trolling abnormally expressed disease-causing genes
without producing adverse effects.

2. mRNA surveillance and aberrant product
clearance

a. The fate of naturally truncated nonstop mRNA
in Drosophila cells

Yoshifumi Hashimoto, Masaki
Sakota, Yoshikazu Nakamura.

Takahashi, Eri

When translating mRNAs are cleaved in ORF re-
gions, truncated mRNA intermediates are immedi-
ately degraded by exoribonuclease. However, how
5'-intermediates of mRNAs are degraded is not im-
mediately obvious since 3' ends of these intermedi-
ates are protected from exonuclease by the stalled
ribosome. The coding-region cleavage naturally oc-
curs by siRNA digestion or nonsense-mediated
mRNA decay (NMD), thus generating nonstop
mRNAs. Therefore, we assumed that the mecha-
nism of nonstop mRNA decay (NSD) is involved in
the decay of naturally truncated mRNAs by siRNA
cleavage or NMD. In yeast, it is known that Dom34
and Hbsl play crucial roles in NSD by removing
stalled ribosomes from nonstop mRNAs. In this
study, we examined whether Pelota (a Dom34 ho-
molog) and Hbsl are involved in the decay of non-
stop mRNAs generated by siRNA cleavage and
NMD in Drosophila cells using siRNA-mediated
gene knockdown. The result demonstrated, for the
first time, that Pelota (a Dom34 homolog) and Hbs1
are crucial for NSD in Drosophila cells for rescuing
stalled ribosomes and degrading nonstop mRNAs.
Furthermore, it seemed that the degree of involve-
ment of Pelota/Hbsl in NSD is higher in Drosophila
than in yeast, and that, unlike in yeast, 5'-3' degra-
dation is less obvious in Drosophila cells. It is also
demonstrated that Pelota/Hbs1 are involved in the
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decay of the 5'-intermediates of siRNA digestion
and NMD, including endogenous targets of NMD.
These findings suggest that NSD plays pivotal role
for clean up of naturally truncated mRNAs.

b. Calpain mediates processing of the transla-
tion termination factor eRF3 into the IAP-
binding isoform p-eRF3

Yoshifumi Hashimoto, Hiroto Inagaki', Shin-ichi
Hoshino': 'Department of Biological Chemistry,
Graduate School of Pharmaceutical Sciences, Na-
goya City University.

The involvement of polypeptide chain-releasing
factor eRF3 in translation termination and mRNA
decay is well established. Moreover, the finding
that the proteolytically processed isoform of eRF3
(p-eRF3) interacts with inhibitors of apoptosis pro-
teins (IAPs) to activate caspase, implies that eRF3 is
a cell death regulator. However, the protease(s) re-
sponsible for p-eRF3 production and how p-eRF3
regulates apoptosis remain unknown. Here, we
show that calpain mediates p-eRF3 production in
vitro and in living cells. p-eRF3 is produced in cells
treated with ER stressors in a calpain-dependent
manner. These findings suggest that p-eRF3 is a
novel regulator of calpain-dependent cell death.

Publications

1. Hashimoto, Y., Inagaki, H., Hoshino, S.: Calpain
mediates processing of the translation termina-
tion factor eRF3 into the IAP-binding isoform p-
eRF3. FEBS Lett., 589: 1012-1024 (2015).

2. Takahashi, M., Suzuki, M., Fukuoka, M., Fuji-
kake, N., Watanabe, S., Murata, M., Wada, K.,
Nagai, Y., Hohjoh, H.: Normalization of overex-
pressed o-Synuclein causing Parkinson's disease
by a moderate gene silencing with RNA interfer-
ence. Mol. Ther. Nucleic Acids, 12: e241 (2015).

3. Kato, K., Ikeda, H., Miyakawa, S., Futakawa, S,,
Nonaka, Y., Fujiwara, M., Aoki, ]J., Morita, ].,
Ishitani, R., Nishimasu, H., Nakamura, Y.,
Nureki, O.: Structural basis for specific inhibition
of Autotaxin by a DNA aptamer. Nature Str.
Mol. Biol.,, in press (2016).

4. Jin, L., Nonaka, Y., Miyakawa, S., Fujiwara, M.,
Nakamura, Y.: Dual therapeutic action of a neu-
tralizing anti-FGF2 aptamer in bone diseases and
bone cancer pain. Sci. Rep., in press (2016).
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the bacterial pathogens.

Research in this division is directed toward understanding the complex interac-
tions that occur between pathogenic bacteria and the gastrointestinal epithelium
and the process of infectious diseases. Our special interest is focused upon the
molecular pathogenicity of enteropathogenic bacteria, such as Shigella, Helicobac-
ter pylori, enteropathogenic E. coli and enterohemorrhagic E. coli. We are also
searching for effective methods to protect or regulate bacterial infection by using
knowledge accumulated, and interested in developing animal model for studying

1. Shigella IpaH family effectors as a versatile
model for studying pathogenic bacteria.

Ashida H' and Sasakawa C"**: 'Division of Bacte-
rial Infection Biology, Institute of Medical Science,
University of Tokyo, Japan. *Nippon Institute for
Biological Science, Tokyo, Japan. ‘Medical Myco-
logy Research Center, Chiba University, Chiba,
Japan

Shigella spp. are highly adapted human patho-
gens that cause bacillary dysentery (shigellosis). Via
the type III secretion system (T3SS), Shigella deliver
a subset of virulence proteins (effectors) that are re-
sponsible for pathogenesis, with functions including
pyroptosis, invasion of the epithelial cells, intracel-
lular survival, and evasion of host immune re-
sponses. Intriguingly, T3SS effector activity and
strategies are not unique to Shigella, but are shared
by many other bacterial pathogens, including Sal-
monella, Yersinia, and enteropathogenic Escherichia
coli (EPEC). Therefore, studying Shigella T3SS effec-
tors will not only improve our understanding of
bacterial infection systems, but also provide a mo-
lecular basis for developing live bacterial vaccines
and antibacterial drugs. One of Shigella T3SS effec-
tors, IpaH family proteins, which have E3 ubiquitin

ligase activity and are widely conserved among
other bacterial pathogens, are very relevant because
they promote bacterial survival by triggering cell
death and modulating the host immune responses.

2. Shigella manipulates host immune responses
by delivering effector proteins with specific
roles.

Ashida H', Mimuro H’, and Sasakawa C“**: 'Divi-
sion of Bacterial Infection Biology, Institute of
Medical Science, University of Tokyo, Japan. *Di-
vision of Bacteriology, Department of Infectious
Diseases Control, International Research Center
for Infectious Diseases, The Institute of Medical
Science, The University of Tokyo, Tokyo, Japan.
*Nippon Institute for Biological Science, Tokyo, Ja-
pan. ‘Medical Mycology Research Center, Chiba
University, Chiba, Japan

The intestinal epithelium deploys multiple de-
fense systems against microbial infection to sense
bacterial components and danger alarms, as well as
to induce intracellular signal transduction cascades
that trigger both the innate and adaptive immune
system, which are pivotal for bacterial elimination.
However, many enteric bacterial pathogens, includ-
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ing Shigella, deliver a subset of virulence proteins
(effectors) via the type III secretion system (T3SS)
that enable bacterial evasion from host immune
systems; consequently, these pathogens are able to
efficiently colonize the intestinal epithelium. We
have discovered examples of interactions between

Shigella and host immune responses, with particular
emphasis on strategies that bacteria use to manipu-
late inflammatory outputs of host cell responses
such as cell death, membrane trafficking, and in-
nate and adaptive immune responses.

Publications

Ashida H & Sasakawa C. Shigella IpaH family
effectors as a versatile model for studying patho-
genic bacteria. Front Cell. Infect. Microbiol. In
press.

Ashida H, Mimuro H, & Sasakawa C. Shigella ma-
nipulates host immune responses by delivering
effector proteins with specific roles. Front Immu-
nol . 6, 219, 2015.

Jo EK, Kim JK, Shin DM, & Sasakawa C. Molecular

mechanisms regulating NLRP3 inflammasome ac-
tivation. Cell Mol Immunol . In press.

Iwai H, Funatogawa K, Matsumura K, Kato-Mi-
yazawa M, Kirikae F, Kiga K, Sasakawa C, Mi-
yoshi-Akiyama T, & Kirikae T. MicroRNA-155
knockout mice are susceptible to Mycobacterium
tuberculosis infection. Tuberculosis (Edinb). 95:
246-250, 2015.



268

Social Cooperation Research Program

Project Division of Systems Immunology Research
VAT K RIEARL S BERE TR AR (B L S0t 7EPT)

| Project Associate Professor Takeshi Satoh, Ph.D.
Project Assistant Professor Yasumasa Kimura, Ph.D.

AT HERIZ
FEEB

SIS T <)
2 e Y NI A

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 event by using bioin-
formatics technique. Furthermore, we will apply the knowledge from our research
for the discovery of novel drug or method for the treatment of immune diseases.

1. Construction of fast bioinformatics pipelines
for meta-genome analysis

Yasumasa Kimura, Shuji Suzuki', Masanori Ka-
kuta', Rui Yamaguchi’, Seiya Imoto’, Yasushi Aki-
yama', Hiroshi Kiyono®, Satoru Miyano’, Satoshi
Uematsu®’, Takeshi Satoh: 'Department of Com-
puter Science, Graduate School of Information
Science and Engineering, Tokyo Institute of Tech-
nology. ‘Human Genome Center, The Institute of
Medical Science, The University of Tokyo. ‘Divi-
sion of Health Medical Data Science, Health Intel-
ligence Center, The Institute of Medical Science,
The University of Tokyo. ‘Division of Mucosal Im-
munology, Department of Microbiology and Im-
munology, The Institute of Medical Science, The
University of Tokyo. *Division of Innate Immune
regulation, International Research and Develop-
ment Center for Mucosal Vaccines, The Institute
of Medical Science, The University of Tokyo.

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 aquired 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 super com-
puter, we archived "10 minutes analysis." This indi-
cates that the pipeline enable us to multiple sample
analysis in the short time and also various-type
analysis. With this pipeline, we will collect various
meta-genome sample data from KO mouse, disease
model and human. Analysis of the huge and vari-
ous kinds of samples data will lead to the discov-
ery of the cause of diseases and the therapy.

2. Development of new "virome" analysis met-
hod

Yasumasa Kimura, Naoki Takemura', Yasuo Ou-
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chi', Shuji Suzuki’, Masanori Kakuta’, Rui Yama-
guchi’, Seiya Imoto’, Yasushi Akiyama’, Hiroshi
Kiyono®, Satoru Miyano®, Satoshi Uematsu®, Take-
shi Satoh: 'Division of Innate Immune regulation,
International Research and Development Center
for Mucosal Vaccines, The Institute of Medical
Science, The University of Tokyo. ‘Department of
Computer Science, Graduate School of Informa-
tion Science and Engineering, Tokyo Institute of
Technology. 'Human Genome Center, The Insti-
tute of Medical Science, The University of Tokyo.
‘Division of Health Medical Data Science, Health
Intelligence Center, The Institute of Medical Sci-
ence, The University of Tokyo. *Division of Mu-
cosal Immunology, Department of Microbiology
and Immunology, The Institute of Medical Sci-
ence, The University 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 invent new method to
separate viruses from feces samples effectively us-
ing detergents and lytic enzymes. This protocol in-
creases the recovery of virus comparing with that

of other researcher. 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, Shuji Suzuki', Masanori Ka-
kuta', Rui Yamaguchi’, Seiya Imoto’, Yasushi AKki-
yama', Hiroshi Kiyono®, Satoru Miyano’, Satoshi
Uematsu’, Takeshi Satoh: 'Department of Com-
puter Science, Graduate School of Information
Science and Engineering, Tokyo Institute of Tech-
nology. ‘Human Genome Center, The Institute of
Medical Science, The University of Tokyo. ’Divi-
sion of Health Medical Data Science, Health Intel-
ligence Center, The Institute of Medical Science,
The University of Tokyo. ‘Division of Mucosal Im-
munology, Department of Microbiology and Im-
munology, The Institute of Medical Science, The
University of Tokyo. *Division of Innate Immune
regulation, International Research and Develop-
ment Center for Mucosal Vaccines, The Institute
of Medical Science, The University of Tokyo.

Many unidentified viruses have been presence in
mucosal tissue and it is not so simple to analyze vi-
rome data. We applied and optimize the pipeline
for commensal bacteria meta-genome analysis for
virome analysis. This pipeline is effective for un-
identified viruses as well. We use our virus separa-
tion method with this pipeline and accelerate vi-
rome study.

Publications

Gentili, M., Kowal, J., Tkach, M., Satoh, T., Lahaye,
X., Conrad, C., Boyron, M., Lombard, B., Durand,
S., Gromer, G., Loew, D., Dalod, M., Théry, C.
and Manel, N. Transmission of innate immune
signaling by packaging of cGAMP in viral parti-
cles. Science 349(6253): 1232-1236, 2015.

Atsumi, M., Hanami, T., Enokida, Y., Ogawa, H.,
Delobel, D., Mitani, Y., Kimura, Y., Soma, T,
Tagami, M., Takase, Y., Ichihara, T., Takeyoshi, L,
Usui, K., Hayashizaki, Y. and Shimizu, K. Ep-
robe-mediated screening system for somatic mu-

tations in the KRAS locus. Oncol. Rep. 33(6):
2719-2727, 2015.

Roy, S., Guler, R., Parihar, S.P., Schmeier, S,
Kaczkowski, B., Nishimura, H., Shin, ] W., Negi-
shi, Y., Ozturk, M., Hurdayal, R., Kubosaki, A.,
Kimura, Y. de Hoon, M.)]J., Hayashizaki, Y.,
Brombacher, F. and Suzuki, H. Batf2/Irfl induces
inflammatory responses in classically activated
macrophages, lipopolysaccharides, and mycobac-
terial infection. J. Immunol. 194(12): 6035-6044,
2015.



270

Social Cooperation Research Program

Project Division of Advanced Regenerative Medicine
7 S Y P PR A 2 HE W ZE R (1 — b SRR & 4L)

Professor

Project Associate Professor
Associate Professor
Associate Professor

Arinobu Tojo, M.D., D.M.Sc.
Yasuhiro Ebihara, MD., D.M.Sc.
Otsu Makoto, MD., D.M.Sc.
Tokiko Nagamura MD., D.M.Sc

Az GRfE) EHFEE S R kA M
FrEdEsds: RS gk R
HERGR GtE)  BEepfit: K 5
PRI GittE) Bt RO BT

develop their breakthrough therapies.

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

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

Ueno Y, Ota S, Nonaka H, Ishii T, Yamada T,
Nagamura T, Otsu M, Tojo A

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
derived from different tissues and showed that
MSCs exhibit distinct characteristics depending on
their origin. To understand molecular mechanisms
underlying the distinct properties of MSCs, we ana-
lyzed gene expression profiles and identified a set
of genes that were differentially expressed in MSCs

from different tissues. Outcomes from our research
lead to identify biomarkers for MSCs, which is one
of the keys to deliver successful MSC-based cell
therapy.

2. Generation of disease-specific human iPS
cells

Izawa K, Mochizuki S, Yokoyama K, Yusa N,
Yamazaki M, Kobayashi M, Otsu M, Tojo A

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, subunitl (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
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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 SF3BI variant CD34" cells than
normal that. We will analyze the SF3B1 mutation of
other 4 clones and then generate new iPSC clones.

Publications

Konuma T, Kato S, Ooi J, Ebihara Y, Mochizuki S,
Ishii H, Takei T, Oiwa-Monna M, Tojo A, Taka-
hashi S. Second allogeneic transplantation using
unrelated cord blood for relapsed hematological
malignancies after allogeneic transplantation.
Leuk Lymphoma. 2016 Jan; 57(1): 103-9.

Yamamoto S, Otsu M, Matsuzaka E, Konishi C,
Takagi H, Hanada S, Mochizuki S, Nakauchi H,
Imai K, Tsuji K, Ebihara Y. Screening of drugs to
treat 8p11 myeloproliferative syndrome using pa-

tient-derived induced pluripotent stem cells with
fusion gene CEP110-FGFR1. PLoS One. 2015 Mar
24; 10(3): e0120841.

Konuma T, Kato S, Ooi J, Ebihara Y, Mochizuki S,

Oiwa-Monna M, Tojo A, Takahashi S. Third allo-
geneic stem cell transplantation (SCT) using unre-
lated cord blood for relapsed acute leukemia af-
ter second allogeneic SCT. Int | Hematol. 2015
Apr; 101(4): 392-7.
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fledged aged society.

The mission of the Project Division is to apply changes in advanced medical re-
search at the Institute of Medical Science at the University of Tokyo (IMSUT). Our
activities include field research in which innovative medicine will be implemented;
cross-disciplinary education of physicians, researchers, and professionals; collabo-
ration in innovative projects in the Coastal Area Life Innovation Comprehensive
Special Zone for International Competitiveness Development; and establishing
projections of the future healthcare system of Japan, which will be the first fully

Implementing advanced medical research at

IMSUT
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.
HPV compensation program in Japan
Yuji, K, and Nakada, H.

We investigated HPV vaccine injury compensa-
tion programs for both the national and local gov-
ernments. Approximately 3.38 million girls were
vaccinated, and 2,584 complained of health prob-
lems. The majority of these received the vaccine
shot as a non-routine vaccination. In total, 98 peo-
ple developed health problems and applied for as-
sistance from 2011 to 2014, but no cases have been
processed since October 2014. Several local govern-
ments are providing their own compensation pro-
gram for cases of vaccine adverse reactions, but the
number is extremely low. The confusion regarding
the national program for HPV vaccine injury was
caused by the discrepancy between the compensa-
tion programs for those vaccinated under the im-
munization law and for those who received volun-
tary vaccinations.
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Publications

. Yuji, K,. Nakada, H. Compensation programs af-
ter withdrawal of the recommendation for HPV
vaccine in Japan. Hum Vaccin Immunother. 2015
Oct 29. [Epub ahead of print]

. Nakada, H,. Tsubokura, M. Kishi, Y. Yuji, K.
Matsumura, T. and Kami, M. How do medical
journalists treat cancer-related issues?. Ecancer-
medicalscience. 9: 502, 2015.

. Shimada N,. Yuji, K. Ohno, N. Koibuchi, T. Oya-
izu, N. Uchimaru, K. and Tojo, A. Treatment of
chronic lymphocytic leukemia with bendamus-
tine in an HIV-infected patient on antiretroviral
therapy: a case report and review of the litera-
ture. Clin Case Rep. 3(6): 453-60, 2015.

. Kobayashi, S,. Watanabe, E. Ishigaki, T. Ohno,
N. Yuji, K. Nakano, K. Yamochi, T. Watanabe,
N. Tojo, A. Watanabe, T. and Uchimaru, K. Ad-
vanced human T-cell leukemia virus type 1 carri-

ers and early-stage indolent adult T-cell leuke-
mia-lymphoma are indistinguishable based on
CADM1 positivity in flow cytometry. Cancer Sci.
106(5): 598-603, 2015.

. Konuma T, Kato S, Yuji K, Ohno N, Uchimaru

K, Takahashi S, Tojo A. Clearance of blasts from
peripheral blood during induction chemotherapy
using exponential decay model predicts complete
remission and longterm survival in adult acute
myeloid leukemia. Int ] Lab Hematol. 37(3): e59-
62, 2015.
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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.

A. Gene therapy and immune cell therapy again-
st 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 | clinical trial of immunotherapy co-
mbined with cyclophosphamide for patients
with advanced solid tumors.

Yoshiki Hijikata', Toshihiko Okazaki’, Kazunari
Yamada', Mutsunori Murahashi', Hisanobu Ogata'
Kenzaburo Tani".: 'Department of Advanced Cell
and Molecular Therapy, Kyushu University Hospi-
tal, Fukuoka, Japan ’ARO Advanced Medical cen-
ter, Kyushu University Hospital, Fukuoka, Japan
Project Division of ALA Advanced Medical Re-

search, IMSUT

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
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Tregs. Our phase I clinical trial exhibited safe toler-
ability and could bring clinical benefit against ad-
vanced solid tumors.

b. Coxsackievirus A11 is a novel oncolytic virus
that induces immunogenic cell death in hu-
man non-small cell lung cancer

Miyako Sagara', Shohei Miyamoto, Hiroyuki Ino-
ue', Masaki Kuroda', Yuto Takishima', Kyosuke
Kobayashi’, Kazunari Yamada', Hiroyuki Shimi-
zu’, Masatoshi Tagawa®, Yoichi Nakanishi’, Hisa-
nobu Ogata', Beibei Wang', Kenzaburo Tani"*‘.:
'Division of Molecular and Clinical Genetics, Mo-
lecular and Clinical Genetics, Medical Institute of
Bioregulation, Kyushu University, Fukuoka, Japan
Division of Translational Cancer Research Medi-
cal Institute of Bioregulation, Kyushu University,
Fukuoka, Japan *Department of Virology II, Na-
tional Institute of Infectious Diseases, Tokyo, Ja-
pan ‘Division of Pathology and Cell Therapy,
Chiba Cancer Center Research Institute, Chiba,
Japan *Research Institute of Diseases of the Chest,
Kyushu University, Fukuoka, Japan ‘Project Divi-
sion of ALA Advanced Medical Research, IMSUT

Non-small cell lung cancer (NSCLC) is the lead-
ing cause of cancer-related mortality worldwide.
Oncolytic virotherapy using enteroviruses recently
emerges as a promising anticancer strategy. Herein,
we found that coxsackievirus A1l (CVAT11) exhib-
ited extensive oncolytic activity in all of 7 human
NSCLC cell lines in a MOI-dependent manner,
whereas no cytotoxicity in human normal keratino-
cyte. Flow cytometry analyses showed that CVA11-
treated NSCLC cell lines generated a marked
subpopulation of apoptotic (annexinV +/7-AAD —)
cells and induced subsequent sub-G1 portion. An
assay using a pan-caspase inhibitor showed that
apoptosis significantly contribute to the CVAII-
driven oncolysis in NSCLC cell lines. Furthermore
we investigated whether CVA11 infection could in-
duce immunogenic cell death by releasing DAMPs
such as calreticulin exposure and HMGBI1 translo-
cation. Of note, CVA11 infection induced abundant
surface exposure of CRT in a time dependent man-
ner and robust release of HMGBI1 from the nuclei
of NSCLC cells into the cytosol. Collectively, we
demonstrate that CVA11 displays remarkable onco-
lytic activity against human NSCLC with im-
munostimulatory properties.

c. Characterization of tumor-infiltrating CD8+ T
lymphocytes in malignant lymphoma
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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 show-
ed that the frequency of 4-1BB+ and PD-1+ cells
were 17.2% *5.7% and 59.8% *1.3%, respectively
in CD8+CD45RA — cells. Both of 4-1BB and PD-1
were significantly highly expressed in CDS8+
CD45RA — cells compared to CD8 + CD45RA + cells.
Our results suggest that CD8+ TILs characterized
by high PD-1 expression existed in malignant lym-
phoma. Identification and functional analysis of
their TCRs are now underway and such informa-
tion would be helpful to develop new gene therapy
modality for malignant lymphoma.

B. Regenerative medicine and related technique
development

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

a. Development of novel measles virus vector
for induction of pluripotent stem cells
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We reports newly developed virus vector, mea-
sles virus vector can transfer multiple genes into
human hematopoietic cells effectively and induce
ground state pluripotent stem cells from somatic
cells without affecting the host genome. Measles vi-
rus (MV) which belongs to negative single strand
RNA viruses has been known to have high affinity
for human peripheral immune cells including
monocytes, B cells and T cells. We recently have
developed novel MV gene transfer vector which is
non-transmissible, can transfer multiple genes si-
multaneously. The MV vector which carries5 genes
(GFP, human OCT3/4, SOX2, KLF4, and L-MYC)
(MV-dF-OSKL-EGFP) could express these genes in
various human cells with differential expression
levels depending on the arrangement of the gene in
the vector. Especially, MV-dF-OSKL-EGFP was able
to transduce genes into more than 80% of hema-
topoietic cells besides natural killer cells. Naive and
stem cell memory T cells were also transduced by
MV-dF-OSKL-EGFP. These results indicated that
the newly developed MV vector had the significant
character as the new gene transfer vector compared
with conventional viral gene transfer vectors in-
cluding Sendai virus vector, which be longs to the
same RNA virus vector. We could successfully gen-
erated induced pluripotent stem cells (iPS cells)
from human fibroblasts or peripheral blood T cells
using MV-dF-OSKL-EGFP. These iPS cells express-
ed the pluripotent markers of NANOG and Tra-1-
60and were demethylated. These iPS cells also dif-
ferentiated into three germ line tissues in vitro and
in vivo. Importantly, we also could establish the
ground state like pluripotent cell (GSL-iPS cells)
from hematopoietic cells by using MV-dF-OSKL-
EGFP. In the presence of human leukemia inhibi-
tory factor (LIF), GSK-3inhibitor (CHIR99021), and
MEK inhibitor (PD0325901), GSL-iPS cells were able
to be cultured from a dissociated single cell with
rapid cell growth. GSL-iPS cells also expressed plu-
ripotent markers of NANOG and Tra-1-60, and
were able to differentiate into three germ line cells.
In conclusion, our newly developed MV vector may
induce revolutional advance in the field of gene
and cell therapy using iPS cells.

b. Characterization of common marmoset dys-
germinoma-like tumor induced by the lentivi-
ral expression of reprogramming factors.
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Recent generation of induced pluripotent stem
(iPSCs) has made a significant impact on the field
of human regenerative medicine. Prior to the clini-
cal application of iPSCs, testing of their safety and
usefulness must be carried out using reliable ani-
mal models of various diseases. In order to gener-
ate iPSCs from common marmoset (CM; Callithrix
jacchus), one of the most useful experimental ani-
mals, we have lentivirally transduced reprogram-
ming factors, including POU5F1 (also known as
OCT3/4), SOX2, KLF4, and c-MYC into CM fibro-
blasts. The cells formed round colonies expressing
embryonic stem cell markers, however, they
showed an abnormal karyotype denoted as 46, X,
del(4q), +mar, and formed human dysgerminoma-
like tumors in SCID mice, indicating that the trans-
duction of reprogramming factors caused unex-
pected tumorigenesis of CM cells. Moreover, CM
dysgerminoma-like tumors were highly sensitive to
DNA-damaging agents, irradiation, and fibroblast
growth factor receptor inhibitor, and their growth
was dependent on c-MYC expression. These results
indicate that DNA-damaging agents, irradiation, fi-
broblast growth factor receptor inhibitor, and c-
MYC-targeted therapies might represent effective
treatment strategies for unexpected tumors in pa-
tients receiving iPSC-based therapy.

c. Single-cell-state culture of human pluripotent
stem cells increases transfection efficiency
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Human pluripotent stem cells (hPSCs), such as
human embryonic stem cells (hESCs) and human
induced pluripotent stem cells (hiPSCs), have the
potential to self-renew indefinitely and differentiate
into various cell types. hPSCs can differentiate into
various stem or progenitor cell populations used
for regenerative medicine and drug development.
Newly developed genome editing technology has
advanced the use of hPSCs for such purposes.
However, to fully utilize hPSCs to achieve this
goal, more efficient gene transfer methods under
defined conditions are required. Development of ef-
ficient genome editing methods, such as zinc-finger
nucleases (ZFNs), transcription activator-like effec-
tor nucleases (TALENs), and clustered regularly
interspaced short palindromic repeat (CRISPR)/
CRISPR-associated nuclease 9 (Cas9), for use in
hPSCs holds great promise in the fields of basic
and clinical research. Among these methods,
TALENs are more efficient and safer for use in
hPSCs to achieve specific gene editing, as ZFNs
had a low gene editing efficiency and CRISPR/Cas9
was accompanied by more severe off-target effects
than TALENSs. Electroporation is a widely used
transfection method for hPSC genome editing; how-
ever, this method results in reduced cell viability
and gene editing efficiency.

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 culture
method of hPSCs at a single-cell-state to reduce cell
density, and investigated gene transfection effi-
ciency followed by gene editing efficiency. hPSCs
cultured in a single-cell-state were transfected using
non-liposomal transfection reagents with plasmid
DNA driven by the human elongation factor 1-
alpha 1 (EFla) promoter or mRNA encoding en-
hanced green fluorescent protein (eGFP). The
proportion of eGFP+ cells considerably increased

in single-cell-state cultures (DNA: 95.80+2.51%,
mRNA: 99.70%=0.10%). Moreover, most of the cells
were viable (control: 93.10=0.40%, DNA: 83.40
2.03%, mRNA: 86.71=0.19%). The mean fluores-
cence intensity (MFI) was approximately three-fold
higher than that in cells transfected by electropora-
tion (electroporation (EPN): 6631 +992; transfection
(TEN): 17933 =1595). eGFP expression was detected
by fluorescence microscopy until day seven post-
transfection. Our results also demonstrate an in-
verse correlation between cell density and transfec-
tion efficiency. To test whether transfection using
this method affected the "stemness" of hPSCs, we
examined SSEA4 and NANOG expression in eGFP-
transfected cells by flow cytometry analysis. The
percentage of both SSEA4+ and NANOG+ cells
was greater than 90%. Moreover, transplantation of
eGFP-transfected cells into immunodeficient mice
led to the formation of teratomas. These results
strongly suggested that single-cell-state hPSC cul-
ture improved transfection efficiency without in-
ducing differentiation or loss of pluripotency.
Moreover, we used our efficient transfection
method to edit the hPSC genome using TALENS.
We constructed a Platinum TALEN driven by the
EFlo. promoter targeting the adenomatous poly-
posis coli (APC) gene and analyzed the efficiency of
gene editing using the Cel-1 assay. Our efficient
transfection method induced mutations more
efficiently than electroporation (Transfection: 11.1 +
1.38%, Electroporation: 3.2+0.89). These results
showed that TALENs increased gene editing effi-
ciency in single-cell-state hPSC cultures. Overall,
our efficient hPSC transfection method using single-
cell-state culture provides an excellent experimental
system to investigate the full potential of hPSCs.
We expect that this method may contribute to the
fields of hPSC-based regenerative medicine and
drug discovery.
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