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CHRONOLOGICAL TABLE

Institute for Virus Research, Kyoto University, was founded with two departments
(Pathology and Biophysics).

Scientific Lectures for the Public were presented commemorating the opening of the
Institute (the successive Memorial Lecture Series have been presented annually hereafter).
Department of Biochemistry and Department of Serology and Immunology were
established.

Department of Prevention and Therapeutics was established.

"Advances in Virology", Vol. 1 (in Japanese) was published as collection of the Memorial
Lectures (the successive volumes were published annually hereafter until 1960).

"Annual Report of the Institute for Virus Research", Vol. 1, was published (the successive
volumes have been published annually hereafter).

Virus Diagnosis Center was established.

The 1st Symposium of the Institute for Virus Research was held under the auspices of the
Institute with the nationwide participants. The proceedings of the Symposium were
published as the first issue of the new series of "Advances in Virology" in Japanese (the
successive Symposia have been held and their proceedings published annually hereafter).
Department of Tumor Virus was established.

Several staff members were appointed academic staff of the Graduate School of Medicine,
and students of the School were first admitted to the Institute.

Several staftf members were appointed academic staff of the Graduate School of Science,
and students of the School were first admitted to the Institute.

Virus Diagnosis Center was renamed Virological Diagnosis Center.

Construction of the new building for the Institute commenced.

Construction of the new building was completed.

Department of Genetics was established.

Department of Molecular and Cellular Virology was established.

Department of Neurological Virus Disease was established as such that Visiting Staff be
appointed.

Animal Laboratory for Experimental Virus Infection was established.

Construction of extension of the main building was completed. Thus the main building

now constitutes five floors with a basement occupying the aggregate area of 5,410m?.
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The major part (ca. 481m?) of the extended area serves for researches involving
radioisotope labelling and in vitro DNA recombination experiments requiring the P3
facilities.

The memorial events for the 30th anniversary of foundation of this Institute were held on
May 16-17.

Professor Yorio Hinuma was honoured as "Person of Cultural Merits (Bunkakorosha)"
Department of Biophysics and Department of Tumor Virology were reorganized to form
Department of Viral Oncology which consists of 4 Laboratories.

Virological Diagnosis Center was reorganized to become Research Center for
Immunodeficiency Virus which consists of Laboratory for AIDS Immunology and
Laboratory of Viral Pathogenesis.

Department of Biochemistry and Department of Genetics were reorganized to form
Department of Genetics and Molecular Biology which consists of 3 Laboratories.
Construction of a new building was partly completed.

Department of Pathology and Department of Molecular and Cellular Virology were
reorganized to form Department of Cell Biology which consists of 3 Laboratories, while
Department of Serology and Immunology, Department of Prevention and Therapeutics
and Department of Neurological Virus Disease were reorganized to form Department of
Biological Responses which consists of 2 laboratories and one for visiting staff.
Laboratory of Regulatory Information was established within the Department of Cell
Biology to host a visiting professor as well as a research group.

Construction of the new building which accommodates three laboratories from this
Institute as well as some from the Medical School and the Center for Molecular Biology
and Genetics of the University was completed.

Construction of a new animal facility with some laboratories was completed.

One stuff member was appointed academic staff of the Graduate School of Pharmaceutical
Sciences, and students of the school were first admitted to the Institute.

Research Center for Immunodeficiency Virus was reorganized to become Research Center
for Acquired Immunodeficiency Syndrome.

Laboratory of Virus Control in Research Center for Immunodeficiency Virus was
established as such that Visiting Stuff be appointed.

Several staff members were appointed academic staff of the Graduate School of Biostudies,

and students of the school were first admitted to the Institute.
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The Experimental Research Center for Infected Animals was abolished and the
Experimental Research Center for Infectious Diseases was established instead.

Research Center for Emerging Virus was established.

The Institute commenced service as a Joint Usage / Research Center for fusion of advanced
technologies and innovative approaches to viral infections and life science.

Center for Acquired Immunodeficiency Syndrome Research was reorganized to become
Center for Human Retrovirus Research.

Research Center for Emerging Virus was reorganized to become Center for Emerging Virus
Research.

Laboratory of Evolutional Virology was established in Experimental Research Center for
Infectious Diseases.

Laboratory of Ultrastructural Virology was established in Experimental Research Center

for Infectious Diseases.
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Department of Viral Oncology
Laboratory of Gene Analysis

I. First Group

Members
Professor Yoshinori Akiyama
Associate Professor Hiroyuki Mori

Assistant Professor (Spe.) Yohei Hizukuri (Center for Emerging Virus Research)
Research Fellow Eiji Ishii
Graduate Student Yasushi Daimon, Ryoji Miyazaki, Koichiro Akiyama,
Kohei Yoshitani, Sohei Sakashita, Ayumi Ga,
Naomi Myougo, Yutaro Yamagata, Taiga Yoneshige

Technical assistant Michiyo Sano

Introduction

The research projects carried out in this group are concerned with post-translational events in the
expression of genetic information. Specifically, processes of protein translation, protein translocation across
and integration into the membrane, membrane protein proteolysis and extracytoplasmic stress responses are

investigated by combined molecular genetic, biochemical biophysical and structural approaches.

Topics

1) A novel SRP recognition sequence in the homeostatic control region of heat shock transcription
factor ¢°*: R. MIYAZAKI, T. YURA!, T. SUZUKI?, N. DOHMAE?, H. MORI and Y. AKIYAMA
('Kyoto Sangyo University, RIKEN)

Heat shock response plays a major role in sustaining protein homeostasis in all organisms. In
Escherichia coli, the activity and amount of transcription factor ¢*2, which is responsible for expression of heat
shock genes, elevate transiently upon heat shock. The initial induction is followed by negative feedback to
inactivate and degrade **. Previous work revealed that, in addition to the molecular chaperones (DnaK/Dnal
and GroEL/GroES) and a membrane protease (FtsH), signal recognition particle (SRP) plays a critical role in
this feedback control through targeting ¢°> to the membrane?. Here we identified in vivo “nearest neighbor”
proteins of ¢°? to decipher their molecular interaction properties. The results of in vivo photo-cross-linking
experiments indicate that the homeostatic control region of ¢* interacts with Ffh (the protein subunit of SRP)

and the molecular chaperones DnaK, DnaJ and HtpG at multiple positions. Importantly, the ¢*>~Ffh



interaction observed was significantly affected by mutations in the control region that compromise the
feedback regulation but not by a total deletion of DnaK and Dnal. Furthermore, photo- and disulfide-cross-
linking experiments demonstrated that Ffh uses its signal peptide—binding site to associate with the
homeostatic control region of ¢*2. On the basis of these findings, we propose that SRP delivers ¢ to the
membrane by directly recognizing its control region, which lacks a continuous hydrophobic stretch but could
form an amphipathic helix. Homeostatic regulation of the heat shock response thus requires a novel type of
SRP recognition mechanism.

1) Lim, B., Miyazaki, R. et al. (2013). Heat shock transcription factor ¢*> co-opts the signal recognition
particle to regulate protein homeostasis in E. coli. PLoS Biology, 11, e1001735.

2) Marine Vibrio features alternative cation-dependence of SecDF paralogs regulated by a nascent
polypeptide for salinity adaptation : E. ISHII, S. CHIBA?, S. SAKASHITA, N. HASHIMOTO, S.
KOJIMA!, M. HOMMA, K. ITO? Y. AKIYAMA and H. MORI (‘Nagoya University, 2’Kyoto Sangyo

University)

The translocation of proteins across biological membranes is universally conserved from bacteria to
animals. In bacteria, the translocation machinery is composed of SecYEG, the polypeptide-conducting
channel, SecA, the essential motor ATPase, and SecDF, the membrane integrated complex. SecDF interacts
with the SecYEG translocon in bacteria and enhances protein export in a proton-motive-force-dependent
manner. Vibrio alginolyticus, a marine-estuarine bacterium, contains two SecDF paralogs, V.SecDF1 and
V.SecDF2. We showed that the export-enhancing function of V.SecDF1 requires Na* instead of H*, whereas
V.SecDF2 is Na*-independent, presumably requiring H". In accord with the cation-preference difference,
V.SecDF2 was only expressed under limited Na* concentrations whereas V.SecDF1 was constitutive.
However, it is not the decreased concentration of Na™ per se that the bacterium senses to up-regulate the
V.SecDF2 expression, because marked up-regulation of the V.SecDF2 synthesis was observed irrespective of
Na® concentrations under certain genetic/physiological conditions: (i) when the secDFI ,, gene was deleted
and (if) whenever the Sec export machinery was inhibited. VemP (Vibrio export monitoring polypeptide), a
secretory polypeptide encoded by the upstream ORF of secDF2,, plays the primary role in this regulation by
undergoing regulated translational elongation arrest, which leads to unfolding of the Shine—Dalgarno
sequence for translation of secDF2,,. Genetic analysis of V. alginolyticus established that the VemP-mediated
regulation of V.SecDF2 is essential for the survival of this marine bacterium in low-salinity environments.
These results reveal that a class of marine bacteria exploits nascent-chain ribosome interactions to optimize
their protein export pathways to propagate efficiently under different ionic environments that they face in

their life cycles.
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chain-mediated regulation of a SecDF paralog optimizes sodium dependence of protein export for
environmental adaptation of a marine-estuarine bacterium, Vibrio alginolyticus. Progress 100: Kyushu-U and

Stanford-U Joint Research and Education Program, First Symposium: From Genes to Human Diseases,

Fukuoka, March 16-17, 2015
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KEHI ¢ in vitro IR FER R A N VemP OFIER 7 L A N OFRRHEERE DR . T804
FE2RETFY—I a7 W, 201549 H 28 H-30 H

WEFEY: LacZ ViR—HX —V AT A %&FH L7 VemP 7 L A hEF— 7 OIS T . THiASE
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Akiyama, K., Mizuno, S., Hizukuri, Y., Mori, H., Nogi, T., Akiyama, Y.: Analysis of the conserved
membrane-reentrant loop of RseP, an intramembrane-cleaving protease. The 22nd East Asia Joint Symposium

on Biomedical Research, Okinawa, Japan, November 11-14, 2015.
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AROTAEWFERE - F S8 BB ARA(LFEERESER KRS, #F, 2015412 H1 H - 4 H

HlFSER, R, SRR, AEATE, ARE=E, KILGE B 3 v JERBRA 0 &7 TR
AR DA EAER . 56 38 Bl H ARy AT K5 88 [l H AL FEAR RSB FRIKRES, #7, 2015
FE12H1H-4H

FOLSETHRR, AKEPEM, MESEE, & e, K B, BL5RE S2P 7 7 2 U —HNIE 7 o
77— RseP OIEWNIH AL — 758 & 1 U 7= FE A . 45 38 [B) H Ay +AEMpa ke 45 88 Al H
KA FAEREERIKES, #7, 20154F 12 A1 H-4H

Mori, H., Ishii, E., Chiba, S., Hashimoto, N., Kojima, S., Homma, M., Ito, K. and Akiyama, Y.: Nascent
chain-monitored remodeling of the Sec machinery for salinity adaptation of marine bacteria. &5 38 [A] H A<43
FEW) TSR 5 88 [n] H AR LA KA A TRIKZ Symposium “Nascent chains: the ribosome as a hub
for protein quality control”, Kobe, Japan, December 1-4, 2015
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Il. Second Group

Members
Associate Professor Hiroyuki Sakai
Assistant Professor Shin-ichi Yanagawa
Topics

1) Analysis of Keratin-Associated Protein 13-Induced Activation of Canonical Wnt Signaling Pathway
in vivo: S. YANAGAWA

I found that Keratin associated protein (Krtap) 13 binds to cytoplasmic portion of LRP6, a co-receptor
for Wnt. Surprisingly, Krtap13 overexpression markedly stimulates Wnt signaling. Krtapl3 was found to
induce co-clustering of LRP6 and Dvls, thereby inhibiting Axin mediated f-catenin destruction complex that
leads to activation of Wnt signaling.

To analyze effect of ectopic overexpression of Krtapl3 in vivo, 1 generated a Krtapl3-trans-gene
(Krtap13-Tg) consisting of CAG-promoter, loxp-polyA-loxp cassette, and 3XFLAG-tagged human Krtap13
cDNA and transgenic mouse lines carrying this Tg were established. This Krtap13-Tg can express Krtap13
only after Cre-induced recombination of Tg. By crossing these Krtap13-Tg mice with another transgenic
mice that express Cre in a tissue-specific way, I generated a mice system that allowed tissue specific
overexpression of Krtap13. Twenty-five% of mice born from crossing between Krtap13-Tg mice and CAG-
Cre-Tg mice developed Lymphoma/ Leukemia 1~1.5 year after birth. Lymphoma/ Leukemia cell typing

analyses using FACS are underway.

2) Identification of Novel Function of Human Papillomavirus E4: H. SAKAI

HPV infection begins in the basal cells of the epithelium, and as these cells divide, differentiate, and
migrate toward the surface of the epithelium, the virus is able to complete its life cycle. The viral life cycle
depends on the differentiation of the epithelium, but how the life cycle is controlled is not well understood. It
is interesting that although viral oncoproteins cause the increase of cellular proliferation and/or
transformation, terminally cellular differentiation of epithelium is required for completion of the viral life
cycle.

The expression of E1"E4 occurs in the upper layers of the HPV-infected epithelium, coordinating with
the onset of viral genome amplification and the expression of viral late genes. It is known that E17°E4 disrupts

the keratin networks. It is also known that E1"E4 induces G,/M cell cycle arrest. But it is yet to be known

_12_



well about the details of E1"E4. To investigate novel functions of E1"E4, we performed yeast two-hybrid
assays and got several candidate proteins as which interacts with E1"E4. As the results, it is suggested that
E17E4 associates with the Aggresome compartment that is one of cellular inclusion body systems. In the

future, we will ascertain the function of E17°E4 and its involvement in the viral life cycle.

3) Analysis of CAF formation mechanism using HPV positive cells: H. SAKAI

In many reports, the importance of the interaction between the cancer stem cells and the
microenvironments has been indicated. In the previous studies, it was suggested that HPV E6, E7, c-Myc, and
H-ras were the key factors for the establishment of the cancer stem cell in the cervical cancer. These factors
might alter the microenvironment to be favorable for cancer development. To examine the effect of the cancer
cells in fostering the cancer-associated fibroblasts (CAFs), HPV-positive cancer cells, SiHa, HeLa, and Caski,
were applied to the organotypic raft culture, and the effects on the fibroblasts were analyzed by gene-
expression profiling. The expressions of CD44 and a-SMA were used as the markers for the CAF induction.
In another experiment, the fibroblasts expressing an oncogene, myc, src, or ras were used as the transformed
fibroblasts, and normal HFKs or HeLa cells were overlaid on these cells. The effect of TGFf produced by
CAFs on the EMT of normal and HPV-positive keratinocytes was also examined. These inter-cellular

communications might be important for the progression of the cervical cancer.

List of Publications
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D30T A IV ARFSEER Y Department of Viral Oncology
2 A BT  B Laboratory of Gene Analysis

I. First Group
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DRI FUNT, V.SecDF2 DFBELNBIRNC 5L, BEEZIBREOKERHC@ = 9, Z OFBHIEIIX
VsecDF2 & [dl—A v v EIRICAFTET 5 vemP BIAFIC XLV a— REND53UWH 737 'E VemP
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1) Tsukazaki et al. Nature 474,235 (2011); 2) Ishii et al. PNAS 112, E5513 (2015)
(T, Bk, £
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Il. Second Group

KEFIIAZ v 7OlEH. W), FHUTz THR—RFRZ v 7L LT, LEHOKAO L ANE
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HPV AIEER & T A IV AR D AKERE O fift ]

HPV [EYYE 131X FHY 72 STD (Sexually Transmitted Disease : PEIEYYE) TH Y, A< EBIEL TV D
ZERMBNTWET, ETETIEZOREEREERIZIEN > TNDZ ERMEE 2> T E
T, HPV EGLIREN AL BEET A Z LM BN TWT, FRIC T EHE T, 1E2E A EDORIERT
HPV DR SN TE Y, HPV EENFEHERIEOFERV A 77 7 4 —ThoH EE X
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Wnt FEAFE T Krtap13 Z il 788 S 25 720 T, Wt #REE O LUEMALD A U7z, Krtapl3 (3,
MRS - C. LRP6 38 XN Dvl & IHCHEREZ TR 528, L, @ O Wnt R 2 EE L O
(24 U % LRP6 Signalosome DXV Z L TW\5 B2 b,
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Introduction

Presentation of protein-derived peptide antigens (Ags) by major histocompatibility complex (MHC)-
encoded class I and class II molecules has been a central dogma in modern immunology. Peptide Ags bound
to MHC molecules are recognized by T cells bearing alpha/beta T-cell receptors (TCRs). However, the
paradigm that Ag-specific T cell activation only involved recognition of peptide Ags turned out to be
incorrect. T cells bearing alpha/beta TCRs are now known to recognize lipid Ags in a group 1 CD1 (CDla, -b,
and -c)-dependent manner. Thus, the Ag-specific adaptive immune system comprises two separate pathways,
one directed against peptide Ags (mediated by MHC molecules) and the other directed against lipid Ags
(mediated by group 1 CD1 molecules). These two pathways function cooperatively to achieve highest levels
of Ag-specific host defense.

Both MHC and CD1 pathways are equally important; however, only several laboratories, including ours,
appear to focus intensely on the latter pathway. This is primarily due to the fact that mice and rats that are
highly useful for immunological studies have deleted genes for group 1 CD1 family, and thus, lack the lipid
recognition system that is comparable to that in humans. Therefore, we have attempted to develop three
distinct but complementary animal models; namely, human CD1 transgenic (Tg) mice, guinea pigs, and
rhesus monkeys. The human CDI/4 genome-Tg mice were established, in which the two major cell types,
immature thymocytes and epidermal Langerhans cells, specifically expressed human CDla proteins.
Alternatively, we found guinea pigs invaluable for lipid immunity research as the animals have evolved the
CD1 system that is equivalent to that in humans. Finally, our laboratory has made enormous efforts to set up
lipid immunity research using non-human primates, such as rhesus macaques. As described below, rhesus
monkeys have now been analyzed extensively in our laboratory for lipid immunity to mycobacteria and SIV,
resulting in the identification of lipid-based vaccine candidates against tuberculosis and the discovery of viral

lipopeptide-specific CTL responses.
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Topics

1) Lipid-specific innate and adaptive immunity in tuberculosis: T. MIZUTANI, A. MIYAMOTO, S.
MURATA, T. ANO, D. MORITA and M. SUGITA

Mycobacteria, such as Mycobacterium tuberculosis and M. avium complex, possess highly lipid-rich cell
walls that are critical not simply for their acid-fast properties but also for their survival and replication. The
cell wall contains mycolic acids (MAs), an alpha-alkyl-beta-hydroxy fatty acid with extremely long carbon
chains (~C,)), which are densely aligned in covalent association with the underlying arabinogalactan sugar
layer. Arabinogalactan-linked MAs extend outward and interact non-covalently with carbon chains of the
surface exposed mycolyl lipids, thereby forming the hydrophobic cell wall architecture that is unique to
mycobacteria.

For the past several years, our research has focused on the immunobiology of glucose monomycolate
(GMM), a mycolyl glycolipid presented by human CD1b and rhesus CD1b/CD1c molecules. Pathogenic
mycobacteria biosynthesize this glycolipid species by utilizing host-derived glucose as a competitive
substrate for their mycolyltransferases, and thus, GMM is a marker lipid for mycobacteria that sustain active
metabolism in the host (J. Biol. Chem. 283: 28835-28841, 2008). Furthermore, the host response to GMM is
associated with skewed production of TH1 cytokines (J. Biol. Chem. 286: 16800-16806, 2011) that occurs at
the site of infection (Infect. Immun. 81: 311-316, 2013). We have continued evaluating the potential of GMM
as a lipid-based vaccine in the guinea pig and rhesus monkey models, resulting in the demonstration of the
protective immunity conferred by the administration of GMM in liposomes (unpublished).

The innate immune recognition of mycolyl lipids has also been addressed in our laboratory. We
previously found that glycerol monomycolate (GroMM) functioned as a potent ligand for human, but not
mouse macrophage inducible C-type lectin, Mincle (J. Biol. Chem. 289: 15405-15412, 2014). This year, we
detected the granulomatogenic activity of GroMM, and, by generating neutralizing anti-guinea pigs Mincle
monoclonal antibodies, we are now evaluating directly how Mincle functions impact on the formation of

grauloma, a hallmark of tuberculosis pathology (unpublished).

2) Lipopeptide-specific immunity in AIDS: D. MORITA, Y. YAMAMOTO, Y. YOSHIOKA, Y.
TAKAMA, Y. SHIMA, E. SAKURAI, T. MIZUTANI and M. SUGITA

By taking full advantage of IVR’s superb research environments, we have been encouraged to address a
fundamental and potentially important question as to how lipid immunity functions in host defense against
viral infections. Given that some of the viral proteins require modification with host-derived fatty acids for
their critical functions, we hypothesized that the host immunity might be able to detect lipidated viral proteins
(lipoproteins). Indeed, we previously found that rhesus macaque monkeys infected with the simian

immunodeficiency virus (SIV) mounted cytotoxic T lymphocyte responses to N-myristoylated SIV Nef 5-mer
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lipopeptide (Cl4nefS) (J. Immunol. 187: 608-612, 2011; J. Virol. 87: 482-488, 2013). This year, the
molecular mechanisms underlying the lipopeptide presentation were finally elucidated. Despite our initial
prediction, CD1 molecules are not required for the lipopeptide presentation; instead, the MHC class
I-encoded molecule, termed Mamu-B*098, was identified as a critical element for lipopeptide presentation,
being capable of binding C14nef5 and presenting it to specific T cells. The crystal structure of the MHC class
[:C14nef5 was determined, detecting a unique groove structure suitable for accommodating lipopeptides
rather than long peptides. These findings now challenge the well known paradigm for antigen presentation

that MHC class I molecules mediate the presentation of 8-10mer peptides (Vat. Commun. 7: 10356, 2016).
List of Publications

Morita, D and Sugita, M.: "Discovery of a lipopeptide Ag-presenting molecule: its molecular identity and
X-ray crystallographic structure", The 10th International Symposium of the Institute Network, Sapporo, 23-
24 July, 2015.

Morita, D and Sugita, M.: "Discovery of lipopeptide Ag-presenting molecules: its molecular identity and
X-ray crystallographic structure", The 44th Annual Meeting of The Japanese Society for Immunology,

Sapporo, 18-20 Nov, 2015.
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Introduction

Apoptosis, or programmed cell death, plays an important role in many biological processes, including
embryogenesis, development of immune system, maintenance of tissue homeostasis, and elimination of
virus-infected and tumor cells. We found cell surface Fas antigen (Fas), which can directly mediate
apoptosis-inducing signals into cells by stimulation with agonistic anti-Fas mAb or Fas ligand. Our main
research project is to understand the intracellular signal transduction mechanism of cell death including
apoptosis and caspase-independent novel types of cell death, and the biological significance/physiological
role of cell death and cell death-regulating molecules. Investigations of molecular mechanisms and
physiological roles of cell death are important for a better understanding of mammalian immune system,

embryogenesis and tumorigenesis.

Topics

1) Caspase-8 and RIP kinases regulate retinoic acid-induced necroptosis and cell differentiation: M.
SOMEDA, S. KUROKI, M. TACHIBANA and S. YONEHARA

Caspase family members are involved in execution of apoptosis. Among them caspase-8 (Casp8) is
unique with associated critical activities to induce and suppress death receptor-mediated apoptosis and
necrosis, respectively. Casp8 inhibits necroptosis, a form of necrosis, through suppressing the function of
receptor interacting protein kinase 1 (RIP1 or RIPK1) and RIP3 (RIPK3). Disruption of Casp8 expression
causes embryonic lethality in mice at embryonic day (E) 11.5, which is rescued by depletion of RIP3,
suggesting that the defect of Casp8-deficient embryos is traced back to its activity to suppress necroptosis.

To examine the role of Casp8 in embryogenesis, we established ES cells with tetracyclin/doxicyclin-
inducible (Tet-On) expression system of short hairpin RNA specific for Casp8. Induced knockdown of Casp8
expression was shown to markedly enhance retinoic acid (RA)-induced cell death and differentiation of
embryonic stem (ES) cells as well as RA-induced gene expression. Interestingly, expression levels of RIP1,
RIP3 and MLKL (an execution molecule of necroptosis) were markedly increased by treatment with RA in

the absence of Casp8, suggesting that the enhancement of RA signaling enhances sensitivity to necroptosis.
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The marked enhancement of RA signaling was dependent on RIP1 and RIP3 but independent of MLKL.
Knockdown of Casp8 expression induced nuclear transportation of RIP3 and complex formation of retinoic
acid receptor (RAR) to RIP1 and RIP3 in nucleus. RA treatment induced binding of the complex to RA
response element (RARE) at the promoter region of RA-responsible genes. Furthermore, RA-dependent gene
expression was strengthened in Casp§-deficient mouse embryos around E 10.5. Administration of RA
antagonist to pregnant mice significantly suppressed the lethality of Casp8-deficient embryos at E 11.5, but
did not at E12.5. Thus abnormality of Casp8-deficient embryo, which is dependent on necroptosis mediated
by RIP1, RIP3 and MLKL, is regulated by RIP1/RIP3-mediated abnormal stimulation of RA signaling in the

absence of Casp8.

2) Caspase-10 plays an essential role in survival of human cancer cells: Y. MORI and S. YONEHARA

Stimulation of Fas (CD95) with FasL in human cells induces the formation of death-inducing signaling
complex (DISC), containing FADD, cFLIP, Caspase-8 and Caspase-10. Caspase-8§ is activated in the DISC,
leading to initiation of apoptosis. Activation of Caspase-8 was also reported to be involved in non-apoptotic
signaling pathways, such as activation of ERK, NF-xB and Akt pathways. In contrast to Caspase-8,
physiological roles of Caspase-10 in apoptotic and non-apoptotic pathways have been poorly understood. The
reason for the lack of understanding is that Caspase-10 cannot be examined in mouse system owing to the
deletion of Caspase-10 gene in mice. To reveal the functions of Caspase-10, we utilized Doxycycline (Dox)-
inducible Caspase-10 knockdown system in various types of human cells.

Downregulation of Caspase-10 expression was shown to induce cell death in human cancer cell lines,
such as Jurkat, U937, HCT116 and U20S cells. Interestingly, knockdown of Caspase-10 expression did not
show any effects in an untransformed diploid fibroblast, WI-38. In Jurkat cells, downregulation of
Caspase-10 expression increased the number of apoptotic cells with cleaved Caspase-3. Treatment of the
cells with either zZVAD-fmk (a pan-caspase inhibitor) or zZLEHD-fmk (a Caspase-9-specific inhibitor)
inhibited the cell death induced by Caspase-10 knockdown. Thus Caspase-10 was shown to always inhibit
apoptosis in human cancer cells. In addition, we find that the inhibition of the apoptosis in Caspase-10
knockdown cancer cells triggered induction of another type of necrosis-like cell death. Taken together,
Caspase-10, which is involved in the apoptosis-inducing signal via death receptors, always inhibits both

Caspase-9/Caspase-3-dependent apoptosis and a novel type of necrotic cell death in human cancer cells.

3) A novel function of FLASH/casp8ap2 in regulation of nonapoptotic cell death: A. KAKO and S.
YONEHARA

Programmed cell death is involved in maintenance of homeostasis, and regulation of morphogenesis in
developmental stage. The failure of cell death results in a multiple of disease, such as cancer and autoimmune

disease. Thus, better understanding the mechanism of cell death is important for therapeutic development of

_23_



incurable disease. Programmed cell death is mainly composed of apoptosis and necroptosis, and both are
regulated by caspase-8: caspase-8 is at an initiator of Fas-mediated apoptosis and an inhibitor of necroptosis.
FLASH (FLICE-associated huge protein)/casp8ap2 was originally identified as a caspase-8-associated
protein, and has been shown to play a role in multiple cellular processes including regulation of apoptosis,
cell cycle progression, processing histone mRNA, and transcriptional control. In various types of cell lines
derived from carcinoma and sarcoma, downregulation of FLASH expression was clearly shown to inhibit cell
cycle progression in the S-phase; however, in several cancer cell lines from leukemia, we found that FLASH-
knockdown does not affect cell cycle progression. Then, we analyzed effects of FLASH-knockdown on
apoptosis and necroptosis in human histiocytoma-derived U937 cells. In U937 cells, FLASH knockdown
enhanced sensitivity to not only apoptosis but also necroptosis induced by TNF-a stimulation. These results
indicate that FLASH can regulate the two types of programmed cell death, apoptosis and necroptosis,

independently on its effects on cell proliferation.

4) A role of Wnt signals in the mesodermal differentiation of mouse ES cells: A. MURAKAMI

ES cells are induced to differentiate into cells at the mesoderm lineage under culture conditions forming
embryoid bodies. Among many signaling pathways or factors involved in the process, we are currently
interested in a Wnt signaling pathway. An inhibitor of Wnt signals completely blocks the mesoderm
induction. So far, Wnt3 and Wnt8a have been identified to play a role in the mesoderm induction through an
activation of Brachyury expression, one of key factors. In addition, several other Wnt family members are
expressed at earlier stages, suggesting their role in the differentiation.

From the earlier stages of the differentiation, embryoid bodies are covered with a layer of visceral
endoderm. Our current hypothesis is that the visceral endoderm is induced via Wnt signals and then involved
in the mesoderm induction. An inhibitor of Wnt signals, IWP-2, inhibited expression of visceral endoderm
markers including Gata6, a key factor of visceral endoderm induction. Knockdown of Gata6 expression
resulted in down regulation of Wnt3 and Wnt8a expression, and suppressed the mesoderm induction as well.
Among the Wnt family members, Wntl seems to play a role in the visceral endoderm formation, as
knockdown of Wntl expression suppressed expression of visceral endoderm markers as well as those of the
mesoderm. Thus, Wnt signals seem to function at two stages of the mesoderm induction. One is for the
induction of visceral endoderm and the other is for the direct induction of mesoderm through an activation of

Brachyury expression.
List of Publications
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Loss of somatostatin receptor subtype 2 promotes growth of KRAS-induced pancreatic tumors in mice by
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caspase-8 KO vV ZADRAEZI L W) REM IR 7 en—T 2ADjiic ks EE 26N T0WDH, 20D

_26_



EORUO G & ES M WV TEIB T ORBLCHEBMG 2 H 5T 202 AT, RHEFEIT
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TRV, Z OO R A R4 % 72912, Akila Ram |3 EH MR B 2 HEEEFO
[FEZH L TWD, I ZHIL, FLASH O3B 23/l i J8 i dE1T 2 BRE - 5 7200 T/ <,
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Introduction

The researches carried out in our group are focused on animal-derived RNA viruses, especially negative
strand RNA viruses replicating in the cell nucleus, such as bornaviruses and influenza viruses. Our projects
aim to understand the fundamental mechanisms of the replication and pathogenesis of the viruses. In
addition, we are investigating the function of endogenous bornaviruses, which exist in many mammalian
genomes, including humans, as remnants of ancient bornavirus infection. Furthermore, we are conducting the

development of a novel RNA virus vector using bornaviruses for gene and cellular therapies.

Topics

1) Bornavirus
Borna disease virus possesses an NF-kB inhibitory sequence in the nucleoprotein gene: A. MAKINO,
K. FUJINO, N.F. PARRISH, T. HONDA and K. TOMONAGA.

Borna disease virus (BDV) has a non-segmented, negative-stranded RNA genome and causes persistent
infection in many animal species. Previous study has shown that the activation of the IkB kinase (IKK)/NF-
kB pathway is reduced by BDV infection even in cells expressing constitutively active mutant IKK. This
result suggests that BDV directly interferes with the IKK/NF-kB pathway. To elucidate the mechanism for the
inhibition of NF-kB activation by BDV infection, we evaluated the cross-talk between BDV infection and the
NF-kB pathway. Using Multiple EM for Motif Elicitation analysis, we found that the nucleoproteins of BDV
(BDV-N) and NF-kBI1 share a common ankyrin-like motif. When THP1-CD14 cells were pre-treated with the
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identified peptide, NF-kB activation by Toll-like receptor ligands was suppressed. The 20S proteasome assay
showed that BDV-N and BDV-N-derived peptide inhibited the processing of NF-kB1 p105 into p50.
Furthermore, immunoprecipitation assays showed that BDV-N interacted with NF-kB1 but not with NF-kB2,
which shares no common motif with BDV-N. These results suggest BDV-N inhibits NF-kB1 processing by
the 20S proteasome through its ankyrin-like peptide sequence, resulting in the suppression of IKK/NF-kB
pathway activation. This inhibitory effect of BDV on the induction of the host innate immunity might provide

benefits against persistent BDV infection.

2) Endogenous bornaviruses

1. piRNAs derived from ancient viral processed pseudogenes as transgenerational sequence-specific
immune memory in mammals: N.F. PARRISH, K. FUJINO, Y. SHIROMOTO, Y. IWASAKI, HS. HA,
JC. XING, A. MAKINO, S. KURAMOCHI-MIYAGAWA, T. NAKANO, H. SIOMI, T. HONDA and K.
TOMONAGA.

Endogenous bornavirus-like nucleoprotein elements (EBLNs) are sequences within vertebrate genomes
derived from reverse transcription and integration of ancient bornaviral nucleoprotein mRNA via the host
retrotransposon machinery. While species with EBLNs appear relatively resistant to bornaviral disease, the
nature of this association is unclear. We hypothesized that EBLNs could give rise to antiviral interfering RNA
in the form of PIWI-interacting RNAs (piRNAs), a class of small RNA known to silence transposons but not
exogenous viruses. We found that in both rodents and primates, which acquired their EBLNs independently
some 2540 million years ago, EBLNs are present within piRNA-generating regions of the genome far more
often than expected by chance alone (P=28 X 10 -6 X 10 ®). Three of the seven human EBLNs fall within
annotated piRNA clusters and two marmoset EBLNs give rise to bona fide piRNAs. In both rats and mice, at
least two of the five EBLNs give rise to abundant piRNAs in the male gonad. While no EBLNs are syntenic
between rodent and primate, some of the piRNA clusters containing EBLNs are; thus we deduce that EBLNs
were integrated into existing piRNA clusters. All true piRNAs derived from EBLNSs are antisense relative to
the proposed ancient bornaviral nucleoprotein mRNA. These observations are consistent

with a role for EBLN-derived piRNA-like RNAs in interfering with ancient bornaviral infection. They
raise the hypothesis that retrotransposon-dependent virus-to-host gene flow could engender RNA-mediated,
sequence-specific antiviral immune memory in metazoans analogous to the CRISPR/Cas system in

prokaryotes.

2. Transcription profiling demonstrates epigenetic control of non-retroviral RNA virus-derived
elements in the human genome: K. SOFUKU, N.F. PARRISH, T. HONDA and K. TOMONAGA.

Endogenous bornavirus-like nucleoprotein elements (EBLNs) are DNA sequences in vertebrate genomes

formed by the retrotransposon-mediated integration of ancient bornavirus sequence. Thus, EBLNs evidence a
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mechanism of retrotransposon-mediated RNA-to-DNA information flow from environment to animals.
Although EBLNs are non-transposable, they share some features with retrotransposons. Here, to test whether
hosts control the expression of EBLNs similarly to retrotransposons, we profiled the transcription of all
Homo sapiens EBLNs (hsEBLN-1 to hsEBLN-7). We could detect transcription of all hsEBLNs in at least
one tissue. Among them, hsEBLN-1 is transcribed almost exclusively in the testis. In most tissues, expression
from the hsEBLN-1 locus is silenced epigenetically. Finally, we showed the possibility that hsEBLN-1
integration at this locus affects the expression of a neighboring gene. Our results suggest that hosts regulate
the expression of endogenous non-retroviral virus elements similarly to how they regulate the expression of

retrotransposons, possibly contributing to new transcripts and regulatory complexity to the human genome.

3) Influenza virus

Influenza A virus-induced expression of a GalNAc transferase, GALNT3, via microRNAs is required
for enhanced viral replication: S. NAKAMURA, M. HORIE, T. DAIDOJI, T. HONDA, M. YASUGI, A.
KUNO, T. KOMORI, D. OKUZAKI, H. NARIMATSU, T. NAKAYA and K. TOMONAGA.

Influenza A virus (IAV) affects the upper and lower respiratory tracts and rapidly induces the expression
of mucins, which are common O-glycosylated proteins, on the epithelial surfaces of the respiratory tract.
Although mucin production is associated with the inhibition of virus transmission as well as characteristic
clinical symptoms, little is known regarding how mucins are produced on the surfaces of respiratory
epithelial cells and how they affect AV replication. In this study, we found that two microRNAs (miRNAs),
miR-17-3p and miR-221, which target GalNAc transferase 3 (GALNT3) mRNA, are rapidly downregulated
in human alveolar basal epithelial cells during the early stage of IAV infection. We demonstrated that the
expression of GALNT3mRNAis upregulated in an [AV replication-dependent fashion and leads to mucin
production in bronchial epithelial cells. A lectin microarray analysis revealed that the stable expression of
GALNTS3 by human alveolar basal epithelial cells induces mucin-type O-glycosylation modifications similar
to those present in IAV-infected cells, suggesting that GALNT3 promotes mucin-type O-linked glycosylation
in [AV-infected cells. Notably, analyses using short interfering RNAs and miRNA mimics showed that
GALNT3 knockdown significantly reduces [AV replication. Furthermore, AV replication was markedly
decreased in embryonic fibroblast cells obtained from galnt3-knockout mice. Interestingly, [AV-infected
galnt3-knockout mice exhibited high mortality and severe pathological alterations in the lungs compared to
those of wild-type mice. Our results demonstrate not only the molecular mechanism underlying rapid mucin
production during IAV infection but also the contribution of O-linked glycosylation to the replication and

propagation of AV in lung cells.

List of Publications

Kuhn JH, Diirrwald R, Bao Y, Briese T, Carbone K, Clawson AN, deRisi JL, Garten W, Jahrling PB,
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Introduction

The major purpose of our research group is clarification of lifecycles of human hepatitis viruses,

hepatitis B virus and hepatitis C virus at the molecular level. Development of drugs against these viruses and
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understanding of chronic liver diseases caused by infection of these viruses are also in the scope of our
research. To accomplish those aims, we are now investigating the interaction between those viruses and host
cells by using several hepatitis virus culture systems including human hepatocyte derived cells system

developed originally in our laboratory.

Topics

1. Satulated fatty acid plays a role in production of hepatitis B virus particles: H. OKAMURA, Y.
AKAHORI, S, Kim, Y. NIO, K. WATASHI, T. WAKITA, M. HIJIKATA

Hepatitis B virus (HBV) infection is one of the major causative agents for chronic hepatitis, liver
cirrhosis and liver cancer. More than 780,000 people die because of such hepatitis B related-disorders
worldwide every year. The vaccine and a limited number of drugs against HBV are available and effective but
the appearance of HBV resistant against the drugs used in the treatment has become a big problem for the
human society. Hence, the development of new anti-HBV drug suppresses proliferation of HBV resistant to
the existing drugs is still required. However, the non-cancer derived cells which reproduce the proliferation of
HBYV normally is not available for the drug screening except expensive and awkward primary human
hepatocytes (PHH).

Therefore we attempted to develop a new HBV culture system using HuS-E/2 cells, the immortalized
human hepatocytes. When HuS-E/2 cells were cultured in three-dimensional (3D) condition for a week, the
gene expression pattern became similar to PHH. When HuS-E/2 cells were transfected with plasmids
including HBV genome DNA, the intracellular HBV RNA, the index of virus gene expression, was kept more
stable in 3D condition than in normal flat culture condition. In addition, DNase resistant HBV DNA in the
culture medium, the index of virus particles, was maintained at high level during the experimental period in
spite of the reduction of residual plasmid DNA. Moreover, the similar results were observed in the cases of
several HBV genotypes. Our results suggested that HuS-E/2 cells cultured in 3D condition have a potential

for establishment of a new in vitro system for HBV research.

2. Development of cell culture system for hepatitis B virus using immortalized human hepatocyte
derived cell line cultured in three dimensional condition: Y. AKAHORI, H. Kato, T. FUJITA, K.
MORIISHI, K. WATASHI, T. WAKITA, M. HIJIKATA

Hepatitis B virus (HBV) is a hepatotropic DNA virus that causes liver diseases in humans. As HBV cell
culture systems, that support whole HBV life cycle, have been developed, it became possible to perform anti-
HBYV drug screening and pharmacological study. Those systems, however, are not suitable for molecular
biological studies. We, therefore, aimed to develop the new HBV culture system using immortalized human

hepatocyte cell line, HuS-E/2 cells, cultured in the three-dimensional (3D) condition with thermoreversible
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gelation polymer, “Mebiol gel”. We established HuS-E/2-NTCP-tGFP cells that are HuS-E/2 cells stably
producing an HBV receptor molecule, human sodium/taurocholate cotransporting polypeptide (hNTCP),
fused with TurboGFP (tGFP) at the C-terminal, as hNTCP gene expression was relatively low in HuS-E/s
cells. After one week culture in Mebiol gel, HuS-E/2-NTCP-tGFP cells forming spheroids were drew from
the gel and infected with HBV produced from HepG2.2.15.7 cells, stable HBV producer cells, in the presence
of 4% PEG8000 at 37 ° C overnight. Then those spheroids were re-placed and cultured in Mebiol gel. Time
dependent expression of HBV pregenomic RNA (pgRNA) in the cells was analyzed by the quantitative RT-
PCR . The levels of HBV pgRNA in the cells were increased from 5 to 7 days post-infection, while those
were quite low in the cells pre-treated with pre-S1 lipopeptide, an inhibitor of HBV infection. These results
suggested that 3D cultured HuS-E/2-NTCP-tGFP cells support HBV infection and proliferation and that this

system possibly enable us to investigate the interaction between HBV and host cells.

05 @ BTERME . RII—72 (2015). HCV EUERLT-ZEAMM AR B o L AR
73 BT 9 GEEF 1090 5) 98-103.

Akahori Y., Kato H., Fujita T., Moriishi K., Watashi K., Wakita T., Hijikata M.: Development of a cell culture
and infection system for hepatitis B virus using 3D cultured immortalized human hepatocytes. International

meeting on the molecular biology of hepatitis B viruses, Bad Nauheim, Germany, Oct. 3-8, 2015.

Okamura H., Akahori Y., Kim S., Nio Y., Watashi K. , Wakita T., Hijikata M.: Long chain saturated fatty acid
contributes to efficient egression of hepatitis B virus particles. 2014 International meeting on the molecular

biology of hepatitis B viruses, Bad Nauheim, Germany, Oct. 3-8, 2015.

Akahori Y., Kato H., Fujita T., Moriishi K., Watashi K., WakitaT., Hijikata M.: Development of a cell culture
and infection system for hepatitis B virus using 3D cultured non-neoplastic HuS-E/2 cells. & 63 [] H A 7 A
VARSI RS, @i 2015 4E 11 A 22 H

Okamura H., Akahori Y., Kim S., Nio Y., Watashi K. , Wakita T., Hijikata M. : Egression of hepatitis B virus
particles is promoted by long chain saturated fatty acid. &5 63 [B] H A ™ A /L 22 fiidE 2. f&hi 2015
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PUZ XY NTCP mBLAIIR 2 BN Lo, 3ol 7 o — Mk 2 kB %55 2 & THBV A
JEYSEIE S 5 2 E SR S T, £7o. HBV SHIfEN THEEL L TV 2 BEfF O R EMIR 2 VT
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We have been studying on antiviral innate immunity, particularly on the mechanism of type I interferon

(IFN) gene regulation. More than 10 years ago, we identified viral RNA sensors, collectively termed as RIG-

I-Like receptor. We have been focusing on the mechanism how RLR recognizes non-self RNA from self

RNA. We also try to understand how viral replication within the cells is sensed and triggers signals to

activate antiviral program, by live cell imaging. We study different viruses including Polio, Influenza A,

SFTS, hepatitis B viruses in the context of antiviral immune responses of the host.
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Topics

1) Functional IRF3 deficiency in a patient with herpes simplex encephalitis: ANDERSEN, L.L, MORK,
N., REINERT, L.S., KOFOD-OLSEN, E., NARITA, R., JORGENSEN, S.E., SKIPPER, K.A.,
HONING, K., GAD, H.H., OSTERGAARD, L., ORNTOFT, T.F., HORNUNG, V., PALUDAN, S.R.,
MIKKELSEN, J.G., FUJITA, T., CHRISTIANSEN, M., HARTMANN, R. AND MOGENSEN, T.H.

Herpes simplex encephalitis (HSE) in children has previously been linked to defects in type I interferon
(IFN) production downstream of Toll-like receptor 3. Here, we describe a novel genetic etiology of HSE by
identifying a heterozygous loss-of-function mutation in the IFN regulatory factor 3 (IRF3) gene, leading to
autosomal dominant (AD) IRF3 deficiency by haploinsufficiency, in an adolescent female patient with HSE.
IRF3 is activated by most pattern recognition receptors recognizing viral infections and plays an essential role
in induction of type I IFN. The identified IRF3 R285Q amino acid substitution results in impaired I[FN
responses to HSV-1 infection and particularly impairs signaling through the TLR3-TRIF pathway. In
addition, the R285Q mutant of IRF3 fails to become phosphorylated at S386 and undergo dimerization, and
thus has impaired ability to activate transcription. Finally, transduction with WT IRF3 rescues the ability of
patient fibroblasts to express IFN in response to HSV-1 infection. The identification of IRF3 deficiency in
HSE provides the first description of a defect in an IFN-regulating transcription factor conferring increased

susceptibility to a viral infection in the CNS in humans.

2) The ASK family kinases differentially mediate induction of type I interferon and apoptosis during
the antiviral response. OKAZAKI, T,. HIGUCHI, M., TAKEDA, K., IWATSUKI-HORIMOTO, K.,
KISO, M., MIYAGISHI, M., YANAI, H., KATO, A., YONEYAMA, M., FUJITA, T., TANIGUCHI, T.,
KAWAOKA, Y., ICHIJO, H. AND GOTOH, Y.

Viral infection activates host defense mechanisms, including the production of type I interferon (IFN)
and the apoptosis of infected cells. We investigated whether these two antiviral responses were differentially
regulated in infected cells. We showed that the mitogen-activated protein kinase (MAPK) kinase kinase
(MAPKKK) apoptosis signal-regulating kinase 1 (ASK1) was activated in cells by the synthetic double-
stranded RNA analog polyinosinic:polycytidylic acid [poly(I:C)] and by RNA viruses, and that ASK1 played
an essential role in both the induction of the gene encoding IFN-f (IFNB) and apoptotic cell death. In
contrast, we found that the MAPKKK ASK2, a modulator of ASK1 signaling, was essential for ASK1-
dependent apoptosis, but not for inducing IFNB expression. Furthermore, genetic deletion of either ASK1 or
ASK2 in mice promoted the replication of influenza A virus in the lung. These results indicated that ASK1
and ASK2 are components of the antiviral defense mechanism and suggested that ASK2 acts as a key
modulator that promotes apoptosis rather than the type I IFN response. Because ASK?2 is selectively present

in epithelium-rich tissues, such as the lung, ASK2-dependent apoptosis may contribute to an antiviral defense
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in tissues with a rapid repair rate in which cells could be readily replaced.

3) Influence of genes suppressing interferon effects in peripheral blood mononuclear cells during triple
antiviral therapy for chronic hepatitis C: IIJIMA, S., MATSUURA, K., WATANABE, T., ONOMOTO,
K., FUJITA, T., ITO, K., 110, E., MIYAKI, T., FUJIIWARA, K., SHINKAI, N., KUSAKABE, A.,
ENDO, M., NOJIRI, S., JOH, T. AND TANAKAYY.

The levels of expression of interferon-stimulated genes (ISGs) in liver are associated with response to
treatment with pegylated interferon (PEG-IFN) plus ribavirin (RBV). However, associations between the
responses of ISGs to IFN-based therapy and treatment efficacy or interleukin-28B (IL28B) genotype have not
yet been determined. Therefore, we investigated the early responses of ISGs and interferon-lambdas (IFN-As)
in peripheral blood mononuclear cells (PBMCs) during PEG-IFN/RBV plus NS3/4 protease inhibitor (PI)
therapy. We prospectively enrolled 50 chronic hepatitis C patients with HCV genotype 1, and collected
PBMC:s at baseline, 8 and 24 h after the initial administration of PEG-IFN/RBV/PI. Levels of mRNAs for
selected ISGs and IFN-1s were evaluated by real-time PCR. All 31 patients with a favorable IL28B genotype
and 13 of 19 with an unfavorable genotype achieved sustained virological responses (SVR). Levels of mRNA
for A20, SOCS1, and SOCS3, known to suppress antiviral activity by interfering with the IFN signaling
pathway, as well as IRF1 were significantly higher at 8 h in patients with an unfavorable IL28B genotype
than in those with a favorable one (P = 0.007, 0.026, 0.0004, 0.0006, respectively), especially in the non-SVR
group. Particularly, the fold-change of IRF1 at 8 h relative to baseline was significantly higher in non-SVR
than in SVR cases with an unfavorable IL28B genotype (P = 0.035). In conclusion, levels of several mRNAs
of genes suppressing antiviral activity in PBMCs during PEG-IFN/RBV/PI differed according to IL28B

genotypes, paralleling treatment efficacy.
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Kusakabe A, Endo M, Nojiri S, Joh T, Tanaka Y. (2015). Influence of genes suppressing interferon effects in
peripheral blood mononuclear cells during triple antiviral therapy for chronic hepatitis C. PLoS One /0, doi:
10.1371/journal.pone.0118000.

Yoneyama M, Onomoto K, Jogi M, Akaboshi T, Fujita T (2015). Viral RNA detection by RIG-I-like
receptors. Curr. Opin. Immunol. 32, 48-53. doi: 10.1016/j.c0i.2014.12.012.

Kato H, Fujita T: RIG-I-like receptors and autoimmune diseases. (2015). Curr. Opin. Immunol. 37, 40-45.
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Takashi Fujita: Dysregulation of MDAS-dependent signaling causes autoimmune disorder. JSPS Core-to-
Core Program 1st International Symposium on Virus Infections and Host Responses “Intranuclear Infection

and Host Immunity”, Kyoto, January 27 - 28, 2015.
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Fujita, T.: Autoimmunity due to constitutive activation of cytoplasmic viral RNA sensors. Cytokine
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Fujita, T.: Autoimmunity caused by constitutive activation of cytoplasmic viral RNA sensors RIG-I- like
receptors. The 44™ Annual Meeting of The Japanese Society of Immunology, Sapporo, November 18-20,
2015.
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Narita, R., Yoneyama, M., Kato, H. and Fujita, T.: A Novel Function of Human Pumilio Proteins in Antiviral
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In eukaryotic cells, many genes are separated by introns into multiple exons that should be joined
together. In addition, the cell itself is separated by the nuclear envelope into two major compartments, the
nucleus and the cytoplasm. These two types of separations necessitate specific gene expression mechanisms
such as RNA splicing and nuclear transport. Prof. Mutsuhito OHNO’ s laboratory is studying various aspects
of eukaryotic gene expression with great emphasis on “RNA” as a key molecule. In addition, we are also

working on quality control mechanisms of eukaryotic ribosome particles.

1) RNA distribution in the cell:

1-1) Identification of the 3’-processing factor for human U snRNA precursors

Attempts were made to biochemically identify the 3’ -processing factor for human U snRNA precursors.
If 3?P-labeled human Ul snRNA precursor was incubated in HeLa cell cytoplasmic extracts, a band whose
electrophoretic migration was similar to the one for the mature Ul snRNA was generated. Analysis of the
3’ -end sequences of the band suggested that the band indeed corresponded to the mature (or almost mature)
Ul snRNA, suggesting that the HeLa cell cytoplasmic extracts contain the 3’ -processing factor for human U
snRNA precursors. We are now setting up the conditions for purifying the factor from the cytoplasmic

extracts.

1-2) Exportin-5 mediates nuclear export of SRP RNA in vertebrates

The Signal Recognition Particle is a ribonucleoprotein complex that is essential for the translocation of
nascent proteins into the endoplasmic reticulum. It has been shown that the RNA component (SRP RNA) is
exported from the nucleus by CRM1 in the budding yeast. However, how SRP RNA is exported in higher
species has been elusive. Here we show that SRP RNA does not use the CRM1 pathway in Xenopus oocytes.
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Instead, SRP RNA utilizes the same export pathway as pre-miRNA and tRNA as demonstrated by cross-
competition experiments. Consistently, the recombinant Exportin-5 protein specifically stimulated export of
SRP RNA as well as of pre-miRNA and tRNA, whereas an antibody raised against Exportin-5 specifically
inhibited export of the same RNA species. Moreover, biotinylated SRP RNA can pull down Exportin-5 but
not CRM1 from HeLa cell nuclear extracts in a RanGTP-dependent manner. These results, taken together,
strongly suggest that the principal export receptor for SRP RNA in vertebrates is Exportin-5 unlike in the
budding yeast.

1-3) Analysis of RNA sorting system for nuclear export in Drosophila

Different RNA species are exported from the nucleus by distinct export factors. Although this specificity
indicates that each RNA species is distinguished in the nucleus, the mechanism is not well understood. We
have recently revealed that, in vertebrates, mRNA and spliceosomal U snRNA are sorted according to their
lengths, in which hnRNP C tetramer measures RNA length as a molecular ruler. However, Drosophila
melanogaster has no apparent hnRNP C homologs. To understand mRNA/U snRNA classification in
Drosophila, we performed an in vitro RNA-protein binding assay with purified Drosophila proteins and S2
whole cell lysate. We have obtained the result suggesting that, also in Drosophila, mRNA and U snRNA are
sorted by their lengths.

1-4) Identification of the specific interactors of the human lariat RNA debranching enzyme 1 protein

In eukaryotes, pre-mRNA splicing is an essential step for gene expression. We have been analyzing post-
splicing intron turnover steps in higher eukaryotes. Here, we report protein interaction between hDbrl and
several factors found in the Intron Large (IL) complex, which is an intermediate complex of the intron
degradation pathway. The hDbrl protein specifically interacts with Xab2. We also attempted to identify
specific interactors of hDbrl. Co-immunoprecipitation experiments followed by mass spectrometry analysis
identified a novel protein as one of the specific interactors of hDbrl. This protein is well conserved among
many species and shows the highest similarity to yeast Drnl, so it is designated as hDrnl. hDrnl directly
interacts with hDbr1 through protein-protein interaction. Furthermore, hDrnl shuttles between the nucleus
and the cytoplasm, as hDbrl protein does. These findings suggest that hDrnl has roles in both the nucleus
and the cytoplasm, which are highly likely to involve hDbrl.

2) rRNA quality control mechanisms:

How the eukaryotic cells deal with non-functional RNA molecules that were either mutated or damaged?
We are searching for novel RNA quality control mechanisms in mammalian and yeast cells by mainly
focusing on ribosomal RNAs.

Quality control mechanisms operate in various steps of ribosomal biogenesis to ensure the production of

functional ribosome particles. It was previously reported that mature ribosome particles containing
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nonfunctional mutant rRNAs are also recognized and selectively removed by a cellular quality control system

(nonfunctional rRNA decay; NRD).

2-1) Crt10 directs the cullin-E3 ligase Rtt101 to nonfunctional 25S rRNA decay

Nonfunctional mutant ribosomal RNAs in 40S or 60S subunits are selectively degraded in eukaryotic
cells. We previously reported that NRD of 25S rRNA required cullin-E3 ligase Rtt101 and its associating
factor Mms1, both of which are involved in DNA repair. Although Mms22, an accessory component of the E3
complex, was suggested to direct the E3 complexto DNA repair, the factor that directs the complex to 25S
NRD remained unknown. Here we show that another accessory component, Crt10 is required for 25S NRD,
but not for DNA repair, suggesting that this accessory component specifies the function of the E3 complex
differently. We also show that the Crt10-containing E3 complexes can be further divided into sub-complexes,
one of which contains Pafl complex, a Pol-II binding complex modulating the transcription of stress-related
genes. Our results show the convergence of multiple pathways for stresses that harm nucleic acids and

provide a molecular framework for the substrate diversity of the complex.

2-2) identification of a 60S-associating protein essential for nonfunctional 25S rRNA decay

The eukaryotic ribosomes are composed of 4 rRNAs and 80 ribosomal proteins. We and others
previously reported that the defective ribosomal subunits containing mutations in their rRNAs are selectively
eliminated from the cytoplasm by ubiquitin-proteasome system (nonfunctional rRNA decay, NRD). Here we
show a 60S-associating protein essential for the degradation of mutant 25S rRNAs. Importantly, this protein
is physically associated with the E3 ubiquitin ligase involved in 25S NRD. Biochemical analysis revealed that
this “bridge” protein is highly enriched on the 60S particles containing a nonfunctional mutant 25S rRNAs,

suggesting a central role of this bridge protein in the functional inspection of the 60S subunits.
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Taniguchi, I. and Ohno, M. HIV-1 Rev protein specifies the viral RNA export pathway by suppressing TAP/
NXF1 recruitment. East Asia Joint Symposium, Okinawa, 11-14 Nov. 2015.

Ohno, M. A cellular mechanism that sorts RNA transcripts according to their lengths. The 10th International
Symposium for the Inter-institutional Network (ISIIN), Sapporo, 23-24 July, 2015.

dbEE, WEEF, BEHHERES, KEFEAN  EAY 60S VAR Y — LD MEEHE A ML AR
BEDPbY ., % 3FE RIBOSOME MEETING. =%, 201543 H 17+ 18 H

_53_
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BFim s FLEF RS Laboratory of Biochemistry
Hif% REFREN
Bh# tE =
Bk A H—RR
iR A= YCHEF (2015 4 11 A %)
Vet iz
KRB JNASEZ
gk 58

HIR DO F1 D RNA O KREIIE TR X o X0 B L OBEER (RNP) & U CEE LIERET 5, 4
MR 1L, RNP OZHL » MG « fk - K - BB/ E. RNP 29 < DRk 4 22 Blg 2 Bk
BEfo T 5,

WEAE & ARk, REPAFFE=RICIE, #d%. WHE. 24 0B#. 2 4 OEE. 1 4 O E% IR KT
Beds, 1 A OBELMBRRFEANERE L, 72720, MEEDON 1403, 11 JITHMHRITsR L7,

I . RNP ORZAHAEE [ O ik

FEAMEIE X 5 E B2 RNA I, FRRICBED 5 U AR Y — A RNA (rRNA) S#5F RNA  (tRNA) |
AT TA LTI LT ) Ul v F RS T RNA (UsnRNA), A v &Y% —RNA
(mRNA), ¥A 7 7 RNA (miRNA) 72E0RH DM, T 5O RNA 1L, ZLE40 RNA FEIZEA
DEEE RPN TG Lok, MllE~ Lk Ind, BN TENLEILO RNA ICHGT 2 A
FRER, BAMRE A F 57200 T < BAMImIER O E N E D RNA OEa (RfEfk, BIER. ZE
PEZR L) Z2HBET DI ENHLMNIR->TE, DF 0, RNA OFREIIEN CREIC MG %K
TR Lo TR STV T, ZOFEANN 24 HEE %~ 72 RNA OEMBIRICEEL 52 20 ThH 5,

fli )7, snoRNA X°>scaRNA 72 &', % b ML ST IO 2 72 B A A Tk S5
RNA HFET 5D, S HIZ, —FHD RNA SWEEHEM L LT, 1~ br 25T mRNA BIBRARZR &
DR RNA BT 2 £ TREOFIZEO bILD, £To, UAVAOHFIZIE, RNA ik 4 il
THZLICE S THIAT 20O ZHH D,

LA ED & 9 72 RNA OBIRA 3 EHEITB I FRBUIEE ICHE TH LN AR BN Z N, 0D
& 972 RNA OEERIL RNA LD ED X5 e ARz L TITh 5 Do, £l DOl 175 % >~
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NRIBRFAFIIED LD 72 b D@2 RIFFEIE, BIE L72W < OO D U E S 2R D | HiaN
@ RNP ZBLicB T 2 hilEgE 2~ o e T2 2 L2 HET 5,

1. & I UsnRNA BBRAD 3’ - T ut v v VINFDORR

WY 72 BB H A AT 5 mRNA OB AT 9 72®121E, mRNA FIiED AT Z A > 0 TS H
EEfEIATOND Z & IENTIEIBRUSDOHWF, BIH RNA & Z X7 HOEEIKTH 5 U snRNP 73
ELLKEHRTL2ZENNATHDL, ZNETOMET, b M2 ELEEEZAEMIZIIT S UsnRNP
7 RNA %43 (U snRNA) OpEEFEDH T THIfEIZ351F % U snRNA FiIBAD 3 RisIZAFET

DR IREAIDOBRERR 3 - Fuk )] BTHORFIIRES ATV RN,

t b UsnRNA HiAD 3’ - T mt oo 7275 WFoREZ AL L, gEEBs L, £3.
R VIR G SUGT & o TREHPERERE L7 Ul snRNA BiBEAZ & MES#EMIE O M E E 2y (S100)
HCG S8 2 A, BV Ul snRNA @Ezé EIEIEF—ET 5 RNA AERR LTz, £ D4R RNA
D3 KIBMOESN T LIz e A, T —H#_X—2Z ED Ul snRNA OFLFI L1 EIE—F L7z, F£7=,
R RNA ITIEF ¥ > RGNV BEEIE (CBC) WA L7 Z &22H RNA O 5 Kl X ER
ICEREF SN TWD Z ERainoT-, PLEDOFERIL, S100 121X Ul snRNA ik 3’ - 7ot 7
ITORFDFET H L 2R L TW5, BE, 203’ -7aki v 7EWF% S100 75k
LI DEMEmEFT LT D,

2. FHEEMIZ I D SRP RNA DOEZSM 15 D IfF5E

ERAII TIX, ZNIZBWTH A 72 RNA DERF I TE Y . £ 0% < DI T% IR AL Z dik
L CHIfRE ~ Lt SiLD, BEOMIENS., RNA DHIFLE ~ Ll I 5 72 DI I3RS gk &

FEN X B EBAERERRT DUERSDH Z LRRENTND, SIHIZ, RNAIZZNE

PR BRI AMGE IS K > THIFRE ~ L S0 2 E RN SN TV D,

BITE F TIZZ < O RNA OAMEITEIZ DWW TR Thiv, 00 THEENRII S o255 —
5T RWFFEDOMIZERI SR T 5 SRP RNA OEZAMRIEIZHOWTIL, FRICHFHEEMIC B W T, BF9E
MBI TUV 2, SRPRNA 1T, BERSHRIZIS VT, X X7 B0 X7 e /N afk~ & 1
7 — F3 5 RNA- ¥ U R EBAEIRTH D v 7V aliki 1 (Signal Recognition Particle: SRP) ™
RNA 53 T %,

HEFEERHIZ IV T, SRP RNA X CRM1 & KA 2 M E R F-IC L Bk S D 2 E AR S T
TWo, —HT.HHEIMICBNTY, 7 v FOEEEMIEEZ CRM1 OFLEATLELY 5 & SRPRNA
DEZICET D Z &b, HEEERE L [FIFRIC CRMI 28 SRPRNA Zfikd 5 & PRSI TWe, L
MU S ERD T v - ORFEMNNZ W72 3252V T CRMI [HEOR#EEAY 725282 LV SRP
RNA S EHE U 72 aTREMEIIHEBR T & 97, CRMI 78 SRP RNA OREAMEG AN 7T D0 E 9 xR
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B ChH -7z, ZD7=d, THEEMIZH 1T 5 SRP RNA ORAMG ARSI, oM A 1 D ER
HLT, [ ZEAERMODKREBICH T2, £ T, HxITHEHEMIZIIT 5 SRP RNA OZ A A
WO Z B E L CTIFE 2 BiA LTz, £ T HFHEEIMIZISV T SRP RNA OZSMEEEDY CRM1 IT{K
FLTWDNE I, RNAFEFEICE N TR HWSNDT 7Y 1 297 = VPR REAR R~ D1
EIFEANRZ DTN LT,

ZDOFER, FHEBIWIZI5 T SRP RNA OFZAMIEDS CRMI IZIRAF L TWRWZ & & L L7z,
WRIT, FHEEMIC 51T %5 SRP RNA ORZAMENE KR 2[R ET 572012, £k~ 72 RNA & IV 72 cross-
competition assay 1T 272, < DOiffH, SRP RNA (% pre-miRNA <° tRNA & 3@ U728 112 L 0 iz
INDZENRBINTZ, DT, pre-miRNA X° tRNA DAL 1 T&H % Exportin-5 2% SRP
RNA OEZAMgE R 1 OFEf & LT E LT,

% Z T, Exportin-5 2% SRP RNA OZAMRIER - TH D E I ERH72012, LT OFERZ
fTo7-, F£9. Exportin-5 DY = ) s H L7 B F 7213 Exportin-5 |2 %192 Bk % SRR
DFZIZIEAN LT SRP RNA DIZAMGIEIZ 5 2 D B e ~Te, TORER, VareF v b2 ony
B DIEANIZ LY SRPRNA Ok IMEdE S5 — 77 HURDIEAIZ L Y SRP RNA Ok LHE S 4
77

WIZ, B F fb L7z SRPRNA % HeLa ML HIHHIR L IRFNZIZ T V2 0 T 5 FZBR AT o 72,
Z DOFEF, Exportin-5 23k e EE ST D72 HE &35 cofactor T D RanGTP DIFAE FIZ
FUT CRMI Tid7e < Exportin-5 237k L7z Z & 75, SRP RNA % Exportin-5 EHHAAEAT 25 Z &
MR ENT-, LLEDOFEREND, FHEBEMWIZIS 1T S SRP RNA ORZAMEEK 113 Exportin-5 Td %
Z BRI,

ABFSEH 5, Exportin-5 28 & D K 512 L C SRPRNA ZiRik9 2 D, 78RR & FHEEM T
SRP RNA DAZAMGIER TR H 72 5 D& Do TN F 7212 E LTz, 2 HICB L THEE%21T-
Teo LLEORER AR ICHR LT,

3. g 7Y a 73T |ZEBIT 5D RNA polymerase 11§55 FEY) D145 1 BAE O AT
HEHMITIEZ% < OFEHO RNA BN TEE Sh Tk, MilE~smiishd, ZOEs, 2k
% RNA FHIZ TR 2 EA RPN SN D25, ZRIFEhE 0 RNA FEAEN TR S s 2
EEBEWRLTWD, LU, ZOMBID 1A B =X KNIRMREH 5 HZ0, FTH spliceosomal
U snRNA & mRNA [ RNA polymerase I (2 X > THERE I N5 72 EWN OOl R ZFF > TV,
W OMAIEIIR O S A TH o 72, Toxr OBFZEEIT Z OGIHEHEIZEI L T.mRNA 7% U snRNA
ICHRTRWI LICER LTFELED 2, £ LT, FHEEW Tl RNA O I3 W #H O H
BLWCThHhHI L, TORIZMDEAF L LThnRNP C M@ < Z & & LRI 58 LT,
vavYa v A= T, FHEBY & FEEIC U snRNA O GEE CEAMR®E 2’ THh 5 DT, U
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snRNA & mRNA HO@EHIIIEE THLHIITTH L, & ITAD, a3 U3 73T (X hnRNP C DY
/et u 7 &R, £ CARIMETIEY 3 v Y a UAT|ZEIT %5 U snRNA/mRNA OBl
HE DRI % 32 7=, UsnRNA OBk 7T 5D CBC & PHAX DL o By h ¥ VT B Lk
72 E DO RNA ZHWT, hnRNP C Z[FE LR E RO T v A 2Tz 2 A, vayday
RS2 MR T, BV RNA 2> HESERIIC PHAX 2R ET A2 R L, 2o 2 &
Hyawya UNATIZBWTH UsnRNA/MRNA OFEAINIIERNA O S 12 U TITHhILTWAD Z &2
B8 < RIS U7, BERR & 13 S2 MR AE 1 0 B Z OFKBI & 1 5 ALK 1 D[R E & 3 TV 2 03,
TEPEDRAE LT RTEREI L TR0y,

4. Z D
bt N7 T UF U EER EAAAER T AR ORIEICOW Tl LR S 21T - 72,

II. RNP O /LB &P

ARUEZIE LW RNP Z{ED T2 DICE R F AT =T A R 2o TNDER, VRY—LARRT T
A A —LD XD RERTHEHME RNP DRE, AROIER TRE /L RNP 2AVERRLTLE D 2 &
LB LI RWEA S, —J, BI5F DNA OZRERD 2 WVTEIMRA L FWE ., IEMERSRE R LD
e IRBREEA B L AIZ KD | S8R RNP 10D RNA & 5 \WME K VR By WER LI- v B 42%
F7e0 362 bdD1A9, ZOXIRFAKTHEREZ RNP RAEMR L TLEZE XIT, M
FNHEEDL T LD THA DD, RNA DT OMEFEHOHIEITEANITDOI TV DA,
FZT RNP OSVEEH &0 S BLRD DATONTZRIZZ < 72 <. FOEMIL X 5 R0 ImfElz oW\
E CThbH, AFRETIE, VA Y=LK T2ET /LK E LT, RNP OWEEHEMELZHE-> T
Do

HEERERE CIRTE PO R BRE R ZFFO L 5 72 VAR Y — A RNA X, AGHGETR TO e EH
BIZB o BT, B Y R Y — LR I2F THAN THILD, 258 rRNA @ PTC (peptidyl
transferase center, X7 F Nl IEMEH L) (CRERZFFO L OIEERMOK (60S) 7 2=v K
F T, 18S rRNA @ decoding center (K 5-fgittz s ¥ —) IZHAEREZFFO L OIX5EMMED /N (408)
Y7 a=y NETENENEALTOHND B, WTILHEROIZDOIEHIZER > TVD, Zhb D
K97 —RIEEZAERERE S U 7= 58 5edn U AR Y — A5 D rRNA 1X, #Fr L CNRD (non-functional
tRNA decay) & FEE415 RNA S E BREME TS b,

1. BEREAEY AY — MDD L 2 EFF 2 Y U —PEEROMT
60S U 7R Y — A1 25S rRNA @ NRD (258 NRD) (Z(F. Ritt101 & Mmsl 72572 % Cullin 4 E3 =
EXFUIT—BIZED VR Y =0 X F AR LETH D, 60S UARY —LADWMEITITES
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AEXF L - FuTT = LRICED VR =L Z T EDOSRNLEE L EZ BT,

URY —2OMEEBBEOMPA DD, VAR —AOabXF U ALIZER LTIt Z A L
7z, Rtt101-Mmsl E3 U H—BEAEKIZ EERRY R Y — 2 Z2@ #2877 — % o X0 B i
ZTWDEEZ NI, TOEKRTDN-> TR, ZOLETE—F L RIBORBROTD,
Mmsl & OWEFIFR EAERN MO TND X VRO NS 258 NRD IZHHER S DNH D E
ATz, EOFRER, Crtl0 WD) WD40 U B — h &2 60X /X7 EH R 25SNRD IZMETH L Z L&
FEL L7z, Crtl0 1X Rtt101-Mmsl 225725 E3 U W —BEEER LW L CHEARY R Y — L %& =2
EXF AL 5 Z LSRR S T,

L72>L. Rtt101-Mms1-Crt10 #HAE L VAR Y — 2 & O E A AR ERICHR T 5 2 &2
TERD 2T, EDD, MHF LD HTEREFPIHFEET 2 AL E 2, Mmsl & Crtl0 O
BERESRERREIC L0 | B R ORIEZ R T, HEIITORES. Pafl Complex (PaflC) & FEE
NDEREFREESERD IR FES L TWND Z Do 72, Pafl 1%, 1996 412 RNA polymerase I |Z
MATDHH L RI7EE LTHESIL, B R M iR 2 & BELRET ok~ R HEAT
57Ty N7 —AELTHIET D LB 25T\ 5, PaflC 2 & » THRELENHIE S 5851
MR - A b L RSB EER R EB . L L, PaflC X 25S NRD (TG L7222 &3
bhrolz, Crtl0 ZEiTe E3 U H—BHEEIRIEL, PafIC 41 LT 25SNRD LA OEE 2 L TW\W5 & T
s,

Rtt101-Mms1 AR IEI Mms22 & fEA L . Mms22 [ZDNABEEIZEE D 5 Z &0 H STV 5, Mms22
& Crt10 (TFEHHRAYIC Mms] (255515, mmsld BR=° rtt1014 ¥R, mms224 FR2% DNA 28 552 &
SVEL 72 D DITKE L, ertl04 BECIEEFAERR E B S0 o7, ORI, Crtlo OB 595 25S
NRD 73, DNA &8 & ITBEANCHEORE TH D Z L 2R L TWD,

BRI H A=V %525 A ML ATTIEZEOMBENR AT 523, Ritl01-Mmsl 725725 E3 Y
H—BEEERIZEOT X T2 =2 R BEENGIT 52 LT, —FICHLT L5 ENTE D,
ARG LY | Crtl0 82 D B3 U T —EB#HAKR%EZ 25S NRD IZHH S/ AR bhrolz, S HIZ Crtlo
N Pafl LiEGT D2 LD, BREH O DNA X° RNA ([ZEENE UREAIC, ZOEARN Crtlo &
PaflC # 1 L CHRG 2 il 2 ATREMEZ2 RIB L C\W\ 5, DL EDORERZ R SUEE Lz,

2. BEREA4E 60S BIZiRME T 2 2 v 237 B IK T D EE

BEEAEMO VR Y — LT 4 KO RNA L 80OEDHZ R EN SR SN OEREREKTH D, =
D 9 HIFHEALOZ < 13 RNA ([ZHDIL TV DA RNA IZAE RAeFOMEAREY R Y — AT bEF
F U AGICBEE L 7RI LT 2 o RIS D 2 & W39 hr o T X To, ARIFFECITHRER S
60S KN FF o U H—BESRITFER SN D7D, ED XD RFHEAE S > T D 0O 0T
ERTTIAER, HD X8 JEDPEER A 60S EICREMET 22, ZCORTREXFTF U H—F
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HEKREZY) 7 — T HDICNETHDH I & R AR ERICE > TORLTE, ZOKRF
XV AR Y — LADOBREA AT 5 WEE BB TZORFIT T OS2 B7-T K+ Th
HIEWRBREIND,
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Introduction

Our laboratory has made two major achievements. First, we have found that fetal and adult
hematopoietic stem cells have different developmental potential to differentiate into lymphocytes. Second, we
have demonstrated that interleukin-7 (IL-7) controls DNA recombination of lymphocyte antigen receptor
genes by changing chromatin structure. Both of them are related with fundamental questions in medicine and
biology. Based on these findings, we are now pursuing research on development and regulation of the
immune system, focusing on the following questions: (1) function of IL-7 receptor (IL-7R) in the immune
system; (2) control mechanism of lymphocyte antigen receptor genes by IL-7; (3) regulation of immune
response by IL-7R expression; and (4) distribution and function of IL-7- and IL-15-producing cells in
lymphoid organs.

Topics

1) STATS orchestrates local epigenetic changes for chromatin accessibility and rearrangements by
direct binding to the TCRy locus: K. WAGATSUMA, S. TANI-ICHI, B. LIANG, S. SHITARA, K.
ISHIHARA', M. ABE?, H. MIYACHL?, S. KITANO? T. HARA, M. NANNO*, H. ISHIKAWA®, K.
SAKIMURA?, M. NAKANO!, H. KIMURAS?, and K. IKUTA (‘Kumamoto University, *Niigata
University, *Reproductive Engineering Team, IVR, “Yakult Central Institute, Tokyo Institute for

Technology)

The transcription factor STATS, which is activated by the IL-7R, controls chromatin accessibility and
rearrangements of the T cell receptor (TCR) y locus. Although STAT binding motifs are conserved in Jy
promoters and Ey enhancers, little is known about their precise roles in rearrangements of the TCRy locus in

vivo. To address this question, we established two lines of Jyl promoter mutant mice: one harboring a deletion
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in the Jyl promoter including three STAT motifs (Jyl1P#4), and the other carrying point mutations in the three
STAT motifs in that promoter (Jyl1P™m™S), Both Jyl1P#4 and Jy1P™'™S mice showed impaired recruitments of
STATS and chromatin remodeling factor BRG1 at the Jyl gene segment. This resulted in severe and specific
reduction in germline transcription, histone H3 acetylation, and histone H3 lysine 4 methylations of the Jyl
gene segment in adult thymus. Rearrangement and DNA cleavage of the segment were severely diminished,
and Jyl promoter mutant mice showed profoundly decreased numbers of yd T cells of y1 cluster origin.
Finally, compared to controls both mutant mice showed severe reduction in rearrangements of the Jyl gene
segment, perturbed development of yd T cells of y1 cluster origin in fetal thymus, and fewer Vy3* dendritic
epidermal T cells. Furthermore, interaction with Jyl promoter and Eyl, a TCRy enhancer, was dependent on
STAT motifs in Jyl promoter. Overall, this study strongly suggests that direct binding of STAT5 to STAT
motifs in the Jy promoter is essential for local chromatin accessibility and Jy/Ey chromatin interaction,

triggering the rearrangements of the TCRy locus.

2) An enhancer of the IL-7 receptor a-chain locus controls IL-7 receptor expression and maintenance of
peripheral T cells: A. ABE, S. TANI-ICHI, S. SHITARA, G. CUI, H. YAMADA', H. MIYACHI S.
KITANO?, T. HARA, R. ABE3, Y. YOSHIKALI', and K. IKUTA (‘Kyushyu University, 2Reproductive
Engineering Team, IVR, 3Tokyo University of Science)

The IL-7R plays critical roles in lymphocyte development and homeostasis. Although IL-7R expression
is strictly regulated during lymphocyte differentiation and the immune response, little is known regarding its
in vivo regulation. To address this issue, we established a mouse line with targeted deletion of the conserved
non-coding sequence 1 (CNS1) element found 3.6-kb upstream of the IL-7Ra promoter. We report that
IL-7Ra is expressed normally on T and B cells in thymus and bone marrow of CNS1~~ mice except for in
regulatory T cells. In contrast, these mice show reduced IL-7Ra expression in conventional CD4 and CD8 T
cells as well as regulatory T, natural killer T, and ydT cells in the periphery. CD4 T cells of CNS1~ mice
showed IL-7Ra up-regulation in the absence of growth factors and IL-7Ra downregulation by IL-7 or T-cell
receptor stimulation, although the expression levels were lower than control mice. Naive CD4 and CD8 T
cells of CNS17~ mice show attenuated survival by culture with IL-7 and reduced homeostatic proliferation
after transfer into lymphopenic hosts. CNS17~ mice exhibit impaired maintenance of antigen-stimulated T

e

cells. Furthermore, IL-7Ra up-regulation by glucocorticoids and TNF-a was abrogated in CNS1~~ mice. This

work demonstrates that the CNS1 element controls IL-7Ra expression and maintenance of peripheral T cells,
suggesting differential regulation of IL-7Ra expression between central and peripheral lymphoid organs.
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AR OFIE, IL-7R OFBLHIE, 1L-7 & 1L-15 EAMIRO FIHAL & BEEREHT 2 O ICAFZE 2 D
TW5D, AREITERLE LTHER LI Z UL NICii# T 5,

1) STATS i3 T Ml S y B FIEICEEEE G T2 2L Toru~vF o7 7BV T 4 & iR
FROT=D DR T VY = 2T ¢ 7 AEAbZ T 5

A v —aAf X T%HKE (IL-TR) (X5 K 7 STATS kML L, T Mifa &4 (TCR) y Eix
FEEOT 72 )T 4 L EREREHIET 5, STAT fEAESIN Ty 7 e — X —CEy Ty Hh—
WRIF STV DA, TCRy BAG T FfmARIC I 1T 2 F OAEKRNIEEEIIRTEAATH D, ZoMEEY
HOMCT 5720 .3 2D STAT EF — 7 & 510 940 L EE %t D Iyl 71 & — & —fEIk & R L 72 Jy1 P24
~UAL Il TRE—H—ND 3OO STAT EF — 7T HERZEN LTz IylPrsms < o7 2 & {EH]
L7z 9, JpIPmS <= 7 ZfgRAAEIZ 3V T, STATS @ Jyl 7' & — X —~DfER N2 EE
ENTVWDZ EEHER LI, WIT, 1P B IO JylPrsmS < o7 2RIV C, 7 r~F 0
TRV EVT 4 DEETH D germline 55, B A F H3 7R2F /b, H3 U P 4 DA F )Lk %
fRET LIz 2 A, WInb Iyl B TRHFEMICE LR TL W, £, Za~vFrIiET7 0
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J WA OfE 7 2= > F BRG1 @ Jyl FHI~OFEAHEL IR T L TWe, SHIT, WP B X
O Iyl PrsimS < o7 Z g AL 5N T Tyl 18510 DNA " EHSTI L2 RNE LK T LTERY .,
WLBIET B 2B 2 Vy2, VyS BIETERBLT D poT My, BRo/ NG B TR E < g
L CTW e, [FIERIT Jp1PY 38 LR Iyl PSS < 7 Z a7 IR AR AR 35 N C Iyl JBAR T DFHIL 2 2338 L <
KT LTEY, SIBICET 5 Vy3 BEREW 90T M2 LT, &%IZ, Iyl 7 et—4—
& Eyl =B —0D N —TJE [ % Chromosome Conformation Capture (3C) 5% FWNCTHEAT L7= &
A, arybo—b=r AMPRHII T Iyl & Eyl 23S L TW7223, JylpsmS = 7 2 TIEZE s
FZLLEESN TV, EDOEREMNS, STATS N Iy 70 —4 —0 STAT TF— 7 ~fEAT5 =
EW, Wy EKO /TR T 72 T 4 Ly E By 7 u~F U OA—TTEBRICHMIETH Y, TCRy
B TEOMEZ ZFHE 325 2 EB/RS N7z, (Wagatsuma, Tani-ichi et al, J. Immunol. 195:1804,
2015),

2) IL-7Ro SBAGFJED = LY — (3R THAIC BT 5 IL-7 L 7 X — OB L #EFF 2 Tl 5
IL-TR T Y 2 BROD o0k EHERFICEH B R BRI 2 R LTV D, U U/ BRO MBS IR B D BRI
IL-7R OFREBULEEB IZHIH STV D, EERNORIEEEIIRHTH D, £ 2T, ERNICBIT
% IL-7R O3 HLHI SRS 2 1 5 2023 5 72912, IL-TRa 7 B E— X — O 3.6 kb _EFIAFTET DIRAT
ST IERHRRECSI 1 (CNS1) ZRE LI~ T A Z{ER L, U U RERO& S LEEIZH1T 5 IL-TRa
DFRBLZ AT LTz, CNS1- < 7 2Tl Mgl & 886 B A2 5 IL-TRa DFEBUZZE KT
Do T, RO Treg MIARIZB W TRIDME T LTz, £72. CNS1 ~ 7 ADOEMHFRIZIB W
T, CD4 T fifd, CD8 T #fifid, Treg Mk, NKT M, yo T Hifa T IL-TRa OFELIME T L T,
CNS17 CD4 T fifaiZ3 W\ T IL-7Ra DFREME T L THWD H DD, 1L-7X° TCR O > 7 F /L3 ik
ENTBED IL-TRa DFEBLO EF N Z 0V | IL-7X° TCR O ¥ 7 F /W2 X 5 IL-TRa OFBLOIH]
EFICEZ 572, CNSI A —7 THIfETIE, IL-7 TH:E L72BEOAEFME T L, Rag2” w7 &
WA LTEBEOME LK T LT\, &2, ZaarFaAf KE TNF-all k2 IL-7TRa DFEH
DFFEBNHK LT, E72, CNSI7- CD8 T Mz Tid, FURRIMEZ D 7 n— g s A
U— THEOHERF N EE SN TV e, 2D ORERND . CNS1 28K T AW T IL-7TRa D
B AMERF L TRV | IL-TR OFE BRI X & RIHIC BV TR 5 TR VR Sz, (Abe et
al, J. Immunol. 195:3129, 2015) .
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Department of Biological Responses

Laboratory of Infection and Prevention

I. First Group

Members
Professor Osamu Takeuchi
Assistant Professor Takashi Mino
Office Administrator Momoko Tsuji
Postdoctoral Fellow Atsuko Wakabayashi
Daisuke Ori
Tomoko Imamura
Sarang Tartey
Graduate Student Yoshinari Nakatsuka, Masaki Abe, Xiaotong Cui,
AKkitoshi Sadahiro, Kae Hatano, Kotaro Akaki, Hitomi Sano,
Daichi Yamasoba
Research Student Masanori Yoshinaga, Fabian Hia, Chong YeeKien,
Shinnosuke Yamada
Introduction

The research projects carried out in this group are aiming to uncover the molecular mechanisms of the
regulation of inflammation in innate immunity. Since inflammation is mediated by the production of
proinflammatory cytokines, we are studying the cytokine gene expression at the transcriptional and

posttranscriptional levels.

Topics

1) Regulatory mechanism for the Regnase-1-mediated mRNA decay in innate immunity and its post-
transcriptional regulation: T. MINO, T. IMAMURA, D. ORI, Y. NAKATSUKA, M. ABE, X. CUL A.
SADAHIRO, K. AKAKI, H. SANO, D. YAMASOBA, M. YOSHINAGA, F. HIA, S. YAMADA and O.
TAKEUCHI

Gene expression in response to inflammatory stimuli is controlled by the transcriptional and post-
transcriptional mechanisms in immune cells. Post-transcriptional regulation that modifies mRNA stability and
translation provides rapid and flexible control of gene expression. Control of mRNA stability is mediated by a

set of RNA binding proteins including Roquin and Regnase-1. Roquin (RING finger and CCCH zinc finger
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protein) prevents development of autoimmunity in mice by destabilizing the mRNA such as inducible T cell
costimulator (Icos) and tumor necrosis factor (Tnf). Roquin recognizes a stem-loop (SL) structures in their 3’
UTRs and Roquin-mediated mRNA decay takes place in processing-body (PB) or stress granules (SGs)
where translationally inactive mRNAs are targeted and a CCR4-CAF1-NOT deadenylase complex is
recruited for degradation. We identified Regnase-1 (also known as Zc3h12a and Mcpipl) as an RNase critical
for preventing a severe autoimmune inflammatory disease in mice by destabilizing inflammation-related
mRNAs such as Interleukin-6 (1/6) and Regnase-1 itself in innate immune cells. Regnase-1 is shown to control
not only innate immune cells, but also acquired immune cells for maintaining the homeostasis by targeting
genes such as Icos, c-Rel and Ox40 for degradation. Recently, we have reported that Regnase-1 recognizes a
set of SL-containing mRNAs that overlaps with those targeted by Roquin. In contrast to Roquin, Regnase-1
localizes to endoplasmic reticulum (ER) and ribosomes, but not to PBs and SGs. Regnase-1 destabilizes
translationally active mRNAs and requires RNA helicase UPF1, similar to nonsense-mediated mRNA decay
(NMD).

Although UPF1 is essential for Regnase-1-mediated mRNA decay (RMD), the molecular mechanisms of
how UPFI is involved in RMD are not yet understood. In this study, we demonstrate that SMG1-mediated
phosphorylation of UPF1 at T28 regulates association of Regnase-1 with UPF1 and is required for RMD. We
investigated Regnase-1-associatied region of UPF1 by co-immunoprecipitation. An N-terminal deletion
mutant of UPF1 did not associate with Regnase-1, suggesting that N-terminal region of UPF1 is required for
association with Regnase-1. Because both the N- and C-terminal regions of UPF1 have evolutionarily
conserved S/TQ residues at T28, S1073, S1078, S1096 and S1116, we investigated whether phosphorylation
of UPF1 regulates association with Regnase-1 by co-immunoprecipitation. Treatment with 4 protein
phosphatase reduced association of UPF1 with Regnase-1 and T28 A mutant of UPF1 did not associate with
Regnase-1. Reconstitution of T28 A mutant of UPF1 increased Regnase-1 target mRNA expression and
inhibited RMD, suggesting that phosphorylation of UPF1 at T28 regulates association of Regnase-1 and is
required for RMD. Because it has been reported that SMGI1, which is a member of the family of
phosphatidylinositol 3-kinase (PI3K)-related protein kinases (PIKKs), plays a critical role in NMD through
the direct phosphorylation of UPF1, we investigated whether SMG1 is regulates RMD. Knockdown of SMGl1
decreased phosphorylation of UPF1 at T28 and association of Regnase-1 with UPF1. Additionally,
knockdown of SMG1 increased Regnase-1 target mRNA expression and inhibited RMD. Moreover,
Reconstitution of kinase dead mutant of SMG1 increased Regnase-1 target mRNA expression and inhibited
RMD, suggesting that SMG1 regulates association of Regnase-1 with UPF1 through the direct
phosphorylation of UPF1 at T28 and is required for RMD. Thus, SMG1 is a new regulator for cytokine

expression at posttranscriptional level through RMD.
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2) Role of Akirin2 in Toll-like receptor-mediated cytokine gene expression in macrophages: S.
TARTEY, A. WAKABAYASHI, K. HATANO, C. YEEKIEN and O. TAKEUCHI

Recognition of microbial components via Toll-like receptors (TLRs) leads to the activation of a set of
transcription factors including NF-xB and AP-1 for inducing pro-inflammatory cytokine genes.
Transcriptional regulation of inflammatory gene expression has been at the forefront of studies of innate
immunity and tightly regulated control of this gene expression is a paramount, and often foremost, goal of
most biological endeavors. The growing evidences for involvement of chromatin in the regulation of gene
expression in innate immune cells, has uncovered an evolutionarily conserved role of microbial sensing and
chromatin remodeling. However, it remains unclear how microbial sensing initiates chromatin remodeling.
Here we show that Akirin2, an evolutionarily conserved nuclear protein, bridges NF-xB and the chromatin
remodeling SWI/SNF complex by interacting with BRG1 Associated Factor 60 (BAF60) proteins as well as
transcriptional key regulator [xkB-, which forms a complex with the NF-xBp50 subunit. These interactions are
essential for Toll-like receptor-, RIG-I- and Listeria-mediated expression of pro-inflammatory genes
including //6 and //12b in macrophages. Consistently, effective clearance of Listeria infection required
Akirin2. Akirin2 (IxB-{) recruitment to the //6 promoter upon LPS stimulation was found to depend on IxB-{
(Akirin2) and NF-«Bp50 subunit, where it regulates chromatin remodeling and histone modification. BAF60
proteins were also essential for the induction of //6 in response to LPS stimulation. Collectively, the IxB--
Akirin2-BAF60 complex physically links the NF-«xB and SWI/SNF complexes in innate immune cell
activation.

Having shown that chromatin remodeling in macrophages requires Akirin2 and its target gene
expression is impaired in the absence of Akirin2, we further demonstrated that the similar phenomenon can be
observed in the B cells of Akirin2 mice by specifically ablating Akirin2 in the B cells. We show that the B
cells would also be defective in the recruitment of SWI/SNF complex upon its target gene promoters, thereby
regulating B cell death and proliferation. Indeed, the ChIP analysis revealed that Brgl is recruited to the
putative-binding sites on the Myc and Ccnd2 promoter (involved in various aspects of cell growth and
proliferation) in response to CD40 stimulation in control B cells. In contrast, Akrin2 deficiency abrogated the
recruitment of Brgl to the Myc and Ccnd?2 promoter, indicating that Akirin2 is critical for the recruitment of
the SWI/SNF complex to the Myc and Ccnd?2 promoter. Moreover, Akirin2 is also required for the appropriate
induction of humoral immune responses by controlling SWI/SNF complex, further emphasizing the
significant function of this enigmatic protein Akirin2 not only in the innate, but also in adaptive immune

cells.
List of Publications
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Il. Second Group

Members
Associate Professor Hiroshi Masutani
Graduate Student Cristiane Lumi Hirata
Introduction

The research projects carried out in this group are studies on a-arrestin family proteins including
thioredoxin binding protein-2 (TBP-2) also referred as thioredoxin interacting protein (Txnip) or Vitamin D3
up-regulated protein 1 (VDUP1). Txnip/ TBP-2 has attracted much attention as a multifunctional regulator in
cancer suppression, energy metabolism, as well as immune response. Txnip also acts as a negative regulator
of thioredoxin. The other subject is redox signaling and host defense mechanism against oxidative stress.
Thioredoxin is a key component of redox regulation and plays a protective role in various diseases, associated

with oxidative stress and inflammation.
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Topics

Regulation of glucose metabolism and protein degradation by Txnip in cancer suppression: Cristiane
Lumi HIRATA and Hiroshi MASUTANI

Thioredoxin-interacting protein (Txnip) is a multifunctional regulator of processes such as immunity,
inflammation and glucose metabolism. Txnip expression is downregulated in many cancer tissues and its
gene is mutated in bladder cancer. Previously, we showed that Txnip regulates TGF-beta signaling and
Epithelial-Mesenchymal-Transition and acts as a cancer suppressor. However, the precise molecular
mechanism of the cancer suppression is not elucidated. Here we present that Txnip protein expression was
markedly induced by glucose, a proteasome inhibitor and suberoylanilidehydroxamic acid (SAHA), a HDAC
inhibitor in MCF7 breast and PC3 prostate cancer cells, and Txnip protein degradation was regulated through
the AMPK pathway. Txnip binding proteins were investigated by tandem affinity purification and proteomics
analyzes, where several candidates proteins were identified. Txnip has conserved PPXY motifs which are
thought to interact with WW domains containing NEDD family ubiquitin ligases. These results indicate the

role of Txnip in the regulation of glucose metabolism and protein degradation in cancer cells.

List of Publications
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cysteine residue affects the conformational state and neuronal toxicity of mutant SOD1 in mice: relevance to

the pathogenesis of ALS. Hum Mol Genet. 24, 3427-3439.
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ILLTO#EY TH S,

1) RIEORRT % FIHIIC IS D Regnase-1 O 1EFIHELE

IR T 2B FRBUT, 5B L CIEGEHRFEE L EEICHE S TND, T
RNA D22 EMERTHER & fil i 2 S 5% B n R B2 HE T 2 BER 2 2AD—2TH Y,
Roquin 35 & Tf Regnase-1 72 £ D RNA 58 % o/ 7 BT L DU BHTEITRIE R & D 5aiE & D
TROKAE DFIENZ H EH CToH 5, Roquin (Re3hl, Re3h2, RING finger and CCCH zinc finger protein) |3
Icos X° Tnf mRNA 3R A58 T2 2 & CHORERB LR L Z L ZNWTWL Z ERMLATE
D, FER) mRNA @ 3' UTRs I[ZAF/ET % stem-loop 1#1& % #7#%k L, processing bodies (PBs) < stress
granules (SGs) |Z/RTEL TH /)7 BEHFIERA A U CTu72\ (translationally inactive) f2%2f#9 mRNA @
L7 7 = b & FHE L CTEORRERET 5, £z, ThE THRL OWSEETIE, #Hi#l RNase TH
% Regnase-1 (Zc3h12a, Mcpipl) 7% Interleukin-6 (116) < IL12p40 72 & DA 714 > mRNA D43
fR%AAT 5 T & TR RIS B2 M 294 A VEADT L—F KA o TV D FEE ALY
L7z, ¥£72, Regnase-1 (I~ 27 07 7 —7 EOHRGEMIRIT TR <, HEERE T MRIZBY
T c-Rel X° Icos, Ox40, 112 72 £ O mRNA Z 53 fF4 2% 2 LT &Ko TidlZe T ARy P b 2 4 L Tu
HZ L hHs Lz, £ L ThHir, Regnase-1 I% Roquin & F£iH O stem-loop #1& % 78k L T, RNA
helicase UPF1 {KAFRIIZ & /X7 EFIER 2342 U CU % (translationally active) mRNA % 73 L Cu %
TEEHLMMNI LT, LU, EDX 51T UPFI A Regnase-1 (2 &2 5 mRNA 73 fi# 2 B5- L C
WD DINEE A EGrIo TR, KEEIE, SMGI 12 L % UPF1 O T28 U “fi#{l A% Regnase-1 & UPF1
DM EAEM Z il 78 L, Regnase-1 & X 5 mRNA 3 fif I 02 ToH 5452 5772 L7z, Regnase-1 &4H
HAEM LTV % UPF1 O A S JERIEIC LV MG L7c, £ OfER, UPF1 @ N R KB K1
Regnase-1 L FHAAEM 242 U 72 <, UPF1 @ N Kumfbik7s Regnase-1 & O AEAFHNTHMELTEH 5 F03
537> 72, UPF1 I N R & C RimlCEILRIZPRAF S 47z S/TQ 7L (T28, S1073, S1078, S1096,
S1116) ZAT 5 7=, KIZ UPFL @ U »ER{L73 Regnase-1 & OFIAAENT LB E 5 0w otk
EBIZL VG LT, £ 055, protein phosphatase ZLEEIZ J2 Y UPF1 & Regnase-1 & OFH AAEH 238
AL, F72 UPF1 @ T28A 2 S{K|E Regnase-1 L AHAANEH] L7gdro 7z, ®IZ, UPFI @ T28A ZE 5K
DFFHERIZ &V Regnase-1 DFER mRNA O ELE AN L, Regnase-1 (2 X % mRNA 73 f# 73 fHE X
iz, ZAuZ, UPF1 @ T28 U (b3 Regnase-1 & OFHAAEH Z Hilf#19° 2% Z & T Regnase-1 12 £ 5
mRNA DRI ETH L HEREL TS, ZRHETOMRICLY, PBFFT—EDT77 IV —0D
1 2 TH5H SMG1 28 UPF1 & U Vb 5 Z & TF vt v AL BKLF mRNA 73 figfgf (NMD) (2
BWTHERERHZH -S> TND Z ERRE SN TS, £ 2T, SMGI 7’ Regnase-1 12 & % mRNA
SR BB S TV DM E I MEMRFT LTz, SMGL D/ v 7 #7128 Y UPFL @ T28 U Rk
L TYUPF1 & Regnase-1 O HAEA N LT, £ LT, SMG1 @/ v 7 X722 LV Regnase-1 O
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TR mRNA OB ENHIN L, Regnase-1 (2 X % mRNA 323 plE Sz, FiZ, ¥+ —¥iEt%s
KAR L7= SMG1 OZ BAROFHERRIZ X Y Regnase-1 DFER) mRNA OB ENHEN L, Regnase-1 (2
X5 mRNA 3 E S vz, 4, SMG1 1% UPF1 @ T28 U »f#{k %41 L C Regnase-1 & UPF1
DO EAEH Z #1925 Z & T Regnase-1 12 & 5 mRNA D fRICHLETHLFEEZREL TS, LLED
fES &L 0, SMGI IX Regnase-1 |2 &5 mRNA 53fi# % L CH A KA OGO H Ll E
K7 ThHLHERHALNE ST,

2) /a7 7=V TO A2 IZ LD A b A A RBHENIC IS 5 5&E

~ 7 1 77— % Toll-like receptor (TLR) Z#a & L 7= BRI L 0 IR A R Rk 4y 2 583% L,
HIRN S 7 F AGRTE R 221G ML &8 NF-kB X° AP-1 72 £ OERER F 2 iEMAL S8 5 Z 12 Xk 0 RIE
MY A N A VB FOEEZRT, £z, 208G R, BERTLE7e~TF U ff{ific Ly
WHRICa fa— L En TS, LonLians, BREERED X /7a~FrVET) s
EHELTVWDINDOAD=ANIINETHobro T notz, A, Blebidvayyay
NEpb e NETHECICRFE SN E S VXV ETH D Akirin2 23, NF-«kB L7 na~F U ET
Vo TEERESRSEIE 2T 52 L EWLT Lz, UL, SWIUSNF A KO 2 v 378
Td D BAF60 % L /NI B L IkB-C # VRV BN EHERGTHZ LK VbR TV D, ZOREE
I%, TLR R° RIG-LHI#, £72U A7 U 7RG HRT 2 116 0 1112b & W o /oA b A i s f-FE 8
I TH -T2, Akirin2 X NF-«Bp50 ¥+ 7 = v F R IkB-CIKAFHEIZ TI6 'R E—& —(Z ) 7 )L—
FERN6 FeE—F—IZBNWTrZ7a~F L VET Y IR R N AT b ERE Lz, Lz
Mo T, IkB-(-Akirin2-BAF60 AR EZ T 5 Z LI12 LV, NF-xB & SWI/SNF A (K% ¥ #iy
W2V 7 SEHRBEMRZEE LS ETWD Z BN T,

Akirin2 137 va~F 2 VTV U FICBb D 2 G, T O BIRGIEMIIE O 2 TiEn < JE#
A IR OMSREFREINC H BTG LT 2 AlREME A2 35 2 B 31T 5 Akirin2 OFEREMRHT 217 > 7=,
Akirin2 K48 B Al TLR <° CD40 HIIIZ 5§ D RIS A g ST v . MR T L T
72o CDA40 FIFL 3t~ 2 M & HITE ME L 2 43722 Myce X° Cend2 #5177 1 & — & —(Z1L SWI/SNF
BERD Brgl Y 7 b— FENDHA, ZHIUTIHE Akirin2 DFfEEZ LB L Lz, & 512, Akirin2 (X
PURKFRMPUAISEIC O EETH D Z &0 D, Akirin2 13 H ARG 2, EEaEiiics
T OB TFRALHE T L2EERRNFTHLZ ERHALMNE T,
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Il. Second Group

W2 LEFOCIN

KEFPEE Cristiane Lumi Hirata

2015 FEBILTE, M7 — 7 TS shlEEdR oM, 77 D X0 B RE E RSN E AR T
Cristiane Lumi Hirata & AN EFHFZERHE LR R FHAE L L THIFEZ1T > T\ D, £7o, TaiRERE
it & B R PR LR ERAKAG LB XA =S AnIEENZEE & L THFZEICS
L7z, MAMEBRITFIHRASLV Ry 7 A - 54 74 /7 _R—=va V110 ZEROEE L LTS
AT TWD, UAVABERTILENIZEE & U CRTHEZ L1, 2SSz U7 24000 HTLV-I
JEYSHIIEARE DFEEE - RAF « T — X —_X—X{LiH#ED D | MR ORI EZ 1T 5 72,

1) thioredoxin 7 7 =V —IZ Lk H L Ky 7 Z-f{b. A b L ZABHEIOHZE & thioredoxin interacting protein
(Txnip) / thioredoxin binding protein-2 (TBP-2) Z X ANl & o= L — I O 45 F A O fil
L3

LRy 7 A (BRfLETT) RIS DR R B 2 R L BR(EA N U AP IIEMSNC AR 5
thioredoxin 7 7 X U — Dy f-Z2Hulr & LT, LFENITEE FEli LTz, AFEEIZESIAGHR « Pk E R
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getr v 4 — & OILFEZEC & > TEEA SOD (Z X 2% i B SR LAE £ 7 M C BT DN To
AT A UHEE DBIZLA~D thioredoxin D EHH AT DWW T OfENT 2385 L=,

TINVT 7T VAF 77 ) —IZET 5 Txnip/TBP-2 1%, 7 A /L ARYLIE, 0% « RIERIE, ¥
IHENZ B 2 ZHEBEDOREIN 7 CTH D, Txnip DMEMEICB W TR0 OBEE CTERNRLND Z
& DB OMENTIC L 0 |5 Sh, FEHFSEIC ST D Txnip O 5y THEREMRAT O B ZME A RIE K0T
%o EFWERE OLFEIFRICE 27 a7 4 I 7 AT LD . Txnip &HHEAER T 26D T
[FE L7z, ZHDHDFITONT, ﬁ%@:‘HéTmm®ﬁ4vyyy7%N4ﬂxbk%tﬁ
FEANHNE DRI 2 HEE L T, Txnip O 4 FEEHE DN 2 # D T 5, —J57, Txnip IL=R/LF—
RN EE 2B X 2RO T ThDH I L E2RLTE 7, Txnip 1THEE L~UL & EAELELD
i 7 OERE T glucose IC L D FFE I D Z &2 LN Lz, LR & O LFAFZEIZ LV Txnip
DHBUEEL 5.2 5FBULEMEFRE L. 2O DIEEYR =RV F—RF 52D L E2RL
oo EHIZ, ZFIANANAF =285 7 7 —FI2L 0, Txnip & HERBGEAE D7) 7-HEHE -
TR AT T 2 Z LIk . o —RETHIE L, T A L A EGYERE A~ DS A B
LT EIT> T 5,
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Introduction

Oriented cell division plays an essential role in asymmetric cell division of stem cells and tissue
morphogenesis. Our group seeks to explore the molecular mechanisms underlying the determination of cell
division axis that governs the cell fate determination and tissue homeostasis. Our research is focused on the
following subjects:

1, Molecular networks and transcriptional control of regulators for the oriented cell division.

2, Asymmetric/symmetric cell division of adult tissue stem cells under physiological condition.

3, Mechanisms of stem cell activation and quiescence

Topics

1) Transcriptional regulation of Inscuteable gene during mesodermal differentiation of mouse
embryonic stem cells via c-Rel: R. ISHIBASHI, S. KOZUKI, S. KAMAKURA, H. SUMIMOTO, and F.
TOYOSHIMA

Inscuteable (Insc) regulates cell fate decisions in several types of stem cells. Although it is recognized
that the expression levels of mInsc govern the balance between symmetric and asymmetric stem cell division,
regulation of mlnsc gene expression remains poorly understood. We have found that m/nsc expression
transiently increases in mouse embryonic stem (mES) cells during differentiation into bipotent mesendoderm
that capable of producing both endoderm and mesoderm. We identified the minimum transcriptional
regulatory element that drives mlnsc transcription in mES cells within a region more than 5 kb upstream of
the minsc transcription start site. We identified the transcription factor c-Rel that bound to the minimum

element and promoted minsc expression. In addition, short interfering RNA-mediated knockdown of either
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mlnsc or c-Rel protein decreased mesodermal cell populations without affecting differentiation into the
mesendoderm or endoderm. Furthermore, overexpression of mlnsc rescued the mesoderm-reduced phenotype
induced by knockdown of c-Rel. These results indicate that regulation of mInsc expression by c-Rel

modulates cell fate decisions during mES cell differentiation.

2) CKD family PCTKI1 regulates spindle orientation: S. IWANO, A. SATOU, S. MATSUMURA, N.
SUGIYAMA, Y. ISHIHAMA and F. TOYOSHIMA

Integrin-dependent cell-extra cellular matrix (ECM) adhesion is a determinant of spindle orientation.
However, the signaling pathways that couple integrins to spindle orientation remain elusive. Here, we show
that PCTAIRE-1 kinase (PCTK1), a member of the cyclin-dependent kinases (CDK) whose function is poorly
characterized, plays an essential role in this process. PCTKI1 regulates spindle orientation in a kinase-
dependent manner. Phosphoproteomic analysis together with an RNA interference screen revealed that
PCTKI regulates spindle orientation through phosphorylation of Ser83 on KAPO, a regulatory subunit of
PKA. This phosphorylation is dispensable for KAPO dimerization and for PKA binding, but is necessary for
its interaction with myosin X, a regulator of spindle orientation. KAPO binds to the FERM domain of myosin
X and enhances the association of myosin X-FERM with f1 integrin. This interaction between myosin
X-FERM and f1 integrin appeared to be crucial for spindle orientation control. We propose that PCTK1—
KAPO-myosin X—£1 integrin is a functional module providing a link between ECM and the actin

cytoskeleton in the ECM-dependent control of spindle orientation.

List of Publications

Ishibashi, R., Kozuki, S. Kamakura, S., Sumimoto, H., and Toyoshima, F. (2015). Identification of DNA
regulatory elements governing expression of /nscuteable during mouse embryonic stem cell differentiation. J.

Biol. Chem. Epub ahead of print

Hanafusa, H, Kedashiro, S., Tezuka M., Funatsu, M., Usami, S., Toyoshima, F., and Matsumoto, K. (2015).
PLK1-dependent activation of LRRK1 regulates spindle orientation by phosphorylating CDK5RAP2. Nat.
Cell Biol. 8, 1024-1035.

Iwano, S., Satou, A., Matsumura, S., Sugiyama, N., [shihama, Y., and Toyoshima, F. (2015). PCTK1 regulates
integrin-dependent spindle orientation via PKA regulatory subunit KAPO and myosin X. Mol. Cell. Biol. 35,
1197-1208.
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Hix SR
Bh#k RS
/NHBEF
KB ARBEEL, WS, R, fRIRTE . AMRORER, /MR AR

EARE, BHTE, fEPN

BHTFERITIE, 4 A0 AEMBEER R & L THRED W AETTZIZMb o Tz, A S0
PN (EmBls) ZBUF L. ENOE - R ER o 2 — oMl EERIEE LTz, A%
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1) FEx#Ro0 24 fEIK] 1~ Inscuteable O i {n 138 Bl il I O fi7 A

KR FEXI R ZN T, AERNICHAET 2B OHERE & M bIC EE 2% B 2 R71-3, oz
ZODIE CIRE &R o Il 2 /B UL IR ST o D5 D MEE & F o T iiia & A= 2
M3, DO, R IERFRGHEO T o 2 Ko TEpfiha & bR O£ 3 6l S 4v, AN
DORRFMRTz %, Inscuteable (Insc) [ZFEXIFRHAEIRFTH Y, £ OBELEF ORI EZZA
SED LT, fx OEBMIBOXIR « AP RO 73T Z2METE L Z LRmE SN TN D,
LU, minsc s ORBHEEICOWTUIZNE TR TH - 72, Fexld, ~ 7 AEMEEH
o (mES #iflw) % —/rfbeE4 & D NIEIE A % TR & WIREE~ME S D BRIC. minsc BIsT
PN EAT D 2 B R LTz, 2 O bR & T minse A OHRG RS 2 ST
L 7ot R, B85 B hn s Bk Skb S IZ B/ MR B FREI IS A ET 5 2 L2 R L., £, 206
BUZ NF-«B 7 7 X U —IZE T D5 K F c-Rel 23 L .mlnse DFEBARMET 2 Z &0 phnoT,
c-Rel *° mInsc D FEH & [HLFET 5 & mES MlldD FRRZEMb23 ] S i, £/, c-Rel OFEHL 2 Il L
7o AAELZ mInse A BRI EL S 5 & HIRZESEDEIE T 5 Z L2265 c-Rel I3 minse DR ELA RS
HZ LT, BIRESEATFET D Z RO E o7, c-Rel IZL D minsc BB O FEELHI
HEDS AR OEIEMIREIZIB N T ED L I ) & 2R >ONE AT 2 Z &3, A% OWE
Th D, ARHFFIL, J. Biol. Chem. (2% L7= (A1),
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2) CDK 7 7 X U — PCTKI & X 2 i 55 Zdih il SR A oD i B

PCTKI (X CDKI16 & HFEHEND CDK 7 7 R UV —IC@T 56U v/ ALt =r FF—ETHY &
BRI SNT-FF—EB KA A & o CDK & lE_TEWV N- Kl & C- Kl A L T\ 5,
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7o F72.Ser83 OV VEELIF, DN LRI HZ L AR LT, I 5HIT, Ser83 O U VU E{LIE KAPO
D BTG ARER PKA il 7 2 = > b & OFSGREICHE Lo 72y, S 24lifilEA o 1 >
ELTHBND myosin X & OFEAITHETHDH Z & HH BT L2, KAPO X myosin X & FERM
KA A v &AL omyosin X-FERM & 1 integrin & OfE & 2R L72, S 512, Z D myosin X-FERM
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Introduction

The research interest of this laboratory is to understand the molecular mechanism of cell differentiation
and organogenesis. Particularly, we are interested in basic helix-loop-helix (bHLH) transcription factors that
regulate various developmental processes including neural development and somite formation. We previously
showed that bHLH proneural genes such as Ascl/l (also called Mashl) and Math3 promote neuronal versus
glial fate determination, whereas the bHLH repressor genes Hesl and Hes5 regulate maintenance of neural
stem cells by repressing proneural gene expression. These results indicate that the balance between bHLH
proneural and bHLH repressor genes is important for a choice favoring neuronal differentiation or neural
stem cell proliferation.

We also found that in neural stem cells, Hes1 expression oscillates by negative feedback with a period of
about 2-3 hours. Hes1 oscillations drive cyclic expression of the proneural genes Ascll and Neurog2 and the
Notch ligand gene Delta-likel (DIl1). In contrast, the expression of Asc/l, Neurog2 and DIII is sustained (non-
oscillatory) in postmitotic differentiating neurons. Similarly, Hes1 expression oscillates in neural stem cells,
but it becomes up-regulated and sustained during astrocyte formation. The bHLH factor Olig2 expression also
oscillates in neural stem cells but becomes up-regulated and sustained during oligodendrocyte formation. We
further showed that Ascll and DII1 oscillations are very important for the maintenance of neural stem cells.

These results suggest that the multipotency is a state of oscillatory expression of multiple fate determination
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factors, while the fate determination is a process of dominant expression of a selected single bHLH factor,
which represses the other fate determination factors. Thus, the expression dynamics are very important for a

choice between neural stem cell proliferation and specific cell fate determination.

Topics

1) bHLH factors in self-renewal, multipotency, and fate choice of neural progenitor cells: T.
KOBAYASHI, Y. IWAMOTO, K. TAKASHIMA, A. ISOMURA, Y. KOSODO, K. KAWAKAMI, T.
NISHIOKA, K. KAIBUCHI and R. KAGEYAMA

Hairy and enhancer of split 1 (Hes1), a basic helix-loop-helix transcriptional repressor protein, regulates
the maintenance of neural stem/progenitor cells by repressing proneural gene expression via Notch signaling.
Previous studies showed that Hes1 expression oscillates in both mouse embryonic stem cells and neural stem
cells, and that the oscillation contributes to their potency and differentiation fates. This oscillatory expression
depends on the stability of Hes1, which is rapidly degraded by the ubiquitin/proteasome pathway. However,
the detailed molecular mechanisms governing Hes| stability remain unknown. We analyzed Hes1-interacting
deubiquitinases purified from mouse embryonic stem cells using an Hes1-specific antibody, and identified the
ubiquitin-specific protease 27x (Usp27x) as a new regulator of Hesl. We found that Hesl was
deubiquitinated and stabilized by Usp27x and its homologs ubiquitin-specific protease 22 (Usp22) and
ubiquitin-specific protease 51 (Usp51). Knockdown of Usp22 shortened the half-life of Hesl, delayed its
oscillation, and enhanced neuronal differentiation in mouse developing brain, whereas mis-expression of
Usp27x reduced neuronal differentiation. These results suggest that these deubiquitinases modulate Hesl
protein dynamics by removing ubiquitin molecules, and thereby regulate neuronal differentiation of stem

cells.

2) Hbp1 regulates the timing of neuronal differentiation during cortical development by controlling cell
cycle progression: N. WATANABE, R. KAGEYAMA and T. OHTSUKA

In the developing mammalian brain, neural stem cells (NSCs) initially expand the progenitor pool by
symmetric divisions. NSCs then shift from symmetric to asymmetric division and commence neurogenesis.
Although the precise mechanisms regulating the developmental timing of this transition have not been fully
elucidated, gradual elongation in the length of the cell cycle and coinciding accumulation of determinants that
promote neuronal differentiation might function as a biological clock that regulates the onset of asymmetric
division and neurogenesis. We conducted gene expression profiling of embryonic NSCs in the cortical
regions and found that the expression of high mobility group box transcription factor 1 (Hbpl) was
upregulated during neurogenic stages. Induced conditional knockout mice of Hbpl, generated by crossing

with Nestin-CreER(T2) mice, exhibited a remarkable dilatation of the telencephalic vesicles with a
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tangentially expanded ventricular zone and a thinner cortical plate containing reduced numbers of neurons. In
these Hbp1-deficient mouse embryos, neural stem/progenitor cells continued to divide with a shorter cell
cycle length. Moreover, downstream target genes of the Wnt signaling, such as cyclin D1 (Ccendl) and c-jun
(Jun), were upregulated in the germinal zone of the cortical regions. These results indicate that Hbp1 plays a
crucial role in regulating the timing of cortical neurogenesis by elongating the cell cycle and that it is

essential for normal cortical development.

3) In vivo overactivation of the Notch signaling pathway in the developing cochlear epithelium: T.
TATEYA, S. SAKAMOTO, 1. IMAYOSHI and R. KAGEYAMA

Notch signaling is thought to play important roles in both prosensory domain specification and cell fate
determination during inner ear development. Inhibition of the Notch signaling pathway in prosensory cells
results in excessive hair cell formation, while activation of the Notch signaling pathway by overexpression of
activated Notchl (Notchl-intercellular domain, NICD) in the cochlear epithelium results in ectopic sensory
patches where NICD is expressed. However, the effect of Notch activation on the prosensory domain is not
fully understood. To elucidate the precise roles of Notch signaling in cochlear prosensory epithelium we
examined the effects of Notch overactivation on cochlear prosensory cells of transgenic mice with
conditional NICD expression. The histology of the cochlear epithelium was investigated in these mice. The
cochlear duct of conditional NICD embryos was wide and short, and the epithelium formed an abnormal
tubular structure. Hair cell numbers were reduced though some hair cells developed where NICD was
overexpressed. The decrease in hair cells was not accompanied by Hes5-positive and Prox1-positive
supporting cell overproduction. Ectopic expression of early prosensory markers, such as Jagl and Hes/Hey
genes, was observed but no expression of Hes5 was found. Our data shows that NICD overexpression
disrupts the extension of cochlear epithelium, and reduces the total numbers of hair cells and supporting cells
in the sensory epithelium. Thus, an appropriate level of Notch signaling is needed for the normal extension of

the cochlear epithelium and for differentiation of both hair cells and supporting cells.

4) Real-time imaging of bHLH transcription factors reveals their dynamic control in the multipotency
and fate choice of neural stem cells: I. IMAYOSHI, F. ISHIDATE and R. KAGEYAMA

The basic-helix-loop-helix (bHLH) transcription factors Ascl1/Mashl, Hes1, and Olig2 regulate the fate
choice of neurons, astrocytes, and oligodendrocytes, respectively; however, these factors are coexpressed in
self-renewing multipotent neural stem cells (NSCs) even before cell fate determination. This fact raises the
possibility that these fate determination factors are differentially expressed between self-renewing and
differentiating NSCs with unique expression dynamics. Real-time imaging analysis utilizing fluorescent
proteins is a powerful strategy for monitoring expression dynamics. Fusion with fluorescent reporters makes

it possible to analyze the dynamic behavior of specific proteins in living cells. However, it is technically
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challenging to conduct long-term imaging of proteins, particularly those with low expression levels, because
a high-sensitivity and low-noise imaging system is required, and very often bleaching of fluorescent proteins
and cell toxicity by prolonged laser exposure are problematic. Furthermore, to analyze the functional roles of
the dynamic expression of cellular proteins, it is essential to image reporter fusion proteins that are expressed
at comparable levels to their endogenous expression. In this review, we introduce our recent reports about the
dynamic control of bHLH transcription factors in multipotency and fate choice of NSCs, focusing on real-
time imaging of fluorescent reporters fused with bHLH transcription factors. Our imaging results indicate that
bHLH transcription factors are expressed in an oscillatory manner by NSCs, and that one of them becomes
dominant during fate choice. We propose that the multipotent state of NSCs correlates with the oscillatory
expression of several bHLH transcription factors, whereas the differentiated state correlates with the

sustained expression of a single bHLH transcription factor.
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Introduction

Our research objective is to understand the pathogenesis of animal retroviruses, functions of endogenous
retroviruses and potential iatrogenic risks by infection of endogenous retroviruses in xenotransplantation,
vaccination and regenerative medicine. We are currently studying simian retroviruses, feline endogenous
retroviruses, bovine endogenous retroviruses and koala retroviruses. In addition, we are studying an emerging

virus called feline morbillivirus which is considered to be associated with renal failure.

Topics

1) Simian retrovirus 4 induces lethal acute thrombocytopenia in Japanese macaques : R.
YOSHIKAWA, M. OKAMOTO, S. SAKAGUCHI, S. NAKAGAWA, T. MIURA, H. HIRAI and T.
MIYAZAWA

In 2001-2002, six of seven Japanese macaques (Macaca fuscata) died after developing hemorrhagic
syndrome at the Kyoto University Primate Research Institute (KUPRI). While the cause of death was
unknown at the time, we detected simian retrovirus 4 (SRV-4) in samples obtained from a similar outbreak in
2008-2011, during which 42 of 43 Japanese macaques died after exhibiting hemorrhagic syndrome. In this
study, we isolated SRV-4 strain PRI-172 from a Japanese macaque showing severe thrombocytopenia. When
inoculated into four Japanese macaques, the isolate induced severe thrombocytopenia in all within 37 days.
We then constructed an infectious molecular clone of strain PRI-172, termed pSR415, and inoculated the
clone-derived virus into two Japanese macaques. These animals also developed severe thrombocytopenia in
just 31 days after inoculation, and the virus was reisolated from blood, bone marrow, and stool. At necropsy,
we observed bleeding from the gingivae and subcutaneous bleeding in all animals. SRV-4 infected a variety
of tissues, especially in digestive organs, including colon and stomach, as determined by real-time reverse
transcription-PCR (RT-PCR) and immunohistochemical staining. Furthermore, we identified the SRV-4
receptor as ASCT?2, a neutral amino acid transporter. ASCT2 mRNA was expressed in a variety of tissues, and
the distribution of SRV-4 proviruses in infected Japanese macaques correlated well with the expression levels
of ASCT2 mRNA. From these results, we conclude that the causative agent of hemorrhagic syndrome in

KUPRI Japanese macaques was SRV-4, and its receptor is ASCT2.
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2) Repeated invasions of a feline infectious retrovirus into host genomes : S. SHIMODE, S.
NAKAGAWA and T. MIYAZAWA

Endogenous retroviruses (ERVs) are remnants of ancient retroviral infections of host germ-line cells.
Although most ERVs are inactivated through the accumulation of mutations and deletions, some are active
and have the potential to produce infectious viral particles. The RD-114 virus is a replication-competent
feline ERV, and several feline cell lines produce infectious RD-114 viral particles. The RD-114 virus was
first isolated from human rhabdomyosarcoma (RD) cells after transplantation in the brain of fetal kitten and
was mistakenly regarded as the first human retrovirus. All domestic cats are considered to have an ERV locus
encoding a replication-competent RD-114 virus in their genomes; however, the locus has not been identified.
We investigated RD-114 virus-related proviral loci in genomes of domestic cats, and found that none were
capable of producing infectious viruses. We also found that all domestic cats have an RD-114 virus-related
sequence on chromosome C2, termed RDRS C2a, but possessions of the other RDRSs are different
depending on the regions where cats live or breed. Our results indicate that RDRS C2a, the oldest RD-114-
related provirus, entered the genome of the common ancestor of domestic cat and small wildcat from 3.4 to
3.0 million years ago and the other new RDRSs might have integrated into migrating cats in Europe. We also
show that infectious RD-114 viral particles can be resurrected by the recombination between two non-
infectious RDRSs. From these data, we conclude that cats do not harbor infectious RD-114 viral loci in their

genomes and RD-114-related viruses invaded cat genomes multiple times.

3) Comparison between S+L- assay and LacZ marker rescue assay for detecting replication-competent
gammaretroviruses : A. HASHIMOTO-GOTOH, R, YOSHIKAWA and T. MIYAZAWA

S+L- assay is classically used as the infectivity assay to prevent the contamination of infections
gammaretrovirus in biological samples such as vaccine. By contrast, lacZ marker rescue (LMR) assay is
developed recently as infectivity assay, utilizing X-gal staining for contamination detection. Here, we
compared and contrasted S+L- assay with LacZ marker rescue (LMR) assay to evaluate the capability of
detectable infectious gammaretrovirus. Among viruses tested, porcine endogenous retroviruses (PERVs) as
well as feline leukemia virus subgroup B were not detected by S+L- assay, whereas LMR was capable of the
detection. Moreover, LMR assay achieved detection of infectious gammaretrovirus at lower virus titer than
that of S+L- assay. Our study indicates LMR assay as the better alternative of S+L- assay with advanced

detectability against infectious retroviruses.
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4) Host range of feline morbillivirus and establishment of its rapid detection method : S.
SAKAGUCHI, R. KOIDE, M. OGAWA and T. MIYAZAWA

Feline morbillivirus (FmoPV) is a novel morbillivirus in domestic cats. It is reported that infection rate
of FmoPV in stray and housed cats is high in China and Japan. Because humans and cats often live in close
areas, the risk of zoonotic infection of FmoPV has to be determined. The existence of FmoPV infection has
been reported in four countries; China, Japan, Germany and Italy. There is a possibility that unknown vectors
might be spreading this virus. Therefore, establishment of a suitable detection method for vector research is
necessary.

Although it was reported that Vero cell originated from African green monkey (AGM) is susceptible to
FmoPYV, it has never been examined whether FmoPV infects cells originated from other species. To study the
in vitro host range of FmoPV, we inoculated FmoPV strain SS1 to cell lines derived from 13 species
including human. As a result, only cell lines derived from cats and AGMs were susceptible to FmoPV. No
infectivity of FmoPV, which is wild type or AGM-adopted virus, was observed in human cell lines.

Next, we established rapid and economical RT-LAMP method for FmoPV detection. As a result, the RT-
LAMP assay successfully detected Japanese FmoPV isolates. The assay demonstrated 100-fold higher
sensitivity compared with a conventional RT-PCR, and the detection limit was 0.12 TCIDS50 per reaction.

In conclusion, FmoPV didn’t grow in human cells. However, there is a possibility that FmoPV may gain
virulence in human by mutations. Therefore, we need to establish a rescue system of FmoPV to study a
possible mechanism of species transmission. Moreover, the established RT-LAMP assay was shown to be

highly specific and sensitive for FmoPV detection, and it makes suitable for use in field studies.

5) Susceptibility of domestic animals to a pseudotype virus bearing RD-114 virus envelope protein : R.
N. MIYAHO, S. Nakagawa, A. HASHIMOTO-GOTOH, Y. NAKAYA, S. SHIMODE, S. SAKAGUCH]I,
R. YOSHIKAWA, M. UEDA-TAKAHASHI and T. MIYAZAWA

Retroviral vectors are used for gene transduction into cells and have been applied to gene therapy.
Retroviral vectors using envelope protein (Env) of RD-114 virus, a feline endogenous retrovirus, have been
used for gene transduction. In this study, we investigated the susceptibility to RD-114 Env-pseudotyped virus
in twelve domestic animals including cattle, sheep, horse, pig, dog, cat, ferret, mink, rabbit, rat, mouse, and
quail. Comparison of nucleotide sequences of ASCT2 (SLC1AS5), a receptor of RD-114 virus, in 10
mammalian and 2 avian species revealed that insertion and deletion events at the region C of ASCT2 where
RD-114 viral Env interacts occurred independently in the mouse and rat lineage and in the chicken and quail
lineage. By the pseudotype virus infection assay, we found that RD-114 Env-pseudotyped virus could
efficiently infect all cell lines except those from mouse and rat. Furthermore, we confirmed that bovine
ASCT2 (bASCT2) functions as a receptor for RD-114 virus infection. We also investigated bASCT2 mRNA

expression in cattle tissues and found that it is expressed in various tissues including lung, spleen and kidney.
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These results indicate that retrovirus vectors with RD-114 virus Env can be used for gene therapy in large

domestic animals in addition to companion animals such as cat and dog.
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—104 -



PO LT, AR EICLY . A =xab ) A BT O RD-114 7 A )V A JBALITAEIE L
RN EWD Z & RD-114 A VAR E D A )V AREH AN DIz > TIHEEY ) A~ERALTZZ &
Dot

BRULPENTERE L b e A )0 A P BT % 12 0 O B ME BRI o BB R

T I F oA F R E AR FRRA ORI T 5 BT, BT~ ey
ANADRAEEETAFIINETHD, Ho~vL b A L ARABTERBRIEOTTEH - & b K
FENE B TE 2 DOIEGRMERER Ch 5, WCKS B ARDO B Y /1. Sarcoma-positive, Leukemia-
negative (S+L-) 7 v &A1 &M DG ERBRIE A HELRE L T D, Fex ITNEMEL Fr DA LR
EEtekkx e~ v A NV AEHANWTC LacZ v —H— L AF=2— (LMR) 7 vEA & S+L-
Tyt A DREL B LT, TORE, AR OTXTOHT ~ L e U A VAL TiE
LMR 7 v AL SHL- 7 v A L0 BEEREL, 6, 7HZNERLY hr oA L AHT7 7L —
TABLOBRRIAMB A NAYT I I—F BIIREERD S+L- 7 v A TlEE o7 BT
RN EERNWE L, ZOZENL, LMR 7 v EAIZLVIRFEHO T o~ L b r v A L AR
MAEETH Y, FVEEETHDL Z DRI,

RAENE Y T A IV A DTG & HE R O BHJE

FIENLEY AR (FmoPV) X202 IR aMOLRAINTZEAE TV DAL NVATHD, H
HOBAR 2L, HAROENR TIZB W TEEEREV, L aidt FOEFBENICEZ S FETSHZ
LB, B M D ERMEFHMI AL ETH D, 0T A NVRE, FE, BAR, R4V, 4%
U7 TR S, a2 U T A NV AEEDRFBD 5N TS, ZOTA VAP LN H—
WYL, IRE > TW D AEMER B Z b, X7 X —RRETH-DD T 4 —)L R ICH L-H
RO LETH D,

% ZC. FmoPV OFHERE (SS1HE) %A, B M LUV 12 Bhipfl i RSB MIBICHERE L, in vitro |
BT % FmoPV OfF El A ~7z, ZORER, *aB X7 7 U B I U PV ROEEEMILD 7
TUA VAT G D Hiv, b MHROEEMA T Y A LV ABEEITRO bl o7z, 61T
77U H 2 RY VOB SRR E M (Vero M) THFH - #25 L72 FmoPV % & |k OB figih ok
BRI (HEK293T Mifi) (CHefE L, FRBUCHUE L2 A LV ARD B b ~DREGeE: Z FR~72 23,
U A NV ABETRIE A B AV o T,

RIZ, HH TG 722 W5 Tdh D5 LAMP £ 4 HIV . FmoPV FFEA) RT-LAMP (4B L. £
FERMERF LTz, OS2 FmoPV i) RT-LAMP {£1%, A AT S 4172 FmoPV #4
RCERETHZ LN TEZ, E5IT, /KD FmoPV R K RT-PCR 7% & bz L TR 100 %5
<V IRISE®TY 012 TCID,, DV A v A ititisk o Z L 3o 7z,

—105-



ARFZE TR, B NESRIFIZI5 1T D FmoPV OFHIZI A B o T-, Lv L, ZBEROMEEIZ L -
T, b MNIBI DY - BHRE A ST D ATREMEIX B 2 DD, 5Tk, UAR—AV = XT 4 7 AH
iz AV, FREEOFTREMIC DWW THRFTT 2 TETH H, £, AREIBAFE L7z FmoPV fMikx
Fr PR ONRIEICEN TR Y | HIRER SO 5 2SR 2 W TR AETH 5 Z L b, fkx
RGBT D7 4 — /)L NHEICAEHTH 2,

RD-114 VA NARY B —DBIRFEAHXT Z— L L COHHME

U ha oA NVART Z— 3l ~OBEFEARCEEFBERICHNGND, XaONEMEL F o
TANVATHSHRD-114 VA NVAD, o _Xa—TH N7 GERANicL ha A VAR X —[F
T CICEBEFEANIMEH I TS, SHFHA1E, RD-114 VA NVADZ Yy RXa—F % Ry Bk
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Introduction

We develop novel computational methods in order to understand the biological function of proteins
involved in immune responses. In 2015, we made progress in several areas: 3D modeling of immune

repertoires, miRNA integration with gene expression data and heterogeneous gene expression analysis.

Topics

1) Structural modeling of immune repertoires

Emerging technology is enabling the sequencing of individual antibody and T cell receptors on a vast
scale, opening up the possibility of observing the dynamics of adaptive immune responses under various
conditions. We have extended the view of such data to the molecular level by modeling antibodies and T cell
receptors in 3D to atomic resolution and then carrying out clustering and flexible docking of epitopes. Such
simulations have several practical uses. First, we can use structure-based clustering to identify populations of
antibodies or T cell receptors that appear in specific cohorts (e.g., high vs. low risk groups) or time points
(e.g., pre/post vaccination). Second, we can analyze binding propensities of complimentary determining
regions in order to understand which epitopes are driving observed B or T cell populations. Third, we can
dock putative epitopes or antibodies to structural models of T cell receptors or antibodies. The success of such
a structure-based approach depends largely on the accuracy of the underlying simulations. For this reason, we
have developed various structural modeling resources, including OSCAR, an atomic-level protein force-field;
Kotai Antibody Builder, a tool for modeling antibodies and TCRs in 3D; aaRNA, a tool for residue-level
prediction of nucleotide binding sites on proteins. We demonstrated the accuracy of our approach by flexible
docking of a single-stranded DNA antigen to an SLE-derived auto-antibody. The model was subsequently
validated by x-ray crystallography (manuscriptin preparation).
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Figurel. From deep-sequencing data to a novel antibody-antigen complex structure.

2) Analysis gene immunological gene expression data

Analysis of gene expression data is often complicated by the existence of multiple cell populations in the
sample. Recently, in silico deconvolution techniques have become an attractive solution to address this issue.
There is a need therefore, for a user-friendly and extendable framework to facilitate analysis of heterogeneous
data. We developed ICEPOP, an open source framework that provides a systematic way to obtain, preprocess
and dissect such microarray data (manuscript in preparation). Additionally, we provide a web-based
application as a user-friendly platform for biologists to examine and evaluate heterogeneous gene expression
data. ICEPOP is a freely available as web application http://sysimg.ifrec.osaka-u.ac.jp/icepop and as Python
package https://github.com/ewijaya/icepop.

3) Integration of immune gene expression and microRNA data sets

In the last decade, circulating micro RNAs (miRNAs) have gained attention as a new class of disease
biomarkers due to their stability, strong correlation with disease states, and accessibility. In order to be
applicable in clinical practice, however, it is important to understand the molecular mechanism of a
biomarker’s role in disease. When such a “mechanistic” role of an miRNA is identified, it may then be
possible to use the biomarker to discover new therapeutic targets, which is an important bottleneck in the
pharmaceutical industry. Many miRNAs are important post-transcriptional regulators of gene expression; as
such, a mechanistic understanding involves knowledge of their target mRNAs, which can be gained using a
range of target prediction methods. Given a set of putative targets for a given circulating miRNA, a natural
question to ask is: In which cells or tissues are these genes expressed? As circulating miRNAs co-localize
with many immune cells, which, in turn, mediate host responses to many different diseases, we speculated
that the target genes of circulating miRNAs might be enriched in peripheral immune cells. It has previously
been shown that more than half of solid tumor biomarkers reported in the literature are highly expressed in

blood cells. Independently, a number of important miRNAs targeting immune pathways have been described
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in the literature.

Given the co-localization of circulating miRNA and immune cells, we sought to quantify the
relationship between circulating miRNAs and genes preferentially expressed in mammalian immune cells.
Specifically, we proposed two testable hypotheses:

1. Circulating miRNAs are more immune-specific than other miRNAs

2. Immune-related genes are more circulating miRNA-specific than other genes
These two hypotheses can be compared against publically available data using previously defined immune-
related genes sets for humans and mice along with established target prediction methods. To this end, we

constructed a consensus-based predictor.

The target prediction accuracy was improved by the consensus-based method. Our consensus-based
predictor combined target predictions from several methods: Diana-MicroT-CDS, TargetScan, miRDB and
miRanda. We validated it on a set of 380 randomly chosen high-confidence miRNA-mRNA targets. We
included both high-confidence experimental data and high-throughput HITS-CLIP and PAR-CLIP
interaction. The accuracy of the prediction method (as measured by the Matthews correlation coefficient,
MCC, generally decreased with addition of high-throughput data. The consensus method achieved an average
MCC value of .42 +/- .06 in 10 independent runs, which was higher than that of any of the individual
predictors (.38 +/- .07, .36 +/- .04, .36 +/- .04, .23 +/- .08 for Diana-MicroT-CDS, TargetScan, miRDB and

miRanda, respectively).

Using the consensus method, we confirmed that human circulating miRNAs have an immune-specificity
of 0.89 compared with non-circulating miRNAs (0.54), a relationship that was highly significant (p-value <
0.001). Moreover, the same relationship was observed in mice (0.74 for circulating vs. 0.23 for non-
circulating miRNAs). Next we confirmed the second hypothesis, that immune-related genes are more
circulating miRNA-specific than other genes. The specificity of human immune-related genes to be targeted
by circulating miRNAs was 0.34 compared to non-immune genes 0.24). Again, the results were highly

significant (p-value < 0.001) and were observed across species (manuscript in preparation).
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Introduction

We have been focusing on basic researches of retroviruses, including human immunodeficiency virus
type 1 (HIV-1), simian immunodeficiency virus (SIV) and other animal retroviruses. The goal of our
researches is to elucidate the molecular mechanisms of viral pathogenesis and find the strategy for treatment.
We have a project to introduce a method to "quantitatively" describe the virus infection and discuss the
potential of mathematical based analyses for Virology. Then, we quantitatively elucidated the dynamics of
cell-to-cell and cell-free HIV-1 infection modes (Iwami and Takeuchi et al. eLife, 2015). We also found how
APOBEC3 in their anti-viral modes and an evolutionary arms race between the domestic cat and its cognate
lentivirus (Yoshikawa et al, J. Virol, 2015). We have other series of projects from genome tools combined
with cell culture systems. We created a genome-editing tool targeting HIV-1 using transcription activator-like
effector nucleases (TALENS) system and developed a procedure to remove HIV-1 provirus from infected T
cells (Ebina et al. PLoS One, 2015).

Topics

1) Experimental-mathematical investigation on HIV-1 cell-to-cell infection: K. SATO, S. IWAMI and Y.
KOYANAGI

Cell-to-cell viral infection, in which viruses spread through contact of infected cell with surrounding
uninfected cells, has been considered as a critical mode of virus infection. However, since it is technically

difficult to experimentally discriminate the two modes of viral infection, namely cell-free infection and cell-

-111-



to-cell infection, the quantitative information that underlies cell-to-cell infection has yet to be elucidated, and
its impact on virus spread remains unclear. To address the fundamental question in Virology, we
quantitatively analyzed the dynamics of cell-to-cell and cell-free HIV-1 infections through experimental-
mathematical investigation. Our analyses demonstrated that the cell-to-cell infection mode accounts for
approximately 60% of viral infection, and this infection mode shortens the generation time of viruses by 0.9
times and increases the viral fitness by 3.9 times. Our results suggest that even a complete block of the cell-

free infection would provide only a limited impact on HIV-1 spread (Iwami and Takeuchi et al, eLife, 2015).

2) Evolutionary arms race between cats and their lentiviruses: R. YOSHIKAWA, Y. NAKANO, E.
YAMADA, T. IZUMI, K. SATO, and Y. KOYANAGI

Apolipoprotein B mRNA-editing enzyme catalytic polypeptide-like 3 (APOBEC3) DNA cytosine
deaminases can be incorporated into progeny virions and inhibit lentiviral replication. On the other hand,
viral infectivity factor (Vif) of lentiviruses antagonizes APOBEC3-mediated anti-viral activities by degrading
APOBECS3 proteins. It is known that domestic cat (Felis catus) APOBEC3Z3, the ortholog of human
APOBEC3H, potently suppresses the infectivity of vif-defective feline immunodeficiency virus (FIV).
Although a recent report has shown that domestic cat encodes 7 haplotypes (hap I-VII) of APOBEC3Z3, the
relevance of APOBEC3Z3 polymorphism in domestic cats with FIV Vif has yet to be addressed. In this study,
we found that these feline APOBEC3Z3 variants suppress vif-defective FIV infectivity. We also found that the
codon 65 of feline APOBEC3Z3 is a positively selected site, and that APOBEC3Z3 hap V is under positive
selection during evolution. Particularly noteworthy, feline APOBEC3Z3 hap V is resistant to FIV Vif-
mediated degradation and still inhibits vif-proficient viral infection. Moreover, the side chain size, but not its
hydrophobicity, of the amino acid positioned at 65 determines the resistance to FIV Vif-mediated
degradation. Furthermore, phylogenetic analyses infer that feline APOBEC3Z3 hap V emerged
approximately 60,000 years ago. Taken together, these findings suggest that feline APOBEC3Z3 hap V may
have been selected to escape from an ancestral FIV. This is the first evidence for an evolutionary arms race

between the domestic cat and its cognate lentivirus. (Yoshikawa et al, J. Virol., 2015).

3) Genome-editing for HIV cure: H. EBINA, S. UEDA, M. MORIWAKI, N. MISAWA and Y.
KOYANAGI

While highly active anti-retroviral therapy (HARRT) has dramatically decreased mortality from HIV-1
infection, there is currently no effective strategy to target the latent form of HIV-1 proviruses. We validated an
HIV-1 proviral-editing strategy by using CRISPR/Cas9 system. We have previously demonstrated that HIV-1
proviral DNA could be excised from the chromosomal DNA of infected T cells after introduction of a RNA-
guided endonuclease (RGN) targeting HIV-1 LTR (Ebina ef al. Sci. Rep. 2013). In this study, we constructed a
TALEN system targeting the same HIV-1 LTR site that resulted in more than 90% of HIV-1 proviral DNA
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being successfully removed from the T cell lines when mRNA is used as the vehicle for transfection (Ebina et
al. PLoS One. 2015). Recently, we also found that HIV-1 replication is clearly suppressed in the T cell culture
when the RGN targeting LTR was constitutively transduced with lentiviral vector. Our results indicated that
genome-editing technologies targeting LTR have a great potential to suppression of HIV-1 replication and can

be an alternative strategy for HIV therapy for cure.

4) HIV genome imaging with genome editing technologies: H. EBINA, T. IZUMI, S. UEDA and Y.
KOYANAGI

We have developed an HIV genome imaging systems. To visualize HIV-1 provirus, multiple copies of
LacO repeat sequences was firstly inserted into provirus with RGN-mediated knock-in method. Then, the
LacO repeat sequence was visualized by transduction of Lacl fusion protein with GFP. This provirus imaging
system revealed the distribution of HIV-1 provirus locus in nuclei to be located at nuclear rim. We also
developed HIV-1 RNA imaging system in virion with custom pentatricopeptide repeat (PPR) proteins. We
collaborated with Dr. Nakamura at Kyusyu University. We are able to design several customized PPR
proteins binding HIV-1 RNA sequences. Viral RNA incorporated into viral particle was detected when the
PPR fusion proteins with GFP were transduced in virus-producing cells. These novel HIV genome-imaging

technologies are promising tool to reveal the dynamics of viral genome in living cell.
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Introduction

Both human T-cell leukemia virus type 1 (HTLV-1) and human immunodeficiency virus (HIV) are
pathogenic human retroviruses. HTLV-1 promotes clonal proliferation of CD4" T cells, which leads to adult
T-cell leukemia (ATL), while HIV destroys CD4" T cells resulting in onset of acquired immunodeficiency
syndrome (AIDS). Our research objectives are to understand the molecular mechanisms of virus-induced

diseases, and to develop novel therapeutic strategies through research of these human retroviruses.
Topics
1) Molecular mechanisms of HTLV-1-induced pathogenesis: J. YASUNAGA, C. ONISHI, K. SUGATA,

G. MA, Y. MITOBE, K. YASUMA, A. KAWATSUKI, Y. MITAGAMI, M. MOHAMED, R. FURUTA,
H. KINOSADA, T. MATSUMOTO, S. KOMOHARA, G. FERNANDEZ, and M. MATSUOKA.

Human T-cell leukemia virus type 1 (HTLV-1) is an etiological retrovirus of a neoplastic disease of

CD4'CD25" T cells, adult T-cell leukemia (ATL), and several inflammatory diseases, such as HTLV-1

associated myelopathy/tropical spastic paraparesis and uveitis. HTLV-1 provirus encodes two oncogenes tax
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and HTLV-1 bZIP factor (HBZ) in its plus and minus strand, respectively. It is suggested that Tax is critical in
viral replication and transmission, while HBZ plays important roles in clonal proliferation of infected cells,
inflammation, and oncogenesis. We generated HBZ-transgenic (HBZ-Tg) mice and reported that HBZ-Tg
mice developed inflammation and T-cell lymphoma. We further established HBZ-Tg/interferon-gamma
(IFN-y) knockout mice, and found that [FN-y promotes inflammation and lymphomagenesis induced by HBZ.
And, importantly, severity of inflammation was closely related to development of lymphoma, suggesting that
inflammation accelerates malignant transformation of HBZ-transgenic CD4" T cells. Those findings were
reported in PLoS Pathogens. Previously we reported that HBZ functions in two different molecular forms,
HBZ protein and HBZ RNA, and both could promote proliferation of CD4" T cells. Regarding apoptosis, HBZ
RNA and HBZ protein have the opposite effect; the former inhibits apoptosis, but the latter enhances it. As
the molecular mechanisms, we found that HBZ RNA induces anti-apoptotic factor, survivin, at the
transcriptional level, whereas HBZ protein binds to Rb protein and overactivates E2F-1 resulting in the
activation of the p53/p73 pathways. These results were published in Cancer research and Oncogene,

respectively.

2) Analysis of dynamics of HTLV-1-infected cells in vivo and its molecular mechanisms: J.
YASUNAGA, K. SUGATA, G. MA, R. FURUTA, and M. MATSUOKA.

It is known that HTLV-1 predominantly infects peripheral mature CD4" T cells. However, the
mechanisms remain unclear. Furthermore, HTLV-1 infection in immature thymocytes has not been
investigated so far. Immature T cells in thymus express high level of two transcription factors named TCF1
and LEF1 for normal thymocyte development. We found that TCF1 and LEF1 inhibit activities of viral Tax
protein that is indispensable for HTLV-1 replication. On the other hand, in peripheral mature T cells, TCF1
and LEF1 are expressed lower than in thymus and consequently facilitate HTLV-1 replication in this
population. Tax is also able to down-regulate the expression of TCF1 and LEF1, further enhancing HTLV-1
replication. These findings indicate the molecular mechanisms by which HTLV-1 preferentially targets

peripheral T cells. These findings were published in PNAS.

3) Analysis of anti-HTLV-1 immunity in vivo and development of anti-HBZ vaccine: J. YASUNAGA,
K. SUGATA, and M. MATSUOKA.

We evaluated the effects of HBZ-expressing vaccinia virus as a vaccine, and confirmed that it could
induce significant immune response against HBZ in mice and Rhesus macaques. Simian T-cell leukemia virus
type 1 (STLV-1) is a Delta type retrovirus related to HTLV-1, and the structure of these viruses is very close.
We noticed that approximately 60% of Japanese macaques are naturally infected with STLV-1, and found that
the dynamics of STLV-1-infected cells in the monkeys are quite similar to that of HTLV-1-infected cells in the

human carriers. STLV-1 infected mainly CD4" T cells, and induced the clonal proliferation of infected cells,
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leading to malignant transformation of T cells in a small number of the infected macaques. STLV-1 Tax and
STLV-1 bZIP factor (SBZ) have the same molecular functions of HTLV-1 Tax and HBZ, respectively. These
observations indicate that STLV-1-infected Japanese macaque is a highly valuable animal model to study the
association between viral pathogenesis and immune response in HTLV-1 carriers, and to develop new

antiviral treatments. We are trying to develop the effective anti-HTLV-1 vaccines using this animal model.

4) HBZ-mediated suppression of immune response against HTLV-1: J. YASUNAGA, K. SHIMURA, K.
SUGATA, K. YASUMA, and M. MATSUOKA.

According to the results of RNA-Seq, we found that a co-inhibitory molecule, T cell immunoglobulin
and ITIM domain (77/GIT) was upregulated by HBZ. HBZ induced IL-10 production through TIGIT in HBZ-
expressing CD4" T cells, and, in addition, IL-10 was also induced in dendritic cells through a ligand of
TIGIT, CD155, on their surface. It is suggested that TIGIT impairs anti-HTLV-1 immune responses through
the immunosuppressive cytokine, IL-10. These findings show that HTLV-1 utilizes a co-inhibitory molecule

on infected cells to evade the host immune responses.

5) Effect of HIV-1 infection pathway on infectivity and drug susceptibility: K. SHIMURA and M.
MATSUOKA

HIV-1 infects target cells more efficiently via the cell-to-cell pathway, compared to the cell-free
pathway. In order to analyze the impact of cell infection route on infectivity and drug susceptibility, we
developed an assay system, which enabled the precise evaluation of virus infection using flow cytometry.
Using this system, we revealed that anti-HIV drugs that target viral replication cycles including adsorption,
fusion, reverse transcription, and integration, showed a decreased level of activity in the cell-to-cell pathway.
Moreover, we established latently HIV-1-infected cells, and analyzed the potency of several latency-reversing
agents on HIV-1 reactivation and the activity of anti-HIV drugs in cell-to-cell infection using reactivated
cells. We found that JQ-1, a BRD4 inhibitor, efficiently reactivated HIV, as evidenced by the up-regulation of
a reporter gene and the induction of virus production, but without cellular activation. Furthermore, we
observed that several anti-HIV drugs, such as AZT and TDF, showed weak activity against cell-to-cell

infection using reactivated HIV-1-infected cells.
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Introduction

Virus infections are accompanied by numerous morphological changes in viral and cellular components.
Our laboratory has been investigating the replication mechanism of influenza and Ebola viruses from the
ultrastructural point of view, by using different microscopic analytical methods such as electron microscopy
and high-speed atomic force microscopy. Visualization and characterization of the virus life cycle at the nano-
mesoscopic level give us unique knowledge and novel paradigms, which will advance our understanding of

molecular basis for the replication mechanism.

Topics

1) Transcription mechanisms of influenza virus genome

Influenza virus RNP is composed of the viral genome, the viral nucleoprotein (NP), and the viral RNA
polymerase complex. The RNP consists of NP monomers and a single strand of viral RNA (VRNA), which is
folded back on itself to create a loop at one end; the strand is coiled on itself to form a double-stranded helix,
except at the loop. The polymerase complex is located at the opposite end of the loop in the RNP. The vRNA
is transcribed in the form of RNP. However, from an ultrastructural point of view, it remains unknown
whether the RNP changes its helical structure during transcription and how mRNA production proceeds. To
reveal the ultrastructure of RNPs during transcription, we have been examining in vitro-transcribed RNPs

using high-speed atomic force microscopy (HS-AFM) and cryo-electron tomography (cryo-ET).
2) Structural analysis of Ebola virus nucleocapsid
Ebola virus nucleocapsid has a helical structure and consists of viral genomic RNA (VRNA),

nucleoprotein, VP24, VP30, VP35 and polymerase L, which is responsible for transcription and replication of

vRNA. We have reported that vVRNA-NP complex serves as a core for the formation of helical nucleocapsids.
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To elucidate morphogenesis of Ebola virus nucleocapsids, we have been examining the structure of VRNA-

NP complex by using cryoelectron microscopy.

List of Publications

Koga, R., Sugita, Y., Noda, T., Yanagi, Y., and Ohno, S. (2015). Actin-modulating protein Cofilin is involved
in the formation of measles virus ribonucleoprotein complex at the perinuclear region. J. Virol. 89, 10524-

10531.

Oda, S., Noda, T., Wijesinghe, K.J., Halfmann, P., Bornholdt, Z.A., Abelson, D.M., Armbrust, T., Stahelin,
R.V,, Kawaoka, Y., and Saphire, E.O. (2015). Crystal structure of Marburg virus VP40 reveals a broad, basic
patch for matrix assembly and a requirement of the N-terminal domain for immunosuppression. J. Virol. 90,

1839-1848.

FHESE (2015) TARTUAILA T T T LA ZE0HF  EEBRESZRIM Vol.33 No.17, 14-19.

Noda, T.: “Ultrastructural analysis of influenza virus genome transcription” JST CREST-PRESTO joint
international symposium Structural Biological Dynamics: from molecules to life with 60 trillion cells. Tokyo,

Japan, 5-6 November, 2015

WHEE: A TNV TAINADT ) Aoy lr— 0 TS SSSEM WF 2282 & A FRATFIT 2
DRET—7 a7 fMilE (ZFE), 2015411 A 18-19 H

BHEE POl A VA 563 M HARY A L A FEFMESTT RABGEE, fE (&) .
2015411 A 21 H

Takeshi Noda: Ultrastructural analysis of influenza virus genome transcription. &5 63 [A] H A 7 A /L A 524
i, Rk (R@h) . 2015 4 11 A 22-24 H

B HES  BEMEEEZ WA v I o A L ABGERRE OfRAT. T I— AR
P —DERISHES. AdE (F) . 2015412 A 10 H

HEPHER - 55 A T D A L X RNP O WG E AT, 5th Negative Strand Virus-Japan
Symposium, EARAT (i) 2016 451 H 25 H

-134-



JEGEET VAR v Z — Experimental Research Center for Infectious Diseases

7 A IR %ﬂ(fﬁlﬂ%iﬁlﬂ}:%'ﬁﬁﬁﬁ Laboratory of Ultrastructural Virology
Hif% B H S
WH9EE P B R ek
A LA
i B 1

2015 4F 9 HITAMIZEE R LT, Bk 14 - [EAIJEER 3 4 CTHIZEE 25 BT, 10 HICH
Z1LABMDOY | 2015412 HBIEOHKREIZ 5 4 Th D,

BFHIE 11 HIZ SSSEM W FEf & & A B ZE S, AR D A )V R 12 HIZF /2 A—R oA
T v — D ERIS ARSI TRFRE AT o 72 11 AIC AR Y A L 2P RABGEEIC T
H%Z1T>7-, 10 H1Z JST CRESTO-PRESTO joint international symposium CHEz1T->7=, HFEIL 12
AlAThbiz o A VAFEFTY R Y — MZTRBIE (RAX—H) 2<E LT,

Fx DFRETIE, AV INVTZ U FBLOZR T A NV RAFOHIEZBEE L, A7z
TAINVABIOTRT 7 A )L ADOHNEERRE B 2 F7E 2 8O TV 5,

D) AL TN B IALINADY ) MGG DT

ATNTZ Y TANVADYT ) 5 RNA (VRNA) (I, NPBRUONT o3 BERNY AT —B L L
BT, BFERDO VAR X7 LA X T BEAR (RNP) ZEAT 5, RNP 1L vVRNA ORG % 4 9
R, RGO RIRITARTZH SN SHL TV, AREEEET, in vitro B555R & @nd i1 [ ) B
BT Y T4 A BB Z VT, B O RNP 722 5 NI AL S5 mRNA ORI EiET
BiTolz, BAE, Bex MIALMNI L2252 RNP 1 L N mRNA OfGHIEE 2 HEic, 7 ARG
WOFT 2T NVORBEHIEL TV 5,

2) TRTTANART VA I T B OREEENT

X7 VAR T RIS/ L RNA (VRNA) OERE - A1 5 IR FERE(R Tdh VD . VRNA, NP, VP24,
VP30, VP35 B8 LN L DR S 415, Fox IZLART, VRNA-NP SR DSMEIEREE IR D & 72 2 1
BT DI EEHLNI L, REEIT, X7 VAD TV ROT 27 U —HEOFEMZ I 5
2T B2, 7 T A A ETHEMEE A O T VRNA-NP KOS 21T > 7= ABFSEIL. 7hil
BEEHAT R 2B K O Matthias Wolf R & O LFRIFZETH 5,

-135-



Experimental Research Center for Infectious Diseases

Laboratory of Primate Model

Members
Associate Professor Tomoyuki Miura
Research Fellow Ai Himeno
Technical Assistant Hiromi Mori, Kanako Matsuura, Minako Kikukawa,
Yumiko Kagawa
Graduate Student Yuki Ishida, Akihiko Kawakami
Introduction

It has been 33 years since human immunodeficiency virus (HIV-1), the causative agent of acquired
immune deficiency syndrome (AIDS) was first identified. Since then, our knowledge on HIV-1 and the
pathophysiology of AIDS has grown enormously. Unfortunately, however, we have not yet developed an
effective prophylactic measure or a thorough therapeutic intervention, and AIDS remains top priority among
global public health agenda.

To develop effective preventive or therapeutic measures against AIDS, we need an experimental model
system that recapitulates HIV-1 infection in humans. From the beginning of AIDS epidemic, HIV-1 has been
known for its narrow host range. To overcome the narrow host range of HIV-1 and develop a dependable
animal model for AIDS, our laboratory, first in the world, generated a chimeric simian-human
immunodeficiency virus (SHIV), that carries HIV-1 derived tat, rev, vpu and env genes in the backbone of
simian immunodeficiency virus, a closely related simian virus to HIV-1. Since then, SHIV/macaque model
has been further developed and there are currently several SHIV strains available in the field and some of
them cause acute disease followed by AIDS-like clinical manifestations.

We have been pursuing the following subjects,

1. Development and improvement of SHIV/macaque models,
2. SHIV-induced pathogenesis,
3. Development of novel vaccines and evaluation using SHIV/macaque system,
4. Identification of virus reservoir in HIV-1 infected individuals under highly active anti-retroviral therapy
(HAART) using SIV infected monkeys as a model.
In addition to the abovementioned projects, we have been making efforts to establish non-human

primate disease model for flavivirus infection, especially, dengue hemorrhagic fever.
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Topics

1) Development of prevention and cure for HIV infection using the nonhuman primate model: T.
MIURA

To develop preventive or therapeutic measures for AIDS, we need experimental infection model systems
for human immunodeficiency virus type 1 (HIV-1) that is a causative agent of AIDS. Since HIV-1 infect only
humans and chimpanzees, it is difficult to perform infection animal experiment using HIV-1 itself. On the
other hand, simian immunodeficiency virus (SIV) infects Rhesus monkey and causes an AIDS-like symptom.
By the monkey infection experiments of SIV, extremely important knowledge for AIDS research was
revealed as follows; nef gene is important to pathogenicity of the AIDS, effectiveness of the attenuated live
vaccine for AIDS, and the main target organ of the HIV is intestinal tract. In these studies, detailed analysis of
the deep part organ by necropsy. Furthermore, to overcome the narrow host range of HIV-1 and develop a
dependable animal model for AIDS, our laboratory, first in the world, engineered chimeric simian-human
immunodeficiency virus (SHIV) between SIV and HIV-1. In late years, from SHIV research, it became clear
that a target cell and pathogenesis greatly affected according to the second receptor (CCRS and CXCR4)
affinity determined by env gene of HIV-1, and CCRS tropic virus is important for AIDS pathogenesis.
Conventionally, a lot of studies using CXCR4 tropic SHIV have been made but CCRS tropic SHIV study is

now demanded.

2) Generation of a new CCRS tropic and neutralization-resistant SHIV: Y. ISHIDA, M. YONEDA, H.
OTSUKI, Y. WATANABE, F. KATO, K. MATSUURA, M. KIKUKAWA, S. MATSUSHITA, T.
HISHIKI, T. IGARASHI and T. MIURA

Previously, we reported that a new genetically diverse CCRS5 (RS5) tropic simian/human
immunodeficiency virus (SHIV-MK38) adapted to rhesus monkeys became more neutralization resistant to
SHIV-infected plasma than did the parental SHIV-KS661 clone. Here, to clarify the significance of the
neutralization-resistant phenotype of SHIV in a macaque model, we initially investigated the precise
neutralization phenotype of the SHIVs, including SHIV-MK38 molecular clones, using SHIV-MK38-infected
plasma, a pooled plasma of HIV-infected individuals, soluble CD4 (sCD4), and anti-HIV-1 neutralizing
monoclonal antibodies, the epitopes of which were known. The results show that SHIV-KS661 had tier 1
neutralization sensitivity, but monkey-adapted RS tropic SHIV-MK38 acquired neutralization resistance
similar to that of tier 2 or 3 as a clone virus. Sequence analysis of the env gene suggests that the
neutralization-resistant phenotype of SHIV-MK38 was acquired by conformational changes in Env associated
with the net charge and potential N-linked glycosylation sites. To examine the relationship between
neutralization phenotype and stably persistent infection in monkeys, we performed in vivo rectal inoculation

experiments using an SHIV-MK38 molecular clone. The results show that one of three rhesus monkeys
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exhibited durable infection with a plasma viral load of 10° copies/ml despite the high antibody responses that
occurred in the host. While further improvements are required in the development of a challenge virus, it will
be useful to generate a neutralization-resistant RS tropic molecular clone of the SHIV-89.6 lineage commonly

used for vaccine development, a result that can be used to explore the foundation of AIDS pathogenesis.

3) Development of a method for determining the duration and distribution of the eclipse phase of in
vitro infection with a highly pathogenic SHIV: Y. KAKIZOE, S. NAKAOKA, A. A. CATHERINE, C. A.
A. BEAUCHEMIN, S. MORITA, H. MORI, T. IGARASHI, K. AIHARA, T. MIURA and S. IWAMI

The time elapsed between successful cell infection and the start of virus production is called the eclipse
phase. Its duration is specific to each virus strain and, along with an effective virus production rate, plays a
key role in infection kinetics. How the eclipse phase varies amongst cells infected with the same virus strain
and therefore how best to mathematically represent its duration is not clear. Most mathematical models either
neglect this phase or assume it is exponentially distributed, such that at least some if not all cells can produce
virus immediately upon infection. Biologically, this is unrealistic (one must allow for the translation,
transcription, export, etc. to take place), but could be appropriate if the duration of the eclipse phase is
negligible on the time-scale of the infection. If it is not, however, ignoring this delay affects the accuracy of
the mathematical model, its parameter estimates, and predictions. Here, we introduce a new approach,
consisting in a carefully designed experiment and simple analytical expressions, to determine the duration
and distribution of the eclipse phase in vitro. We find that the eclipse phase of SHIV-KS661 lasts on average

one day and is consistent with an Erlang distribution.
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Introduction

This laboratory is newly established in 2013 for active and effective collaboration between Institute for
Virus Research and Primate Research Institute of Kyoto University. We are interested in the co-evolution
between hosts and intractable viruses. Viral infection to a new host may lead to small but life-or-death war,

while in due course they could finally compromise and live together (symbiosis). Probably, each battle
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between viruses and hosts should include a variety of long and exciting story, for example, hosts seek to
control viral invasion by innate and acquired immunity and then viruses try to develop new weapon to evade
the immunity. Unfortunately, this endless chicken race may accidentally cause viral acquisition of life-
threatening pathogenicity to the hosts. Exploring cellular and molecular machinery for the co-evolution will
provide us precious hints to survive, either win against viruses or live together. With this in mind, we are
investigating the mechanisms for the viral persistency and pathogenesis of intractable viruses, HIV and HCV,

by employing non-human primate models for the viral infection.

Topics

1. Novel HIV-1 latency model by HIV-1mt-infected cynomolgus macaques: Y. SEKI, Y. WATANABE,
M. Murata and H. AKARI

Recent advance of antiretroviral therapy (ART) may result in infectious diseases caused by human
immunodeficiency virus type 1 (HIV-1) infection to be controllable. However, a number of issues still remain
to be solved for most HIV-infected individuals, which include the need to take medicine through life with the
risks of adverse drug reactions and emergence of drug-resistant virus, and viral reactivation under the
immunocompromised status with aging. It is therefore anticipated to develop novel therapeutics by which
functional or hopefully sterilizing cure would become feasible. In fact, the Berlin patient is thought to have
achieved a “sterilizing cure” given that no replication competent virus has been found after hematopoietic
stem cells graft from a C-C chemokine receptor type 5 (CCRS)-deficient donor. A number of studies for the
cure have been conducted to date, however, the clinical application awaits further breakthrough by extensive
investigations. Here, we present a novel HIV-1 latency macaque model suitable for the basic and preclinical
studies for the cure. We prepared macaque-tropic HIV-1 (HIV-1mt) carrying the R5-tropic Env. In vivo
adaptation of the HIV-1mt yielded the isolate AS38-P2 that caused a high level of plasma viral load (>10°
copies/ml) in the acute phase of infection in cynomolgus macaques, but an undetectable level by 5 months
without set point. Our follow-up studies showed that (i) the viral load remained virtually negative for more
than 2 years; (ii) the activated HIV-1-specific antibody response was maintained at 1 year post infection; (iii)
the proviral DNA-positive cells (PVL) were observed in lymph nodes as well as PBMC, however, they were
scarcely observed in spleen and BM. Interestingly, the elimination of CD8+ T lymphocytes with the anti-CD8
antibody M-T807R1 administered to the monkeys at 2 years after infection led to reactivation of HIV as
shown in substantial levels of plasma viral loads, indicating the maintenance of reservoir cells. These results
indicate that HIV-1mt-infected cynomolgus macaques appear to be equivalent to the latently HIV-1-infected
humans and will be useful as an HIV-1 latency model for the purpose of further characterizing HIV reservoir

as well as research and development of new therapy for the cure.
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2. Basic research of the establishment of novel therapeutic strategies aimed for HIV-1 cure : Y.
WATANABE, Y. SEKI, M. Murata and H. AKARI

Toward realization of the HIV-1 cure, the existence of reservoir cells that continues to produce new virus
during the treatment is the most considerable issue. Recently the effective inspection of new method to
activate transcription of HIV and then to remove a reservoir cells by ART (shock and kill therapy) is in
progress. A large number of new drugs important to HIV-1 cure including HDACi (Histone deacetylase
inhibitor) and PKC (protein kinase C) activator are developed as Latency Reversing Agents (LRA). The
advisability of the HIV activation from reservoir cells by LRA will play very important role on HIV-1 cure.
The most difficult obstacle of the newly strategy for HIV-1 cure is evaluation of effective and safety. An
intervention examination to perform for the elite controllers that plasma viral RNA becomes undetected level
without ART is ideal for inspection of LRA effectiveness, however it is impossible practically because of
healthy risk. Therefore, HIV-1 controllers whose plasma viral loads decrease lower than detection limit
received ART are subjects of PD-1 antibody medication. In that case, even if HIV-1 reactivated from
reservoir by LRA, it is very difficult to evaluate virus inducibility appropriately because ART controls HIV-1.
Furthermore, it is difficult to carry out optimization such comparison of dose and frequency of different LRA
for HIV-1 infected patients. For these reasons, prior to a clinical study for the HIV-1 cure, the preclinical
study by appropriate primate models is expected. Considering these background in mind, we are seeking to
evaluate and establish novel shock and kill therapy by using a novel nonhuman primate model of HIV

latency.

3. Epidemiological study of STLV-1 infection of Japanese macaques : M. Murata and H. AKARI

Simian T-lymphotropic Virus Type 1 (STLV-1) belongs to Genus Deltaretrovirus and is highly related to
human T-lymphotropic Virus Type 1 (HTLV-1). We have recently shown that the STLV-1-infected Japanese
macaques are useful for the analyses of in vivo dynamics of HTLV-1 infection and also development of novel
therapeutics. It was revealed that about 60% the Japanese macaques breeding and rearing in the Primate
Research Institute are infected with STLV-1, through a joint research with Dr. Matsuoka Lab. In order to
clarify the cause of the high infection rate of STLV-1, we surveyed antibody titers against STLV-1 in plasma
and the provirus load (PVL) in PBMCs of 200 individuals. Interestingly, about 50% of the children whose
mothers were positive for PVL were also PVL-positive, suggesting efficient maternal transmission of STLV-
1. Moreover, about 10% of individuals became positive for STLV-1, suggesting that both vertical and

horizontal transmission routes should be considered for the viral prevalence.
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4. HCYV based chimeric virus of which envelope is derived from GBV-B infects tamarin persistently: S.
SUZUKI and H. AKARI

The development of effective Hepatitis C virus (HCV) vaccines is essential for the prevention of further
HCV dissemination. However, the animals of which immunity are comparable to human and also permissive
for HCV infection is only chimpanzee, while no more available for invasive research. We thus sought to
establish feasible and immunocompetent surrogate animal model of HCV infection, which would greatly help
accelerate evaluating the prophylactic and therapeutic efficacies of newly developing HCV vaccine
candidates. In order to circumvent narrow host range of HCV, an HCV genotype 1b-based chimeric clone
carrying E1, E2 and p6 regions from GB virus B (GBV-B), which is closely related to HCV, was generated.
The chimera between HCV and GBV-B, named HCV/G, replicated more efficiently as compared with the
HCYV clone in primary marmoset hepatocytes, and was implied to form viral particle. Furthermore, it was
found that the chimera persistently replicated in a red-handed tamarin (Saguinus midas) for more than two
years after intrahepatic inoculation of chimeric RNA. The viral RNA loads in plasma were relatively low
(<200 copies/ml) but were detectable intermittently during the observation period. Of note, the chimeric RNA
was found in the pellet fraction obtained by ultracentrifugation of the plasma at 73 weeks, indicating
production of the chimeric virus. Our results will help establish the novel non-human primate model for HCV
infection on the basis of the HCV/G chimera in the major framework of HCV genome. This model will be
able to evaluate hepatitis C vaccines which induce cellular immune responses against HCV core or

nonstructural proteins.
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5. Evaluation of safety and efficacy of a novel hepatitis C vaccine candidate composed of inactivated
hepatitis C virus particle: S. SUZUKI and H. AKARI

Hepatitis C vaccine is not available so far due to lack of appropriate animal model. In this study, we
aimed to establish the novel vaccine of HCV by exploiting the cell culture-generated HCV (HCVcc), and
validated the efficiency of neutralizing antibodies (NAb) and /FF/Ny mRNA induction in non-human primate
model in collaboration with Dr. Kato and his colleagues in Department of Virology II, National institute of

Infectious Disease. Common marmosets were subcutaneously and intramuscularly immunized with
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inactivated HCVcc in combination with adjuvants (Alum or K3-SPG). Vaccination-related abnormality by
immunization was not detected in blood tests in all vaccinated animals. We evaluated the expression of /FNy
mRNA in splenocytes to investigate activation of cellular immune response. The expression was increased
after stimulation with HCV core peptides in marmosets which were inoculated HCVcc and K3-SPG. In
addition, anti-E2, core antibodies and NAb were induced in marmosets which were inoculated HCVcc and
K3-SPG. These results show that the combination of HCVcc and K3-SPG works as the potent and safe

vaccine of HCV in non-human primate model.
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AL T A )V ARFFEREIR Laboratory of Evolutional Virology

iz B 72 3C
WHEE B R
P4 ]
it B FrH® < 2
Bt 5 b IR
PN SRS

WIFIRERIL, R R R TR N L T A v 2 —IZFTR LTV D03, U A LV ABT
et & BRI O LRIFEIE L U TH IS Y A LV 2 RYEORIR T2 2 L 2 B
ICERE SN T T A VARFIEREIR) 2305 L QW b, SRS, PR 27 45 4 A OISR
B UTHESHAN, 6 ADDHBGHER & L THRED A, 11 A D EIiEE & U CGEEN
Mo T, E£72. 3 AICREB#AOG HMIAE E L THREERBR KT~ 8 AICHEED
RIRFEHENREBZ L LT HRB AT TER A L B P SR ~ 2 L E Vi L7z,

WHFERIL, EEHETT AV EZHAWTHEHEEV A VA THDE MuEARET A LA (HIV) BXW
CHIFRD AN A (HCV) ZHLIZ, FRMECFRRUE L DR R AH LI TH 2 L2 HEE LU T O
T OWTHIEEZED TV 5,

L BEEFHET V& W HIV EGYERIG O 72 O O FAEMTE . (1) HIV-Imt BRI =7 A P2k b
B HIV IR E 7V ORESL R O D Y — S— g ~D i H

WA, 2709t HIV EOOFRIZ X 5 ART JRIES B 7o R 2 R T 7o fE 5. HIV EGYE 1308
WERO—D L poln b 525, L LANG, HIV EEFITAEICELIEOBRHANMLATHY , £
AU S A DO BIERCIRANME 7 A4 M ADOHEBL, S SIZHENZHE S HIV O &M L7 R
X LFE LT 5, BUE, SERTRICREREAITEIE O BT 01T 7ok x R BRERFIE M T TV D 28,
IO OFIERCL RN E TN T 5 72 O ABERZ HIV BEEE ICB W TEMT 5 2 L iTEg L v
DINEFETH D, BHFRETIE, ZORBELRT D720, ZHETH =2 A YL THIE P REZR Y
JVRRIAE HIV-1 (HIV-1mt) (& &2 HIV-1 ELABREET VAME L TE 7, TRE TOMRICE
UNT L HIV-1 OFERGYREICEHEL R CCRS famE 2 A3 2 88 LBk HIV-1 (HIV-1mt) 20 =72 A
PN R S 7= & 2 A, BGgIcE I F 7 1 /LA RNA UL (106 copies/ml) & 7~37IZ
LEDLT, By MARA Y FERST, Y3 ALK, 2 DL BRI L7ZREIC BT h IR v
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A VA RNAFIRHIRFRLL T CTh o7z, & 2T, AFFETIE, 2 O HIV-Imt BEYEY L ORIEGE
T LTORMMEBGREST ~ < XV FEMARMT 217 > 72, £ 3 HIV-1mt LYW HHUA
IS OWTCEMRE 21T o 72, ZOME, T TORYEER TG 1 EDL E2 G L EINCIE
i 7 A LA RNA 23R S 2 Wi b B 69, FFEEE A T 2 @O IR R ST
D2 EDRE I, PURHBEARRGE L TV D Z EAURIB S iz, IRIC, Y% 1AL ERGE LY
fERN DR L7248 U 7Sk oo 7 1 7« )L 2 DNA BtEflE (PVL) BEHlELZE A, K
LR R, PO U L3R L OVPBMC I2B W T PVL MR S v, B &7z PVL
BUTBGAIH oM A 7 A LA RNA BEOE—7fEE R<HHEAL TWe, & BIE%ERIZHT CD8 #it
K& 5 L CDS+ Tz e X 7= & 2 A K 10* copy/ml DIl 7 A /LA RNA S &z 2
LD HIV FHEMEAL FIREZR U — S — MR AFAE T D IMRIEGIRREIC 5 5 = E SRR S T,
PLEDOFER XV | R5-tropic HIV-1mt &4 H = 7 A $Lix, HIV IBIREGRET L E LTU F—3—Hf
Bl oD FERER L OV D E BALRAE RN A4 & 512 HIV BYWIE OARIB I 18 72 LG # 5 O BR S HE
HEIIKRELSFET D20 EHEEND,

RIET V%2 A 7e HIV ERYGWERIR O 72 9 O BARATIE : (2) HrHLIR I ERIE O NI [ 72 FEH

2.5
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HIV HRIEOEBUZMT, IBE T TH UA NV AZLREF - FEA LT T A . U — S—DfFTE
MERDF 7 & 7o TWD, BIfE, HIV OIREZTEMHL L2 ART (I KD U — N —Hifa % HE
BrL X9 &9 %751 (Shock and Kill 16E15) DA ZMMEMGENHED 5TV D, ZOJREIEICEHER
Latency Reversing Agents (LRA) & L CTHDACi (E A b7 7®F 7 —HHEHR) PKC (Fm
T A »FF—F C) activator 72 EZEOFHIEFNAHFE STV D, HIVRIBITIZLRAIZE D Y
P N— {7 B O HIV IEPE LD AT S IR EE & F 2 H - T D,

LR &5 72 HIV ARG & B R LB RIE DT ISR DI RD/~N— RUE, £ O AR &
O MM ONEE S I2H 5, LRA OAZMEZMGET 256 BRFRER Tl © A /L X035 IR
RUTERoTWHZ Y —harbr—F—Z2x5 s UTTHI M ARBRP BB TIIH 508, BIE
FINZIZ ) A7 OESBUZIERATRETH A 5, > TEEEIT ART BiEZZ T 7 A VAR H R
RUTFTERS5TWHHIV 2y hr—F—=03x1RER5, ZO%HE LRAICEY U HF— =5 HIV
NFFE 7= E LTH, ART BRI L Y HIV 2N H SN D72, U A Vv AEEEE % @ U Efh 3
52 LIIFERICHE LV, S BICHIV B 2R L LT, 22D LRA O b= - HE
R DR EERT D LI 0 DOoN— RAELES, S OFME S . HIV ARSI T -
REFZRICEN D, WU REE T VEIC L DRIBRENEEN D,

FATR AR XD ITYFIEE TIE, 2N E TS =7 A FEREE 2 F T2 THLfR1APE HIV-1)
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}1 LRA |Z & 5 Shock and Kill {63 1EDORHM - #E. % BIE LIRS 217> T\ 5,

3. STLV-1 & =7 VPV BE 3 2 I i

YU T MR H s 7 A VA TR (STLV-1) 1X7 404 L ke A VARICE 4, HTLV-1 & 9EF
WHEEL LTS, ZHIVE TITRINT & OILFRBIZE T, EARNICIIT D HTLV-1 YRS ATL O3
HIRIRIEB A 1A 72 BB IR ZE 12 38 T, STLV-1 B =R U VIR IER ICH AR 7 LEiy ¢
LR LTERE, —HOMEIZBNT, ERNFTHE SN TWVD =R FLDK 60%D
STLV-1 [T LTV D Z ENB 623 E 72 ) | HTLV-1 J&He & bhl U TR AN IHE (S E ) 2 & DM
25, BMENZ L2, BEGEIR D 9 BHEEY L provirus load (PVL) BiETH 5 5E13E DIV
DR 50% b DOEIGTPVLEM X v U 7 Lo TV | REFEYRIC K D3RI 22 YRR 3 R
Ehiz, S BT 44T STLV-1 BEMEMEE T O 10% A3 STLV-1 IZH 721 L2 2 L R S
oo MEABICB TS 7 n—X Ran=—fMEICLDHEBELED, BUERENL 7 a0 —T v 7Bt
EHEDH TN D,

4.HCV/GBV-B ¥ A 7 YA N AL LD CRIFRFEEHET VOHBE

CHIFRD A LA (HCV) Idt MIBHEFECIFMEAAZ5I &R T U4 L AT, HRTH 1
BT THANLDOF Y VT PFEET DR, PRI -10RY 7 F3n, U7 FUBBERERL TV DR
KL LTid, HCV DIE T b hRuF X P —COREY 5 7= D@ g 72 B s £ 5 L
MWIRNZ ENRZETBID, GB VA /LA B (GBV-B) [ZHCV L[RILT7 7 E YA LA~/ T A L
ABICET D, GBV-BIEZ vV oo~ —Fky M EOF RIS 5725, HCV O
TANAELE LTHEE SN TS, H¥AFSE=E T, GBV-B &t~ —E & v MAVMEMALICEAT Lt
ANVAER ALT fHO E5- . F#ME b & Woii8tE CRUFRERFEZ 235 2 L2 A LTz, #o
T HCV/GBV-B ¥ X 7 U7 A LA LFH R LEZHNTCHRFRBEREET VAER L FERIIHT
BT 7 F MEROFE T VAL T D2 LRI E Lz,

BE C AT R IEE ) D3 bl HCV & JRITHEE S 7z TPF1 &Y 7 = — 2 (genotype 1b) 35

HCVIGBV-B
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L O'GBV-B 7 1 — /55, envelope LLAME HCV ~X— 2 D HCV/GBV-B &% * 7 7 n—> (HCV/G)
ZER LTz, B L72F AT U A /LA RNA Z# & Miffilak L O~ —Ft > MR~ Z
A7z varLllblAh, v—Fty ML CEIRICKLFEET D 2 LRI LT,
ELICZDXFATIAVARNAZT BT X~ ) AR LI E 2 A, 2 FD Bk X ORI
HIZER DD U A VAR S Te, U AV AEEREZA | o2 BiRL L, UA VAL y
NGB —T 2 RE T E A R LIEXATUANADY—I T AR TEl, Z0O
ZENBEY EANTHCV/G BMERBIE L TWD Z AL MNE o7z, ZORENLZ N
12— 7" D GBV-B H3E THCV RX—ADF X T 7 A L ZANRHFF LR L~V CHEBIFTRETH 5
ZENRHDTHOEMNIIR 5T, SRIZZDFATUANAZIHIZHR L, 23R  JYuEsE LT
JTRIEREZ Gl ST RREHET VML LTV,

5. RiEA CRIFR U A VAR 1725 72 2 BBl C TIFR U 2 F Akl 22 41k & A PR
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Ty MG L TREME EAIMEOTEZ{To 7o, #RRHIIZT Y230 b & LT Alum £721%
BT 2280 ST % K3-SPG 25 Uiz, BEfit%, & DML D b IRE B CERNL O FE IR
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Center for Emerging Virus Research

I. First Group

Members
Assistant Professor (Spe.) Yohei Hizukuri

Introduction

The cell surface of bacteria is always exposed to a variety of stresses caused by environmental changes;
bacteria therefore evolved the 'extracytoplasmic stress response (ESR)' mechanisms to cope with these
stresses. The ESRs play important roles not only in bacterial survival in natural environments but also in
resistance of virulent bacteria such as Salmonella Spp. to host defense systems. Thus understanding of the
whole picture of the ESRs is an important issue from a medical point of view. This research group focuses on
and aims for clarifying the mechanism and physiological roles of the o"-pathway ESR, one of the major ESR
pathways in Escherichia coli.

In the o®-pathway ESR, cell envelope stresses such as accumulation of malfolded outer membrane
proteins (OMPs) caused by, for instance, exposure to heat or alkali trigger sequential cleavage of RseA, a
membrane-spanning anti-¢" protein, leading to eventual activation of the transcriptional factor ¢" to regulate
expression of stress-responsive proteases and chaperones. This sequential cleavage of RseA is executed by
membrane-anchored protease DegS (site-1 cleavage) and intramembrane-cleaving protease RseP (site-2
cleavage). RseP is a member of the S2P (site-2 protease) family proteases that are highly conserved among all
organisms and known to be involved in regulation of important cellular events including cholesterol
metabolism and the ER unfolded protein response in eukaryotic cells. Thus, in the o"-pathway ESR, cell
surface stress signals are transduced into the cell interior across the cell membrane through the two-step

proteolysis of RseA.
Topics

1) Visualization and dynamic analysis of proteolytic events catalyzed by RseP, the intramembrane-
cleaving protease that regulates the ¢*-pathway extracytoplasmic stress response: Y. HIZUKURI and Y.
AKIYAMA

We are interested in the o"-pathway ESR as a complicated and exquisitely regulated signal transduction
system. We hope to understand this dynamic cellular event that occurs around the membrane by using
biophysical approaches such as a fluorescent microscopic observation of the related factors and a single cell

imaging analysis. We constructed derivatives of RseP, the essential key regulator, and RseA, the proteolytic

—155-



substrate of RseP, that have a fluorescent protein (e.g. GFP) moiety to examine these proteins in the living
cells by fluorescent microscopy. Now we are developing a single-cell time-lapse imaging system using an
agar-pad on the stage to monitor the liberation of a fluorescent substrate from the membrane to the cytoplasm
accompanying a substrate-cleavage by RseP. We are also visualizing and analyzing dynamic behavior of

novel candidates of RseP substrates.
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Akiyama, K.*, Mizuno, S.?, Hizukuri, Y., Mori, H., Nogi, T., and Akiyama, Y. (2015). Role of membrane-
reentrant S-hairpin-like loop of RseP protease in selective substrate cleavage. eLife 4, ¢08928.
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membrane-reentrant loop of RseP, an intramembrane-cleaving protease. The 13th International Student

Seminar, Kyoto, Japan, March 3-7, 2015.

FEVELEE, RKILTFRE « B A b L R ISEHIHENZ R 532 RseP 7' 12 7 7 — ¥ O FE Y)W 5& O i
WA A= ST B0 A . 55 12 8] 21 AL RIS E eSS . REE, 201546 H4 H -5
H

FRILYETHER, AKEHEL, MELEE, A& HsE. K B, BOUEE : S2P 7 7 2 U — NI~ 1
77— RseP OENTHE AL — 78I &2 U7- 5B ER . 55 12 (0] 21 il KGEAF RS . KEE, 2015

HF6H4H-5H
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FVEVE A, BRI D5 & - Live-cell imaging of a proteolytic event by an intramembrane protease RseP that
regulates extracytoplasmic stress response. &5 53 [0 H KAWL Fa. IR, 201549 A 13 H -

15 H

Akiyama, K., Mizuno, S., Hizukuri, Y., Mori, H., Nogi, T., Akiyama, Y.: Analysis of the conserved

—156 -



membrane-reentrant loop of RseP, an intramembrane-cleaving protease. The 22nd East Asia Joint Symposium

on Biomedical Research, Okinawa, Japan, November 11-14, 2015.

FEEE, RKILDTE MR A B U RSB Z/ili4 2% S2P 7 7 2 U — NI 7" v 7 7 —8 Off
JARNA A — 2 THRAT . 55 38 Bl H Ay AW F R KE -8 88 Bl H RELFS REATRIRES, M,
2015812 H1H-4H
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77— RseP OIRENIH AL — 758 & 1 U= FE A . 55 38 [B] H Ay AEMpa ke 45 88 [Al H
ARAEAFESREBRRES, 7, 2015412 H1H - 4H

Il. Second Group

Members

Assistant Professor (Spe.) Akiko Makino
Topics
The regulation of Borna disease virus production

Borna disease virus (BDV) is an enveloped non-segmented negative stranded RNA viruses belonging to
the family Bornaviridae, order Mononegavirales. BDV causes a long-term persistent infection in the cell
nucleus, and production of the infectious particle into culture supernatant is strikingly suppressed. Here we
identifird a host factor, which suppresses BDV production from infected cells by screening of human shRNA
library. Knockdown (KD) of IGF2 in BDV-infected cells led to the promotion of virus production into
supernatants by more than 30-fold, compared with control. IGF2 KD also enhanced a reporter protein, firefly
luciferase (FLuc), expression by recombinant BDV-FLuc in infected cells. In the IGF2 KD cells infected with
BDV-FLuc, the FLuc activity was rescued by overexpression of IGF2 with off-target sequence against
shRNA as well as in control shRNA-transduced cells with BDV-FLuc.

To evaluate if IGF2 pathway via its receptors is related to BDV production, recombinant human 1GF2
was added to BD V-infected cells at various concentration. The addition of IGF2 into the culture medium had
no effect on BDV production from BDV-infected cells and FLuc activity by BDV-FLuc. Also pre-treatment
of cell with IGF2 caused no effect on the BDV susceptibility. Immunoprecipitation assay showed that IGF2
interacted with GP1, which is N-terminus domain of BDV-G. Furthermore BDV-G production in both BDV-
infected cells and BDV particles was strongly increased by IGF2 KD, while the production of BDV-N and -M
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were not. These results indicate that IGF2 is involved in the suppression of BDV production through the

regulation of BDV-G expression.

List of Publication
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S., Nakano, T., Siomi, H., Honda, T., Tomonaga, K. (2015). piRNAs derived from ancient viral processed
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(RBMX) is required for the maintenance of Borna disease virus nuclear viral factories. J Gen Virol 96, 3198-
3203

Ikeda, Y., Makino, A., Matchett, W.E., Holditch, S.J., Lu, B., Dietz, A.B., Tomonaga, K. (2015). A novel

intranuclear RNA vector system for long-term stem cell modification. Gene Ther [Epub ahead of print]
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Akiko Makino, Tomoyuki Honda, Keizo Tomonaga: “IGF2 is involved in the regulation of Borna disease

virus production” Negative Strand Virus meeting 2015, Siena, Italy, 14-19 June, 2015.
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European Society of Gene and Cell Therapy, Helsinki, Finland, 17-20 Sep, 2015

Akiko Makino, Tomoyuki Honda, Keizo Tomonaga: “The regulation of Borna disease virus production” The

14th Awaji International Forum on Infection and Immunity, Awaji, Japan, 8-11 Sep, 2015
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MNERETHE, TN M) H— LRV REERT T o* K1 Th D RseA N _OOEFESTL T v T
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T RRE O RIERIL 2 BT HIREWE L, TOMIT 21D Tk d, RseP OUIWTILE
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Reproductive Engineering Team

Members
Technical Specialist Hitoshi Miyachi
Technical Staff Satsuki Kitano
Introduction

Reproductive engineering team is a support unit for generating transgenic mouse (Tg) and knockout
mouse (KO) under the animal committee of our institute. We also perform cryopreservation of mouse

fertilized eggs. Current staffs are Kitano and Miyachi. Results of last three years are as follows.

1) Freezing embryos

2013 198 strains 52,272 embryos
2014 194 strains 85,005 embryos
2015 146 strains 40,165 embryos

2) Transgenic mouse production with cloned DNAs

No of constructs  No of embryos No of transgenic
injected pups obtained
2013 71 27,924 67(0.2%)
2014 37 18,236 142(0.8%)
2015 35 17,122 139(0.8%)

3) Production of chimeric mouse

No of ES clones  No of embryos No of coatcolor
injected chimera obtained
2013 70 5,510 129(2.3%)
2014 23 2,442 82(3.6%)
2015 22 2,249 107(4.8%)
4) CRISPR/Cas9
No of constructs No of embryos No of genome edited mouse
2013 18 6,301 66(1.05%)
2014 32 14,839 47(0.32%)
2015 15 5,906 17(0.29%)
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List of Publications

Reproductive engineering team

Abe, A., Tani-Ichi, S., Shitara, S., Cui, G., Yamada, H., Miyachi, H., Kitano, S., Hara, T., Abe, R., Yoshikai,
Y., and Ikuta, K. (2015). An Enhancer of the IL-7 Receptor alpha-Chain Locus Controls IL-7 Receptor
Expression and Maintenance of Peripheral T Cells. J. Immunol. 195, 3129-3138.

Inoue, M., Iwai, R., Yamanishi, E., Yamagata, K., Komabayashi-Suzuki, M., Honda, A., Komai, T., Miyachi,
H., Kitano, S., Watanabe, C., Teshima, W., and Mizutani, K. (2015). Deletion of Prdm8 impairs development
of upper-layer neocortical neurons. Genes Cells 20, 758-770.

Kuroki, S., Akiyoshi, M., Ideguchi, K., Kitano, S., Miyachi, H., Hirose, M., Mise, N., Abe, K., Ogura, A., and
Tachibana, M. (2015). Development of a general-purpose method for cell purification using Cre/loxP-

mediated recombination. Genesis 53, 387-393.

Nishijima, H., Kitano, S., Miyachi, H., Morimoto, J., Kawano, H., Hirota, F., Morita, R., Mouri, Y., Masuda,
K., Imoto, 1., Tkuta, K., and Matsumoto, M. (2015). Ectopic Aire Expression in the Thymic Cortex Reveals
Inherent Properties of Aire as a Tolerogenic Factor within the Medulla. J. Immunol. 195, 4641-4649.

Wagatsuma, K., Tani-Ichi, S., Liang, B., Shitara, S., Ishihara, K., Abe, M., Miyachi, H., Kitano, S., Hara, T.,

Nanno, M., et al. (2015). STAT5 Orchestrates Local Epigenetic Changes for Chromatin Accessibility and
Rearrangements by Direct Binding to the TCRgamma Locus. J. Immuneol. 195, 1804-1814.
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BWEBRZER~ UV AMERXETF— A Reproductive engineering team
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1) RO B RAT

2013 4 198 &k 52,272 f#
2014 4 194 A 85,005 1
2015 4= 146 &t 40,165
2) b AV =7~ ADIER

i AR Tg FEATHK
2013 4 71 27,924 67(0.2%)
2014 4 37 18,236 142(0.8%)
2015 4 35 17,122 139(0.8%)

3) FAT~ U ADOIER
7 a— 8 fERIRE EEF AT

2013 4 70 5510 129(2.3%)

2014 4 23 2,442 82(3.6%)

2015 4 22 2,249 107(4.8%)
4) Z DA

CRISPR/Cas9 ¥ AT L Xk B nfwtE~ 7 A DR
KSR RS BETRE~Y T A

2013 4F 18 6,301 66
2014 4% 32 14,839 47
2015 4 15 5,906 17
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Computer Network of Institute for Virus Research

Members

Assisitant Professor Keiko Takemoto

Institute for Virus Research LAN system (IVR-LAN) has administrated by the network committee
consisted of four staffs (Prof. Toyoshima, Prof. Akiyama, Associate Prof. Mori and Instructor Takemoto).
IVR-LAN service has covered for researchers of some medical departments as well as [VR, and the primary
purpose of IVR-LAN is to offer accessibility to the Internet in support of their studies. IVR-LAN has
provided a variety of network services, including E-Mail, WEB-mail, WWW, File-sharing, online reservation
of seminar rooms, SSH and all Outgoing TCP services except for P2P. Main services are working on Linux
workstations.

This year we installed a high-memory server for bioinformatics, specifically for doing Next Generation
Sequencing (NGS) data analysis. Many researchers have begun to study comparative analyses of gene
expression on a genomic scale, the interactions between invading viruses and the host immune system and so
on. We also plan to provide NGS Data Analysis learning program, introducing to computational thinking and
large-scale data analysis on UNIX platform.

However IVR-LAN has adequately equipped, we must have a responsibility for sending/getting data. A
few accidents have occurred in this year. IVR-LAN users need to get certifications of training of e-learning
course which is provided by Institute for Information Management and Communication of Kyoto University.

In addition to the administration of network, Takemoto have studied the epigenetic regulation of mouse
endogenous retroviruses during cell differentiation. Conditional knockdown mice of histone
methyltransferase ESET, and/or DNA de novo methyltransferase Dnmtl have been analyzed with RNA-seq
and ChIP-seq.

LIST OF PUBLICATIONS
Yasuma K., Yasunaga J-i., Takemoto K., Sugata K., Mitobe Y., Takenouchi N., Nakagawa M., Suzuki Y.,

Matsuoka M. (2016). HTLV-1 bZIP Factor Impairs Anti-viral Immunity by Inducing Co-inhibitory Molecule,
T Cell Immunoglobulin and ITIM Domain (TIGIT). PLoS Pathog 12(1): €e1005372.

VIR, IR, EHE— NEM L P oA VRO Y = 32T v 7 IR 3B & B4
FrE, NGS BSOS E 4 Bt s, <X, 201547 A 1-3 H
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Keiko Takemoto, Masaki Kato and Yoichi Shinkai: Silencing of endogenous retroviruses mediated by
Setdbl/Eset, #; 38 [0l H Ay AWM FRFR, M, 2015412 4 3 H
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TA VAR 2V Ea—F—Ry NT—T AT A

Computer Network of Institute for Virus Research

Bk AR i1
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BOODWNTWRNOREIRTH D, 1ﬁlb®/u~§7~a:MAc7va%ﬂﬁﬁ%#ﬁé“wﬁﬁ%M&
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BV =T 4 v 7 RBEBHIEOMIEFICE D > T D,
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SEMINARS OF THE INSTITUTE FOR VIRUS RESEARCH

Twenty-four seminars were held at the Institute for Virus Research under the auspices of the Institute in 2015.

Eighteen lectures were from abroad and six others were from Japan.

January 21

February 4

February 26

March 26

March 26

March 26

March 30

April 22

May 20

May 29

July 3

July 14

July 22

August 4

August 6

Dr. David H. Rowitch, University of California, San Francisco, US. “Heterogeneous
spatial origins and functions of astrocytes in the mammalian CNS ”

Dr. Yasuhiro Murakawa, Berlin Institute for Medical Systems Biology, Germany.
“Genome-wide Study of the Post-transcriptional Gene Regulation ”

Dr. Nagatoshi Fujiwara, Tezukayama University, Japan. “Pathological roles of lipid
molecules that are specific for acid-fast bacilli”

Dr. Connie Cepko, Harvard Medical School, US. “Determination of Cell Fate in the
Vertebrate Retina ”

Dr. Andrew C. Oates , MRC-National Institute for Medical Research, UK. “Segmenting
the embryonic body axis with oscillations”

Dr. Pavel Tomancak, Max Plank Institute of Molecular Cell Biology and Genetics,
Germany. “Guide to light sheet microscopy for adventurous biologists ~

Dr. Gregory Moseley, The University of Melbourne, Australia. “Virus-host cell interactions
in lyssavirus infection: the molecular biology of rabies disease ~

Dr. James Briscoe, The Francis Crick Institute, UK. “The Gene Regulatory Logic for
Reading the Sonic Hedgehog Gradient In The Vertebrate Neural Tube ”

Dr. Makoto Sato, Kanazawa University, Japan. “Notch-mediated lateral inhibition
regulates proneural wave propagation in combination with EGF-mediated reaction
diffusion ”

Dr. Erling Norrby, The Royal Swedish Academy of Sciences, Sweden . “DNA and the
Nobel Prize ”

Dr. Seiji Kojima, Nagoya University, Japan. “Development of flagellar motor in bacteria”

Dr. Yoshimasa Takahashi, National Institute of Infectious Diseases, Japan. “B cell memory
and vaccine development against influenza virus”

Dr. Yusuke Oba, Hokkaido University, Japan. “Visualization of intracellular signal
transmission by fluorescence bio-imaging and its applications”

Dr. Katsura Asano. Kansas State University, US. “Translational control by elF5-mimic
proteins”

Dr. Masayuki Sakamoto, Columbia University, US. “Imaging voltage in neurons with
genetically encoded indicators”
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August 13

September 8

September 16

October 23

October 27

October 28

November 16

November 26

November 30

Dr. Yasutsugu Suzuki, The Pennsylvania State University, US. “Control of malaria
parasites in mosquitos by paratransgenesis using densovirus”

Dr. Jerome Zack, University of California, Los Angeles, US. “Novel activators for HIV
latency reversal”

Dr. Takahiro Ito, University of Georgia, Athens GA, US. “Don't misbehave :
reprogramming cell fates in the control of stem cells and cancer”

Dr.Takuya Yamamoto, National Institute of Biomedical zinnovation, Japan. “The effective
immunological responses against HIV”

Dr. Jacob Hald, Novo Nordisk A/S, Denmark. “From NBEs to NBEs and in-between”

Dr. Tomozumi Imamichi, Frederick National Laboratory for Cancer Research, US. “A
therapeutic potential of interleukin-27 for controlling HIV infection”

Dr. Batu Erman, Faculty of Engineering and Natural Sciences Sabanci University, Turkey.
“Targeting the p53 Tumor Suppressor: An inhibitory role for the Patzl transcription
factor”

Dr. Hideki Ebihara, National Institute of Allergy and Infectious Diseases, NIH, USA.
“Molecular biological approaches to unraveling the mechanisms for replication and the
pathogenesis of Ebola virus”

Dr. Masashi Yamaji, The Rockefeller University, US. “DNDI destabilizes target mRNAs
in germline development by direct recruitment of the CCR4-NOT deadenylation
complex”
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ORGANIZATION AND STAFF

(as of December, 2015)

(Numerals in parentheses indicate year of association with the Institute)

Director
Deputy Director

Professors Emeriti

Department of Viral Oncology

Laboratory of Gene Analysis
Professor
Associate Professor

Assistant Professor

Laboratory of Cell Regulation
Professor
Assistant Professor
Assistant Professor (Spe.)

Laboratory of Tumor Biogenesis

Professor
Assistant Professor

Yoshio Koyanagi, M.D., D.Med.Sc.
Yoshinori Akiyama, D.Sc.

Yoshimi Kawade, D.Sc. (1956-1988)

Yorio Hinuma, M.D., D.Med.Sc. (1980-1988)
Masao Hanaoka, M.D., D.Med.Sc. (1959-1989)
Mutsuo Imai, D.Sc. (1965-1991)

Takashi Yura, D.Sc. (1960-1993)

Masakazu Hatanaka, M.D., D.Med.Sc. (1980-1995)
Akinori Ishimoto,M.D., D.Med.Sc.(1964-1968, 1978-2002)
Yoshiaki Ito, M.D., D.Med.Sc. (1984-2002)
Masanori Hayami, D.V.M., D.Agr. (1988-2006)
Koreaki Ito, D.Sc. (1971-2007)

Kunitada Shimotohno, Pharm.D. (1996-2007)

Junji Yodoi, M.D., D.Med.Sc. (1989-2010)

Yoshinori Akiyama, D.Sc. (1988)
Hiroyuki Sakai, D.Med.Sc. (1996)
Hiroyuki Mori, D.Sc. (1996)
Shin-ichi Yanagawa, D.Agr. (1986)

Masahiko Sugita, M.D., D.Med.Sc. (2004)
Daisuke Morita, D.Med.Sc(2013)
Tatsuaki Mizutani, Ph. D. (2014)

Shin Yonehara, D.Sc. (1994) (concurrent)
Akira Murakami, D.Sc. (1979)

Laboratory of Human Tumor Viruses

Professor
Associate Professor
Assistant Professor

Keizo Tomonaga, D.V.M., D.Vet.Med. (2011)
Makoto Hijikata, D.Med.Sc. (1997)
Tomoyuki Honda, M.D., D.Med.Sc. (2011)

Department of Genetics and Molecular Biology

Laboratory of Molecular Genetics

Professor
Associate Professor

Takashi Fujita, D.Sc. (2005)
Hiroki Kato, D.Med.Sc. (2010)
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Laboratory of Biochemistry
Professor Mutsuhito Ohno, D.Sc. (2001)
Assistant Professor Makoto Kitabatake, D.Sc.(2004)
Ichiro Taniguchi, D.Sc. (2007)

Department of Biological Responses

Laboratory of Biological Protection
Professor Koichi Ikuta, M.D., D.Med.Sc. (2002)
Assistant Professor Keiko Takemoto, D.Sc. (1992)
Shizue Tani-ichi, D.Health Sc. (2007)
Takahiro Hara, D. Bio. (2008)

Technical Staff Satsuki Kitano (Konaka) (2004)
Laboratory of Infection and Prevention

Professor Osamu Takeuchi, M.D., Ph.D. (2012)

Associate Professor Hiroshi Masutani, M.D., D.Med.Sc. (1992)

Assistant Professor Takashi Mino, D.Eng. (2012)

Bioresponse Regulation Laboratory
Visiting Professor Yoshihiro Kawaoka, D.V.M., D.Med.Sc. (2010)
Visiting Assistant Professor Yasumasa Iwatani, Ph.D. (2014)

Department of Cell Biology

Laboratory of Subcellular Biogenesis

Professor Fumiko Toyoshima, D.Sc. (2008)
Assistant Professor Shigeru Matsumura, D.Bio. (2008)
Assistant Professor Yukako Oda, D.Sc. (2014)
Laboratory of Growth Regulation
Professor Ryoichiro Kageyama, M.D., D.Med.Sc. (1997)
Associate Professor Toshiyuki Ohtsuka, M.D., D.Med.Sc. (2000)
Associate Professor (Spe.) Itaru Imayoshi,D.Bio. (2008)
Assistant Professor Taeko Kobayashi, D.Sc. (2005)

Laboratory of Signal Transduction
Associate Professor Takayuki Miyazawa, D.V.M., D.Vet.Med. (2005)

Laboratory of Regulatory Information
Visiting Professor Susumu Tonegawa, Ph.D, D.Sc. (1992)

Laboratory of Integrated Biological Information
Professor Daron M. Standley, Ph.D. (2014)
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Center for Human Retrovirus Research

Laboratory of Viral Pathogenesis
Professor
Assistant Professor

Laboratory of Virus Control
Professor
Lecturer
Assistant Professor
Technical Staff

Laboratory of Viral Immunology
Visiting Professor

Yoshio Koyanagi, M.D., D.Med.Sc. (2004)
Hirotaka Ebina, D.Med.Sc. (2009)
Kei Sato, D.Med.Sc. (2012)

Masao Matsuoka, M.D., D.Med.Sc. (1999)
Jun-ichirou Yasunaga, M.D., D.Med.Sc. (2010)
Kazuya Shimura, D.Med.Sc. (2011)

Chiho Ohnishi (2014)

Charles R. M. Bangham, Ph.D., MRC Path., Sc.D. (2014)

Experimental Research Center for Infectious Diseases

Laboratory of Ultrastructural Virology

Professor

Laboratory of Primate Model
Associate Professor

Laboratory of Virus Evolution
Professor
Associate Professor
Assistant Professor (Spe.)

Technical Specialist
Technical Staff

Takeshi Noda, D.V.M., D.Vet.Med. (2015)

Tomoyuki Miura, D.V.M., D.Agr. (1988)

Hirofumi Akari, D.V.M., D.Med.Sc. (2013) (concurrent)
Takayuki Miyazawa, D.V.M., D.Vet.Med. (2005) (concurrent)
Amane Kogure, D.Med.Sc. (2013)

Hitoshi Miyachi (2006)
Hiromi Sakawaki (2015)
Ryota Mizuta (2014)

Center for Emerging Virus Research

Head* Professor
Assistant Professor (Spe.)

Lecturers (part time)

Masao Matsuoka, M.D., D.Med.Sc. (2014)
Akiko Makino, D.V.M.Ph.D (2012)

Yohei Hizukuri, D.Sc (2013)

Hiroyuki Watanabe Pharm.D. (2015)

Toru Yoshihisa

Seiji Kojima

Yusuke Oba

Takumi Koshiba
Kenji Ichiyanagi
Koich Watashi
Yoshimasa Takahashi
Osamu Nureki
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Research Fellows

Library
Committee Chairman

Administration Office
Chief Officer
General Affairs

Note
*Spe. = Specific

Toru Nakano
Masamichi Muramatsu
Junichiro Inoue
Tomohiko Takasaki

Eiji Ishii (Laboratory of Gene Analysis)

Dan Takeuchi (Laboratory of Human Tumor Viruses)

Yuta Tsukamoto (Laboratory of Molecular Genetics)
Toshihiko Takeiwa (Laboratory of Biochemistry)

Tomoko Imamura (Laboratory of Infection and Prevention)
Daisuke Ori (Laboratory of Infection and Prevention)

Atsuko Wakabayashi (Laboratory of Infection and Prevention)
Sarang Tartey (Laboratory of Infection and Prevention)
Yukiko Harima (Laboratory of Growth Regulation)

Edward Wijaya (Laboratory of Integrated Biological Information)
Taisuke Izumi (Laboratory of Viral Pathogenesis)

Yusuke Nakano (Laboratory of Viral Pathogenesis)
Guangyong Ma (Laboratory of Virus Control)

Yukiko Muramoto (Laboratory of Ultrastructural Virology)
Masahiro Nakano (Laboratory of Ultrastructural Virology)
Keiko Shindo (Laboratory of Ultrastructural Virology)

Ai Himeno (Laboratory of Primate Model)

Masahiko Sugita

Katsumi Sakamoto (2013)
Kazue Hattori (2013)
Takayuki Ishikawa (2015)

-173 -



Wi#E Rk B (20154 12 A)
BT R
/oo R
W & B
U A VAT (DF)
7 A I ARFFE T
A IV ARG TR
U A IV ARFGEFT AR
7 A I ARFFE T
A IV ARG TR
U A IV ARFGEFT AR
7 A I ARFFE T
A IV ARG TR
T A IV ARFGERT AR
7 A I ARFFE T
A IV ARG TR
U A IV ARFGEFT AR

B %R

DA A N ABFZRE
BAREB TR
% 2 KRR

e BB - UKER

e H 4z - BOREERE

By % KB

R A 7 5 B

oo B RIER

By #He R

e BB - HKERE
AEARFEDS AKEIERT T 0 B
o 2 (DF) - sUKERE
B #e BRI

b R AT A VRSB
B RKIRER

e - ERE

By B BOKIER

BisT B RRAR AT FE R
DT RFH R

B $% - ARG

He BB - BRI

fEsmm o T 7o 5
B H - FOKHRME
B) B RORHRME
B #- FORERNG

7N

K

E/
N/

2

= E X
HSNMEBEEEEEHSEEES

g

s

B ¥

N\
/

g

HE
= 3 B o

ol I EHE

H o W

5 |

IR x off I 00 8 N R
Of 38 ¥ N OE o W ot

B
|

o 1o
EEV

—
=

174

0

U\)l#
N

U

I

R
E0m >

RIS E PR FEER T
FERBAHBT 257
B - RREH
B #e FORHRME
B e BORHE
B e R
A
SRGB T 553 B
B ROKE
e B8 RRIER
B # AT

S FRERRT FE 00 B
O CS)
e BB ()

L A= Wy A SRR P
BT R TE 00 B
B - FORHRNG

B # KAk
B e FORHRME
SRR E A 00 B
B ROKER

e B8 - RORIER
FEE R - SRR Y
B #- FORHRMG

B Tl E P e B
He BB - UMK M
15 SR 4 T 200 B
=S RNC S

R AR AT L0 B

BN I-VON:

R A

et b L bha oA L AFEiER
T A v AR RERF FE R IR

B = mARERE
By e HAEKER
By o e AORER

T A IV R A FERRI
Wi B R BB - REKIEN

[ I PNS
By o % mORERE
Ptk R (AR i)

U A IV A IR R

% =

-174 -

(]

A
Ji

ZS

(\11 %
1T
.

v

5B

i

A (JElF) s o &

I &% =
;B

i

o &

it

=

i

R

H >

TN E

iR

FIARN

Daron M

7N

R &

>+
>

o o R

i
4
B%

[itd]
B
Ff
[i

=
GIA
Ly

"

¥

BT

HE—HR

o
4

o

Charles R. M. Bangham



M B R YR T IS L # —
s — - iR - HORERE

B I

e

AR

7 A v A PSR SR SR AR

%R KEER

ERFT T NAEIR
& 2P PN 1

AL T A L ABFFEEER

2 G - D KERER

e HOR ) - HOKERE
) R PN
WBETEL Y A VARG & —
CrH—F - 1% BEKERM
FFEBN S - HOKE
FEEBNE - 4 K ER
BEEBNE - SR

FEH EhRRAT

§
H
il

WA TANA (S AEIET)

DhTANA (B NIRRT AILA)
BARFEREHE (OFER)

Lh%@%éﬁ(%ﬁﬁ“%mi)
EARIGE
i%ﬁ%%(@%%@)
AARISE T (RYLBG1E)
ARG (RRGLBHAH)

5
HEEW

el R

7K

[1]

> o F

| = > = ot

o EITFHDE

e

B DI

U\)grl

o &

H
i
Cif

i

iz
D

® i E
WM
H 4

fii]
i

=
3 ¥ Eo o
N RN

A
oo N E R
RIS

g
Z ok 2R

o
ﬁ?%%ﬂ

W

5 3
=

~—

7 =

ZEOE B W
=
>t

Kt
o F
Sarang Tartey

AR A=A (BRI )

A (BT HR)

E L hrTANLZ (VAL ARE)
EhL haygLz (740 ASRHE)
ERLbhamAR (YA REE)
JRYSEE T L (7 A )L AR )
JEYLEET L (7 A L ABHIRETS)
JBYLEET L (7 A L ABEHIRERS)
BYYEET L (BREET V)

R % B
BT SER R SR
BATANA (BABEGT)
BATA VA (DAEET)
BATA VA (BAEIET)
BATANA (BABELGT)
BATA VA (DSAEET)
BATA VA (BAEIET)
BATANA (BABELBT)

A FEIETRE (Mo E7)
WA FENEARE (e 1E7)
EFRFR R A
BATANA (BABEET)
BATANA (BAEET)

AT A NVA (IR

WA ANA (B FRALTANA)
BATANZ (B RBALTAINVR)
ARG E
RIS
AR E
ARISE S (&
AERISE S (&
AR A
AN
AR A
AR A
AN
AR A
AR A
AN
AR A
MR A (B 1RES)
ERLRETAALR (AL ANGHE)
B L hamAga (740 AHIH)
EhLhamAaR (A VA
E bl hrT AR (TA L RZHIH)
B L hamAga (740 &)

-175-

T

Vs

ECEia

Edward Wijaya

A

EXENH XM

M

A

IR EEmI A

7N

H

5

£
5
i

J!
&

® W
HE Ir
K B
AT
A
B

WA N

)

=
MTHITERAAES

bl e ol e S
%

E

e Fl

Cristiane Lumi Hirata

Shama Ratiram Bansod

L Qi
IEA

EEES

B OF
By
e

)

e

cB it B S
HR MR NP B F

s



bl brwAgrR (40 AH#E)  Mohamed, Mohamed R FEIRERE (7R KA i

Mahgoub Mohamed Ahmed BIRTFERERE (5 Ti8) Khalil Jumana A.T.
. | ra e AT BB (5 T35 IVANA DUIC
REIRRRLDL s AT BIERE (5 Ti1R) ES B
ERLRRTALA (A LR fa AR [
L R E SR (A W OE B AT BIERE (5 T58(5) i/ ) s
WS TBIERS (5 Tl [N B S
A - BRETFRFIERRF B AT B (5 Ti1R) BB fF F
MR (F RS H OB OB L sgmrenngs ornm Mmoo
BHIEET L (RRET) f B OB amreemm o DR A
BYIEE TV (RRIMETN) B BB apimer o BT g
e g e i Sy e e o FEWISE S (YD) Xiaotong Cui
WA L% () WA B R (SR LS
AT A LA (RS O NI ) FEARIGEE (YRR ROR ZZKHA
Bho A IR #OM g ERTEE GRRE Lok
MAA VA (RBRE) moOMoF% orE ERNET R e B 2 3%
WA A LA G Wl W f B Ml (RIS TR Ao A
WA AN (R B fe om WMIRERE MERRT) (I
A A A () i o MREwY (ERRE) ] g4
MATANA (B FRATALR) W A # 4 SEREE (SR — f& 15
MATANA (€ NBRATALR) NOUE g SE IR R AN SR S
WA TA VA (B MRATALR) 2 B gy MRAEWY HESHRE) ® oW T EH
MATANA (B MRATALR) N oHh s AR EERARCE) A & W
WA TANA (B NRAT A LR) WO BEo®y MREDE SRR Nk R B
MATANA (B FRATA L) INER o M ETRCE) iRk B W
BATALZ (B RRATALR) ok B TR (BRI A W OB M
WATANA (B RBATAILA) Bea clarise B.Garcia A=y (R E1) S (T
MATANA (B FRATALR) FROH M — M ORAREIEE) moE B R
BATANA (B FSATALA) AT fi A () R oF
WhOANA (€ B ATALA) e pRFr B RV RRUARR (DALAEE) L
WAIA VA (B FBATA L R) wol B OE ERLREYALR (T4 LRSI & M ok &
AT B (5 7R) Yao Wan Ling EhLhamgaz (740 2H6H) WoE W OFKF
ST B (0 T#) i HRKHR
BETBIERE (O Tl B b

s TEREMRE (4 7iEfx)  Daquin Kasumba Muhandwa

BHAE BB (O F8HR) o H SKAR
AT BIRETRET (5 FR) PIEH e
BIETBRERS (578 i A 7%
BHAE BB (O F8HR) (I
EETEIERE (5 FEE) e %
BIATEERE (5 78R) Ahmed AbuTayeh
BETEIREE (O iEis) Amanda Horton
EETEERE (5 FEE) w W B
WA TEIERE (4 TiltR) il il R
BET B (5785 HOR AL B
EETEERE (5 FEE) = Fowom
WA TEIERE (4 TiltR) 2o W #
A TEIERE () iR H K Al K

-176 -



“

I

e o e
f % ) m

2016 £5 H 11 H
HEKET 1 IV AR
2 BH & B

AN T S










J’% Institute for Virus Research
y Kyoto Universtiy




	バインダー
	責了／00a大扉
	責了／00b contents目次
	責了／00c chronology
	責了／00d扉
	責了／01Activities
	責了／99a seminarlist
	責了／99b staff
	責了／99c構成員
	責了／99d奥付


