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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 staft of the Graduate School of
Medicine, and students of the School were first admitted to the Institute.

Several staff 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

5410 i. The major part (ca. 481 nt) of the extended area serves for researches
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1987 May
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1989 April

1990 March
1990 April

1992 April

1993 December

1994 October

1998 April

1998 April

1998 April

1999 April

2002 April

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
(Bunkakorosha)"

Department of Biophysics and Department of Tumor Virology were reorganized to

honoured as "Person of Cultural Merits

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 staft of the Graduate School of
Biostudies, and students of the school were first admitted to the Institute.

The Experimental Research Center for Infected Animals was abolished and the
Experimental Research Center for Infectious Diseases was established instead.



2005 April
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2010 April

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.
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DEPARTMENT OF VIRAL ONCOLOGY
LABORATORY OF GENE ANALYSIS

I. First Group

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 and

structural approaches.

1) Functions of SecDF, a protein export enhancing membrane component: H. MORI, T.
TSUKAZAKI', Y. ECHIZEN', O. NUREKI' and K. ITO? (‘School of Sci., The Univ.
Tokyo and *Kyoto Sangyo Univ.)

The SecYEG translocon and the SecA ATPase cooperatively facilitate protein export across
the bacterial cytoplasmic membrane. Although efficient protein export requires transmembrane
proton-motive force as well as SecD-SecF, a pair of membrane integrated Sec factors, their
mechanisms of actions remain unknown. We showed that a post-initiation translocation step that
can proceed in the absence of ATP requires both SecDF and the proton-motive force, and that the
first periplasmic domain (P1) of SecDF interacts with translocating substrates. To obtain a
structural basis for its function, we have determined the crystal structure of SecDF from Thermus
thermophilus at 3.3 A resolution (see last year’s report). The full-length structure revealed a
pseudo-symmetrical, 12-helix transmembrane domain, belonging to the RND exporter superfamily.
Structural and functional analyses showed that the substrate-binding P1 domain undergoes
functionally important conformational changes. In accordance with its similarity with the RND
proteins, we found that conserved Asp and Arg residues in the transmembrane SecD/SecF-interface
are essential for protein export. Finally, our finding of a Na'-dependent SecDF paralog in Vibrio
alginolyticus provided physiological evidence for the cation-coupled translocation mediated by
SecDF. Based on these results, we propose that SecDF functions as a dynamic,
membrane-integrated chaperone, which is powered by the cation-motive force to facilitate

ATP-independent continuation and completion of protein translocation.

2) Toward identification of SecDF nearest neighbors using in vivo site-directed photo
cross-linking: Y. MACHIDA, Y. AKIYAMA and H. MORI

SecD and SecF form a membrane integrated protein complex that facilitates protein export

using PMF generated across the cytoplasmic membrane (see above). Although these proteins are



suggested to form complexes with the SecYEG translocon and YidC, an integral protein involved in
membrane protein biogenesis, little is known about the nature of subunit contacts in these
complexes. To elucidate how SecD and SecF interact with other proteins in vivo, we utilized the in
vivo site-directed photo crosslinking approach developed by P. Schultz and co-workers (1). Based
on the crystal structure of Thermus thermophilus SecDF, we constructed eight E. coli SecD
derivatives containing a pBPA (p-benzoyl-phenylalanine, a photo reactive amino acid analogue) in
the membrane boundary regions of transmembrane segment (TM) 2, 3, 5 or 6, which are predicted
to locate on the surface of the SecDF complex, and carried out in vivo photo-crosslinking
experiments. Upon UV-irradiation, specific cross-linked products were detected when pBPA was
introduced at positions 580, 584 and 595 in the SecD TM6 region. Now we are trying to identify
partner factors of the cross-linked products by immunoblotting using specific antibodies against
candidate proteins.

(1) Chin, J.W., Martin, A..B., King, D.S., Wang, L. and Schultz, P.G. ( 2002 ) Proc. Natl. Acad. Sci. USA, 99 ,11020-4

3) Membrane targeting of heat shock factor o is required for feedback control of heat
shock response: T. YURA, H. MORI, K. ITO', B. LIM?, C. GROSS® and Y.
AKIYAMA ('Kyoto Sangyo University, “University of California)

Heat shock response is a major homeostatic mechanism for controlling the state of protein
folding and degradation in all organisms. Expression of heat shock genes in E. coli is under
positive control by o> and negative feedback control (inactivation/degradation of o) by
chaperones (DnaK/J, GroEL/S) that bind native o2 olis extremely unstable in vivo and is
degraded by the membrane-localized FtsH protease; whereas chaperones contribute to rapid
degradation of o> in vivo, degradation in vitro is very slow and not enhanced by chaperones.
Although a simple model based on the binding competition between chaperones and RNA
polymerase for o> had long been thought to explain feedback control, our recent work with o™
mutants defective in feedback control revealed unexpected complexity in regulation (1).

In searching for missing factors, we found a novel feedback-resistant mutant with a
transposon inserted upstream of the chromosomal fzsY gene (encoding SRP receptor) which reduces
the FtsY level. Genetic and biochemical analyses of interplay between o> and the SRP-pathway,
mostly done during T.Y.’s stay in UCSF, suggested a novel regulatory pathway for the heat shock
response, namely the SRP-dependent targeting of o> to the membrane. To further extend this line
of work, we examined the involvement of N-terminal sequence of o> in membrane targeting and
feedback control of 6°>. By using a transposon probe TnphoA, we found that N-terminal 52 amino
acids of 0°> containing part of the conserved ‘region 2.1 acts as a signal for SRP-dependent export
of alkaline phosphatase to the periplasm: this export is markedly reduced by several mutations

affecting feedback control including the TnJ insertion into PfisY, an ‘integration-defective’ SecY



translocon mutation, and feedback-resistant mutations within region 2.1 of o identified previously
(1). These results suggest that the same (or overlapping) sequence serves as a signal for membrane
targeting of o> for feedback control during normal growth and upon heat stress to sustain protein
homeostasis. We expect that the membrane localization of o> facilitates inactivation and/or
degradation of o> under excess chaperones and help co-ordinate the cellular responses to changing
protein-folding states between cytoplasm and the membrane.

(1) Yura, T., Guisbert, E., Poritz, M., Lu, C.Z., Campbell, E. and Gross, C.A. (2007) Proc. Natl. Acad. Sci. USA, 104, 17638-17643.

4) Roles of the two PDZ domains of RseP, the S2P family intramembrane protease of E.
coli, in regulation of its protease function: Y. HIZUKURI and Y. AKIYAMA

The E. coli 6" pathway of extracytoplasmic stress response (ESR) is activated through
sequential proteolytic cleavages of a membrane-bound anti-c" protein, RseA, by membrane
proteases DegS and RseP. RseP has tandem, circularly permutated PDZ domains (PDZ-N and
PDZ-C) in its periplasmic region. Our recent in vivo and in vitro studies showed that several
mutations in the putative ligand-binding pocket of PDZ-N make RseP capable of cleaving
full-length RseA independently of the first cleavage by DegS, suggesting that the PDZ-N domain
plays an important role in regulation of the two-step proteolysis of RseA through binding of an as
yet unidentified ligand (1). Recently, Li and colleagues proposed a new model based on the crystal
structures of PDZ-N/C and the in vitro experiments using solubilized proteins, in which cleavage of
RseA by RseP is facilitated through direct recognition by PDZ-C of the newly exposed
carboxyl-terminal residue of the DegS-cleaved RseA (2). We tested this model by in vivo
experiments. Li ef al. have reported that the identity of the newly exposed C-terminal residue Val'*®
of the site-1 cleaved RseA is important for efficient site-2 cleavage, because its substitution with
charged or dissimilar amino acid abolished the site-2 cleavage in vitro. However, our results
showed that a derivative of RseA148 (the DegS-cleaved form of RseA) having any one of the other
19 a.a. residues at its C-terminus (position 148) was efficiently cleaved by RseP in vivo. Moreover,
although Li et al. have reported that a mutation in the putative ligand-binding grooves of the PDZ
domains (I215A of PDZ-N or I304A of PDZ-C) almost completely prevented cleavage of RseA in
vitro, we found that the RseP variants with these mutations cleaved RseA model substrates as
efficiently as wild type RseP in vivo. These results strongly suggest that recognition of the exposed
substrate C-terminal residue by the RseP PDZ domains makes little, if at all, contribution to
substrate cleavage by RseP in vivo. Furthermore, we constructed a strain carrying the chromosomal
rseP(APDZ-C) gene encoding an RseP derivative devoid of the PDZ-C domain and found that this
mutant exhibited normal " activation in response to overproduction of OmpC, a cue for the "
pathway ESR. This result suggests that the RseP PDZ-C domain is not required for regulation of
RseP in the OMP-induced stress response. Now we are trying to identify a physiological ligand of



RseP PDZ by using site-directed in vivo photo-cross-linking experiment. We have preliminarily
detected some cross-linked products.

(1) Inaba, K., Suzuki, M., Maegawa, K. -i., Akiyama, S., and Akiyama, Y. (2008) J. Biol. Chem., 283, 35042-35052.

(2) Li, X., Wang, B., Feng, L., Kang, H., Qi, Y., Wang, J., and Shi, Y. (2009) Proc. Natl. Acad. Sci. USA., 106, 14837-14842.

5) An attempt to identify a substrate motif for E. coli rhomboid protease GlpG: K.
TERUSHIMA, H. MORI and Y. AKIYAMA

Rhomboid proteases, a family of intramembrane cleaving proteases (I-CLiPs) that are
thought to hydrolyze substrate membrane proteins within the membrane, are involved in a wide
range of biological events including EGFR signaling, host cell invasion by protozoan parasites and
bacterial quorum sensing. We have been studying E. coli GlpG, a member of rhomboid proteases.
As a model rhomboid enzyme, GlpG has been extensively studied biochemically and structurally,
but its physiological substrate and cellular function remain unknown. Recently, Strisovsky et al. (1)
showed that several residues (at positions P4, P1 and P2') surrounding the cleavage site are crucial
for cleavage of rhomboid substrates and proposed the "consensus substrate motif" recognized by
rhomboid proteases. However, the proposed motif does not completely fit with our previous data
obtained form the analysis of model substrate cleavage by GIlpG, suggesting that the motif
recognized by GlpG somewhat deviates from the proposed consensus. To elucidate the GlpG
recognition motif, we started systematic mutational analysis against the cleavage site region in a
model substrate of GIpG. Our preliminary results suggest that position P1’ is additionally important
for substrate cleavage by GlpG. We will further extend the analysis to elucidate the GlpG-specific
substrate motif, which would help us to identify a physiological substrate and cellular roles of
GlpG.

(1) Strisovsky, K., Sharpe, H.J, and Freeman M. (2009) Mol. Cell, 36, 1048-1059.

6) X-ray crystal structural analysis of membrane bound ATP-dependent protease FtsH:
R. SUNO, A, ABE, Y. AKIYAMA, S. IWATA' and M. YOSHIDA? ('Department of
medicine, Kyoto University, “the Chemical Resources Laboratory, Tokyo Institute of
Technology)

ATP-dependent proteases are involved in various cellular processes including cell division,
cell differentiation, signal transduction, and stress response. FtsH degrades not only misassembled
subunits of membrane protein complexes for their quality control but also some short-lived
cytosolic regulatory proteins for cellular regulation. FtsH comprises an N-terminal transmembrane
segment and a C-terminal cytosolic region, which consists of AAA" (ATPases associated with

diverse cellular activities) and protease domains. Previously, we successfully crystallized and



determined a soluble region of FtsH (sFtsH) containing ADP from T. thermophilus at 3.9 A
resolution. In the hexameric structure, a substrate polypeptide can reach the active protease catalytic
sites through a tunnel leading from AAA" domain of the adjacent subunit, but not from the central
axial region. This raises a possibility of direct delivery of a polypeptide through this tunnel.
Recently, we succeeded in crystallizing sFtsH with several kinds of ATP analogues to understand
the molecular mechanism of FtsH in detail. The diffraction data were collected at the beamline
BL41 XU at Spring-8 at 100 K. These crystals diffracted at least 3.5 A resolution. Now, we are

analyzing these data to determine new crystal structures of sFtsH bound several ATP analogues.

7) Biochemical analysis of the substrate-translocating mechanism of ATP-dependent
Protease FtsH: R. SUNO, M, SHIMOYAMA', A. ABE, N. SHIMODATE', Y.
AKIYAMA and M. YOSHIDA' (‘the Chemical Resources Laboratory, Tokyo Institute of
Technology)

The structural analysis also suggested that several mobile regions play an important role in
the operating mode of FtsH. Based on the structural information, it is conceivable that a 3 -hairpin
and a lid-helix, which presumably form the tunnel, are involved in translocating the polypeptide.
The lid-helix covering the protease catalytic site can kink at the position of the highly conserved
Gly448. Substitution of this residue by other amino acids resulted in the decrease of ATPase
activity and the complete loss of ATP-dependent protease activity. It was considered that these
mutations impaired the flexibility of the lid-helix, leading to a more rigid FtsH with impaired

functionality.

I1. Second Group
1) Analysis of Molecular Mechanism Underlying Keratin-Associated Protein 13-Induced

Activation of Canonical Wnt Signaling Pathway: S. YANAGAWA

Wnt is known to promote recruitment of Axin by Low-density lipoprotein receptor-related
protein 6 (LRP6), a co-receptor for Wnt that leads to accumulation of B-catenin and activation of
Wnt pathway. [ found that Keratin associated protein (Krtap) 13, a cysteine-rich cytoplasmic
protein binds to LRP6. Surprisingly, Krtap13 overexpression markedly stimulates Wnt signaling,
suggesting that Krtap13 activates Wnt signaling by mimicking some aspects of normal Wnt signal
transduction. Actually, Krtap13 overexpression induced accumulation of f-catenin. In addition, I
found that Krtapl13 binds to both LRP6 and Dvl and that overexpression of Krtapl3 promotes

Dvl-aggregates formation. Wnt treatment is known to induce plasma membrane—associated LRP6



aggregates (LRP6 signalosomes), which contain Dvl and Axin. Thus, a possible molecular
mechanism underlying Krtapl3-induced activation of Wnt signaling is to induce co-clustering of
LRP6 and Dvls, thereby mimic function of LRP6 signalosomes.

To analyze effect of ectopic expression of Krtapl3 in vivo, I am trying to establish
transgenic mouse lines that express Krtap13 in a tissue specific manner. For this purpose, 4 lines of
transgenic mouse carrying a trans-gene consisting of CAG-promoter, loxp-polyA-loxp cassette, and
3XFLAG-tagged human Krtapl3 cDNA were established. By crossing these Krtapl3-transgenic
mice with another transgenic mice that express Cre in a tissue-specific way, I am expecting to

analyze effect of tissue specific overexpression of Krtap13 in mice.

2) Growth control by estrogen in the HPV positive cells: A. SATSUKA, N. KAJITANI
and H. SAKAI

The estrogen has been reported to be involved in several types of cancer development.
Recent reports suggested that the estrogen and its nuclear receptor promoted cervical cancer.
However the effects of estrogen in the HPV replication remains to be understood. We examined the
regulation of the HPV gene expression by the estrogen treatment.

The estrogen treatment repressed the activity of HPV early promoter in HPV positive cell
line and the cell growth. Estrogen might promote the cervical cancer progression, but the shut down

of its pathway seems to be essential to maintain the cencer cell proliferation.

3) Analysis of CAF formation mechanism using HPV positive cells: A. SATSUKA, N.
KAJITANI and 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 o -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
HFKSs 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.



4) Identification of Novel Function of Human Papillomavirus E4: N. KAJITANI, A.
SATSUKA and 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 viral oncoproteins cause the increase of
cellular proliferation and/or transformation, but terminally cellular differentiation of epithelium is
required for completion of the viral life cycle.

The expression of 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 E4 disrupts the keratin networks. It is also known that E4 induces G»/M cell cycle
arrest. But it is yet to be known well about the details of E4. To investigate novel functions of E4,
we performed yeast two-hybrid assays and got several candidate proteins as which interacts with
E4.We carry on the analysis about the interactions between the each candidates and E4 in vitro or in

vivo. In the future, we will ascertain the function of E4 and its involvement in the viral life cycle.
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The universe of antigens recognized by T lymphocytes has recently been expanded to
include not only protein antigens but also lipid antigens. Unlike conventional MHC molecules that
present protein-derived peptide antigens, molecules of the human group 1 CDI1 family (CDla,
CDlb, CDIc) mediate presentation of lipid antigens to specific T lymphocytes. By taking lipid
chemical and immunological approaches and by developing appropriate animal models (human
CDI transgenic mice, guinea pigs, and non-human primates), we aim at determining how CD1 has
evolved to function critically in host defense against microbial infection and cancer. Further,
inappropriate immune responses to lipids may result in induction of allergy and autoimmune
diseases. These critical aspects of the newly recognized lipid-specific immunity have now been

addressed in our laboratory.

1) Reconstitution of the human CDla expression and function in mice: C.
KOBAYASHI, T. SHIINA' and M. SUGITA ('Tokai Univ.)

Mice and rats are useful animals for many immunological studies, but important
exceptions exist. These animals have deleted genes for group 1 CD1 family, and thus, lack the lipid
recognition system that is comparable to that in humans. Given the necessity of appropriate small
animal models for monitoring CD1-mediated immune responses in vivo, we attempted to develop
two distinct, but complementary, animal systems; namely, guinea pigs and CD1 transgenic mice.
We have recently found that guinea pigs have evolved the CD1 system equivalent to that in humans,
capable of mounting the CD1-restricted T cell response to mycobacterial lipids. On the other hand,
the paucity of critical reagents often hampers detailed analysis of CD1-mediated immune responses
in guinea pigs. As an alternative animal model, we generated CD1a transgenic mice carrying the
human CDIA4 genome. The expression of CD1a molecules in these mice was detected exclusively
in epidermal Langerhans cells and immature thymocytes, thus precisely representing CDla
distribution in humans. By establishing CDla transgenic mice that lack the expression of either
GM-CSF, sulfatide, or MHC class II, we are now analyzing how CD1a expression is regulated and

what T cell subsets may react to CD1a molecules.

2) Identification of a mycobacteria-derived glycolipid that delayed-type
hypersensitivity targets: T. KOMORI, 1. MATSUNAGA, Y. HATTORI, H.
KUWATA, H. HARASHIMA' and M. SUGITA ('Hokkaido Univ.)

In guinea pig models of infection with bacillus Calmette-Guerin (BCG), an attenuated



vaccine strain of Mycobacterirum bovis, we obtained evidence for the delayed-type hypersensitivity
(DTH) directed against a glycolipid antigen.  Pathogenic mycobacteria produce glucose
monomycolate (GMM), a glucosylated species of mycolic acids, by utilizing host-derived glucose
as a substrate for mycolyltransferases. The host CD1b-based immunity detects GMM and mounts
potent Thl-type T cell responses. Given that Thl cytokines, such as interferon-y and TNF-a., are
critical for host defense against mycobacterial infection, GMM is now considered as a good
candidate of lipid-based vaccines against tuberculosis and related diseases. This possibility has been

addressed in monkeys by setting up a collaboration with Prof. Igarashi of the Institute.

3) Lipid biology of dormant mycobacteria: T. URAKAWA, I. MATSUNAGA, N.
FUJIWARA and M. SUGITA

Control of latent tuberculosis, or infection with dormant mycobacteria, is one of the most
critical challenges for global health. Having established an experimental model of dormant
mycobacteria, we now detect lipid biosynthesis that occurs preferentially in dormant mycobacteria.
Candidate glycolipids detected preferentially in dormant mycobacteria have been identified, and

their interaction with the host innate and acquired immunity is being assessed.

4) Lipid immunity in AIDS: D. MORITA, M. HORIIKE', T. IGARASHI' and M.
SUGITA ('Laboratory of Primate Model, IVR)

By taking advantage of [VR’s superb research environments and close collaboration with
Prof. Igarashi’s laboratory, this newly launched project addresses how CD1-dependent immunity
functions in host defense against retrovirus infection. We have finished delineating the CD1 system
in monkeys, highlighting not only expected similarities but also unexpected differences between
humans and monkeys. We have now set out to analyze CD1-dependent immunity in SIV-infected
monkeys and have identified an array of virus-derived lipidic molecules that the host immunity is

able to recognize specifically.
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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 mAbs
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.

1) Identification of functional regions defining different activity in caspase-3 and
caspase-7 within cells: N. NAKATSUMI and S. YONEHARA

Caspases are central to apoptosis, and the principal executioner caspases, caspase-3 and -7,
were reported to be similar in activity, primary structure, and three-dimensional structure. Here, we
identified different activity in caspase-3 and -7 within cells and examined the relationship between
their structure and function using human cells expressing almost equal amounts of exogenous
caspase-3, caspase-7 and/or chimeric constructs after down-regulation of endogenous caspase-3 and
-7 expression. Caspase-3 (produced in human cells) showed much stronger cleaving activity than
caspase-7 against a low molecular weight substrate in vitro dependent on four specific amino acid
regions. Within cells, however, an additional three regions were required for caspase-3 to exert
much stronger protease activity than caspase-7 against cellular substrates. Three of the former four
regions and the latter three regions were shown to form two different three-dimensional structures
that were located at the interface of the homodimer of procaspase-7 on opposite sides. In addition,
procaspase-3 and -7 revealed specific homodimer-forming activity within cells dependent on five
amino acid regions, which were included in the regions critical to the cleaving activity within cells.
Thus, human caspase-3 and -7 exhibit differences in protease activity, specific homodimer-forming

activity, and three-dimensional structural features, all of which are closely interrelated.

2) Analysis of interaction between FLASH and ARS2 by alanine scanning mutagenesis
and its role in cell cycle progression: T. HAMAUCHI, M. KIRIYAMA and S.
YONEHARA



FLASH (FLICE/caspase-8-associated huge protein/CASP8AP2) was identified by yeast
two-hybrid screening using two tandemly repeated death-effector domains of procaspase-8 as a bait
in our laboratory. Recent studies indicated that FLASH plays an important role in cell cycle
progression, and expression of histone. In our laboratory, it was shown that 1)
FLASH-down-regulated cells are arrested in S phase, 2) FLASH is associated with arsenite
resistance protein 2 (ARS2) through its central region composed of 13 amino acids (FARB region),
and 3) interaction of FLASH with ARS2 is involved in S phase progression. ARS2 was originally
identified as a gene product conferring resistibility to arsenite in an arsenite-hypersensitive cell line,
and ARS2-down-regulated cells was indicated to cause growth retardation. Here, by alanine
scanning mutagenesis, we identified 3 critical glutamic acid residues in FARB that are necessary to
bind to ARS2. Then we generated FLASH mutants where the important glutamic acid residues are
replaced by alanine. The mutants of FLASH can neither interact with ARS2 nor sufficiently rescue
the growth of endogenous FLASH-down-regulated cells. Thus, interaction of FLASH with ARS2
was indicated to be important in cell growth and cell cycle progression. Moreover, we found that
down-regulation of ARS2 expression induces down-regulation of FLASH expression. However,
expression of exogenous FLASH in ARS2-down-regulated cells cannot rescue the cell growth
retardation. Collectively, we concluded that down-regulation of ARS2 expression induces cell

growth retardation in a FLASH independent manner.

3) Establishment of inducible gene expression and knockdown systems in mouse
embryonic stem cells to analyze the functions of various genes in differentiation: M.
SOMEDA and S. YONEHARA

Embryonic stem (ES) cells, which are derived from the inner cell mass of blastocyst, have
the pluripotency to differentiate into various cell types, including neuron. Recent studies on
neuronal differentiation of ES cells have suggested that analysis of in vitro generation of neural
cells from ES cells is a powerful tool to examine neuronal development. To understand gene
functions during neuronal differentiation, we established inducible gene expression and knockdown
system in mouse ES cells. This system makes exogenous genes or shRNAs available to express in a
timely fashion during whole neuronal differentiation. ES clones stably expressing a mutated
hormone-binding domain of mouse estrogen receptor Mer-Cre-Mer chimera molecule (MerCreMer)
was infected with a lentiviral vector, Lex-puro/EGFP, which carries a puromycin resistant gene
(puro”) flanked on both sides by a lox site and an EGFP gene. Because of the presence poly(A) site
connecting to the puro” gene, EGFP cannot express until the puro”-poly(A) is deleted by the
functions Cre. MerCreMer, which usually remains cytoplasm, translocates into the nucleus and
exert its enzymatic activity after treatment with the synthetic ligand to Mer, 4-hydroxytamoxyfen
(4-OHT). We also utilized inducible expression system of shRNAs under control of the Tet-On



system. All the ES cell lines we established were shown to be able to differentiate into neural cells
by various methods used in in vitro neuronal differentiation. In Fas-mediated apoptosis, the
death-inducing signaling complex (DISC), composed of death receptor Fas, adaptor protein FADD
and caspase-8, mediates the extrinsic pathway inducing apoptosis. Recent studies, however, have
indicated that these molecules have non-apoptotic functions in both embryonic development and
maintenance of living body. In this study, we investigated functions of these apoptosis-related genes
during neuronal differentiation using the inducible gene expression and knockdown systems in

mouse ES cells.

4) An Essential role of the Wnt signals in both self renewal and differentiation of mouse
ES cells: A. MURAKAMI

Wnt signaling pathways were reported to play an important role in the process of
differentiation at the gastrulation stage during embryogenesis. We have been studying a role of the
Wnt signals in the differentiation process using mouse ES cells. The ES cells could be induced to
differentiated cells under several culture conditions. In case of the ES cells, however, increased Wnt
signals rather inhibit differentiation and maintain “stemness” of the cells.

Among the Wnt family members, we have detected Wnt3 and Wnt8a expression in ES cells.
Both are assessed as a signaling molecule that stimulates the Wnt canonical pathway. Nevertheless,
Knock down of each expression by introducing the shRNA and overexpression of each molecule
revealed that Wnt3 and Wnt8a are involved in the opposite processes in ES cells. We are now
analyzing what is the difference between signaling pathways mediated by the Wnt3 and Wnt8a, and

how they could play such a different role in the differentiation process of ES cells.
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1) The hepatitis C virus particle requires a disulfide-bonded dimer of core protein : Y.
KUSHIMA, T. WAKITA and M. HIJIKATA

Hepatitis C virus (HCV) core protein forms the nucleocapsid of the HCV particle.
Although many functions of core protein have been reported, how the HCV particle is assembled is
not well understood. Here we show that the nucleocapsid-like particle (capsid) of HCV is composed
of a disulfide-bonded dimer of core (dbd-core). Mutational analysis revealed that the cysteine
residue at amino-acid position 128 (Cys128) of core, a highly conserved residue among all reported
isolates, is responsible for dbd-core formation. Amino-acid substitution at Cys128 resulted in
significant reductions in infectious particle production and loss of dbd-core formation. Additionally,
the Cys128 mutant core showed a dominant-negative effect in terms of HCV particle production.
These results suggest that this disulfide bond is critical for the HCV virion. We also showed that the
sensitivity of the dbd-core of HCV capsid against proteinase K but not to trypsin, suggesting that
this capsid is built up of a tightly packed structure of the core with its N-terminal arginine-rich

region of the core inside and C-terminal hydrophobic region outside.

2) IRF7 dependent IFN-a response in the early phase of the viral infected hepatocytes: Y.
QI, H. H. ALY, C. TSUTSUI, T. FUJITA and M. HIJIKATA

The transcription factors, IRF3, IRF7 and NF-kB are known to play crucial roles in innate
immune system of the cells. These factors cooperate to induce type I interferon genes after
activation by viral infection. Our previous research indicated that IRF7 plays a more important role
in the suppression of HCV infection in HuS-E/2 cells, immortalized human hepatocytes, than IRF3.
We also observed that IRF7 is constitutively produced in human primary hepatocytes without virus
infection, although the expression of IRF7 gene is known to occur by IFN-f induced by activated
IRF3 in many cells. These suggested that there is a human hepatocyte-specific innate immune
system. So we further analyzed the response of the genes related with innate immune system
against viral infection. We found that IFN-o gene expression was induced in the early phase of the
virus infection (3 hours post-infection) in both primary hepatocytes and HuS-E/2 cells. It came
before induction of IFN-f§ gene. The suppression of IFN-al gene induction in the early phase was
observed in HuS-E/2 cells expressing the dominant negative form of IRF7, suggesting that this
early induction of IFN-a gene by viral infection is IRF7 dependent.
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1) Ser386 phosphorylation of transcription factor IRF-3 induces dimerization and
association with CBPp300 without overall conformational change: K. TAKAHASI,
M. HORIUCHI, K. FUJII, S. NAKAMURA, N. N. NODA, M. YONEYAMA, T.
FUJITA and F. INAGAKI

The transcription factor IRF-3 is activated by microbial invasions and produces a variety of
cytokines including type-I interferon. Upon microbial infection, IRF-3 is phosphorylated at its
C-terminal regulatory domain, then oligomerized, translocated into the nucleus, and here it binds to
CBP/ p300. Although a number of studies have been reported investigating the activation
mechanism of IRF-3, there are a number of unresolved issues, especially on the phosphorylation
sites, the oligomerization process and the binding mechanism with CBP/ p300. In this report, the
phosphorylated IRF-3 regulatory domain (IRF-3 RD) was prepared using the kinase IKK-i, and the
active form of phosphorylated IRF-3 RD was identified. The paper also reports the crystal structure
of the active form of the phosphorylated IRF-3 RD. Furthermore, the phosphorylation of Ser386
was found to be essential for its dimerization and binding with CBP/p300 using mutational analysis
and mass spectrometry. Thus, we conclude that the phosphorylation of Ser386 is essential for
activation of IRF-3.

2) Virus-Infection or 59ppp-RNA Activates Antiviral Signal through Redistribution of
IPS-1 Mediated by MFN1: K. ONOGUCHI, K. ONOMOTO, S. TAKAMATSU, M.
JOGI, A. TAKEMURA, S. MORIMOTO, I. JULKUNEN, H. NAMIKI, M.
YONEYAMA and T. FUJITA

In virus-infected cells, RIG-I-like receptor (RLR) recognizes cytoplasmic viral RNA and
triggers innate immune responses including production of type I and III interferon (IFN) and the
subsequent expression of IFN-inducible genes. Interferon-b promoter stimulator 1 (IPS-1, also
known as MAVS, VISA and Cardif) is a downstream molecule of RLR and is expressed on the
outer membrane of mitochondria. While it is known that the location of IPS-1 is essential to its
function, its underlying mechanism is unknown. Our aim in this study was to delineate the function
of mitochondria so as to identify more precisely its role in innate immunity. In doing so we
discovered that viral infection as well as transfection with 5'ppp-RNA resulted in the redistribution
of IPS-1 to form speckle-like aggregates in cells. We further found that Mitofusin 1 (MFN1), a key
regulator of mitochondrial fusion and a protein associated with IPS-1 on the outer membrane of

mitochondria, positively regulates RLR-mediated innate antiviral responses. Conversely, specific



knockdown of MFNI1 abrogates both the virus-induced redistribution of IPS-1 and IFN production.
Our study suggests that mitochondria participate in the segregation of IPS-1 through their fusion

Processes.

3) LGP2 is a positive regulator of RIG-I- and MDAS-mediated antiviral responses: T.
SATOH, H.KATO, Y. KUMAGALIL S. SATO, K. MATSUSHIT, T. TUJIMURA, T.
FUJITA, S, AKIRA and O. TAKEUCHIT

RNA virus infection is recognized by retinoic acid-inducible gene (RIG)-I-like receptors
(RLRs), RIG-I, and melanoma differentiation-associated gene 5 (MDAS) in the cytoplasm. RLRs
are comprised of N-terminal caspase-recruitment domains (CARDs) and a DExD/H-box helicase
domain. The third member of the RLR family, LGP2, lacks any CARDs and was originally
identified as a negative regulator of RLR signaling. In the present study, we generated mice lacking
LGP2 and found that LGP2 was required for RIG-I- and MDAS5-mediated antiviral responses. In
particular, LGP2 was essential for type I IFN production in response to picornaviridae infection.
Overexpression of the CARDs from RIG-I and MDAS in Lgp2(-/-) fibroblasts activated the
IFN-beta promoter, suggesting that LGP2 acts upstream of RIG-I and MDAS. We further examined
the role of the LGP2 helicase domain by generating mice harboring a point mutation of Lys-30 to
Ala (Lgp2 (K30A/K30A)) that abrogated the LGP2 ATPase activity. Lgp2 (K30A/K30A) dendritic
cells showed impaired IFN-beta productions in response to various RNA viruses to extents similar
to those of Lgp2(-/-) cells. Lgp2(-/-) and Lgp2 (K30A/K30A) mice were highly susceptible to
encephalomyocarditis virus infection. Nevertheless, LGP2 and its ATPase activity were dispensable
for the responses to synthetic RNA ligands for MDAS and RIG-I. Taken together, the present data
suggest that LGP2 facilitates viral RNA recognition by RIG-I and MDAS through its ATPase

domain.
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DEPARTMENT OF GENETICS AND MOLECULAR BIOLOGY
LABORATORY OF BIOCHEMISTRY

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 eukarysotic gene expression with great emphasis on
“RNA” as a key molecule. In addition, Assistant Prof. Kitabatake’s subgroup is focusing on quality

control mechanisms of eukaryotic ribosome particles.

1) RNA distribution in the cell:

1-1) Identity elements used in mRNA export

Different RNA species, such as tRNAs, U snRNAs, mRNAs and rRNAs, utilize distinct
export pathways, i.e., distinct sets of export factors. Accumulating evidence shows that the pathway
of RNA export can influence the fate of a given RNA in the cytoplasm, indicating the biological
importance of the choice of RNA export pathway. This means that the cellular export machinery
must be able to discriminate distinct RNA species, and therefore each RNA species should have
identifying features that specify its export pathway ("identity elements"). We are mainly focusing
on mRNAs and performing a systematic search for identity elements used in export of mRNAs. To
this end, we make various chimeric RNAs between mRNA and Ul snRNA, and look for RNA
features that make the chimeric RNAs behave like an mRNA rather than a U snRNA in nuclear
export process. We also look for the trans-acting factors that recognize the identity elements to

elucidate the mechanisms of RNA export pathway choice.

1-2) Molecular mechanisms for nuclear retention of intron-containing mRNA precursors
Intron-containing pre-mRNAs are normally retained in the nucleus until they are spliced to
produce mature mRNAs that are exported to the cytoplasm. The nuclear retention of pre-mRNAs is
essential for proper gene expression. It secures pre-mRNAs to be efficiently spliced since splicing
mainly occurs in the nucleus. It also secures pre-mRNAs not to be translated since translation of
pre-mRNAs would possibly produce toxic abnormal proteins for the cell. However, the nuclear
retention mechanisms of pre-mRNAs are not well understood, especially in vertebrates. We are

trying to understand such mechanisms.



2) rRNA quality control mechanisms:

How the eukaryotic cells deal with non-functional RNA molecules that were either
mutated or damaged? We are searcing 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 nonfunctional mutant rRNAs are also recognized and selectively removed by a
cellular quality control system (nonfunctional rRNA decay; NRD). Here, we show that the NRD of
25S rRNA requires a ubiquitin E3 ligase component Rtt101p and its associated protein Mmslp,
previously identified as factors involved in DNA repair. We revealed that a group of proteins
associated with nonfunctional ribosome particles are ubiquitinated in a Rtt101-MmsI-dependent
manner. 25S NRD was disrupted when ubiquitination was inhibited by the overexpression of
modified ubiquitin molecules, demonstrating a direct role for ubiquitin in this pathway. These
results uncovered an unexpected connection between DNA repair and the quality control of rRNAs.
Our findings support a model in which responses to DNA and rRNA damages are triggerd by a

common ubiquitin ligase complex, during genotoxic stress harmful to both molecules.
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DEPARTEMENT OF GENETICS AND MOLECULAR BIOLOGY
LABORATORY OF GENE INFORMATION ANALYSIS

1) Overlapping of human REV7- and MAD2-binding motif sequences: T. HANAFUSA,
T.HABU', J. TOMIDA', E. OHASHI’, Y. MURAKUMO® and H. OHMORI (‘'Kyoto
University Radiation Biology Center, *Kyushu University, *Nagoya University)

PolC, a DNA polymerase specialized for trans—lesion DNA synthesis (TLS),
contains at least, two subunits, the REV3 catalytic subunit (consisted of 3130 amino
acids) and the REV7 accessory subunit (211 aa). The human REV7 (hREV7) protein is
known to interact with hREV3, hREV1 (another TLS protein) and some other proteins
such as ADAM9 (a disintegrin and metalloprotease) and ELK-1 (an Ets-like transcriptional factor).
hREV7 is alternatively termed hMAD2L2, because its primary sequence shows 26%
identity to that of hMAD2. Because hMAD2 plays crucial roles in spindle assembly
checkpoint (SAC) via interactions with hMAD1 or hCDC20, hMAD2L2/REV7 was to interact
with hCDHI, an hCDC20 homologue, as hMAD2 does with hCDC20. As a step to examine
whether hREV7/MAD2L2 is involved in both TLS and SAC, we investigated the molecular
basis for the interactions of hREV7/MAD2L2 and hMAD2 with their binding partners.
Our results revealed that a short sequence of hREV3 (1877-ILKPLMSPP-1885, designated
minimum core sequence, MCS in short) was necessary and sufficient for interaction with
hREV7, although the presence of several amino acid residues C-terminal to MCS enhanced
the hREV7-interaction. Surprisingly, hMAD2 also bound to the MCS in hREV3, while
hMAD2 did not bind to a similar sequence in ADAM9 or ELK-1, and hREV7 did not bind
to the hMAD2-binding sequence in hMAD1 or hCDC20. While we could detect intracellular
interaction between a hREV3 fragment carrying the 1759-2004 sequence and the
endogenous hREV7 protein, we could not detect such an interaction between the hREV3 fragment
and an over-expressed hMAD2. We infer that the hREV3 sequence surrounding MCS may confer
an inhibitory effect on the hREV3-hMAD?2 interaction. Furthermore, by yeast two—hybrid assay,
we could not detect any interaction between hREV7 and hCDH1, under the conditions
where the interaction between hMAD2 and hCDC20 was detected. Thus, we conclude that
while hREV7 and hMAD2 have similar recognition sequences, each of them functions

separately for TLS and SAC, respectively.

2) Intracellular interaction between REV7 and REV3 in DT40 cells: K. TAKENAKA',
H. OHMORI and Y. MIKI' ('Tokyo Medical and Dental University)

We have shown that hREV7 and hMAD2 bind to a 9-aa sequence within hREV3,



1877-ILKPLMSPP-1885, and that amino-acid substitutions in the hREV3 MCS conferred different
effects on interactions with hREV7 or hMAD?2. For example, I1877A or L1878A substitution in the
hREV3 MCS completely abolished the interaction with hMAD2, but either substitution by itself
showed no or little effect on the interaction with hREV7 while the I1877A/L1878A double
substitution abolished the hREV7-interaction. On the other hand, P1880F substitution abolished the
hREV7-interaction, but it fully retained the hMAD?2-interaction. Taking advantage of these in vitro
results, we wished to examine effects of such amino-acid substitutions on intracellular interaction
between hREV3 and hREV7 or hMAD2. Since we know it very difficult to detect the intact
hREV3 even when over-expressed, we used a truncated form of hREV3 with a FLAG-tag at the
N-terminus, FLAG-hREV3(1759-2004), and introduced 11877A or P1880F substitution into the
construct. When FLAG-hREV3(1759-2004) carrying the wild-type, I11877A or P1880F mutant
sequence was expressed in HEK293 cells, we could detected interaction of the wild-type and
[1877A mutant, but not for P1880F mutant, with the endogenous hREV7. To further examine the
above mutations for interaction with REV7 in vivo, we decided to use DT40, a chicken pre-B cell
line that is suited for gene manipulation. The chicken REV7 shows 96% sequence identity with the
human REV7 and the chicken REV3 possesses the sequence identical to hREV3 MCS at the
identical position. We successfully introduced I1877A or P1880F mutation into the genomic
sequence of the DT40 REV3 gene. Characterizations of such mutant cells should provide more
insights into the REV3-REV7 interaction in vivo.

3) Interaction between REV3 and REV7 in S. pombe: T. HANAFUSA, J. TERUNUMA',
M. UCHIYAMA', F. HANAOKA' and H. OHMORI ('Gakushuin University)

Our results showed that human REV7 and MAD?2, having 23% sequence identity in their
primary structures, bind to the same short sequence within hREV3. This indicates that, while the
similarity between the entire sequences of hREV7 and hMAD2 is not so high, they share a
conserved structure crucial for recognizing a short motif sequence. We then examined if there is
any overlapping between REV7- and MAD2-binding motif sequences in other organisms. For this
purpose, we studied on REV3-REV7 interaction in Schizosaccharomyces pombe (Sp). Using yeast
twoOhybrid  assay, we found that SpREV7 bound to the 517-535 region
(517-SEVYKQOQPPSTDDLYGTMK-535) of SpREV3 (consisted of 1480 amino acids), which
contains a sequence (underlined) with a similarity to the hREV3 MCS. However, SpREV7 bound
very weakly to the 9-aa MCS-like sequence and required the downstream sequence for exhibiting a
stronger binding. SpMAD?2 also bound to the 517-SFVYKQQPP-525 sequence, but its binding was
significantly reduced when the upstream sequence was attached to it, as in
513-SQHESFVYKQQPP-525. Furthermore, SpMAD?2 bound to the hREV3 MCS, while SpREV7

did not bind to it. Thus, our results indicate that not only in humans but also in yeasts, both REV7



and MAD?2 recognize a short motif sequence present within REV3, while their interactions with the
MCS-like sequence are differently affected by the surrounding sequences. It should be also noted
that the similarity between SpMAD2 and hMAD?2 (47% identity) is higher that that between
SpREV7 and hREV7 (38% identity). We are now trying to introduce some mutations into the
genomic sequence of the S. pombe REV3 gene and examine intracellular interactions of altered
SpREV3 proteins with SpREV7, because SpREV3 is much shorter than hREV3. We’ll examine
phenotypes of SpPREV3 mutants that have completely lost the interaction with SpREV7.
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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) control mechanism of lymphocyte
antigen receptor genes by IL-7; (2) regulation of immune response by IL-7 receptor (IL-7R)

expression; and (3) distribution and function of IL-7-producing cells in lymphoid organs.
1) Accessibility control of TCR Vy region by STATS: S. TANI-ICHI and K. IKUTA

The signal of the IL-7R and STATS plays an essential role in y8 T cell development by
inducing V-J recombination in the T cell receptor (TCR) y locus. Previously, we have shown that
STATS binds to the Jy promoters and controls chromatin accessibility by histone acetylation.
However, little is known on control mechanism of Vy region by the IL-7R. To elucidate the
regulation by STATS, we first analyzed the chromatin status of Vy region in primary thymocytes.
The levels of histone H3 acetylation are high at Vy5, HsA element and Vy2 in Rag2'/ " thymocytes
but low in IL-7Ra-deficient early thymocytes, suggesting that IL-7R signaling controls the
accessibility of the Vy region. In addition, high levels of histone H3 acetylation and germline
transcription were induced at Vy5 and HsA by cytokine and STATS in cytokine-dependent Ba/F3
and other hematopoietic cell lines. Importantly, the chromatin accessibility of Vy5 gene is increased
by cytokine signal. Furthermore, STATS was not recruited to a non-canonical STAT-binding motif
in the endogenous chromatin of the Vy5 promoter by cytokine stimulation in vivo, while STATS
binds to a consensus motif in the HsSA element. In accordance with this result, STATS5 does not
directly activate the Vy5 promoter by reporter assay. These results suggest that while STATS
directly binds to HsA element and induces its histone acetylation, STATS indirectly activates the
V¥5 promoter. Thus, this study implies a potential role of STATS in accessibility control of the Vy
region, especially at Vy5 and HsA.

2) Pre-TCR signal silences the TCRy locus by inhibiting the recruitment of STATS and
Runx to transcriptional enhancers: S. TANI-ICHI and K. IKUTA



The mouse TCRy locus is controlled by transcription factors STATS and Runx. While the
TCRy locus is frequently rearranged, its transcription is repressed in aff T cells. This phenomenon,
known as TCRy silencing, depends on pre-TCR-induced proliferation of thymocytes. The molecular
basis for the TCRy silencing, however, is largely unknown. We showed that pre-TCR signal
reduces the transcription and histone acetylation of the TCRy locus irrespective of V-J
rearrangements. We also demonstrated that Runx is recruited to the enhancer elements of the TCRy
locus, Ey and HsA, mainly at CD4 CDS§" double negative stage and that its binding is decreased at
later stages. Importantly, anti-CD3 Ab treatment decreases the levels of IL-7R expression, STATS
phosphorylation, and recruitment of STATS and Runx to Ey and HsA elements in RAG2-deficient
thymocytes, suggesting that pre-TCR signal inhibits the binding of STATS and Runx to the
enhancer elements. Furthermore, we observed that introduction of STATS5 or Runx expression
vector induces the transcription of TCRy genes in a DP cell line, DPK. Finally, we showed that the
transcription of TCRy genes is induced in af3 T cells of Runx3 transgenic mice, suggesting that
Runx3 has potential to counteract the TCRy silencing in aff T cells in vivo. Thus, our results
demonstrate that pre-TCR signal inactivates the TCRy enhancers by inhibiting the recruitment of

STATS and Runx and imply that this might be an important step for the TCRy silencing in aff T

cells.

3) STATS controls the rearrangement of TCR Jy gene segments through STAT-binding
motifs in the Jy promoters: K. WAGATSUMA, B. LIANG, S. TANI-ICHI and K.
IKUTA

We previously showed that STATS activated by IL-7 binds to STAT motifs in Jy
promoters and increases histone acetylation, germline transcription and chromatin accessibility.
However, it remains unclear whether the STAT motifs in the Jy promoters play a critical role in the
rearrangements of the TCRy locus in vivo. To address this issue, we generated two kinds of Jyl
promoter mutant mice. One of them carries mutations in STAT motifs in the Jyl promoter (JylP-
Stat-mut), and the other has deleted the Jyl promoter including the STAT motifs (AJy1P). Flow
cytometric analysis showed that Vy2" and Vy5" T cells of y1 cluster were severely decreased in the
thymus and the small intestine of these mutant mice. In addition, dendritic epidermal T cells
exclusively expressing Vy3 were also reduced in these mice. In contrast, y0 T cells expressing
Vyl.1 of y4 cluster were unchanged. Furthermore, Vy-Jy rearrangements were substantially
impaired in the y1 cluster of these mice, while the rearrangements of other clusters were unchanged.
These results demonstrate that recruitment of STATS to the STAT motifs in the Jyl promoter is
essential for rearrangements of the TCR y1 cluster in vivo, and support the idea that STAT motifs

controls local accessibility of the Jy gene segments.



4) IL-7R controls differentiation of CD8 T cells and maintenance of peripheral T cells: S.
TANI-ICHI, A. ABE and K. IKUTA

The IL-7R is essential for differentiation and survival of T cells. We previously showed
that IL-7Ra-deficient mice have severely reduced numbers of aff T cells and completely lack yd T
cells. However, the role of the IL-7R was not precisely determined in late stages of T cell
development, because IL-7Ra-deficient mice have profound detrimental effects on early
thymocytes. To address this question, we established IL-7Ra-floxed mice and crossed with CD4-
Cre transgenic mice. In thymus, total cell numbers of CD4-Cre x IL-7Ra™"** mice were similar to
control mice. Whereas differentiation of CD4'CD8", CD4 CDS8", CD4 single positive (SP) cells and
vd T cells were not affected, the numbers of mature CD8 SP cells were markedly reduced in CD4-
Cre x IL-7Ra™"™* thymus. In addition, the development of NKT cells and regulatory T cells were

partially impaired in the thymus of CD4-Cre x IL-7Ro/"*/™*

mice. In periphery, although CD4-Cre
x IL-7Ra™*™** mice have comparable numbers of lymph nodes and Peyer’s patches to control mice,
there were a selective loss of CD4 and CDS8 T cells and a selective gain of y0 T cells. These data
demonstrate that the IL-7R is essential for differentiation of CD8 T cells, NKT cells and regulatory

T cells in thymus and maintenance of naive CD4 and CDS8 T cells in periphery.

5) Distribution of IL-7-expressing cells in lymphoid tissues: T. HARA, S. SHITARA, G.
CUIL, S. TANI-ICHI and K. IKUTA

IL-7 is an essential cytokine for lymphocyte development and survival produced by
mesenchymal and epithelial cells in lymphoid organs. However, little is known about the precise
nature and distribution of IL-7-expressing cells in vivo. To address this question, we established IL-
7-GFP knock-in mice. We found that the majority of thymic epithelial cells (TEC) express GFP in
the cortex and medulla. A large number of cortical TEC express GFP at high levels, while most
medullary TEC express GFP at low levels. Their expression levels decrease gradually with aging.
In the lymph node paracortex, fibroblastic reticular cells (FRC) express GFP at intermediate levels.
In addition, we detected high levels of GFP expression in lymphatic endothelial cells of lymph
nodes, intestines, and skin. In the spleen, FRC scattered in the white pulp express GFP at low levels.
Moreover, we found intermediate levels of GFP expression in the stromal cells lining the marginal
zone and surrounding central arterioles. In the bone marrow, some VCAM-1" stromal cells express
GFP at high levels. In the colon, some epithelial cells express high levels of GFP. After induction of
acute colitis with DSS, GFP expression was elevated in the intestinal epithelial cells. Thus, the IL-
7-GFP knock-in mouse reveals unreported types of IL-7-expressing cells and provides a powerful
tool to analyze the IL-7-niche in the lymphoid organs under physiological and pathological

conditions.



6) Local function of IL-7 in vivo: T. HARA, B. LIANG, S. SHITARA, K.
WAGATSUMA, S. TANI-ICHI and K. IKUTA

IL-7 is an essential cytokine for lymphocyte development and survival produced by
epithelial and mesenchymal cells. However, little is known about the local function of IL-7
produced by each cell type in vivo. To address this question, we established IL-7-floxed mice and
crossed with FoxN1-Cre Tg mice to obtain the conditional knockout (cKO) mice deficient in IL-7
production from TEC. FoxN1-Cre x IL-7""* mice showed 15-fold reduced numbers of
thymocytes compared with control mice. In addition, y0 T and NKT cells are similarly reduced.
Interestingly, the reduction and phenotype are less severe than IL-7” mice (50-fold reduction),
suggesting the possibility that IL-7 produced by mesenchymal cells might play a minor role. In the
spleen, the numbers of T cells are partially restored in the cKO mice, indicating homeostatic
expansion in the periphery. Therefore, these results suggest that IL-7 produced from TEC plays a
major role in proliferation and survival of thymocytes. Interestingly, yd intraepithelial lymphocytes

flox/fl . . [
% mice but not in villin-

(IEL) of the small intestine were severely reduced in FoxN1-Cre x IL-7
Cre x IL-7"¥"* mice expressing Cre in intestinal epithelial cells. This result implies the thymic
origin of y0 IEL. Next, we crossed the IL7-floxed mice with albumin (Alb)-Cre Tg mice to obtain

flox/fl .
% mice showed

the cKO mice deficient in IL-7 production from hepatocytes. Alb-Cre x IL-7
slightly reduced numbers of NKT cells in adult liver. In addition, B cell development is partially
impaired in late fetal and neonatal liver of the cKO mice. These results suggest that IL-7 produced
by hepatocyte plays a role in NKT cell maintenance and B cell development in the liver. Thus, this

study revealed unknown functions of IL-7 produced from different cells in vivo.
7) ELISA kit system for detecting calreticulin in urine: M. UEDA

Calreticulin (CRT) is the protein that was found in bladder urothelial carcinoma cells. The
amount of CRT in urine from patients of bladder urothelial carcinoma was more than that from
other urogenital patients. These data were obtained from the immunoblot analyses with PVDF
membrane (Kageyama et al. Clin Chem 2004). For diagnosis of urogenital cancer, we tried to
construct the assay kit system by ELISA method with HRP. Five independently obtained
monoclonal antibodies were used. The sensitivity of these systems was not efficient, and the
effective assay kit system for CRT could not be obtained. The other monoclonal antibodies will be

produced for this kit system.
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DEPARTMENT OF BIOLOGICAL RESPONESE
LABORATORY OF INFECTION AND PREVENTION

The research projects carried out in this group are studies on thioredoxin and
thioredoxin-related proteins including thioredoxin binding protein-2 (TBP-2)/thioredoxin
interacting protein (Txnip)/ Vitamin D3 up-regulated protein 1 (VDUP1) and transmembrane
thioredoxin-related protein (TMX). Molecular biology of these proteins is investigated, especially focusing
on their important medical and biological aspects such as cancer suppression, as well as the regulation of

metabolism and inflammation.

1) Thioredoxin-binding protein-2 (TBP-2/VDUP1/TXNIP) regulates T-cell sensitivity to
glucocorticoid during HTLV-I-induced transformation: Z. CHEN, DA.
LOPEZ-RAMOS, E. YOSHIHARA, Y. MAEDA, H. MASUTANI, K. SUGIE, M.
MAEDA and J. YODOI

Although glucocorticoid (GC) is widely used for treating hematopoietic malignancies
including adult T-cell leukemia (ATL), the mechanism by which leukemic cells become resistant to
GC in the clinical course remains unclear. Using a series of T-cell lines infected with human T
lymphotropic virus type-I (HTLV-I), the causative virus of ATL, we have dissected the
transformation from interleukin (IL)-2-dependent to -independent growth stage. The transformation
associates the loss of thioredoxin-binding protein-2 (TBP-2), a tumor suppressor and regulator of
lipid metabolism. Here we show that TBP-2 is responsible for GC-induced apoptosis in ATL cells.
In the IL-2-dependent stage, dexamethasone induced TBP-2 expression and apoptosis, both of
which were blocked by GC receptor (GR) antagonist RU486. Knockdown of TBP-2 consistently
reduced the amount of GC-induced apoptosis. In IL-2-independent stage, however, expression of
GR and TBP-2 was suppressed and GC failed to induce apoptosis. Forced expression of GR led the
cells to mild sensitivity to GC, which was also accomplished by treatment with suberoylanilide
hydroxamic acid, a TBP-2 inducer. A transfection experiment showed that TBP-2 expression
induced apoptosis in IL-2-independent ATL cells. Thus, TBP-2 is likely to be one of the key

molecules for GC-induced apoptosis and a potential target for treating the advanced stage of ATL.

2) Differential roles of Annexin A1 (ANXAl/lipocortin-1/lipomodulin) and thioredoxin
binding protein-2 (TBP-2/VDUP1/TXNIP) in glucocorticoid signaling of
HTLV-I-transformed T cells: Z. CHEN, E. YOSHIHARA, A. SON, Y. MATSUO, H.
MASUTANI, K. SUGIE, M. MAEDA and J. YODOI

Glucocorticoid (GC) is widely used for therapeutic purposes in immunological and



hematological disorders. Annexin A1 (ANXA1/lipocortin-1/lipomodulin), a GC-inducible molecule,
was regarded as a vital anti-inflammatory mediator of GC. Thioredoxin binding protein-2
(TBP-2/VDUP1/TXNIP), a regulator of redox reactions, cell growth and lipid metabolism, was also
reportedly induced by GC. HTLV-I infected T cells undergo the transition from the IL-2 dependent
to IL-2 independent growth during the long-term culture in vitro. We found that these T cells
responded to GC with growth arrest and apoptosis in the IL-2 dependent growth stage, whereas they
failed to respond to GC after their growth had shifted into the IL-2 independent stage. Here we
employed these T cell lines and studied the roles of ANXA1 and TBP-2 in mediating GC-induced
apoptosis. In GC-sensitive T cells, ANXA1 expression was negligible and unaffected by GC
treatment, whereas TBP-2 was expressed and induced by GC treatment. In GC-resistant T cells,
however, ANXA1l was highly expressed regardless of GC treatment and promoted cellular
proliferation. In contrast, TBP-2 expression was lost and could not mediate the GC-induced
apoptosis. In conclusion, these results suggest that TBP-2, but not ANXAI, is directly involved in
the switching of GC sensitivity and GC resistance in HTLV-I infected T cell lines, whereas ANXA1

may be a biomarker indicative of the advanced stage of the transformation.

3) Thioredoxin binding protein-2 mediates metabolic adaptation in response to
lipopolysaccharide in vivo: S. OKA, W. LIU, E. YOSHIHARA, MK. AHSAN, DA.
RAMOS, A. SON, H. OKUYAMA, L. ZHANG, H. MASUTANI, H. NAKAMURA
and J. YODOI

Endotoxin triggers a reorganization of the energy metabolic pathway, including the
promotion of fatty acid utilization to adapt to a high energy demand during endotoxemia. However,
the factors responsible for the metabolic adaptation and characteristic pathologies resulting from
defective utilization fatty acids during endotoxin response have not been fully clarified. The
thioredoxin binding protein-2 (TBP-2) knockout (TBP-2) mouse is an animal model of fatty acid
oxidation disorder. The aim of this study was to determine whether and how TBP-2 is involved in
metabolic regulation in a lipopolysaccharide (LPS)-induced endotoxemia model in mice. TBP-2 and
wild control mice were intraperitoneally injected with LPS. Mortality, serum levels of markers of
hepatorenal injuries, cytokines, insulin, glucose and lipid derivatives, and the hepatic signaling
pathway regulating gluconeogenesis were investigated. Following the administration of LPS,
TBP-2 mice showed a predisposition for death without any significant elevation of inflammatory
cytokines, compared to the wild mice. LPS-challenged TBP-2 mice showed fat deposition in the
liver and kidney, organ injuries, glycogen depletion, and elevation of serum lipid derivatives such
as free fatty acids, triglyceride and cholesterol. Hyperinsulinemia and hypoglycemia were observed
in TBP-2 mice after LPS injection. Death due to the LPS administration was prevented by
supplementation of glucose. Phosphorylation of Akt and FoxOl, an inhibitory pathway of



gluconeogenesis in the liver of LPS-challenged TBP-2 mice was demonstrated, suggesting the
enhancement of insulin signaling. TBP-2 is involved in metabolic control during LPS-induced
endotoxemia. After the LPS challenge, TBP-2 mice showed several characteristic aspects, such as
hepatorenal injuries, and dysregulation of the lipid and glucose metabolisms. Furthermore,
hypoglycemia promoted by hyperinsulinemia may be a critical risk factor for mortality in

circumstances in which fatty acid utilization is impaired during endotoxemia.

4) Disruption of TBP-2 ameliorates insulin sensitivity and secretion without affecting
obesity: E. YOSHIHARA, S. FUJIMOTO, N. INAGAKI, K. OKAWA, S. MASAKI,
J. YODOI and H. MASUTANI

Type 2 diabetes mellitus (T2DM) is characterized by defects in both insulin sensitivity and
glucose-stimulated insulin secretion (GSIS) and is often accompanied by obesity. In this study, we
show that disruption of thioredoxin binding protein-2 (TBP-2, also called Txnip) in obese mice
(ob/ob) dramatically improves hyperglycaemia and glucose intolerance, without affecting obesity or
adipocytokine concentrations. TBP-2-deficient ob/ob mice exhibited enhanced insulin sensitivity
with activated insulin receptor substrate-1/Akt signalling in skeletal muscle and GSIS in islets
compared with ob/ob mice. The elevation of uncoupling protein-2 (UCP-2) expression in ob/ob
islets was downregulated by TBP-2 deficiency. TBP-2 overexpression suppressed glucose-induced
adenosine triphosphate production, Ca(2+) influx and GSIS. In B-cells, TBP-2 enhanced the
expression level and transcriptional activity of UCP-2 by recruitment of peroxisome
proliferator-activated receptor-y co-activator-la to the UCP-2 promoter. Thus, TBP-2 is a key
regulatory molecule of both insulin sensitivity and GSIS in diabetes, raising the possibility that

inhibition of TBP-2 may be a novel therapeutic approach for T2DM.
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DEPARTMENT OF CELL BIOLOGY
LABORATORY OF SUBCELLULAR BIOGENESIS

1) Genome-wide screening of the kinases required for the control of cell division axis:
S. MATSUMURA, M. HAMASAKI, M. EBISUYA', T. YAMAMOTO?, E. NISHIDA®
and F. TOYOSHIMA ('ICDO, Career-Path Promotion Unit, Kyoto University, *iCeMS,
Kyoto University, *Graduate School of Biostudies, Kyoto University)

Oriented cell division, which is determined by the axis of a mitotic spindle, plays an
essential role in morphogenesis, asymmetric cell division and stem cell self-renewal. There is
increasing evidence for the implication of spindle misorientation in mammalian diseases, including
tumorigenesis and polycystic kidneys. However, the mechanisms regulating spindle orientation in
mammals remain largely unknown. The reasons for this include the lack of established approaches
in mammalian cells to survey the molecules required for the spindle orientation. We have utilized a
simple approach for analyzing spindle orientation in human HeLa cells, in which the mitotic
spindles are oriented parallel to the cell-substrate adhesion plane. We used a commercially available
siRNA library, which targets 719 genes of human kinases and kinase-related molecules with three
individual siRNAs per gene. In the first screening, we scored the spindle orientation of each
metaphase cell in a 3-point scale and identified 31 genes as candidates. Then, 31 genes were
subjected to the 2nd screening. In the 2nd screening, to quantify the spindle orientation, we
measured the angle between the axis of the spindle and that of substratum in metaphase cells. We
newly developed an image analyzing software, which automatically detects two poles of mitotic
spindles from a series of Z stack images and calculate the spindle angle. We identified 5 genes that
are required for the proper spindle orientation in HeLa cells. Inhibition of one of the kinases by the
specific chemical inhibitors results in the spindle misorientation in both HeLa cells and in the
epithelial cells in the mouse skin, suggesting that this kinase plays an essential role in the spindle

orientation not only in the cultured cells but also in the mouse epithelium(submitted).

2) Roles of cholesterol in the progression of mitosis: M. HAMASAKI and F.
TOYOSHIMA

In this year, we have been investigating the roles of cholesterol in the progression of
mitosis. We have found that depletion of cholesterol with methyl-f3 —cyclodextrin, results in the
increases of the proportion of the mitotic cells with multipolar spindles. Moreover, knockdown of
squalene synthase, an enzyme essential for the de-novo synthesis of cholesterol, and/ or LDL
receptors, also induced multipolar spindles. These results suggest that the cholesterol and/or its

metabolites regulate the spindle formation during mitosis.



3) Regulation of the early endosomes during mitosis: K. IKAWA, S. MATSUMURA, M.
FUKUDA and F. TOYOSHIMA (1Department of Developmental Biology and

Neurosciences, Tohoku University)

Early endosomes play central roles in endocytic trafficking. During mitosis, it is known
that the fusion and recycling of early endosomes are suppressed. However, the regulatory
mechanisms for the early endosomes during mitosis are poorly understood. We have found that one
of the mitotic regulators controls early endosome by changing the activity of Rab family proteins,

the regulator of early endosomes.
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DEPARTMENT OF CELL BIOLOGY
LABORATORY OF GROWTH REGULATION

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 developmental processes such as neural development and somite
formation. We are characterizing the functions of bHLH genes by misexpressing the genes with
retrovirus and electroporation (gain-of-function study) and by generating knock-out mice
(loss-of-function study). During neural development, the following steps occur sequentially: (1)
maintenance of neural stem cells, (2) neurogenesis and (3) gliogenesis. Our results indicate that all
three steps are regulated by bHLH genes. bHLH genes such as Hes/ and Hes5 regulate
maintenance of neural stem cells and promotion of gliogenesis, while bHLH genes such as Mashl
and Math3 regulate specification of the neuronal fate. During somite formation, the bHLH genes
Hesl and Hes7 display oscillatory expression with periodicity of about two hours and regulate the
timing of somite segmentation. By making and evaluating mathematical modeling, we are now
studying how the dynamics of gene expression are controlled during somite formation.

Interestingly, new neurons are continuously born from neural stem cells in the adult brain,
and it has been shown that this continuous neurogenesis is essential for many brain activities. We
found that Notch signaling genes are highly expressed by adult neural stem cells, and that ablation
of Rbpj, an essential Noch signaling mediator, leads to depletion of adult neural stem cells and the
subsequent loss of adult neurogenesis. Thus, Notch signaling plays an essential role in maintenance
of adult neural stem cells and continuation of adult neurogenesis, raising the possibility that Notch

signaling genes are therapeutic targets for many brain disorders.

1) Essential roles of Notch signaling in maintenance of neural stem cells in the
developing and adult brains: 1. IMAYOSHI, M. SAKAMOTO, M. YAMAGUCHI,
K. MORI and R. KAGEYAMA

Activation of Notch signaling induces the expression of transcriptional repressor genes
such as Hesl, leading to repression of proneural gene expression and maintenance of neural
stem/progenitor cells. However, a requirement for Notch signaling in the telencephalon was not
clear, because in Hesl;Hes3;Hes5 triple-mutant mice, neural stem/progenitor cells are depleted in
most regions of the developing central nervous system, but not in the telencephalon. Here, we
investigated a role for Notch signaling in the telencephalon by generating tamoxifen-inducible
conditional knock-out mice that lack Rbpj, an intracellular signal-mediator of all Notch receptors.
When Rbpj was deleted in the embryonic brain, almost all telencephalic neural stem/progenitor

cells prematurely differentiated into neurons and were depleted. When Rbpj was deleted in the



adult brain, all neural stem cells differentiated into transit-amplifying cells and neurons. As a result,
neurogenesis increased transiently, but three months later all neural stem cells were depleted and
neurogenesis was totally lost. These results indicated an absolute requirement of Notch signaling
for the maintenance of neural stem cells and a proper control of neurogenesis in both embryonic

and adult brains.

2) Hes1 regulates embryonic stem cell differentiation by suppressing Notch signaling: T.
KOBAYASHI and R. KAGEYAMA

Embryonic stem (ES) cells display heterogeneous responses upon induction of
differentiation. Recent analysis has shown that Hes/ expression oscillates with a period of about
3-5 hours in mouse ES cells and that this oscillating expression contributes to the heterogeneous
responses: Hes1-high ES cells are prone to the mesodermal fate while Hes1-low ES cells are prone
to the neural fate. These outcomes of Hes1-high and Hes1-low ES cells are very similar to those of
inactivation and activation of Notch signaling, respectively. These results suggest that Hes1 and
Notch signaling lead to opposite outcomes in ES cell differentiation, although they work in the
same direction in most other cell types. Here, we found that Hes1 acts as an inhibitor but not as an
effector of Notch signaling in ES cell differentiation. Our results indicate that sustained Hes/
expression delays the differentiation of ES cells and promotes the preference for the mesodermal

rather than the neural fate by suppression of Notch signaling.

3) Zinc-finger genes Fezfl and Fezf2 control neuronal differentiation by repressing
Hes5 expression in forebrain: T. SHIMIZU, M. NAKAZAWA, S. KANI, Y.-K. BAE,
T. SHIMIZU, R. KAGEYAMA and M. HIBI

Precise control of neuronal differentiation is necessary for generation of a variety of
neurons in the forebrain. However, little is known about transcriptional cascades, which initiate
forebrain neurogenesis. Here we show that zinc finger genes Fezfl and Fezf2, which encode
transcriptional repressors, are expressed in the early neural stem (progenitor) cells and control
neurogenesis in mouse dorsal telencephalon. Fezfl- and Fezf2-deficient forebrains display
upregulation of Hes5 and downregulation of neurogenin 2, which is known to be negatively
regulated by Hes5. We show that FEZF1 and FEZF2 bind to and directly repress the promoter
activity of Hes5. In Fezfl- and Fezf2-deficient telencephalon, the differentiation of neural stem
cells into early-born cortical neurons and intermediate progenitors is impaired. Loss of Hes5
suppresses neurogenesis defects in Fezfl- and Fezf2-deficient telencephalon. Our findings reveal
that Fezfl and Fezf2 control differentiation of neural stem cells by repressing Hes5 and, in turn, by

derepressing neurogenin 2 in the forebrain.



4) Maximizing functional photoreceptor differentiation from adult human retinal stem
cells: T. INOUE, B. COLES, K. DORVAL, R. BREMNER, Y. BESSHO, R.
KAGEYAMA, S. HINO, M. MATSUOKA, C. CRAFT, R. MCINNES, F.
TEMBLAY, G. PRUSKY, Y. TANO and D. VAN DER KOOY

Retinal stem cells (RSCs) are present in the ciliary margin of the adult human eye and can
give rise to all retinal cell types. Here we show that modulation of retinal transcription factor gene
expression in human RSCs greatly enriches photoreceptor progeny, and that strong enrichment was
obtained with the combined transduction of OTX2 and CRX together with the modulation of
CHX10. When these genetically modified human RSC progeny are transplanted into mouse eyes,
their retinal integration and differentiation is superior to unmodified RSC progeny. Moreover,
electrophysiologic and behavioral tests show that these transplanted cells promote functional
recovery in transducin mutant mice. This study suggests that gene modulation in human RSCs may

provide a source of photoreceptor cells for the treatment of photoreceptor disease.

5) HES1 and HESS are dispensable for cartilage and endochondral bone formation: C.
KARLSSON, C. BRANTSING, R. KAGEYAMA and A. LINDAHL

Notch signalling, via its downstream mediators HES1 and HESS, regulates development
of several different tissues. In vitro studies suggest that these genes are also involved in
chondrogenesis and endochondral bone formation. In order to investigate the importance of HES1
and HESS for these developmental processes, mice lacking chondrogenic expression of HES1 and
HESS were constructed by interbreeding HES5(-/-) mice homozygous for the floxed HES1 allele
(HES1(flox/flox)) with COL2A1-Cre transgenic mice, creating conditional HES1;HESS5 double
mutant mice. The formation of cartilage and endochondral bone was studied in these mice using
histological and immunohistochemical stainings, including Alcian Blue van Gieson, Safranin-O,
modified Mallory Aniline Blue, tartrate-resistant acid phosphatase and collagen type II stainings.
The mice were also studied using several different morphometrical analyses and the differentiation
potential of the chondrocytes was evaluated in vitro. Unexpectedly, the conditional HES1;HESS
double mutant mice did not display impaired development of cartilage or endochondral bone. Lack
of altered phenotype in the conditional HES1;HES5 double mutant mice can be explained either by
the HES1 and HESS5 genes not being involved in cartilage and endochondral bone development or
by functional redundancy between the genes belonging to the family of HES genes: that is,
disruption of one gene could be compensated for by the activity of another. Our results further shed

light on the compensatory reserves available during the developing cartilage and bone.
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1) Contamination of infectious RD-114 virus in vaccines produced using non-feline cell
lines: R. YOSHIKAWA, E. SATO, T. IGARASHI' and T. MIYAZAWA ('Laboratory
of Primate Model, IVR)

All domestic cats have a replication-competent endogenous retrovirus, termed RD-114
virus, in their genome and several feline cell lines produce RD-114 viruses. Recently, we found that
a portion of live attenuated feline and canine vaccines produced using feline cell lines was
contaminated with infectious RD-114 viruses (Miyazawa et al., (2010) J. Virol.). We determined
the entire nucleotide sequences of RD-114-related viruses isolated from CRFK cells and a vaccine
manufactured using CRFK cells. These RD-114-related viruses were nearly identical to the
authentic RD-114 virus (Yoshikawa et al., (2010) J. Clin. Microbiol.). In this study, we expanded
our survey and examined canine vaccines produced using 'non-feline' cell lines. Consequently, we
found two vaccines containing RD-114 viral RNA by reverse transcriptase (RT)-polymerase chain
reaction (PCR) and real-time RT-PCR. We also confirmed the presence of infectious RD-114 virus
in the vaccines by the LacZ marker rescue assay and PCR to detect proviral DNA in TE671 cells
(human rhabdomyosarcoma cells) inoculated with the vaccines. It is impossible to investigate the
definitive cause of contamination with RD-114 virus; however, we suspect that a seed canine
parvovirus type 2 was contaminated with RD-114 virus, because many canine parvoviruses have
been isolated and attenuated using feline cell lines. To exclude RD-114 virus from live attenuated
vaccines, we must pay attention to the contamination of seed viruses with RD-114 virus in addition

to avoiding feline cell lines producing RD-114 virus when manufacturing vaccines.

2) Susceptibility and production of a feline endogenous retrovirus (RD-114 virus) in
various feline cell lines: M. OKADA, R. YOSHIKAWA, T. SHOJIMA, K. BABA and
T. MIYAZAWA

RD-114 virus is a replication-competent feline endogenous retrovirus that has been
classified as a xenotropic virus. In this study, we examined the expression of the receptors for
RD-114 virus in feline cell lines by conducting a pseudotype virus infection assay. Six out of eight
feline cell lines were susceptible to the RD-114 pseudotype virus and two cell lines (MCC and FER
cells) were resistant. The two resistant cell lines and one cell line (CRFK cells) weakly sensitive to
the RD-114 pseudotype virus were found to produce replication-competent RD114-like viruses by
the LacZ marker rescue assay and the interference assay. These data strongly suggest that RD-114

virus is polytropic and resistance to RD-114 virus in certain cell lines is due to receptor interference



but not polymorphism of the RD-114 receptors. In addition, we determined the amino acid
sequences of the envelope region of RD-114-like viruses produced from MCC, FER and CRFK
cells. The sequences were identical with the authentic RD-114 virus. Because many feline cell lines
are used to manufacture live attenuated vaccines for companion animals, attention should be paid to

contamination of the RD-114 virus in vaccines.

3) Identification of novel endogenous betaretroviruses which are transcribed in the
bovine placenta: K. BABA, Y. NAKAYA, T. SHOJIMA, Y. MUROI', K. KIZAKI?,
K. HASHIZUME?, K. IMAKAWA' and T. MIYAZAWA ('Laboratory of Animal
Breeding, the University of Tokyo and “Laboratory of Veterinary Physiology, Iwate
University)

Sequences of retroviral origin occupy approximately 10% of mammalian genomes.
Various infectious endogenous retroviruses (ERVs) and functional retroviral elements have been
reported for several mammals but not cattle. Here, we identified two proviruses, designated bovine
endogenous retrovirus K1 (BERV-K1) and BERV-K2, containing full-length envelope (env) genes
in the bovine genome. Phylogenetic analysis revealed that they belong to the genus Betaretrovirus.
By reverse transcription (RT)-PCR, both BERV-K1 and -K2 env mRNAs were detected in the
placenta and cultured bovine trophoblast cells. Real-time RT-PCR analysis using RNAs isolated
from various bovine tissues revealed that BERV-K1 env mRNA was preferentially expressed in the
placenta. Moreover, we also found the expression of doubly spliced transcripts, named the REBK1
and REBK2 genes. Both the REBKI1 and REBK2 proteins have motifs for a putative nuclear
localization signal and a nuclear export signal. REBK1 and REBK2 fused with green fluorescent
proteins were localized mainly in the nuclei when they were expressed in bovine and porcine cells.
In the env and 3' long terminal repeats of BERV-KI1 and -K2, we found regulatory elements
responsible for the splicing and transport of viral RNAs and/or translation of the env genes.
Although we have not identified the expressed Env proteins in bovine tissues, these data suggest
that both BERV-K1 and BERV-K2 express Env proteins and that these proteins may have

physiological functions in vivo.

4) An endogenous murine leukemia viral genome contaminant in a commercial
RT-PCR kit is amplified using standard primers for XMRV: E. SATO, R.A.
FURUTA' and T. MIYAZAWA ('Japanese Red Cross Osaka Blood Center)

During pilot studies to investigate the presence of viral RNA of xenotropic murine
leukemia virus (MLV)-related virus (XMRV) infection in sera from chronic fatigue syndrome

(CFS) patients in Japan, a positive band was frequently detected at the expected product size in



negative control samples when detecting a partial gag region of XMRYV using a one-step RT-PCR
kit. We suspected that the kit itself might have been contaminated with small traces of endogenous
MLV genome or XMRV and attempted to evaluate the quality of the kit in two independent
laboratories. We purchased four one-step RT-PCR kits from four manufacturers in Japan. To
amplify the partial gag gene of XMRYV or other MLV-related viruses, primer sets (419F and 1154R,
and GAG-I-F and GAG-I-R) which have been widely used in XMRYV studies were employed. The
nucleotide sequences of the amplicons were determined and compared with deposited sequences of
a polytropic endogenous MLV (PmERV), XMRV and endogenous MLV-related viruses derived
from CFS patients. We found that the enzyme mixtures of the one-step RT-PCR kit from one
manufacturer were contaminated with RNA derived from PmERV. The nucleotide sequence of a
partial gag region of the contaminant amplified by RT-PCR was nearly identical (99.4% identity) to
a PmERYV on chromosome 7 and highly similar (96.9 to 97.6%) to recently identified MLV-like
viruses derived from CFS patients. We also determined the nucleotide sequence of a partial env
region of the contaminant and found that it was almost identical (99.6%) to the PmERV. In the
investigation of XMRYV infection in patients of CFS and prostate cancer, researchers should
prudently evaluate the test kits for the presence of endogenous MLV as well as XMRV genomes
prior to PCR and RT-PCR tests.

5) Adaptation of feline immunodeficiency virus subtype B strain TM2 to a feline
astrocyte cell line (G355-5 cells): M. ISHIKAWA, K. BABA, M. SHIMOJIMA', M.
OKADA, T. SHOJIMA, T. MIURA? and T. MIYAZAWA ('Division of Virology,
Department of Microbiology and Immunology, The University of Tokyo and *Laboratory
of Primate Model, IVR)

Based on receptor usage during infection, feline immunodeficiency virus (FIV) isolates can
be divided into two groups; those that require feline CD134 (f{CD134) as a primary receptor in
addition to CXCR4 to enter the cells, and those that require CXCR4 only. Most primary isolates,
including strain TM2, belong to the former group and cannot infect a feline astrocyte cell line
(G355-5 cells) due to a lack of f{CD134 expression. In a previous study, we found that G355-5 cells
transduced with f{CD134 (termed G355-5/f0X40 cells) were susceptible to strain TM2 and the
inoculated cells became persistently infected. In this study, we examined the phenotype of the virus
prepared from the persistently infected cells (termed strain TM2PI). Intriguingly, strain TM2PI
replicated well in naive G355-5 cells and the inoculated G355-5 cells (termed G355-5/TM2PI cells)
became persistently infected. The infection of TM2PI in G355-5 cells was inhibited by CXCR4
antagonist AMD3100 and TM2PI infected other f{CD134-negative, CXCR4-positive cell lines, FeTJ
and 3201 cells. Four amino acid substitutions were found in the Env protein of the strain TM2PI

when compared with that of the parental strain TM2. Among the substitutions, the Env amino acid



position at 407 of TM2PI was substituted to lysine which has been known to be responsible for the
FIV tropism for Crandell feline kidney cells. The strain TM2PI will be useful for studying the

receptor switching mechanism and FIV pathogenesis in cats.
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CENTER FOR HUMAN RETROVIRUS RESEARCH
LABORATORY OF VIRAL PATHOGENESIS

A long standing goal of our research group is to elucidate the molecular mechanisms of
viral infection and pathogenesis. We have been focusing on human viruses, human
immunodeficiency virus type 1 (HIV-1), herpes simplex virus type 1 (HSV-1) and Epstein-Barr
virus (EBV).

1) Molecular analysis on interaction of HIV-1 protein and host restriction factor: T.
KOBAYASHI, K. SATO, Y. SUZUKI, S. YAMAMOTO, P. GEE, T. WATANABE,
A. TSUMURA, N. MISAWA, H. EBINA and Y. KOYANAGI

Tetherin, also known as BST-2/CD317/HM1.24, is an antiviral cellular protein that inhibits
the release of HIV-1 particles from infected cells. HIV-1 viral protein U (Vpu) is a specific
antagonist of human tetherin that might contribute to the high virulence of HIV-1. We recently
found that three amino acid (AA) residues (I34, L37, and L41) in the transmembrane (TM) domain
of human tetherin are critical for the interaction with Vpu by using a live cell based assay. We also
found that conservation of an additional AA at position 45 and two residues downstream of position
22, absent in monkey tetherins, are required for the antagonism by Vpu. Moreover,
computer-assisted structural modeling and mutagenesis studies suggest that an alignment of these
four AA residues (134, L37, L41, and T45) on the same helical face in the TM domain is crucial for
the Vpu-mediated antagonism of human tetherin. These results contribute to the molecular
understanding of human tetherin specific antagonism by HIV-1 Vpu.

We are also attempting to identify HIV-associated host factors using a variety of genetics-
and protein chemistry-based methods. Candidates of the HIV-associated host factor under

investigation are cytokines, signal molecules, and membrane proteins.
2) Viral pathogenesis: K. SATO, N. MISAWA, T. KOBAYASHI and Y. KOYANAGI

Studies on viral infection in a small animal model that can support both de novo human
hematopoiesis and systemic viral infection can greatly contribute to the understanding on the
pathogenesis. We generated NOG-hCD34 mice by transplanting newborn NOD/SCID/IL2Ry™"
mice with hCD34" cells via hepatic injection. EBV-associated hemophagocytic lymphohistiocytosis
(EBV-HLH) is a rare yet devastating disorder caused by EBV infection in humans. However, the
mechanism of this disease has yet to be elucidated due to a lack of appropriate animal models. We
reproduced pathological conditions resembling EBV-HLH in humans using NOG-hCD34 mice. By
10 weeks postinfection, two thirds of the infected mice died after exhibiting high and persistent



viremia, leukocytosis, IFN-y cytokinenemia, normocytic anemia, and thrombocytopenia.
EBV-infected mice also showed systemic organ infiltration by activated CD8" T cells and
prominent hemophagocytosis in bone marrow, spleen, and liver. Notably, the level of EBV load in
plasma correlated directly with both the activation frequency of CD8" T cells and the level of IFN-y
in plasma. Moreover, high levels of EBER1 were detected in plasma of infected mice, reflecting
what has been observed in patients. These findings suggest that our EBV infection model mirrors
virological, hematological, and immunopathological aspects of EBV-HLH. Furthermore, in contrast
to CD8" T cells, we found a significant decrease of NK cells, MDCs, and PDCs in spleen of
infected mice, suggesting that the collapse of balanced immunity associates with the progression of
EBV-HLH pathogenesis.

3) HIV integration and it’s latency: H. EBINA, Y. KANEMURA and Y. KOYANAGI

Retroelements, such as non LTR-retrotransposon, LTR-retrotransposon and retrovirus,
have ability to insert reverse transcribed cDNA into the host chromosome in the replication cycle.
Among the retroelements, retrovirus family possesses an efficient DNA-fragment incorporation
machinery by acquirement of integrase which catalyzes viral cDNA into chorosome DNA. Because
the cDNA integration is essential for the viral replication, the integrase-targeted anti-viral drugs
have been created and the clinical investigation of the treated AIDS patients showed significant
outcome to reduce viral load after initiation of the drug administration. However, it is well known
the non LTR-retrotransposon family of retroelements can insert its genome into the host
chromosome through integrase independent machinery such as DNA repair system of
non-homologous end joining and/or homologous recombination pathway. It appears that exogenous
DNAs have a potential to integrate into the host chromosome. Therefore, we hypothesized that HIV
cDNA, which is imported into the nucleus under integrase-depleted condition, can be inserted into
host chromosome. To verify this, we prepared the VSV pseudotype lentiviral vector lacking
integrase activity with D64V mutation and analyzed the efficiency. As the results, very low
efficiency of the cDNA integration, only 0.2% of the event compared to that of wild type integrase
vector, could be detected in D64V-infected cells. However, the cDNA insertion of the D64V mutant
was clearly increased after treatment with dsDNA break agent before viral infection. Similarly,
cDNA integration event and HIV-1 production of WT HIV-1 in the presence of integrase inhibitor
could be restored by pre-treatment of target cells with the dsDNA break agent. These results suggest
that retroviral cDNA is inserted into the host chromosome through host DNA repair pathway aside
from integrase dependent pathway. Furthermore, we found that the HIV-1 provirus generated

through integrase independent pathway has a potential to produce progeny viruses.



4) Mechanism of Herpes virus neuropathogenesis: P. GEE, T. WATANABE and Y.
KOYANAGI

HSV-1 is a causative agent for fatal encephalitis in human. We generated a HSV-1
encephalitis-survivor model. When a GFP-expressing HSV-1 was inoculated into brain of infant rat,
we found that some HSV-1-injected rats (27%; designated as severe) died within 48 hour after
showing symptoms of quadriplesia or seizure or some injected rats (22%; designated as mild) died
around 72 hour after showing weight loss or paresis. In the brain tissues, we found vast
hemorrhagic necrotic damages and largely disseminated GFP" region. We detected many GFP"
cells, which were confirmed as HSV-1" cells by staining with anti-HSV antibody along with
extensive cell infiltration of CD3" T cells and CD68" macrophages, indicating massive
dissemination of HSV-1 in brain. However, the other HSV-1-inoculated rats survived after showing
the transient mild symptoms such as weight loss or paresis but not quadriplesia or seizure. In the
brain tissue taken from recover-rats 36 hour after disappearing paralysis, we found focal neuronal
tissue damages along with a small number of cell infiltration of CD3" T cells and CD68"
macrophages in parenchyma and a fewer GFP" cells in the brain of the recover-rats compared with
the number of GFP" cells in the brain of severe rats. These data indicated that limited but obvious
HSV-1 infection occurred in brain of the recover-rats. To find novel host factors that function
against HSV-1 infection in brain tissue, we used microarray analysis of messenger RNA comparing

that of the recover-rat and the mock-infected brains. Some neuron-specific factors have been found.
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1) Analyses of HTLV-1 bZIP factor (HBZ) gene in the pathogenesis of HTLV-1: J.
YASUNAGA, Y. SATOU, P. MIYAZATO, T. ZHAO, J. FAN, K. HAGIYA, J.
TANABE, K. SUGATA, N. TAGUCHI, A. NAKANISHI, G. MA, Y. MITOBE, A.
KAWATSUKI and M. MATSUOKA

Human T-cell leukemia virus type 1 (HTLV-1) is the first retrovirus that induces diseases
in human. HTLV-1 causes a neoplastic disease, adult T-cell leukemia (ATL), and the inflammatory
diseases, such as HTLV-1 associated myelopathy/tropical spastic paraparesis and uveitis. HTLV-1
belongs to complex retrovirus, which encodes regulatory genes (fax and rex) and several accessory
genes, such as p30, p12, p13 and HTLV-1 bZIP factor (HBZ). Among them, tax is thought to play a
central role in transformation of infected cells. However, since it is a major target of cytotoxic
T-lymphocytes, its expression is often silenced in ATL cells to escape the host immune system. The
HBZ gene, which is encoded by the minus strand of HTLV-1, contains a basic leucine zipper
domain. Our previous studies showed that 3’LTR is intact and unmethylated in all ATL cells. From
our studies, transcription of the HBZ gene was detected in all of the ATL cell lines and primary
ATL cases, while fax gene transcription was frequently undetectable. In HBZ-transgenic mice, the
number of CD4+ T cells was increased, indicating that HBZ promotes proliferation of CD4+ T cells
in vivo. Dermatitis is frequently observed in HBZ transgenic mice, and in the skin, infiltration of
CD4+ T cells is also found. In addition, CD4+ T cells infiltrate into alveolar septum. Among CD4+
T cells increased in HBZ transgenic mice, we found that the population of regulatory T cells (Tregs)
was especially increased, and their suppressive function was impaired compared with wild type.
Interestingly, HBZ transgenic mice develop T-cell lymphomas more frequently than non-transgenic
littermate, and those lymphoma cells expressed a master gene of Tregs, foxp3, suggesting the
association between HBZ-induced Treg proliferation and its oncogenesis. Those phenotypes of
HBZ transgenic mice, such as infiltration of CD4+ T cells to various tissues and onset of T cell
lymphomas, are very similar to that of HTLV-1 carriers. These finding suggest that HBZ has a
crucial role for both leukemogenesis and HTLV-1-associated inflammatory diseases. Furthermore,

we are now investigating cellular and molecular mechanism in the HBZ-induced pathogenesis.

2) Identification of cellular proteins interacting with HBZ and characterization of
virological and pathological significance of the interaction: J. YASUNAGA, P.
MIYAZATO, T. ZHAOQ, J. FAN, K. HAGIYA, G. MA, A. KAWATSUKI, Y. SATOU
and M. MATSUOKA



We are trying to identify cellular factors interacting with HBZ by using yeast two hybrid or
functional analyses of various signaling pathways. In this study, we found that HBZ specifically
suppressed NF-kB-driven transcription mediated by p65 and tax but not the alternative NF-kB
signaling pathway. Using coimmunoprecipitation, we demonstrated the direct interaction between
HBZ and p65, and this physical association abrogated the DNA binding capacity of p65. In other
aspect, HBZ induced p65 degradation through ubiquitination-dependent pathway. In addition, HBZ
repressed transcription of selected classic NF-kB target genes. This study suggests that this
selective binding to p65 modulates Tax mediated NF-kB activation. We got other cellular
candidates interacting with HBZ using yeast two hybrid screening. We are investigating their

significances in pathogenesis of HTLV-1-induced diseases.

3) Nonsense mutations in HTLV-1-encoded genes and their significances in
leukemogenesis of HTLV-1-infected cells: J. FAN, G. MA and M. MATSUOKA

Genetic changes in the fax gene in ATL cells were reported in about 10% of ATL cases. To
determine genetic changes that may occur throughout the provirus, we determined the entire
sequence of the HTLV-1 provirus in 60 ATL cases. Abortive genetic changes, including deletions,
insertions, and nonsense mutations, were frequent in all viral genes except the HBZ gene,
suggesting that HBZ is critical in the process of ATL genesis. G-to-A base substitutions were the
most frequent mutations in the provirus of ATL cells. The sequence context of G-to-A mutations
was in accordance with the preferred target sequence of human APOBEC3G (hA3G). The target
sequences of hA3G were less frequent in the plus strand of the HBZ coding region than in other
coding regions of the HTLV-1 provirus. Thus, HBZ can escape mutations by hA3G since it is

encoded in the minus strand.

4) Characterization of DNA repair proteins involved in retroviral integration: Y.
SAKURAI and M. MATSUOKA

Retrovirus synthesizes viral dsDNA by reverse transcription and integrates the DNA into
the host genome by integration. There are virus-specific preferences in retroviral integration sites.
Murine leukemia virus (MLV) prefers genomic regions near transcriptional start sites, CpG islands
and DNase hypersensitive sites for its integration, while the molecular mechanism for this
preference remains unknown. In this study, we analyzed a huge number of the integration sites by
massively parallel sequencing, and found that mutant cells lacking a DNA repair protein NBS1
showed decreased MLV integration frequency near transcriptional start sites, CpG islands and
DNase hyper sensitive sites compared to NBS1-complemented cells. NBS1-deficient cells also

showed decreased integration within H3K4me3 and H3K9mel regions, which are epigenetic marks



associated with active promoters. In contrast, the NBS1-deficient cells showed increased integration
within H3K79me3 regions, which are detected near silent promoters. Moreover, we demonstrated
physical interaction of NBS1 and viral DNA before integration in MLV-infected cells by using
ChIP assay. This study indicates that a DNA repair protein NBS1 is a host factor controlling MLV

integration targeting.

5) Resistance mechanism to the next-generation HIV-1 fusion inhibitors: K. SHIMURA
and M. MATSUOKA

Enfuvirtide (T-20), an HIV-1 gp41-derived peptide, efficiently inhibits HIV infection.
However, effective therapy has been hindered by the emergence of resistant variants. We have
developed two potential second-generation fusion inhibitors (FIs), SC34 and SC34EK, rationally
designed to stably form six-helix bundles. We reported that SC34 and SC34EK selected several
mutations in gp41, which were required to confer resistance to both FIs. In addition to the gp41
mutations, SC34 and SC34EK selected several mutations in gp120. Although these mutations did
not confer any resistance to FIs by themselves, they enhanced the resistance caused by SC34- and
SC34EK-selected gp41 mutations to T-20. SC34- and SC34EK-selected mutations in gp120
enhanced the replication kinetics attenuated by the gp41 mutations. The multiple mutations in the
gp41 are necessary for the resistance to SC34 and SC34EK, while those in gp120 act as secondary

mutations that restore replication kinetics diminished by the gp41 mutations.

6) Development of novel small-molecule inhibitors for HIV: K. SHIMURA, H.
TOGAMI, T. ISOBE, T. NAITO and M. MATSUOKA

Highly active anti-retroviral therapy (HAART) potently suppresses viral replication, and
improves prognosis of HIV-1 infected individuals. However, long-term usage of anti-retrovirus
drugs allows emergence of resistant viruses. In order to develop novel small-molecule HIV
inhibitors, we screened more than 30,000 compounds and identified several that showed anti-HIV
activity by inhibiting the early-phase of HIV replication cycle. Among them, some compounds
target steps other than attachment/fusion, reverse transcription, or integration, suggesting that a
novel mode of action is involved in their activity. We will further enhance their anti-HIV activity

and identify the mechanism of action.
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Our research objective is to understand the molecular mechanisms that control chromatin
function and genome diversity & stability in mammals. To address this question, we are currently
analyzing functional molecules which are expressed in the nucleus.

1) Roles of the histone lysine demethylases Jmjdla and Jmjd1lb in murine embryonic
development: M. TACHIBANA and Y. SHINKAI

Histone H3 lysine 9 (H3K9) methylation is a repressive epigenetic mark for
heterochromatin formation and transcriptional silencing. Our research purpose is to understand the
dynamics of H3K9 methylation in mammalian development and to indentify the molecule(s) that
regulate H3K9 methylation. We previously showed that coordinated expression of the H3K9
methylatransferase G9a and the H3K9 demethylase Jmjdla dynamically regulate H3K9 methylation
levels during male meiosis in mice (Tachibana et al., 2007). To elucidate further molecular function
of Jmjdla during murine development, we have established Jmjdla knockout (KO) mice.
Jmjdla-KO mice are born at a Mendelian ratio and become adult, suggesting that Jmjdla is not
essential for embryonic development. However, methylation levels of H3K9me2 are not
significantly chanced in Jmjdla-KO embryos. Jmjdla has two homologues, Jmjd1lb and Jmjdlic in
mammals, and Jmjd1b can also catalyze H3K9 demethylation. mMRNA and protein for Jmjdla and
Jmjdlb genes are expressed similarly in post-implantation embryos, suggesting the redundant
function(s) of these two enzymes. To examine the functional redundancy between Jmjdla and
Jmjd1b, first we established Jmjd1b-KO mice by a conventional KO strategy. Jmjd1b-KO mice
were born at sub-Mendelian ratio and no morphological abnormalities were detected between
wild-type and Jmjd1b-KO embryos at E12.5, suggesting that Jmjd1b is also not essential for murine
embryogenesis until med-gestation. Again, methylation levels of H3K9me2 were indistinguishable
between wild-type and Jmjd1b-KO embryos. To investigate a redundant role of Jmjdla and Jmjd1lb
on mouse embryogenesis, mice carrying both Jmjd1lb+/- and Jmjd1b+/- alleles were intercrossed.
We could not obtain offspring carrying both Jmjdla-/- and Jmjdlb-/- alleles, suggesting that
Jmjdla/b double KO (DKO) mice are embryonic lethal. So far, no Jmjdla/b-DKO embryos were
detectable even at E7.5 stage. To summarize, it was revealed that Jmjdla and Jmjdlb are
redundantly essential for mouse embryogenesis. Currently we are identifying the lethal point of
Jmjdla/b-DKO embryos and examining these phenotypes including the status of H3K9
methylation.

2) Analysis of epigenetic regulation of mammalian sex differentiation: M. TACHIBANA



Sex differentiation is the process of development of the differences between males and
females from an undifferentiated zygote. This event is essential for sexually reproducing organisms
to pass a combination of genetic material to offspring, resulting in increased genetic diversity. In
mammal, the presence of Sry in the bipotential fetal gonads switches the developmental program
into testes (Koopman et al., 1991). Once sex has been established, that is maintained throughout the
life. It is still unknown how epigenetic machinery contributes to this sex determination process. In
addition, the responsible enzymes are unclear which contribute the epigenetic maintenance of sex
specific gene-expression profiles. To gain insight of these phenomena, we are planning to analyze
the sex-specific epigenome structure in mammalian gonadal somatic cells. To purify mice gonadal
somatic cells, we designated transgenic (TG) mice that express human low-affinity nerve growth
factor receptor (LNGFR) without intracellular domains. We chose Ad4BP/SF1 promoter to drive
LNGFR, since Ad4BP/SF1 is specifically expressed embryonic gonadal somatic cells from E10.5
onwards in both sexes. Bacmids containing all exons for Ad4BP/SF1 were modified in order to
generate TG mice. Briefly, ATG sequences corresponding to start codon of Ad4BP/SF1 were
replaced with LNGFR open reading frame. The modified bacmids were injected into pronucleus in
C57BL/6 zygote. Finally, it was found that three lines of offspring carried the integrated bacmids .
Among them, mMRNA and protein of LNGFR were strongly expressed in embryonic gonad in
two-lines. Immunohistochemical analyses reveals the LNGFR protein were expressed in gonadal
somatic lineage but not in germ cells, suggesting successful generation of Ad4BP/SF1-LNGFR TG
lines. Next, we performed the purification of gonadal somatic cells using anti-LNGFR antibodies
and magnetic separation system. More than 95% cells purified were positive for Ad4BP/SF1 protein.
Currently we are planning to optimize this purification process.

3) Analysis of the role of histone modification in DNA damage repair: T. TSUBOTA and
Y. SHINKAI

Histone modification is required for not only transcriptional regulation but also DNA repair.
After DNA damage, checkpoint protein ATM is rapidly activated and cell cycle checkpoint and
DNA repair are stimulated. It has been reported that when DNA damage is occurred in
heterochromatin, ATM activation requires H3K9 methylation catalyzed by SUV39H1/H2 enzymes
(Nature Cell Biology, p1376, 2009). However, DNA damage is often occurred in euchromatin, and
its chromatin regulation is almost unknown. Since the characteristics are quite different between
heterochromatin and euchromatin, the regulation with DNA damage could be also different.
Therefore, we tested this hypothesis by using G9a knockout (KO) mouse ES cells that reduce H3K9
methylation mainly in euchromatin. Although Suv39h1/h2-DKO cells showed the delay of ATM
activation with DNA damage, G9a-KO cells showed the stimulation. Furthermore, H3K56
acetylation which is important for DNA repair in yeast is accumulated in G9a-KO cells but not in
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Suv39h1/h2-DKO cells, suggesting some crosstalk may exist between H3K9 methylation in
euchromatin and H3K56 acetylation. Since the accumulation of H3K56 acetylation is also recently
reported in several cancers, we will focus on to elucidate the molecular mechanism of the abnormal
histone modification pattern and ATM activation seen in G9a-KO cells, in comparison with cancer
cells. Knockout of other H3K9 methyltransferase, ESET does not alter the ATM activation pattern.
However, ESET-KO cells show the higher protein expression level of p53 and are more resistant
against a DNA damage agent. We would like to reveal this mechanism, too.

4) Profiling of histone lysine methylation during mouse germ cell development: K.
DEGUCHI and Y. SHINKAI

Somatic and germ cells develop during embryogenesis. Somatic cell is required for
maintenance of homeostasis and germ cell is essential for maintenance of species. Our laboratory
studies the role of histone post-translational modifications in biological processes. Many reports
suggest that histone methylation is needed for germ cell development and functions.

We analyzed histone lysine methylation status in germ-lineage cells during embryogenesis after
sex determination. We found that the methylation status of multiple histone lysine residues are
different between male and female. Especially, global level of histone H3 lysine 9 dimethylation
(H3K9me2) is low in male germ-lineage cells. In mouse, histone lysine methyltransferases G9a and
GLP form a heteromeric complex and cooperatively regulate H3K9me2 and mel. GLP but not G9a
is extremely low in male germ-lineage cells at the developmental stages we examined. It was
reported that Glp mRNA is not expressed in primordial germ cells before sex determination.
However, Glp mRNA is detected in male germ-lineage cells after sex determination as that in
somatic cells. Interestingly, GLP is also not detectable in undifferentiated spermatogonia which is
reported to have low H3K9me2. We suggest that H3K9me2 is not deposited in embryonic male
germ-lineage cells and undifferentiated spermatogonia since GLP protein expression is suppressed
by post-transcriptional regulation. We are currently investigating this suppression mechanism.
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It has been 27 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.

1) Generation of the pathogenic RS-tropic simian/human immunodeficiency virus
SHIVADS by serial passaging in rhesus macaques: Y. NISHIMURA, M. SHINGALI, R.
WILLEY, R. SADJADPOUR, W. R. LEE, C. R. BROWN, J. M. BRENCHLEY, A.
BUCKLER-WHITE, R. PETROS, M. ECKHAUS, V. HOFFMAN, T. IGARASHi and
M. A. MARTIN

A new pathogenic R5-tropic simian/human immunodeficiency virus (SHIV) was generated
following serial passaging in rhesus macaques. All 13 animals inoculated with SHIVADS passaged
lineages experienced marked depletions of CD4" T cells. Ten of these infected monkeys became
normal progressors (NPs) and had gradual losses of both memory and naive CD4" T lymphocytes,

enerated antiviral CD4" and CD8" T cell responses, and sustained chronic immune activation
g Y



while maintaining variable levels of plasma viremia (10° to 10° RNA copies/ml for up to 3 years
postinfection [p.i.]). To date, five NPs developed AIDS associated with opportunistic infections
caused by Pneumocystis carinii, Mycobacterium avium, and Campylobacter coli that required
euthanasia between weeks 100 and 199 p.i. Three other NPs have experienced marked depletions of
circulating CD4" T lymphocytes (92 to 154 cells/ul) following 1 to 2 years of infection. When
tested for coreceptor usage, the viruses isolated from four NPs at the time of their euthanasia
remained RS tropic. Three of the 13 SHIVADS-inoculated macaques experienced a
rapid-progressor syndrome characterized by sustained plasma viremia of >1 x 10’ RNA copies/ml
and rapid irreversible loss of memory CD4" T cells that required euthanasia between weeks 19 and
23 postinfection. The sustained viremia, associated depletion of CD4" T lymphocytes, and
induction of AIDS make the SHIVADS lineage of viruses a potentially valuable reagent for vaccine

studies.

2) Small intestine CD4" cell reduction and enteropathy in simian/human
immunodeficiency virus KS661-infected rhesus macaques in the presence of low viral
load: K. INABA, Y. FUKAZAWA, K. MATSUDA, A. HIMENO, M. MATSUYAMA,
K. IBUKI, Y. MIURA, Y. KOYANAGI, A. NAKAJIMA, R. S. BLUMBERG, H.
TAKAHASHI, M. HAYAMI, T. IGARASHI and T. MIURA

Human immunodeficiency virus type 1, simian immunodeficiency virus and simian/human
immunodeficiency virus (SHIV) infection generally lead to death of the host accompanied by high
viraemia and profound CD4+ T-cell depletion. SHIV clone KS661-infected rhesus macaques with a
high viral load set point (HVL) ultimately experience diarrhoea and wasting at 6—12 months after
infection. In contrast, infected macaques with a low viral load set point (LVL) usually live
asymptomatically throughout the observation period, and are therefore referred to as asymptomatic
LVL (Asym LVL) macaques. Interestingly, some LVL macaques exhibit diarrhoea and wasting
similar to the symptoms of HVL macaques and are termed symptomatic LVL (Sym LVL)
macaques. This study tested the hypothesis that Sym LVL macaques have the same degree of
intestinal abnormalities as HVL macaques. The proviral DNA loads in lymphoid tissue and the
intestines of Sym LVL and Asym LVL macaques were comparable and all infected monkeys
showed villous atrophy. Notably, the CD4+ cell frequencies of lymphoid tissues and intestines in
Sym LVL macaques were remarkably lower than those in Asym LVL and uninfected macaques.
Furthermore, Sym LVL and HVL macaques exhibited an increased number of activated
macrophages. In conclusion, intestinal disorders including CD4+ cell reduction and abnormal
immune activation can be observed in SHIV-KS661-infected macaques independent of virus

replication levels.



3) In vivo analysis of a new RS tropic SHIV generated from the highly pathogenic
SHIV-KS661, a derivative of SHIV-89.6: K. MATSUDA, K. INABA, Y. FUKAZAWA,
M. MATSUYAMA, K. IBUKI, M. HORIIKE, N. SAITO, M. HAYAMI, T. IGARASHI
and T. MIURA

Although X4 tropic SHIVs have been studied extensively, they show distinct infection
phenotypes from those of RS tropic viruses, which play an important role in HIV-1 transmission
and pathogenesis. To augment the variety of R5 tropic SHIVs, we generated a new RS tropic SHIV
from the highly pathogenic X4 tropic SHIVKS661, a derivative of SHIV-89.6. Based on consensus
amino acid alignment analyses of subtype B RS tropic HIV-1, five amino acid substitutions in the
third variable region successfully changed the secondary receptor preference from X4 to RS.
Improvements in viral replication were observed in infected rhesus macaques after two passages,
and reisolated virus was designated SHIV-MK38. SHIV-MK38 maintained R5 tropism through in
vivo passages and showed robust replication in infected monkeys. Our study clearly demonstrates
that a minimal number of amino acid substitutions in the V3 region can alter secondary receptor

preference and increase the variety of RS tropic SHIVs.

4) Evaluation of the immune response and protective effects of rhesus macaques
vaccinated with Dbiodegradable nanoparticles carrying gpl120 of human
immunodeficiency virus: A. HIMENO, T. AKAGI, T. UTO, X. WANG, M. BABA, K.
IBUKI, M. MATSUYAMA, M. HORIIKE, T. IGARASHI, T. MIURA and M.
AKASHI

We previously reported that biodegradable amphiphilic poly(y-glutamic acid) nanoparticles
(NPs) carrying the recombinant gp120 env protein of the human immunodeficiency virus type 1
(HIV-1) were efficiently taken up by dendritic cells, and induced strong CDS8" T cell responses
against the gp120 in mice. To evaluate gp120-carrying NPs (gp120-NPs) as a vaccine candidate for
HIV-1 infection, we vaccinated rhesus macaques with these gpl20-NPs and examined
theimmuneresponse and protective efficacy against a challenge inoculation of simian and human
immunodeficiency chimeric virus (SHIV). We found that gp120-NP vaccination induced stronger
responses for both gp120-specific cellular and humoral immunity than gp120-alone vaccination.
After the challenge inoculation with SHIV, however, the peak value of viral RNA in the peripheral
blood was higher in the vaccinated groups, especially the gp120-NP vaccinated group, than naive
control group. Higher value of viral load was also maintained in gp120-NP vaccinated group.
Furthermore, CD4" T cells from the peripheral blood decreased more in the vaccinated groups than
the control group. Thus, induced immune responses against gpl20 enclosed in NPs were not

effective for protection but, conversely enhanced the infection, although the gp120-NPs showed a



stronger induction of immune responses against the vaccinated antigen in rhesus macaques. These
results support the importance of determining immune correlate of protective immunity for vaccine

development against HIV-1 infection.

5) An improved reverse genetics system for mammalian orthoreoviruses: T.
KOBAYASHI, L. S. OOMS, M. IKIZLER, J. D. CHAPPELL and T. S. DERMODY

Mammalian orthoreoviruses (reoviruses) are highly useful models for studies of
double-stranded RNA virus replication and pathogenesis. We previously developed a strategy to
recover prototype reovirus strain T3D from cloned cDNAs transfected into murine L929 fibroblast
cells. Here, we report the development of a second-generation reovirus reverse genetics system
featuring several major improvements: (1) the capacity to rescue prototype reovirus strain T1L, (2)
reduction of required plasmids from 10 to 4, and (3) isolation of recombinant viruses following
transfection of baby hamster kidney cells engineered to express bacteriophage T7 RNA polymerase.
The efficiency of virus rescue using the 4-plasmid strategy was substantially increased in
comparison to the original 10-plasmid system. We observed full compatibility of TIL and T3D
rescue vectors when intermixed to produce a panel of TILxT3D monoreassortant viruses.
Improvements to the reovirus reverse genetics system enhance its applicability for studies of

reovirus biology and clinical use.
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CENTER FOR EMMERGING VIRUS RESEARCH
1) HIV and EBV Pathogenesis: K. SATO, N. MISAWA and Y. KOYANAGI

Human APOBEC3G was identified as an HIV-1 restriction factor, which edits nascent
HIV-1 DNA by inducing G-to-A hypermutations and debilitates the infectivity of vif~deficient
HIV-1. On the other hand, HIV-1 Vif protein has the robust potential to degrade APOBEC3G
protein. Although following investigations have revealed that lines of APOBEC3 family proteins
have the capacity to mutate HIV-1 DNA, it remains unclear whether these endogenous
APOBEC3s including APOBEC3G contribute to mutations of vif-proficient HIV-1 provirus in
vivo. We use NOG-hCD34 mouse model and demonstrate the predominant accumulation of
G-to-A  mutations in vif-proficient HIV-1 provirus displaying characteristics of
APOBEC3-mediated mutagenesis. Notably, the APOBEC3-associated G-to-A mutation of HIV-1
DNA that leads to the termination of translation was significantly observed. We further provide a
novel insight suggesting that HIV-1 G-to-A hypermutation is independently induced by individual
APOBEC3 protein. In contrast to the observation in proviral DNA, viral RNA possessed less
G-to-A mutations. Taken together, these results provide the evidence indicating that endogenous
APOBEC3s are associated with G-to-A mutation of HIV-1 provirus in vivo, which can result in

the abrogation of HIV-1 replication.

2) Role of the envelope stress response system in the biosynthesis and quality control
of envelope proteins. S. NARITA and Y. AKIYAMA' ('Department of Viral
Oncology, IVR)

The aim of research in this group is to clarify the survival strategy of gram-negative
bacteria. Various bacterial species in this phylum have been identified as causative
microorganisms of many infectious diseases. It is of great importance, therefore, to understand
their survival strategy to cope with emerging infectious diseases. Cell structure of gram-negative
bacteria is characterized by the presence of the outer membrane surrounding the cytoplasmic
membrane and the periplasmic space. These envelope structure functions as a permeability barrier
against toxic compounds and serves to maintain homeostasis of the cytoplasm. Because the outer
membrane is essential for the growth of gram-negative bacteria, knowledge of the biosynthesis
and quality control systems of the outer membrane would contribute to develop new drugs against
gram-negative pathogenic bacteria. We study these systems using Escherichia coli, the model
organism that has ever been most extensively studied.

The o" stress response system senses misfolded outer membrane proteins (OMPs) in the



periplasmic space and regulates expression of a set of genes that cope with envelope stresses.
Upon activation of o, expression of genes for periplasmic chaperones/proteases and components
for OMP and lipopolysaccharide assemblies are up-regulated while those for OMPs are
down-regulated, both contributing to reduce the threat to periplasmic accumulation of misfolded
OMPs. Although there are several genes encoding periplasmic proteases that are up-regulated
upon the activation of o", their physiological roles in the stress response are not fully understood.
We found that an E. coli strain deleted for a 6"-regulated putative periplasmic metalloprotease
exhibits increased sensitivity to an anionic detergent, SDS, and several antibiotics including
erythromycin and rifampicin, indicating that this protease is required to maintain the integrity of
the outer membrane. Furthermore, deleterious effects of loss of this protease were synergistically
increased by additional disruption of either hamB or surA, genes encoding a component of the
OMP assembly machinery and a periplasmic chaperon, respectively. These results suggested a
novel function of a o'-regulated protease involved in quality control of OMPs through its

proteolytic activity.

LIST OF PUBLICATIONS
CENTER FOR EMMERGING VIRUS RESEARCH

1) First Group

Sato K., Nie C., Misawa N., Tanaka Y., Ito M., Koyanagi Y. Dynamics of memory and
naive CD8" T lymphocytes in humanized NOD/SCID/IL-2Rynull mice infected with
CCRS5-tropic HIV-1. Vaccine, 2852:B32-37, 2010.
Sato K., Izumi T., Misawa N., Kobayashi T., Yamashita Y., Ohmichi M., Ito M.,
Takaori-Kondo A., Koyanagi Y. Remarkable lethal G-to-A mutations in vif-proficient HIV-1
provirus by individual APOBEC3 proteins in humanized mice. J. Virol. 84, 9546-9556, 2010.
Pefg . /IR HIV-1 O U AV A-18 TAHAEEH L BRIGRIEORTE  FZRIESE
28 555 18 75 pp2961-2968 2010.

Sato K., and Koyanagi Y. A novel HIV-1 infection model using humanized mice, 1st
International Young Investigator Symposium, Kumamoto, Japan, 2010 £ 3 H 4
H—5 H

Sato K., Izumi T., Misawa N., Ito M., Takaori- Kondo A. and Koyanagi Y. Evidence for

HIV-1 G-to-A hepermutation in vivo by Apobec3 proteins. Retroviruses Meeting, Cold
Spring Harbor, New York, 2010 4~ 5 H 24 H—29 H



Kobayashi T., Yoshida T., Sato K., Gee P., Ebina H. and Koyanagi Y. Characterization
of species-specific interaction between Bst-2 transmembrane domain and HIV-1 Vpu in lipid
bilayers of living cells. Retroviruses Meeting, Cold Spring Harbor, New York, 2010 4= 5 H
24 H—29 H

Sato K. A novel animal model for active EBV infection in humanized mice, The 16th
East Asia Joint Conference on Biomedical Research, Taipei, Taiwan, 2010 4£ 7 H 1 H—2

H

Sato K., Misawa N., Nie C., Satou Y., Matsuoka M., Ito M. and Koyanagi Y.

Investigation of HIV-1 pathogenesis in humanized mice. 14" International Congress of
Immunology, Kobe, 2010 4 8 H 22 H—27 H

Iwami S., Sato K., Misawa N., Kobayashi T., de Boer R.J. and Koyanagi Y. DNA
labeling system by peripheral blood of humanized mouse, the 2nd Synthetic Immunology
Workshop, Kyoto, Japan, 2010 4+ 12 A 8 H.

Kobayashi T., Yoshida T., Sato K., Gee P. Ebina H. and Koyanagi Y. Live cell-based
mutagenesis studies reveals the structural insights for human tetherin recognition by HIV-1
Vpu. 11th Kumamoto AIDS Seminar Global COE Joint International Symposium,
Kumamoto, Japan, 2010 410 H 6 H—8 H

Sato K., Misawa N., Nie C., Takahashi R., Ito M., Kuzushima K., Takada K. and
Koyanagi Y. T cell and cytokine responses determine the fate of humanized mice with active
Epstein-Barr virus infection, % 7 [8] EBV #2484, fLIR, 2010 47 H 9 H

Sato K., Izumi T., Misawa N., Kobayashi T., Ito M., Takaori-Kondo A. and Koyanagi Y.

G-to-A mutations in HIV-1 provirus by APOBEC3 proteins contribute to abrogation of virus
replication in humanized mice, %5 10 [Fl& o U U FIEYYE - IE 7 +— T L, KK,
201049 H 7T H—10 H

e, Ja REE, —RWT, OHEsT, IR, & M~ T 2 RMIMIC X %5 DNA 7~

U > 7RO -BEER- |, % 20 [ A ABEEY FA RS, LR, 2010 429 A 13
H—16 H

= REL A, Rob J. de Boer, /MiIFER. B M~ 7 A KMMIZ L5 DNA 7Y
7 FRDOHESL -BEET V-, 5 20 8] B AR A R RS, AL, 2010429 A 13 H
—16 H

VEfgfE, =R A ¥, Chuanyi Nie, VEfBSC, aMPHERE, &iEE, (FisT, & HEE, /Wi
#R v Mev o REHWic EBV BLEMERERMEY o SHREREE T L~ 7 2D
L, H5 B8 I A AT A NV ARRIENER, 185, 2010411 A 7T H-9 A

/NRRRT-. D5 L, EREEE. Peter Gee, [Lotakw], MkATEE . /MIFEI HIV-1 Vpu F8
HAERIZ W ZE 77 tetherin/Bst-2 L EI@FEIL T X / BED[FRIE, HH8MHAART A LA &
SRS, M. 2010411 A 7 H-9 A

IINRIATF- R Fekf(E:, Gee Peter, [Locaka], W4 H8E , AR, /MR Human



tetherin transmembrane domain is responsible for HIV-1 Vpu interaction and susceptibility.
5 24 [Al 0 AT A X IE R, HO, 2010 4 11 H 24 H-26 H

Sato K, Koyanagi Y, Remarkable and lethal G-to-A mutations in wild-type HIV-1
provirus by individual APOBEC3 proteins in infected humanized mice model. % 24 [F] H A
T A REERIENR S, WO, 2010 4F 11 A 24 H-26 H

Kobayashi T., Yoshida T., Sato K., Gee P., Yamamoto S., Ebina H. and Koyanagi Y.
Identification of amino acids in the human tetherin transmembrane domain responsible for
HIV-1 Vpu interaction and susceptibility. %5 33 [F] H ARy AW FaF2, #57, 2010 4F
12 H7H—10 H

2) Second Group

Morita, Y., Narita, S., Tomida, J., Tokuda, H. and Kawamura, Y. Application of an inducible
system to engineer unmarked conditional mutants of essential genes of Pseudomonas
aeruginosa. J. Microbiol. Methods. 82, 205-213, 2010.

Tao, K., Watanabe, S., Narita, S. and Tokuda, H. A periplasmic LolA derivative with a lethal
disulfide bond activates the Cpx stress response system. J. Bacteriol. 192, 5657-5662, 2010.

Sakamoto, C., Satou, R., Tokuda, H. and Narita, S. Novel mutations of the LolCDE complex
causing outer membrane localization of lipoproteins despite their inner membrane retention
signals. Biochem. Biophys. Res. Commun. 401, 586-591, 2010.

Narita, S. and Tokuda, H. Sorting of bacterial lipoproteins to the outer membrane by the Lol
system. A. Economou (ed.), Protein secretion: Methods and Protocols (Methods in Molecular
Biology Vol. 619) Chapter 7. Humana Press (Totowa, USA) 2010.

Narita, S. and Tokuda, H. Biogenesis and membrane targeting of lipoproteins. A. Bock, R. Curtiss
II1, J. B. Kaper, P. D. Karp, F. C. Neidhardt, T. Nystrom, J. M. Slauch, C. L. Squires, and D.
Ussery (ed.), EcoSal—Escherichia coli and Salmonella: Cellular and Molecular Biology.
Chapter 4.3.7. ASM Press (Washington, DC, USA) 2010.

FRHEHT—RR © 7T LM O R EERRIC B 535 ABC kT > AR —Z — DAL
HARRZLF= 2010 SFERE, A, 201043 H27H
FCHET—RR, R IC M Y R 2 X EONEFRE L Z F D ABC BT AR —F —
LolCDE O#ie. H5EI T o AR—2 —WFEaFES, W, 20104 7H11H
R HET BB« 77 ARVERIE OMId RIS 59 % ABC k7 > AR — X —DHFJE.
AA R SALSF R B SRS 2010 4R RE55 1 MBI, Hil, 201 047 H 1 7H
Narita, S. and Tokuda, H. Overexpression of LolCDE suppresses the growth defect of an
Escherichia coli mutant that lacks apolipoprotein N-acyltransferase. The 3rd International

Symposium on Protein Community. September 13-16. Nara, 2010.



REPRODUCTIVE ENGINEERING TEAM

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

2008 62 strains
2009 75 strains
2010 101 strains

2) Introduction of mouse strains from outside

Frozen embryos

2008 4 strains
2009 7 strains
2010 4 strains

3) Transgenic mouse production with cloned DNAs

No of constructs No of embryos

injected
2008 52 20,379
2009 94 33,821
2010 90 32,875

4) Production of chimeric mouse
No of ES clones No of embryos

injected
2008 49 7,252
2009 52 4,587
2010 106 7,106

20,525 embryos
20,337 embryos
18,620 embryos

Live mice
2 strains
2 strains

6 strains

No of transgenic
pups obtained
125 (0.6%)
190 (0.6%)
124 (0.3%)

No of coatcolor
chimera obtained
357 (4.9%)
242 (5.3%)
394 (5.5%)
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COMPUTER NETWORK OF INSTITUTE FOR VIRUS RESEARCH

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 IVR, 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, SSH and all Outgoing TCP services except for P2P. Main services are working on Sun
Sparc platform with Solaris 10 and DELL with Linux.

All servers had been settled in a neighboring building during repair work which had made our
institute earthquake-resistant. We started Juniper SSL VPN service on purpose to maintain our
services including the exclusive ones such as a license management during relocation. It ensured the
connection into IVR-LAN for users outside our network. Though there were shutdowns of all
servers twice a year, we were able to come back to home building without serious network troubles.
This year we have begun MAC address filtering, which means you have to register the MAC
address belonging to your personal computer in order to connect into IVR-LAN. Because the
number of Wi-Fi devices and wireless users are increasing significantly nowadays, a rogue hotspot
could lead to open up security holes. 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.



STAFF CHANGES OF THE INSTITUTE

Appointments

During the period of January to December 2010, the following new staffs were appointed;
Dr. Yoshihiro Kawaoka as a Visiting Professor of Department of Biological Responses, Dr.
Masafumi Takiguchi as a Visiting Professor of Laboratory of Viral Immunology, Dr. Katsuji Sugie
as a Visiting Associate Professor of Department of Biological Responses, Dr. Hiroki Kato as an
Associate Professor of Department of Genetics and Molecular Biology, Dr. Jun-ichiro Yasunaga as
a Lecture of Center for Human Retrovirus Research, Dr. Hirotaka Kuwata as an Assistant Professor
of Department of Viral Oncology, Drs. Kei Sato, Shin-ichiro Narita and Ayano Satsuka as an
Assistant Professor of Center for Emerging Virus Research, Drs. Toru Kiyono and Yasuhito Tanaka
as a Lecture (part time) of Department of Viral Oncology, Drs. Yoshiharu Matsuura and Hisashi
Arase as a Lecture (part time) of Department of Genetics and Molecular Biology, Dr. Junji Takeda
as a Lecture (part time) of Department of Biological Responses, Dr. Hiroaki Takeuchi as a
Department of Cell Biology, Drs. Yusuke Yanagi, Takeshi Noda, Kyoko Shinya and Michinori
Kohara as a Lecture (part time) of Center for Human Retrovirus Research, Dr. Koichi Morita as a

Lecture (part time) of Experimental Research Center for Infectious Diseases.

Departure

Dr. Mitsutoshi Yoneyama moved to Medical Mycology Research Center, Chiba University,
Dr. Eiji Ido moved to Tokyo Medical and Dental University, Dr. Yoichi Suzuki moved to National
University of Singapore, Dr. Shinobu Chiba moved to Kyoto Sangyo University, Dr. Aoi Son
moved to National Center for Global Health and Medicine, Dr. Junji Yodoi retired from the Institute
in March, Drs. Yousuke Takahama, Hideyuki Tanabe, Hironori Niki, Hideki Nishitoh, Tetsuro
Matano, Jun Nishihira, Masaaki Miyazawa, Hiroyuki Mano, Takeshi Imamura, Tomohiko Takasaki,
Ryuzo Torii, Chieko Kai left the Institute. 2010



THE SCIENTIFIC LECTURES OF THE INSTITUTE FOR VIRUS RESEARCH

The annual scientific lecture of this Institute was held on July 15, 2010 at the Kyoto
University Hall.

Program

Opening Remarks: Masao Matsuoka

1. Mechanism of pathogenesis by HTLV-1 bZIP factor, Masao Matsuoka, this

Institute

2. HCV, replication in cell culture and mechanism of chronic infection in vivo, Takaji

Wakita, National Institute of Infectious Diseases

3. Regulation of neural stem cells : Brain formation and maintenance, Ryoichiro

Kageyama, this Institute

4. Research in regenerative medicine and drug development employing iPS cells and

gene-modified non-human primate, Hideyuki Okano, Keio University



SEMINARS OF THE INSTITUTE FOR VIRUS RESEARCH

Twenty-two seminars were held at the Institute for Virus Research under the auspices

of the Institute in 2010. Seventeen lectures were from abroad and five others were from

Japan.

February 10

March 9

March 11

March 17

March 29

April 22

April 26

May 14

Dr.Alain Krol, CNRS, France. “An unanticipated complexity to
incorporate selenocysteine into proteins important for health and

disease”.

Dr. Man Lung Yeung, National Institute of Health, U.S.A. “HTLV-1
and small RNAs”.

Dr. Tadaaki Miyazaki, Hokkaido University, Japan. “ Study of host

defence mechanism and pathogenesis in influenza virus infection”.

Dr. Rod Bremner, Toronto Western Research Institute, U.S.A.

“Integrating the cell cycle with neurogenesis”.

Dr. Yang Shi, Harvard Medical School, U. S. A. “Histone
demethylases: mechanism of action and connection to human

diseases ”.

Dr.Yuichiro Justin Suzuki, Georgetown University Medical Center,
U.S.A. “Search for therapeutic strategies to treat pulmonary

hypertension”.

Dr. Hiroyuki Niida, Nagoya City University, Japan. “Essential role of
Tip60-dependent recruitment of ribonucleotide reductase at DNA

damage sites in DNA repair during G1 phase”.

Dr. Yoichi Kosodo, RIKEN, Japan. “Comprehensive study of the
interkinetic nuclear migration of neural progenitor cells; Temporal and

spacial analysis of cellular behaviors in the developing tissue ”.



June 9

July 16

August 25

September 14

October 8

October 29

November 5

November 5

November 12

November 15

Dr. Elias Arnér, Karolinska Institutet, Sweden. “Human thioredoxin
reductase 1 splice variants regulate cell function through intriguingly

complex mechanisms”.

Dr. Stefano Stifani, Montreal Neurological Institute McGill University,

Canada. ““ Molecular mechanisms controlling brain development from

pluripotent neural stem/progenitor cells”.

Dr. Ayumu Akahata, National Institutes of Health, U. S. A.
“Development of an anti-Chikungunya virus vaccine emloying

virus-like particles”.

Dr. Srinivas S. Rao, National Institutes of Health, U.S.A. “Comparing
the efficacy of immunogens and evaluating aerosol delivery of
gene-based vaccines against influenza in ferrets, HIV/SIV in

monkeys”.

Dr. Charles R.M.Bangham, Imperial College London, UK. “How does
HTLV-1 persist in vivo? ”.

Dr. Renaud Mahieux, Ecole Normale Supérieure de Lyon, France.
“HTLV-1&HTLV-2 similarities and major differences”.

Dr. Cecilia Cheng-Mayer, Aaron Diamond AIDS Research Center,
U. S. A. “Tropism Switch in RS SHIV infected macaques”.

Dr. Sarah Bray, University of Cambridge, UK. “Decoding the Notch

response’.

Dr. Junji Takeda, Osaka University, Japan. “Establishment of mutant
ES cell bank ready to analyze gene functions and available for many

scientists”.

Dr. Yi Zhang, University of North Carolina, U. S. A. “Could the DNA

demethylase please stand up?”.



November 25

December 2

December 14

December 16

Dr. Anna Bigas, PRBB Barcelona, Spain. “Notch signaling in the
generation of hematopoietic stem cells”.

Dr. Yukako Nishimura, National Institutes of Health, U.S.A.
“An RNAi screen of microtubule-regulatory proteins identifies
MARK?2/Parl as an effector of Racl that mediates polarized

microtubule growth”.

Dr. Masafumi Takiguchi, Kumamoto University, Japan. “Evolution of
escape mutant HIV from cytotoxic T cells”.

Dr. Kiyo Sakagami, Jules Stein Eye Institute, UCLA , U.S.A.
“Essential roles of PTEN/PI3K signaling in proper retinal network

formation”.
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BT FIT, Wnt AR T, Krtapl3 Z I FEBL S & 27217 T, Wat RO LUVEMLAAET S
TR, VR —F =T AL VHALMNI/ o2, Krtapl31E, B FTIX 174 7 I V@60 |
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Krtap13 1%, MO AT 5, & 51T Krtapl3 ORI, Wnt DIEAYEIS 7. Dkkl DOIEH],
EHEE LT,

BIfE, Krtapl3 OEFEHOEE L | invivo THITT 27027 DTN D,

ZDH, AP TORINAEE CAG YrE—F¥—L t b Krtapl3 @ c¢cDNA DI
lox-polyA-lox 41z ffi A L 7= Trans gene (Tg)Z{Fp L7z, 2@ Tgid. Cre DIFFE FIZBWNT DA
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Tg ¥~V A TOGOREDHIERS IFE TR A~DEEL RN LT\ D, £72—77. Krtapl3 235877
B n T LTl FAAE L, Krtpl3a OF LWVEREBL, H D VTR, Wnat R & iEEAL
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NRE AW & B FOAEIEEE 2 b &2, TIRESE] LW O LWEKRIGE Y AT L DS
R L TN EFRICLIH LWD 7 FoR_T XA LAOfLE BEE Lo A B L T b, #ils
b & U7- PR R YLEMT 7213, B L1810 co—evolution DM SIIFEETED . Hi- /2B aER
TUNFR—IREDFFES R LT, Fo. TREREIT Y AV ZEGHEICB W T H HE R & E 2 1
LTV EDEZNS, YR ERE T VIFEHEK - E+REZE0R & O LR L ED, SIV
JEYL Y LT BT DR SIERRR o 12 RE Lz, IRERE LW O 810 AD bR = A XDl %
HIETHZEEOFENL, REELBEIOICKESERTILOEHHEL TV D,

A BUEIRIL, HEOME T vy =7 N2 EET 5L LI, AR D 2 87z 2851
ZREEL., TOMTE2ED TS, £7-. FAk 22 F 2 JICHEHE U TEE L - SHEE -
X, RIEMEREBEDS AN KT~ D BCG L O VE RIS FF OB &2 BRI I ERG S 60 158 0D R ZEE 2 B &
T DR ARG Lo, 7 A L ARFSERT AL [FAFFEE O BRI K AT 1 CRIR T SZ R F5iAm) 1. A5
BACFRFIEZBREE LT, MR B T DIRERB AR L T 5D,

FLEHEOFTEIT, TNENHAREE LWFREMRAZ R, IRERE (BEFHICET) 13EY
ZREAYC LB IE R T L L X — S D ARRE R . BCG RYELE Y R AW TIRIA L., BIER A
e Ccd s, MEKEH D)L, Vomd XETVEHAWZZEEKGE L, R E 72D T A VA fF
BHERETDE L HIT, 20O THIIGE OFEM 720 T T 2B 522 U, i sCEm o #EH %2 L
TWD, AR M2) 1%, RIS O EBR 2 ML L, IRERREBIC IS W TREERICHEBLT S E
B a2 RE Lz, /IMETH & A (M2) 1% CD1aTg/GM-CSF KO ~ 7 A DM/ R T 7Ny
Z AP R T MR IZ 51T % CD1a 43 F DFEBLAS . WIRIME GOM-CSF EKFRI TH D Z L 2B LT L
Too FTORTACHEITMb S T IREHT S A MDIE, BVE Y FOWFEZ R IR L, IKIRE
(ZB9H U7 R ERME T L L X — R & R E Lz,
fikE & = A Xadhic, IREREOREOMY & 2 OBRISEZ B TRIE. Lo BIZhx
LTI TE T, BERIL, BYYEMOHEEL H L2, U A NV AFIEFT DR ER D ONTFEE~
OEBAZ B L. BRI EZ1T > T D,
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SR, AmBEAFRR oG LA L UTRKFR, e8RS, Al —#, 2 FIERE & BLE
TOHLNPANFEL, FEBEAIELRBEEZET LT 22— (B Cuthk Lz, BaFge=E ot
B & LTI AT » TWI/IMREERE T, BYLERFE TR S A4t o % — % 2 C Harvard
R EZEE & UCHaH Uie, E7o, Ml =R AMB A ER Tl (ks 2 BdE
L. Sysmex (#k) OWFEE & LT L7z, ARl @ A oRHE L% WIRRRR 0 HiAr 2 BufS L 72 S U
FIIEBRZOMEE ., FMEEZITHEL ) o8 & LTiH Lz, BIR®oRmas g &4
DM OMEELIITBE DRV ITO, HRAEOMIFRIEE N AR L 2> TWD, £7-. BT
& FILEBE A I =0 R — FOMARREB OB 21T > T 5, KIEIX A BH A ER O
MRFRE L LT 2B LR VBILEMD TWDH, SFEIFMFEED X =N RE S ANKED T2,
MIEEOFTIZHE L TN Z EBRMfFI N5,

ARSI ClE, KEONRWE LT R N—3 2FEE L& S % —4F Fas O E HF 5 &
L. 7R b=2 202 LIA O LWFIIESEIZ B3 B HF2E, FIRSEREE 45+ D S A% 72 A iE MR
BT 25052 217> T\ 5, B ANDIFIENFIZ DWW CREEIZHEINTT 5,

YHFFEE TR L THEREEE A 2— i o Bl Ml o T (Qetako R~z el
PR BDAAELDFIR E 72 BH) —EF-1a (eEF1A1) DOISERAK T —caspase [THRTE L 72 WET L WHTR
FEDFHE ] L) REEOEBRE LY S DIZENTT 2729, &Rl eEF1AL 2 @3B+ L5 h T R
r=y 7w UA (ZOFHMIENRE I~ T R) OFAERL TS, FHESEIE, pb3 A3
RELZWIE (< OBAELDoH S /MlaDREE) Tk, RARICEELZITRICAELT 526
AIRELZ caspase (ZHKAF LR WHTBLOMAENFEIND EWIHIBLRERWE L, ZOFED 51
BERE DFENT 21T > T\ D,

Fx 3 Fas ¥ 7 F /L & ORE T RN L7 E RS> FLASH 23 45 73 AU HE R iR o0 A i J8) 11 S 1 o> it
ITICHEARRIR THDHZ & Z2m L TEID, BRI FLASH & ARS2 D24 A3l i & 1T 12 B
D5y ARG 2 FEAT L. ARS2 1% FLASH E AT 252 LI XY FLASH # U X7 O REICEFE L
TWNWHZ L %ERLTWD, 72, Kuang Wan-Fen % FLASH 2385 5187 7-# AR (CoREST A K)
ERELTNDLZ LA L, ZOMREKRASCAEMFHNERIZOWVTIT 2D TV 5,

—J7. TR b= RITHBER AR D caspase (BT HHF2E H 17> T\ b, BIKIT caspase—8 23 il
ERAABL DL EHETEIC E D L D Iz >\ T, RIEFMRZ HWZEBHI AT~ A%
ERL L CHENT L. caspase—8 DIMERFEHMAL DL L HFHICHIETH DL Z L 2L, £7-. O
Bra g S w, R T B LETO~ 7 ARRMESFEHINRIZ ) T, caspase—8 A3 caspase [ZH&AF L 72\
TR b= AMPEOFEEEZIEL TWD 22 RN LTS, —J5, ES filgz AV izEis
T OFRBUFHERCHBINGFHERZ P HEZENEE LN, ZDRIZBUVWT caspase-8 DOFELM
FFEEZITo THT LT & 2 A, MEBEICHEERBRN S 7T VRERDREREND &



I LW R Z RN LTWD, T b D46 caspase-8 DFi7- 7eBEBEN 701 L ~L THiE ]
INDEWREIND,

TR o= TR b — AHEMAREIC R % Fas & Bim 135082 CHEHERMELZ A L T5H, Fas |
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N —VERBREZRIET D L2 RN LTV DEH, &I H AN EEE KO FEEEFIL= L
HFFFE 21TV BRI O IgE PEAZ IR < FE 28 LW MO FE & it 217> T\ %, %
7o, MERE K B Ml OBUR L 72 — 2 BRI T S &L TR b — v R &9 %5 CD40 HIliK
WIFELTH, BIimIIKAF LT AR P—Y ANFEINDH 2 2 RWE L-mRE L, Z oMifast
ZHHIT S L1k o T, RBRENT 1g62a X 2b & W o mHKAZELET D 7T X< Hifa~L Hhn
O BMRARMCTCELZ LERL, TOMITZITo TN D,

By oZ&BRET. 7R M= X LB O TR OMBIRR AL . B R BlLEr G0 L
JLTENT LTV D,

AmEEF R OB (Rrfn) ORBRZAEUT, * 7 70— 2RIl S A S 415 HMGBL 3155
P EHEST DIEVEE R TN, TR b= AHE D O NGB X5 E A JHl 035 L v D ifge
D FOREIREMENCED LR A MR T ZFEL T 5,

WEEFZ DWW ETIINE., BEA e T VA (A X, i) Z 7z caspase OFEREMAT .
caspase—8 DIE(LFERIIRNT, BT T L I IA AT caspase DIEMAL & A FEFERE O B AT 21T
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By or BRI, ~ U ZORFEANIC, W - B - SARENFE I N oL . RrEariifg (ES
AAR) A2 RWTEENT L T\ 5, ST, 152 iPS MARAFZESIC L 0, BS AlAE 2 R (bR IEIC R
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N, 7 T OHEEITE K LW ) | T DREIZRTZLTND Z L2 RNWE LT,
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AAEE L, AR OB E (M1) 23872120 £ Lz, RIS T\ DI,
WeHETZF O 53k, WFEME B O B 1. tho KFEpeE i, EmBLFEER o /A Ei%Es (D3) ,Qi
Yue (D3) ,REpiE— (D1) , EAMETF (M2) O 4L BEEL TWET,

C IR ANAMHCVRL T ANVT ¢ FREEICEY “ &b Lo 7 Z X7 TR END,

Fexlx, CEIFR YA VA (HCV) BYHIaOE:# LIETIT S-S KA core A IA LI R LT,
Z OF FIFO HCV AL T3 I2IE 2 D core BEEHR L OEENTE LT, £72, NP-40 f7/E FTD
Z» proteiase K (ZJEZMEEZRLIZZ &G, HCV DX 7 L AT ¥ 7' XV AL T ¢ RiEAAL core
BEREERBALE LTI TS B2 b, £, 2 HCV ERHINIZB W T/
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RERR L TNDEEZ LN,

b RIS TR Y AV ARG IRF7 AKAF e A v X — 7 = 0 ol {5 FRBDBEZ 5,

IRF3 <° IRF7 [TAIMA D HARGERICB W TEELRER 2 O ERMBNA TS, 2O
X RNA VA NVAPEGT 5 LIRS T IS V2 —T7 20 OFEICHERET 5, FxlXin
F I B TR L 72 ASE(L AL HuS-E/2 Ml 2 & BT CRUFR 7 A /L 2 ORGSR NS 1%
IRF7 N FEE B EN 2 RTT 2 L 2R L TE L, £72 IRF7T 132 < ORI DT Y A L ZJERGLT K
STHBEINTA =720 B Lo TRHRERBISND Z LML TSR, b MMIRATH
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B BRGIEENTFET D L B2 TOFMERFTI L TWVWD, £ L THx it NIRRT
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5T L AR LI, RIG-I (ML L7Z MDAS, LGP2 LW IH 3 FHIFfELTEY, ThHERHL
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Pathog. 2010 Jul 22;6(7):¢1001012.) (2B L CAERS 2 584,

7 A L A JEYG M CIERIG-1-like receptor (RLR) 23HBAAEICERE L7277 A /L A HKRNA Z J& a1 L
TUNRA 2 —7 =0 VAR T OIFEMHALZ X LD LT 257 A L 2 BRGEINE 2758 2,
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FIZBIE-LTH Y . MENIOMREIREL, /v o7 X v 2y 770 bOfER, IPS-10EE, iy A
NWARNBEIIMAETHDL I EERWE L, ZINOORRIZVANVAERIIZ L - THFEI NI )
WIR Fay RUT ECTHTE =1 ORBICEoTHIEI SN TS Z L2 RBT 5 (¥
2) .



Replicating
Mitochondria .
viral RNA
with IPS-1
Uninfected Infected
B
5 Fission / "":.---I.:Esmnj
Fusion
Fission , —— antiviral signaling
/ Signal “on”
Signal “off”

2 MFN11iZ & % IPS-1 DiF MM
ATANVAERIZEY I by R T B2/ L TWZIPS-1IE—H DI har KU 7 k
ICHEFE L 2 CREREZERT 5, ZOBERIZ VANV ABEORRIER I D, A /LA RNA,
RIG-T Z G e EA RO BELICER SN D,
B U A /LA RNA, RIG-I Z & EIKIT IPS-1 25551 L, #0007 IPS-1 OREZFIEE 3,
Far U7 ORE, @EORR. IPS-1 OREILS HICHRME I i, IPS-1 OIEHE IREE Z Kk 3
D220 BERTT OB EIC XDV T E FIRICEET b,

Wrge7ra =7 b

1) RIG-T OILIRHEE & IEMEALEERE OfftT (BT, RH. 521)

2) RIG-T O RIE & IEHEAL T (REA, 2. W, IR, i)
3) ~ U AEKTO RLR OHEREDMEHNT (ARHL., RBEFA. &RA. IR

4) RLR & B ORERBOMST (ME., @b, BEA, M)

5) HFMMEOBT DT A VA SE OB (BEFA, HFA)

6) FLUANABRGIERGE ~A 27 2 RNA (EH ., IR

7) TSRO ZEHE RNAIC R DH T A NV RISEOHIZE (HH, REA)
8) MUANAGEIIE TSI har NI 7oOMEE (NEFO, @k.)



9) HMIUANAIGEIZBITDHHRA~Y B —FDOEE5DOH7E (Yoo, EEFA)
10) LA NVAISEOAEME COR I (Ng, Wang, BEA, /NEFO)
11) 5 ppp MG ICHEA T A EAEOWE (HE, B O, BRE., nEE)

UHRETEE Lz, MRIY B iU A LV A BRGEINE- DN > TE I D
ik AT ARSIV E LT,

RO N0 ER ST N REEGN..

HliE © =0

MO IVABRRERGE

SMCEOTER
BECHEBMEEYATA

one pEne




BAs 7B R E AT SR P Department of Genetics and Molecular Biology
i 0 AL e 0 B Laboratory of Biochemistry

HIOH D RNA OREBFNTRTIZ AL X X0 B L OEAIR (RNP) & L CHETE LIERET 5,
YAFFEEIL. RNP OJERL - MIEZAH - ik « R - SEE R L. RNP 20 < Dk % BRI B
AFF > TWd, H1TH, [RNP OZMILE M Ok & [RNP O & EE Mg 2 K& 72 2 DO
ELTHIZEL TV D,
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| BALRNWEABRER LIRS0 32— ay | = v
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| \
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= \__—/ v
1. 4> }- ov ‘ \ - (1)
2. RADEZ
3. RUADRE \ - f 18 NRD
60s e
el | . - = " AAAAA
mMRNABIS 5+ L “T4US S5
ELToro 0y v AUS T 405 >
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DHFR E N.C NNEIS) ﬁﬂu‘é x 258 NRD
MRNA N\ e e e
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40S 4T a1=yrDREEE -18S NRD
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2010 E121%, 3 AIC3 AN EEIL, 4 AIZ24 DM BSAF LT, TORE. KEFZE=SEI2IX
Hfz, E, 240B#H, 74O LB EERMERFEREAE, SAOE LR KRFERENTERETDHZ &
Lot

I . RNP O RZHIRE ] oD g s

KA E S5 272 RNA (20E, BFRICEI D % U AR Y — 2 RNA (rRNA) SCHERS RNA (tRNA) | R 75
AVl T U U v F BEPESF RNA(U snRNA) . A v 23+ —RNA(mRNA) . ~ A 7 1
RNA(miRNA) 72 E23 & 528, ZhHH D RNA X, ZHZ4D RNA FEIZ[EA OmER RN TR &
L7, Mg~k ESNnD, BN TENZNO RNA IZHEGT SRR, B % E 5 5720
T < BEANGES DO Z N E LD RNA O (RTEL, FIER, LEMER ) 2 b HET 2 2 L0 5
M7 > T&E Tz, DF Y, RNA OFEFHITEN TR MG LR I K- TR S TnwT, 20
AR Z B AR & 72 RNA DEM BRI B 525D ThH D,

flL )7, snoRNA > scaRNA 72 &', B2 6 < AL SN TN O 2 72 KA A 2k S5
RNA HFET D, S HIT, —FED RNA B E MM S LT, A > b e 25T mRNA FiEEIARZR &0
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FF mRNA D ID =L A > ) ZPRRLTE I, A bR PNFETDHI L. A2 Fr Ry
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PTLATTA VIR LRV OIE L WY VR EREBLTE < /0D, £, mRNA BIBRAAH
RSN TLEI ERITFTU IRTT 4 TIEMEOH D RFZ VNV EPEAINDIBENED D,
& T ADFERBEIL mRNA FIBRIRIZ A 7T A Lo IR D E TEPICEO DL TTWCHIREIZBIN S
Z &iEev, 2D mRNA FIERRDOENRFF O FHBIL, BREFRIUCEETHLHICHLEb LT,
LMo TR, HEFEEREE AW T2 OO BIR R TATIIR N S D DB TH 5, FHEEWY
T, B R TEOBEFIHTEVICELS DA ba v EEATNLZ ENE, BiELY & &
DIZJE BN 72 B8 IZ L > T mRNA RIBRIRDBEARFFZIT > TWD EBZ LD, £ OMIEDIIEIC
TR FERDT N TR, BRIGHTOFR, 77V Y AT VOIMBEATIE, (v e
YD AT T A AT T F IV mRNA BIERRDOBEANRFFOIZOICKRBEE TH D LW IR LR/, €
AUTHE AT 5 U2AF &0 9 /723 BEIC R E 4TV % O C, U2AF A% mRNA RifBEIR DN FHIZ B 57
HEBEZ LIV, ETOFEMREBELTRITWD, £o, WILEEEMBETYL, B0/ vy 7200k
R° RNA ~D R 1D tethering #IZ & > T, mRNA BIERARDOBAREFICE G- 285, b T o AR T
M2 BIERR LTV D,

5. HIV-1 Rev # > /X7 /EIZ X % RNA BNt A RO ) €T Y v 7

ERoO X5, @EIZA > hrrEETe mRNA BIBRAITIIRE ~ S ST, AT TA 7T
F VR nRNA I EN D E TR £ D, =4 XAV A VA HIV-1 (X, BHDOT /) AZa—F
INd Rev EHEZHWT, AT T7A4 V0 722 HDHWIEHZIICLIZIT TN T A LA
RNA Z Al Ciat S 5, Zhud, BN 7L (NES) Z 5D Rev 287 A /LA RNA | RRE
EREIERN D RNA FESINCAE AT Z L2 X > T, RNA BN AR 20 i O mRNA D Z 7> 5 . NES 3%
IR CRML RIFEDZ N A~E AL v F T HHICE > TR LZET BN D, Z O RNA AR R D 2
Ay F U TZIZEBNT, VAL ARERAK T Rev & 18 110> mRNA Hk K FHEDO R O TRV IZ L
THRH SN D DNZONTITES A LN TIZR, 77 U BV AT T VO IR~ DM EEA
EERW, A brradEie U A /LA RNA Z 454 L72E 7 /L RNA OZSMEERR K23, Rev IZX » T
BERNOTANABIANAL v F T 52 2R LI, SHIT, Rev BRI E ¥ A L AR
D12 TR, BEEMOBMERKZEEL TS Z ERnbhoTz, 2 OMFENF DSy 1-HAE % fihr
T 5 LT, EEEO HIV-1 BT VR THRBROBEN R 6N D008 5 D EHE L T b,



6. MENZI T 5 BAs 1B

A TIE, MBICIXIZE A ET R TOBRBFRBEUIA 7RI EVMEN TN D, £D4T
WO —SE T 5720, Frxid, mRNA A7 T A 2> FIRTCTh 5 & [AIRFIZ mRNA O EZS ik K]
FTHdH 2 UAPE6 &9 KIFDOIEMN . Ml AN TED X S IZHEI S TN D O ZFE/MIC
FARTND, FrlZ, MBEIRR RN Y BRI X AHENICERE Y T TN D,

II. RNP & S &HR

HIIZIE LW RNP 2 ED 72 DIC SRR TR AT =T A 2> TWVDER, VR Y —ARAT T A
A Y — LD LD RERTHEMER RNP 056, SR OB TRELRRN BAERLTLEIZ L LR
LL<WEA S, —J, BIET DNA DZERE RS 2 WITEIEALFWE . TETEREFRE 72 & OFk ~ 72
BEEARNL ALY, 5ERE RNP OO RNA & D WMEZ o XV B NER L= 0 G521 720
HZELBDHIEAD, TOLIBRFRTEREZRNP BAEK LT LE-ZEXIC, MEITENLEZE

LT FT 5D TH A 5D RNA 73 F D SVEEBOIEITEANAT O TN DA, FEILRNP D

B LW ) BLE D DATONTIRIZZ < 22 < ZOHMRIT X 5 R0 DOWTZIEND Th 5,

ARFFRETIE, VAR Y —Lh F2ET VR E LT, RNP OMEEHEEEZE->TWD,

1. HEERE Y R Y — DK D4y Rk

HZERERE CIE PO R BRE R A FF O L 5 72 U AR Y — A RNA 1E, A RGREE T o 5 E & SRS
2Bl B3, SElM Y AR Y — LRI E THANYTHN D, 255 rRNA @ PTC (peptidyl
transferase center, X7 F NEABIHEMEPFL) (AR ZFO L OXFEMK DK (60S) V7 2=
L E T, 18S rRNA @ decoding center (S fifgait v & —) (THERAZF S b DILFEREL D /)N (40S)
T a=y FETENENHRANLTHENDLEN, WTHHHROTZOHOEMITR > TS, ZbD
K 97— RIEH 2 HERETER U725g il U AR Y — A H o rRNA 1%, #F L C NRD (non—functional
rRNA decay) & MEIEALD RNA 02 & BEFEE CoofiE Sivd, Foxld, 255 NRD 4y 1-HfE & B & 2> IC
TLHMTEEFNAZ V== T 2T o lEfiR, BEDO2EXF U T —BEA RO T2
25S TRNA DM fRICLIETH D Z EEH O NICT D LN TE Tz, Fo, AR L2 60S 7 2=
v N EDZ R ERF B EFTF AL INTNDZ Ebmholz, EHIT, 255 NRD (ZIX 7 w7
TV —LOEERNETHLHZ E B LNIRY | FRROEBBE TR LRE SN Y R Y — LR T
Lo (B b —8D) ZFURTERONTaT T = AL o TS T B, RNA R A
DIREND EV D T U ABRENR LN - T2, B R TG E 2R 55 RNP 2 fif R4 2 BRI
ETIOT T ATHEUNRNTERGEDRETHENDIDIE, O ok Licb— iR 72 D)
HHEANIR, 7272 L, NUA0S) T =y FOSEER (18 NRD) I X F /s 7TV —A



ZREGLTWDEWVWIFHLTS D E Z AR,

2. AR CHRE LT rRNA OB

ERRO X ST, BE 72 RNA TR S D, DNA OGS L& THRAEIC K > THEHRDO A
I T TIRRINTNRWOTIIEY ITEET L2 ENEE LWL, RNA [ZE{s - DNA &V 9+ X
B =T 7 ANAMNEN B THLat—FT 5 ENTEXDENLTHD, X RIVEOEAE, AL
TLESTOMEITETHEDEERLEZITE O & L ENNEHR ThHIITHMET 2, RNA 7511,
—HEBDT ANV ATIIDNAIZ o> TH /) L E LTHIHINTWD LE /T ED L O ITAlEEM: %
FEFTHZIELHETEDLIENLEZT, DNA X U RV EDOMGFOWEEFfoTnbHEBNR D,
IO END, B RNAIFEICOMRBICA LD TRl BEINIGAELH DO TIE RN
MEWVD FRPAEEND, LU, DNA DEH L iE > THMENR2NDO T, BEL V- THNRY
FEERIRHEIEIZ 72 2725 9 T LITARBUTHE < 720 FEZBR . 7 L F U BANC K- TT v F L {bh S 77z RNA
DAMRIN CEESBRICIL T VX b SN D eV IHI IR s 5, £72, VA M iz ko TOlran.
tRNA T T A 7= a SN, L BRICVR FF Uit ko T2 ELYMEND Z Lok
DN EIWrE AL D IEMERI S D & D RNAEE DD —FEOGERE N RE STV D, RIFFEE
TIE, ZERE U AR Y — DRI Z o 7o BARBEE N — M OBE 22T 5 2 L 2R D Ra i
TWT, D00 THEZIIEL TV D,



BAs 7B R E AT SR P Department of Genetic and Molecular Biology
BAS T 1F AT AT 2 50 B Laboratory of Gene Information Analysis

W= RFER A, F L TCHEMER L L TR EMEELZIEENIZ20 1 04F3 HiIc%
MZEEFE LT, ESEEPEMEFOBEMEE L LTBEI LT, HiffEEoE2 AKT{ZH 20 1
04FE 3 HCiBRE L7=72%, ZRTFAKIIs & S a & L% LT,

LR OBEUCED 2 DNA R Y A T — B3R FREZEEICa e —F2 L0 O KE L RT 20
(2, IEH 72858 DNA O RO B WANC A R A2 AL, S MICBo iR a2 AL
BT H B DOFF> 3°-5° exonuclease IETEIC K DK IEMFEIC K-> TE DR E - THA L7 2 BR
ELTELWEEAHAL T, FOERZkET 2, LoxL, L@ DNA I, & 5 W I3
KIZ K> THICEEEZZ T TEBY . 20X 9 REBEEOFGWERIE DNA R Y A 7 —E RN EEHAIC
Wl 52 CH#ITEZEIELTLE Y, 20X ) RGBT, WEMEEZRT-T . AR
L KREWEDICHEEZZ I -HEEZ LR L LT DNA B E1T D B /NRATDO DNA R Y A F
—ERERBDNARY 2T —BIZEE b THERE L ZhICh<BERIZEZar—1L, £0
BIITHOERIAI DNA R Y A T —B R DNA A AEITI L EZ BTV,

ZD X 9 RS 28Z (Trans-Lesion DNA synthesis, PATFIZEBWTIL TLS LBsT) 1CfEbH
HDNAARY AT —BIIRBE»OIZHIE TIASRFESNTHFIET S Z &3, 2 0 0 0FDRIEIC
O o7z, ZENHDEL X, ERODNAKRY 2T —F (A—, B—, C—KUNX—77 IV —|C
SEINTWE) L1E7 2 BES ECREMERRD bR 7oD T, HillicY—7 7Y —¢&
LTSNz, B FTIEY—77 IV —OFEFE L LT Poln, Poli, Polkd O REV1 @ 4 FFEA
FET DN, EEOITITZENDS L IXRRD PolLhb - TS b EEZ BN TS, BEREAEMT
IZDNARY A5 —PIZHAINEICEY S v BEOT LT 7y MEICTETZ LIZR->TEY ., PollZ
HEERERFIZE\ T Pola, PolB, Poly, Pold, Polellfii< 6 HFHIZA DM -7 DNAKRY 27 —ETh
Do 7 BEEND Gy o T2 B AW OIZIE 4 TIZ Poll, PolnB L ONREVLIZFEE L., —J Polud 5
UME Polk Z R0 E DB ET D, Y—7 7 2 U —ITJ&T 5 Poly, Poli, Polkds K TUFREVL (3%
NEN—oDY 7T a=y FMHE%DDIZ% LT, PoltiZ REV3 filifitr 7 = =« |~ & REVT fliBh¥ 7 =
=y DRSNS, REV3 X PoldDfiliitr 7= k&7 X 7 BRECSI AL L TV D DT, B—
77 IV —IZHEIN D, WEEMICIZ, Y—77 XU —® DNA R Y A Z7—ERBEEOm VRN
FEEFAL T, ZNUBEOMERISEIT 9 Z & BHK R WIEEIZ PollEE D% ORIy DM EREK
IGEATO EFZEZHNTWD,

t RPolCOREVI V7 2=y MIEEMNS3, 130 7 I JBBOKE 2 X XTI ETHDHMN, REVI 7
2=y MIRRW 211 T I B LRD AV RAT vy T U —F v 7R A b (LT, B
LTSAC &3 %) (2B D MAD2 & 20 0% DARIAIMEZ F7-5 2 & 75 MAD2L2 (& 2V i MAD2B 72 &)
& B IEIEAV D, MAD2 (XA AR 43 RF IS AR R e B R S IR IR IS Bl S D L X2, B M A B A TITR



EY RADBEASLTWRWEASDTF = v 7R A MEHICE X, MADL &f5a L CIEMRc2 % &
Anaphase-promoting complex (APC) DIEMALIK7-TdH 5 CDC20 &F5E L TEDOKRELHET 5,
MAD2L2/REV7 1%, CDC20 MD7RE 1 7 T D, CDC20 DT APC DIEVEALIZME < K1 T % CDHI & fi
ALT, ZOBEMZLET S LWV O MENBEICREINT W, £/2, FRAEN b MR L
TG BIIIRRIE O 22— R 9% IpaB & > /787 B MAD2L2/REVT (ZHEG3 5 DT, CDHI DOHEHE % il
FTExL DLWV ETLHEB SN TS, 72 hREVT IE REV3 LIZMZ © REVL O C Rk,
ZF LT TLS I ERIZ & Bbiv D ADAM9 (a disintegrin and metalloprotease) =2 ELK-1 (Ets—1like
transcription activator) IZbfEAT 2 I ENHMHLIL TV D,

7 L—"7"CIX hREVT 7% hREV3 D E DEFITHE ST D T DUV TREHNT L. hREV3 D H 45 1277

f£9 % 1877-ILKPLMSPP-1885 L\ 9 97 X /g b 72 5 FOELS (Minimum Core Sequence, B L C
MCS) 73 hREV7 & OFEAICHE Ao+ Th Y 7220 C RO T X/ BEBFET D & hREVT
EDFEAMMBESND Z L EZRWE LT, BITIX, ADAMI R° ELK-1 1TiZZ 0 9 7 X /BRI L 72
BLHIMNTFIE L, £ ZIZhREVT 23S T 5 Z L b BT R o720, 21D DA IZIE C RIgM Ol
BIDFET D Z LA hREVT & OFERICRAI R CTH o7z, BRI LIZ, hMAD2 b 722D 9T 2/
FRICHEA T D2 LN oTz, L. hMAD2 (% ADAM9 <° ELK-1 ¢ hREVT fEA RS ITAE & E 7,
— 75 hREV7 X MAD1 <> CDC20 @ hMAD2 #& A ELANZ IXAE A L 72>y » 72, hMAD2 & hREV7 & OFE[EME X4
RE LTI 20 BH%ICEBE WD, WFEOX X7 ERMEERICEERT I VBRIZESRFESN
TW5OT, RUT R/ BESZBHETL2OTHA I, PIINLERBAKE L TFEET D101
hREV3 & hREV7 & OFEE 1072 W iE[E 72 DO TH DM ED & H DT, hREV3-MCS |E hREV7T DFE &I
(%) WLL7BAITHDEEZOND, TDZHIZ, hMAD2 & hREV3-MCS IZFEA L I DD TH A
9 o —J7 VhREVT/MAD2L2 28fE &4 5 & &4 C & 7= CDHI {Z1% hREV3-MCS (ZHALL L 7= Bl A AEAE |97,
BERE2 — A 7V v K7 v A Tt hMAD2 & hCDC20 & DFEANBEEINIDOLERULEETTYH
hREV7/MAD2L2 & hCDH1 & DA EAEFIFBIER S /e o 72, £7-. REVT 2582 KK &7 DT40 4
FRERChREVT O38LE 7 v 7 X7 v Sk MR Stk TbF = v 7R A v MEFIZASH
S TWRUWO T, hREVT & hMAD2 [ ZZ4LE 4V TLS & SAC IZf#< &&F X b b,
2% RED REVT & hREVT & ORIZEIT 57 X /7 BERLSI OARIFEINEIX 25% T o 2 23, H2FEEERED MAD2
& hMAD2 & ORIOMFEIMEIX 43% TH 5, HEFEERED MAD2 | hREV3-MCS IZf5 A3 223, HZFEEERED
REV7 1% hREV3-MCS IZH5EB LRV Z &b pmoTz, #LZ@E U T, MAD2 IZR S RFSN TV D DI
% LT, REVT ORIFEIXZ T EEm S B, ZNH T TH A 9 02 HIFFEERE 0 R EERE O REV3
IZBWT, ZHENO REVT LG T 2B ZRE Lo, M, BEMEZS 200, Mblciieo
TV %, REVT OREE EOEWD, ARSI OENE EHFE L TWH o), Blkd 5RETH
Do



G NI R Department of Biological Responses
A ARBHEIE 52 ) B Laboratory of Biological Protection

AT 2010 4F 3 A ICEG B OYGHRAREDREL U7, 4 AT FEEM S EFoF e RHE 13
FRIZ, BIRA N EFERHE LIRS, 3R R B EaE B ERHE LI RICAE LI, &6
12, 6 HIZIZERMEE & L THREZNS M LTz, 20X 9 2 <, AREpFZE ) BIX 8L,
Bz 14, B34, RFEFEAES A, HINIKE 14, HiiticBE 14, ME1LORS 12 4 &7
S TW5H,

ARGy BPCIE, IE MM 2> & O 5 RM AL O AR R FIRE & FI 6D 53 T-H0E . 36 KOs
ISE ORI EHEE AT 5 2 L 2@ U, MRS boS B2 FEEH LN THIEE2HELT
Wb, KR, A —uaAxr7 (IL-7) IZXd T MlabisaZsE (TCR) Bis 1 OHl#, 1L-7
L7 % — (IL-7R) OFBUHIE, 1L-7 FEA IO R L & BEREMAT 2 OIS AFE 2 D TV D,

(1) STATS (2 X D TCR Vy ik 7 1~ F il

IL-7Ra. / 7 7 U h~T AT, Jy B 720 Th< Vy BB 7O germline 85 HLF L TV
%, ¥£72. TCRy B FJETIX, STATS DFEAETF—7N Jy 7T —X—0DH72 59 Vy (KA
OFIEFER HsA ICHBRFEIN TS, Loz &b, IL-TR 7LV STATS A HsA &
FEE LT VYO a~F o 26l LTSRS R S LD, £7. RAG-2 KO ~ 7 AR
AR TIE, VY5, Vy2, HsA OB A R T FMALDO LR E < IL-TROKO v A TIHEF L
TW, £, A MO A ARIEEERE Ba/F3 HIIIZEB W T, A M OA VHIBIZ LY Vs &
HsA Ot A~ 7 ®F ik & gemmline #8501 LA L7z, S 512, ZOFF VW5 o7 a~vF
accessibility & - LTz, £72, RAG-2 KO ~ U A fiflifia<>~7" L T #fatk Scid.adh % IL-7 T
F% 5 &, STATS 7 HsA 2V 7 /b— h&f=, —J, STATS I Vy5 e —X —|Zi3fA L
minolo L, VyS FeE—F —mEHEEHRCT S5 Z 1T noTle, LLEOFEEN G STATS 73
HsA |[ZEBEREAE LE A N T2 FIALEFEST 2 —F, Vy5 7ot —X — 1 ZMENIIEELET 5
ZEWRBRENTE, (BT, AHZE )

(2) 7L TCR ¥ 7 F /L% STATS & Runx DTNV H—~DfEE 2 L T TCRy s FJE %
WA (RN )

~ 7 A TCRy Bfa 1T af T MARICIH W TG HIHI SN TEHBY, TCRy A Lo v 7 LI
EhTWnb, ZhETIZ, 7L TCR ¥ 7TV L DMl oBEEN A Loy v VA FET 5
ZERmbENTWE, F£2, BBERTO STATS & Runx (I % —TH D Ey & HsA EFEA
L T TCRy &/ (DG 2 TLEXE 5, £ 2 T, CD3 Hiikz & 5% D RAG-2 KO ~ 7 A g ik
fa Z gt % & . IL-TR OFEBL, STATS @ U U F2{k, STATS & Runx @ Ey & HsA ~DfEGE MK T
LCW=, £/, of T HIIEERIZ STATS <° Runx ORHART X —%EA$ 25 L TCRy s 1 Diis
ERFEINTZ, EHIC, Runx3 N T AV ==v 7 (Tg) ~TUAThH, of T fMIEIZENT
TCRy BInFOEEENFHEIN TV, UEORRNL, 7L TCR ¥ 7 F /A5, STAT5 & Runx



? By & HsA ~DFEEZMH L, TCRy ¥ A Lo P v 7 Z2FE L TWAZ LR EN-, (B—
SWEIT, AEmZE—)

(3) STATS (X Jy 7’ —4 —@ STAT EF — 7 %2/ L C Jy Bfa DO 2 2§l 5

~ U A TCRy B FEIX, ZNEi Vy, Ty, Cy Ba oo —%FFDyl~y4 D 4>
DY FAE—InbRD, ZHETIC, STATS 8 Jy 7 0E—& —|ZfFET 5 STAT EF— 7 ITHEE
L. BERERTOV 7 LV—h AN TEFUIZEY 7 ~vF U2 2 LT, 885 L V-]
WAz ZFETH L AWM Lz, LvL, 20 STAT F — 7 OAEKRNIZE T HHEEIZRAT
bol-, £Z T, )yl 7BE—4%—0 STAT £F— 7 A H~ 7 X (JylP-Stat-mut) & Jyl 72 E—
B —RIK~w A (AWIP) ZAERU7-, Mfgiifa<c/ NG LR Y oRBkE 7 e —H A R A RY—T
T LT R. WTMOER< T 2B NTH vl 7T AF—0 Vy2 R Vy5 258172 vd T Hifl
MELLBO LT, -, BB EERNICRETS W3 THRLED L, —FH. v4 7 T AZ—D
VyL1" TARICIXZE R 2otz EHIZ, WTROR T RIZBWTE yl 7 7 A X —0 V-] filfft
ANEFELLEEIN TR, D7 T 22 =D/ Z TN o Tz, LEDORERNS, Iyl
7aE—4—~D STATS OFEEDEERNIZEIT D Iyl BETFOMBIICAFIRTHL Z ENHL
Wi oTe,  (FRFEEEM. RIKFE. R8T, EHE )

(4) IL-7R |Z CD8 T MR D434k & RAH T #llfe OHER A i H 9-5

IL-7R 1V U /RERD o3k L MERFICEE 2@ X 2 LT\ 5, IL-7Ra KO ~ 7 A TiX af T fanEl
BB L, v T M2 icRKT 5, UL, T Il bogcB ) 5 IL-TR O&EEIZ-
WTIHREL ST ST ey, ZORBEEZRALNCT 72010, BxFFE 27 Y Ol
loxP fil %1% 4 A\ L7z IL-7Ra-floxed ¥ 7 A& A/ESL L | Cre 2 2 %35 Z Mfik CD4 CDS8' LR 7> & %6
B4 CD4-Cre Tg ¥V ALER L Carys 4 a)F /KO~ A&, TOFE, CD4-Cre x
IL-7Ra™™ < 7 2 CiL, MR o ST ZE L Lavas, CD8 T #lfiE oM sk A I Lz,
K TIE, U SE S, TR OEITEAL N 22 o 7273, CD4 T #ifE & CD8 T AR AN L,
vO THIBEAEIML T2, ZHDHDOREREN S, IL-7R 73 CDS T #iE D3k & Ki§ D CD4 T #llf &
CDS Tl DOMERF ZHIMH T2 Z ENH LN E I oTz,  (BR—HIL, BEE S, AHZE—)

(5) Uy SHfklcIBsT 5 IL-7 EEARIL O 5340

IL-7 IZHIRRCEBEDO A b o — <l ERAMRNRELAT LY A A THY, U/ RO
JE - 17 b - BRBVCARAI R TH D, LLRnS, U o SHRRICBIT 5 IL-7 FEAMBEO 56
EREBEIC O W TII AR DO SRS, Frexid, ZOMEEZHAL T 572HIZ, IL-7-GFP knock-in
~ U AEER LT, IL-7-GFP ~ 7V A TITEHMA b —~iila, MR B, BE EEke &
BT, U U NEIRNA ZAMRO T AR A b —< /el VBN AT T GFP 23R8 EL L T
Wz, I HIT, DSS IZTRIBREZFHEST 5 & R LEMRIZE T 5 GFP OFELN EH L7z, L7z
5T, IL-7-GFP ~ 7 R ZAFR 72 6 OYRHRIRRBIC I 1T 5 IL-7 EEAMZ B 52T 572D H
MTHLZNbhrole, (REHR, BRER—, A&, AL, £HE—)



(6) IL-7 DRFTIZIBIT L HEE

IL-7 V3R - BB - Moo LRk, Eff - MAROMERA b —<fifa, = L CHge v v
ANEIORMEMIEIC K > THEASND, LA L, TRENOMBENEAT S IL-7T ORFTICEIT 5%
FNZOWNWTIXIZEE A Do TV, ZOMEZHLMNIT 572010, Fx i IL-7-floxed v 7
ZHAFR LT, 2O~ T A% FoxNI-Cre Tg vV A L AZR L., EhEn Mg LA TO A IL-T %
KRELTZaF 43 aF /KO (KO) 7 A& ]=, FoxN1-Cre x IL-7"Y"* <7 2 i3 o4
AAEEL & yd T AMARERDY 115 12 Lz, ZOREERNS . MR LA EAT S IL-7 23R
JADOHEME & EFICRERZTZOEEZ L TCWDH I ENRHALNE R STz, E6IZ, /MMED v B EEAN
DUmEPRZE LA L2 Enb, ZoMERBIRICHKRT 2 Z L0 RB I, RIZ,
Albumin-Cre Tg ¥~V A & B L, FFIIE COAIL-7T ZRIBLTZ KO~ T A% &2, ZO~ T AT
ERANTIRIC 317 5 NKT M3 U, BRI BT 2 B RO SEME R LTz, Z0fk
Bno, IR EAT D IL-7 BAFIRICE T 5 NKT MlaO#ER<° B Ml /bic—E DLz 5
EHELTWDLZENHOLNE T, (RS, BUKTE. BREER—R, HWEEH, BT, &
H 7% —)

(7) BEMRMIRICEE L TWDREZ X EAIN LT X2 ) VHIES v OB

t NRFDOINVLT 4 %2V (CRT) 27 2R T 74 NE—IZLDA LTy MNETE
BT 5L, BEEEE TIIHRBFICH_THEFICHWVERFGLNL TS (LS Clin Chem
2004) . £Z T, JRHTD CRT Z##{iET % ELISA BiA&F¥ » M ORI AR A T-, BEIZ/FER L T 54t
CRT £/ 7 v —F AHUR S G- ## (HRP) ¥AICKLLHMEF Yy NET AT, k
FRCTHWTE AL/ 7y MELIZRZRY, CRT BHICFORBENRE SN o 1=, FH
KOMAEDLEERITT D202, Hil-et /) 7 a—F AV HEKROEREIT) FPETH D, (EH
1EiE)



NI R Department of Biological Responses
JRRYL BB 7E 55 B Laboratory of Infection and Prevention

2010 4713 3 AICiE = E] (%) 0B LA BE#IR Lo o7z, Fo, RAEWHE) PR REL, &
HEBFIZAA AR F Uic, BUE, P B Tl el (e . Bz (WFER) . 0 H
ICEERBIZER) . N (B HIER) . ERIIER R, BRE & (D4) . IEARIR(D3),
MmAL IR R FBE A, ERSCIE (D3) . Dorys Andriana Lopez-Ramos (M2) ., D#RZEA 8 £ THF%E %
fToTn5,

FERYLBEE B T, & b T MM E IS 7 A VA (HTLV-1) BEYMMk2 S Bl L= F 4L R
v (thioredoxin) | 3 & TN @ B8 /3 1~ thioredoxin binding protein-2 (TBP-2) /Txnip <> transmembrane
thioredoxin-related protein (TMX) Z H .o T, U A L AJRYSE FET . BEIRIG. JIEH|E D4y
THAE DT 21T > T D, SFEORRE., HERIEENIIUTDO LB Th D,

1. thioredoxin

thioredoxin [T~V A F 2 L N0 & U CIEMERRBER 2 HE T 2P Y X7 B & LTl
UEM, 2oV BofbiET (VL Ry 7 R) 2+ 5, BlE, TRX OFRKICHZ Bf L. &k

Jiti e 5 o8 A B ZE AR fili 5 R D SR B D R B & IRIRIEBRFE D72 8O @ thioredoxin 38 K OB E Sy 1 DHLRK
TEAE O 53 TR DI 2D TV 5 (EFILBIIZ e F R HIS-H22 AR TA L RE 2 kb
SMERFIR SR BT RUG RIE DBRSE) . S BT, HFENFZEIC LY A T P T A L R EYSE I X
9% thioredoxin D ZhH:% 5T L T 5, thioredoxin DEk 4 72 A k L AT %t 5 KB EIREHE S HAFF
SINTWND, RFEEE WL TEN LicEmEE /2 /F 0 A EIRBRASE M A M @ A i a4
RS AR ELATBARS ) (H18-H22 4R ; T[E - f2 - TRIGIC LD hFA L R 1AL X ADA
PEEAMTOBAFE]) Tid. RESEmBEE R R & OILFRFTE 2D TV 5,

2. Transmembrane Thioredoxin-related Protein (TMX)
1MXi@%%:iofﬁﬁéht¢@wﬁi:ﬁﬁ?éﬁgﬁﬂ®ﬂm77*J—A%T%5
TMX (FEITES ™7 B ffi) & LeLE TR & LTlE ., 2 o "7 BEomEERICED S
TEERLTER, o, TMX BETFREBYVAZERL, ANV RASEICEBIT LT AL FE v
Y77 ) = FOEMERICOWTEI ZED T D, TMX BInFXE~ Y A TIEIRIESE D
RSB EA B L ADRAEL LD FEEET VIZBW T, MIED > 7 F sk DS O
HWRDPBO BTz, BUE, AR 5% OITIRIZ 3 BARTFORBILH), B LOENS T & DA
TEM S 2 FER 1. TMX O ERBGEE R O 20 TR SO W TR 24T > T 5,




3. TBP-2

thioredoxin OFE AR F'E & L CHMFEE TRHIE L 7= TBP-2 X Txnip & & IFEIEXAL, aarrestin 7 7
V—lCR T 2EAETH Y mindl. b - IEEAE, SRR IIEME L, NKT Mifa e £ o505 2 el
7R LI iE e R > L2 I NE TR LTE T, £/, TBP-2 Bi& /K#E (TBP-2-/-) v 7 A
DRFID 6 TBP-2 (T RICE IS HHAD T ThHhH Z L 2R L TE T,

AAEEEIX. TBP-2 1%, B A T MR B MASATL) 2 EORIFEICHW OGNS, ZvaarFaf R
L2 AMIEMROT R b — AHENCEE Ry FTH Y, Zvaa)F a, FEMEICHEER T
ThHhHZ L%, BIHEZE OB LA v % —ua A 2 2 (IL-2)KEME. JERIEEREE 2 =+
HTLV-1 &Gk 2 7= st L W e L,

& 512, HERESY lipopolysaccharide (LPS)?D TBP-2-/-~ 7 A~DFH 52 L VW | TBP-2-/-~ 7 A&,
RIEMEY A NI A DEEZRBD RIS T2D, EA A ) e, Rk, IFEEL2EZ L, BUE
ZED ZEEHALMNI LT, ZOFERE D TBP-2 BERGUERF O R k%3 U fMERF O3
G A R Sy e BN e N DY

WU, FAHESKFE L IERRE R P - RBEARF L OILFRFFET TBP-2-/-~ U R & PEIRIFET v
ob/ob Vi~ ¥ A L DRFERZAT O & ERIZSEE LR2NICHBEDL 6T, @il B I deE
HZEEHOMNT LT, ZDORE L LT TBP-2-/-~ 7 A TIZ'BEH# 5 T insulin receptor substrate
(IRS)-1/Akt ¥ 7 FDiEFEMAL B> TA VAU OB MENTTHE L TRV . PV TIE
2 by KU 7K - uncoupling protein-2 (UCP-2) DI B 2 (£ > T, 7L 2 — ARk
DA LAY WNSEETHZ EEHLMNI LT, 512, TBP-2 X, peroxisome proliferator-y
co-activator-lo. (PGC-1a)® UCP-2 7 E—4 — LE~D U 7 )b— s O %S LT UCP-2 D#RE
ZRMEILTWDZ 2R Lz, ZhODORR LY TBP-2 1, BERFHEDEAICEAL L TW\W5 5y
T ThDHEBEZ DI, TBP-2 ZAENY & L7 @7 72 B R IR RSB O "l REME 2 7= LT,
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AEEIL, A IS AL EBETIANEMBRMER M1 & LTHZIISML, 87 A
TAX—FLFE Lz, Y085 T, MQBEEICOWT, MilaoZdmo Frzikb b A =X L, 4
LRt oHERE | HEAE & RS OB & OB R DA A D TV ET,

1. AR5 Sl B D 2 F — P OMBIR 7 U — = F L M fRAT

MR oy il 2 — E D F ICELE T 2 BRIT, kxR ET VEYOFRAERBEOIRETZH TR S,
Sy SR KV IRAAR O BEFEAE & SHMLRENIER S D T E NI TE T, 6o T, Sy i frEE
DOFERIL, TEERORE OTERL - MEREHERT A 5 O #0000 M I Ay D EHERE O IRBIC IR R 2 & B 2 6
5, Foxld, B MEFEMILOD HeLa HIAIZIBWT, 7 AU A R72 siRNA A7 U —=2 7 Z4TU,

A T 7N ARFRNT R PER 22 FE I PATICRLE L TRz il 28 LW A RER L T
oo —RAZ Y —=2 7Tk, FHROEREOM X 2 BHIC L > T3 BB L, 31 BB T%
M e LT, RAZ Y —=2 7 Tl MIBOREEHE & R8RS & D %368 B O Rl 2 FHl L

7oo 7 WO N EEE R U TR HAEER D 2 A BEIICEI D H L, HEEROME X 2 BB

SHET OGN Y 7 AT L. EEMICKRVIALAELRBE AR LI, 200ED
e rdF—EThh, HEFROGEICHEE LI EDD I LRI Z21To7-, siRNAIZX D
NS &> THREMN T > # DT> TLE 9 2%, mouse cDNA Z VT add back 21T 9 & 44t
WERFAC2D, BV AX 2 —SNT=Z LD, NI/ A % HIE9 2 87 228 fs 103
Rz B bnol, —H T —BIEHORWERAKREZ add back SHETH LV AF 2 —T
ERDOTEZENDL, TRV X T—EBEOEENEETHDL I ENRBR IR, 2O Lidx ) —
BIEMEKRTONBIZL > THRRAF N T VX Lo 2 e N LN, ZOF 1
VU T —EOX T —BIEEISME K EIC A" L o RICR K ERY | T —BIEE L SR
WO FEFEO LA I TR —KTDHZ ENbhote, FEMEAIO~ T A~OEEIZLY | JhF
& RERE COM 2 S Iic b BRENELHZEERM L, &BIZ, /v I TN URE
AW TR G LI E COMA B T R 2 FARTo e 2 A, RIEV T U X AT LED ZEN
BEani-, BUE, BRDH0 1A= R LOREI L 5y 345 10 0 B SR ER A 2 DR BICo
WM 21T > T D (I3F)

=

2. 2L AT ua— VREEY &l ad
ILRATO—UTEEA R AT EA RALELUREZ I VOFEETH Y | RN OE M OHER I
VEOMETH D, MlANOa L AT a— LElTMiaE B OETICHE> TEET 5 2 &, fMinss




DEATIZA VAT R —ABRETHLZ ERRESNTND, Ll a b AT e — /L HEY M
farRWHHIC BN T, 0L I REBEEZH S TVENICONTITEIZFE A ERFINAR IR TV RN,
AT, MO MICE T2 a L A2AT7a— L O&KENZ OV T, Hela Ml & WV CTHRETE1T - 72,
methyl- B —cyclodextrin ®HNMZ LY 2 L AT o —LERET DL L. ZL LR E oM
DOENENBEICHEM L7, 512, 2L AT a— LERRICMAD squalene synthase X2, HiASk 7>
Hboal AT a— Lo % 5 LDL receptor MIFEHLAZ siRNAIZ LKV 2 v 7 X7 LEEHATYH
kD R NI I iz, BUE, a2 L AT o — RO G IOV TR Z21T> T\ 5 (EIR).,

3. I IZ K 2 Ao o Y — S R

Pl B Y — ATHIENICR D A E N T2 ZOH%ROITE LRI L TS T T 288 % &
D, MENTBN T, M= B Y — NI REREG ORES, MlaE~D U A 7 U o 7RO
Wil 72 EORIEZZT D, O X, W= K Y — AZE T D 5y SRR B 7 i 0% ) B A 0
FIEETRET DN, ZOFEMR S T A D= ANI LR TORY, AR TR K Y — A
(BT D EEED S ZAHIEIR 712 K o THIE S D ATREMEIC DWW TR L7e, T OREER. /2
R D= R —AHA - THD Rab 7 7 2 U —2 N LT, RO KV —L4D
BREClE A HIET 52 2 RHE L GRID,
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WHFZER 1T, K 22 4F 4 A 2 D ERSRE 4 AE O ERB L3 i b o 72, — 7. B ARRINR
B2 BIRFZE B O FEPHEE 1L, #RFEHCR R K27 & LT -7, ZIE, 21379, 4 A1
B, 6 AIZU ARy, v Ry RNU L 9ANL T O0HIEMT T yr, RLAT Y, 77
X CHABEEZITo 72, 45 & Tan SiokLay (£ 6 HI2/8U T, /MR 113 1 0 Hic7 7 5 CHI&
ENTEI =T A TICBWTHRELToZ, TOM, BHEEDLL N, BAEAWSES GUER) ., #f
BEFS (MF) . AbFs - o FAEMTFRERARS (A FOENFRTER L,

WMHFREOT —~ 1T WHLEI OB AEREZERER 7 LV THLMZT D L0 ) H DT, RFIC,
WM ~Y v 7 R e =T e U v 7 ZFIEE FFOR - (bHLH K )IZFEHE L Tw5, bHLH
K Hesl <> Hes7 1% 2 BREJEHA DA Wieat & L CTHERE S 2 23, 2 D23 T ENC DV TR B
DENEL, SHEDICEIIT 5T ETH D,

AT, UFIZRET & 90T BRI 3515 2 ARk s il e oD Il B AR o AP i 0 e D 3L FR AR B
ICE LTV O OEEARMZEREEH TS enTaiz (FR), £/, YRR ORI
WFFEA 4 H 3 A NHK ¥ = X ZERO T, WA= =—w UFAEDOHIZE2 6 A 2 6 A NHK
YA A ZERO THAST &N, EREZHE DT,

WS G =
< > : : ,«“\"'\j/
S8 -— S—

wERER —@tnmes REFMHR

Notch 7+

DRI = 2 A, (BB RN TR, AR TP o < D LR L MR SE A
fuz A, —EPEEEAERIAIE, UIE O <TEISITHEIE L%, iR o b3 %, mhiesi
felX. Notch ¥ 7 F Mz Ko THEFF S LD, (FX) Notch 7 /LW ZH 728 s 1 Rbpj % BN
T/ v 77 v b LT3HEMPRELIMNE LK TE, FrE==—n1 (DCX BE)IThkfls, ik
A KOV A h e YA N(GFAP [GPE)ITIRIZ Y, Notch 7T /L OLEIZL > THE==
— R ES N TN D,



(1) BB IR 3 K ORARRN O i M O #ERFIZ Noteh & 7 /U iZ b ZH 70 & Bl &2 & O

Notch 7 F VI3 MG R H8 A2 B o0 Ak e il i D 3 AL Il & HEFFIC L H e BN 2 K72 L THB Y,
Notch ¥ 7 /L3l & 25 & iR O = 2 — 1 L~ D43 b 3 TLHE Ui & T, AP iR A i
MTERLIRDENM-TVD, %%%%W%%% BT 5 Notch ¥ 7 F )V OFE| 2 52T 5
72912, Notch ¥ 7 F /L OMBINREIZNEDRK 1T 5 RBPj OERT% ., AR AR M s
E%K/y???%b%ﬁ%ﬁoto%@ﬁ%\Mmhv7+wﬂﬁﬁéhé&\Wﬁ%ﬂ@i*
WM GEAR L~ & kT DO ST MRS B L C=a—r UFTAENE Z 5 <
5T EBHLMNTR Tz, LIz T, Notch v 7 /L, ~L@ﬁﬁ%w«@AM%mﬂﬁé;
&, MREIA A B IR L. BiES a— o U RIS EE A S D T & A ATRRIC
TWbEE2LND, (5EK)

(2) Hesl IX Notch ¥ 7 F /v Zfild 5 = L2 k- TIRtkgiinss{b &2 Hl4 9 5
R AR IR 2Rk 7 IS 2 T, UKD )
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2010 FRiX, AA R & Ukl E ., BB ERE, EAFERRFRE LIREO IR E 2

WERAEE., AM - BREAFER R ZHEE LERRO H)RE ., FHE L3RR o KMm =18, Bl
BB (REHRE) OIELB TS A, £ L TRORER 84 TAFZ — bk LTz, 10 AIZITENGE A3l L
THIEEZ BN T2, 6 BIZIX Y AV ARFSEIT AR DR LHEO DI, PFERILHAEERE AT
R R FIRBE R P9IRIR) IS B LT, BENC R, IFREDO AR— AT TR R o723, JJE
INEERAR—=ZADDIMNL L, MFRED A N —PNEBLENTERMCAELZITI 2N TEDH X
IR T,

AT AV ZFFRPTIC AT LT 4 A L7z (2010 42 12 A T54F), BIfEIT > TV DO HF%ET —
~DIEE AV EBTANAIEFTEEZRICBG LT —~TH V| IEE Gl Y A L A EYE v
Z —IRREIRBI T — L) BB IO A L 3—TIE, EWITHE T T e & o Tnd, 2010 4F1%, 4F
FLEHNLYRED A L X—NEENTEIFZE D THE] BHEX BE LT, fasle LTORERHIHD
AZ/p 0Tz, SEVIT LT 2010 FRIFMFRE=E O e LT (Thb B ERNDEMLEE DOm0 . HR
EamoC 13 . DESGRE 1 . AAGERI 2 MERRT L LN TE R, ZbLORIE, WFF=E
BALE D A L N—EBUED A R —DERF 2B DM T 5 & o> T 5, 2011 TS 572
LR HY , TIEL LWERERHE LN L2 ML TV D, BIELWZ L, KRFEFRAEDOMHZ
B EENEN 2011 4= 3 AICBIESN D5 151 B H ABEFARSEEOZENNE LTz, Z0%
BRI EDORIBRORIEAIL 700 Z L E2HT>TWVND,

Bx OBIEOWRET —< XL T D@ Th o, 1) RFERIRGS BB AER R & Oz 7R ER
R, BV 7 F Ui EoEYFNRF ORE OB L 72 B EDRNTEM L R e U A L A DI,
2) UVIREBERRFICRBLT 50 CNEME L b e U A L A DOIRER LEREMRT, 3) Hr~L hry
A NVADNEAL L FEREROET NV ELTOaT TV ha A )V AOMNT, 4) 18V 57 MEEGERE
BEIZBTH2HHE FL Fr U A LA (XMRV) OREYYEEFA, 5) =A XOBHET L L LT
DI ARIERRT AV AOHGE, 6) TR THA LT =4 YL H ME o 5 K,

1) BYPExraNEML Fa v A LA (RD-114 U AV A) OEYERRIFI~D KA

TRTOF 2 BITEEEONEMEL b A VA THD RD-114 T A NVADSF ) WA L TH
Do W 20D 2R AR (CRFK M) 13EYNE D RD-114-related 7 A LV A ZEAE L TS, £D
e, ZRHOMIIEE AW TRIESNZY 7 F o Rt RD-114-related 7 A /L AR RAT D
BENWRHD EEZ LN, BAIILEIW 2O R aDfiffdz AN THE IR a L O X H
F9mE T 7 F IR YPE D RD-114-related 7 A VAR A L TWD Z & E2HIE L7 (Miyazawa et




al.,J. Virol) , 4B, R af(bflifiaz HnFIciiE s s A XHEEAY 7 F o 2 FE TG0
RD-114-related 7 A /L A % fi 1 L 7= (Yoshikawa et al., Biologicals), ZiL5H DV 7 F 215598 b L
TeA RSNV RTANVA(CPV) REENTEY, £< D CPV (L CREK #ifldz W Tolfsnsd Z &
5, CPV OFET ANV AIRAL TVl 7 FUNIRALIE EE 2 bN5, £-Fx T,
CRFK #llfi & O CRFK #ifaz AW CHiE S n/= v 7 F o L 1) RD-114-related 7 A VA % 538 L,
SRS 2R E LTz Z A, RD-114-related 7 A /L AL RD-114 VA LA LT I VL~V TIE
ENER—ThHDHZ & &G LT (Yoshikawa er al., J. Clin. Microbiol.) , & H1ZFk 41X, CRFK iz
3 RD-114-related 7 A /LA K 0 &Yt 7 v — o OVERIC KT L7z (Yoshikawa ef al., J. Clin.
Microbiol.) .

RD-114 VA VAT Z N E CRERMMEE SN TED, FERLARANEBEZ LN TE T,
L2rL., AEFHL 1T, W< 220203 2 fRRAGMARIZ S LT RD-114 VA VARNEZMETHDH Z &
R L. RD-114 A VA 3SR TH D Z & #FEH L7- (Okada et al., Virus Res.), BifED &
A RD-114 U A NV ADFERMEIZE L TRIATH 5720, 5% TR 2 O UTE P ERZ 1T,
RD-114 7 A VA DERMEICEA L TR TV RE R HDH EEZ BN D,

2) VUM THRIT DHBNEEN—F L ha U A )V ADEE

WHAIAD T 7 LDKI 1 0%IE L Fa A L ABKROES|THR S TWD, BIEETIZ, ka7
FCHNIEMEL v A LR (ERV) BHRORBEGEMEL R o oA L 2R OB RER 72 & v /3 DFEBL
FERINTE N, UVIIBT2HEITE 20, iiFk 41X, 2RO X —7 85T (env)
PIRAFS NI 2D 7 2 ERV Z[AE L, £ E % BERV-K] ¥ L' BERV-K2 &4 L7z (Baba
et al., J. Virol.), %01 RATMIHENT 21T - 7255, BERV-K1 & BERV-K2 [T & bic_X—H L hr v A
VAT S VT, UV DEFFRIZ OV T RT-PCR B LY 7L A4 ART-PCR 21772 & 2 A,
BERV-K1,BERV-K2 env (37 VLR B MEHMARIZ I W THIL L TWD Z & A ERR S 7275,
K12 BERV-K1 env [T CREMICERI L CWD I ERHALMNE -T2, SHICHEHLIE, & env
WTDOATTZA L ZTIZE D RBT 28 F2FRE L, ZNE1E REBKI 3 X OVREBK2 Lt L
72oREBK1 & REBK2 OREREIZ DWW TCREMIZRIfAfT 21T o7 &L 2 A EB B b ERTED Z /37 E T,
Z 3£ BERV-K1 & BERV-K2 env mRNA OFZSMEEIZE D 5 2 & 3VRIR STz, 72, BERV-K1
& BERV-K2 D env BEI O 7 Z—F 0 ) E— MIiE, env NICBIT D AT T A v ZHIEIR
env mRNA OAMEECTIRRICE D 2 EF — 7 BIFET H Z R RB I Lz, BIfEE TIZ, ¥
HRRIZ 31T D BERV-K1 33 L OV BERV-K2 D= _ua—7% /37 (Env) OFIUIFHERTE T
RO, BLEDOFER I . T4 D Env AEBRF MR A S T L ITMBICEE 2nvy, Atk S
57 BT 21TV, 7 IS BIT D BERV-K Env OFEREZ B 5 2 L7zuy,




3) Onestep RT-PCR ¥~ h~D~ U ZANTEMEL b & A /L A H K RNA DEA

ez 3 HARIZ IO TR ME F7E BERE (CFS) B3 o A I AR e~ © 2 |l © A /L A B
L b DAL Z(XMRV) DU A LA RNA BIEET 203G & ilE T D ETEBR 21T > TW/2EE, One
step RT-PCR ¥ v k% T XMRV D gag B FHEB O —H 2R L L 95 & Lzl 2 A ki
DR THPED N FRFBEY ORKE S THEICHRE SN, FxlZZ0x > FAERICHNTEE
7 AAMIE T A VA MLV) D47 7 AEi2id XMRV BSDEBREA L T b net &z, 2
DOMIE LTZMIFEETE DX > b OBl 257+ 7-, (Sato et al., Retrovirology)

One step RT-PCR & > MIHARTA4ENBHEA L7, XMRV 2fth> MLV B ¥ A L A D gag &
B ZWEEEE 572D, XMRV R TIELS LN TWL T T4 ~v—F > k (419F & 1154R,
GAG-I-F & GAG-I-R) & i Jf] L 7=, #8i@ S 7= pEW) O g Feld 51 % I L BEA O NFESE 2 FR F 1% MLV
(PmERV), CFS BH 75508 S 4172 XMRV <> MLV B &7 A L 2 D HEFA & bl LT,

Fk % X 1 4L One step RT-PCR & v k D% mix (2 PmERV KD RNABNBEA L TWDH Z L& A
DUF 72, RT-PCR T &V g TR AEM O gag TEIR DO —EILEE 7 Yetalk £ PmERV OF4 &
IEIZF— (99. 4%DAHFIM) TH Y | Hiilt CFS AN - [FE S 472 MLV BT A L AR T
FEARLL T 72 (96.9 ~ 97.6%), Fe&xIXEDIRANFED D env BLH|O—F & RE L. £4iX PmERV O
BAl & IEIE R —(99.6%) Toh D Z &bl

CFS PRI IRE B 10 B 1T D XMRV Y OFAE A 1T 9 & I2I%, WFJEFE X PCR X° RT-PCR 4
ICEFT HREICXMRY 7/ A L FREICHEMEMLY 7 ) AORANDFEZ T EE FHEi+ & Th
Do

4) FABERLETIANADL BT H—RA 4 v F L THRO in vitro T

R AWFEARRT A VA (FIV) 1, M~ AIZOCXCRE &= CD134 (fCD134) D5 %
MBELTH I N—T @QCXCR4 DIHNER T N—TF D245 b b, TM2 #EE & T iilic
SEES NI AN AT, QO NAV—7Thh | £, fCD134 NREBLL TWRWFaT A br
YA b (G355-5 #lfR) ITITEGET 22 N TERV, mIEIOHE T, fCD134 #EH A L7 G355-5
A (G355-5 / fOX40 Mif) 1% TM2 BRICESMEIC 72 0 | FREURYSHIILIC 22 o 7o, ABFFRIL. Fife
YIRS BEEA SN D T A VA (TM2PLER) D7 = ) B A T HfRMT Uiz, BBRZE N Z & 12, TM2PI
FRIZF A — 7 72 G355-5 il ¢ & < 85 L, TM2PI %&£ L 7= G355-5 Mifi (G355-5/ TM2PI i)
VEFHLR YR 72 > 72, TM2PI #8D G355-5 Mifd~DEYIL, CXCR4 7 H# A=A N Th 5
AMD3100 1T X > THHES L. & 512, TM2PI #iZ FeTJ Aifa<> 3201 Mifdod X 9 72, fiid> fCD134
P72 CXCR4 HPEMIAIC Y L7z, S HIT, TM2PI #RiZ, Btk CTH D TM2 fR& bl L7z &
X2, Env #3224 507 X BREBN R S0/, TM2PLERIE, FIV A% CRFK i Y3 %
BRO P EXLEZREL TNDZ ETHHNTWS Env D 407 FHH DT 2 /8271 lysine (2 # L T




WA ZENgynoTlz, TM2PLERIZ, R B T DL E® T X —R 4 v F 2 7D AT =X Lfi#H & FIV
JREEDMIZE CH R Y — i/ 5 bbb, (Ishikawa ef al., Vet. Microbiol.)
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ERE 22451 4 X0 8 H £ T, Harmen Kloosterboer 347 » Z D= kL b b REFELVEHIA 4
—r L LTHERE L (BEPRRITR) . 3 HICLERIEDN A mBH A e RHE L3R 2 T - A4
Hofs U, Ry ek, R RZ D E LT ERHE LR 2 T - LA BS L. B E AU
Wk U7z, VERREEDS, EFAFORHE LARE 2 RHME T - LA L. 4 ALY JSPSHRA MK %
LT, 7T HEOVHHEY A VAW o F— DR EBZEE 720 | KIFEETHIEZ1T> T\ 5, 4 A
£V EFHERHE LR ISR EBEE AaB R eRHE LR RICEN E SR AFE LTz, 6 HIZ b
2y P RF LY Chuanyi Nie WEMIHTE L72.8 A KV T ANT 7=y L LTEMLT,
11 A £ 0 AEGEHEFERHE LR O S AT, o > B AR — VENLKZE I 4 AT L2 8
KG—tltob LICEFE L,

UFD45DT —<IZOWTHIZEZZITL T 5,

1. HIVR U b v A LV ARG B 2 1 K1 D FEMT

tetherin (B1/44 BST-2/CD317) |% HIV-1 KL DS ~D it 2 03 218 FIR -+ & U RS2
WZRE S, RSN TWD, HIV-11E7 78 U —EBHE TH S Vpu s tetherin @, Z DOfEMEA
HET 2Lk, RBESEEIET 2B TS, LALRRL, VpuED I DI
tetherin OIERZHEIT 500, TOFEL WA THEEIIRIEHLNITR > TRy, 22T,
tetherin & Vpu DM EEMR K A A » OFEMMEH O 7= 12, bi-molecular fluorescent
complementation (BiFC)#12XL % Vpu &t b tetherin(hu-tetherin) DA HEAEMAEEMR R A £
L, ZOTEEZREHVT Vpu EFEAREN/V <7 A tetherin & hu-tetherin ®F X T3 1
2 LD BEAERENT 21T o7~ & Z 5. hu-tetherin OO E @A (TM) 23 Vpu & OFEAITME— M2 7R
M THD Z ERbroT-, KIZ hu-tetherin T O T T = BEHAERKIZ LY 134, L37T BLO
L41 DS EAERICENENRAERT X JBERETH DL Z ERbhrolc, TNHD3IHDOT F=VE
BRI, 7 A VA ERIZE O T Vpull L A{EEERICK L TR 2 "2 8D, Zh
HO7 X BEIEVpu & DFEEERZT TR ZORIGMEDOHRERLTHLH Z LA R Lz, HKdH 5
ZEIT, INHOT7 I BEREIT Vou ISR WIEE PRIERED tetherin IMIZEB W T HJA
CHBESNTWD, L LARL, e MIEEE tetherin T ERIC 2 73 VBRERDH Y
IHIC2T I BFEAICLY Vpu L OFEARREES T2 Z el bhrole, £ T, FEFFEA Vpu
BIRPEAS, T OAEIERFEICER T 2 /TRett 2 & 2 IRE ~EBEICBIT 5 hu-tetherin &7 7V
71X R U ¥/ tetherin(agm—tetherin) T™M O SAARMEE T 4 2 B )P EIBIC K Vg L7z, %
OGS, hu-tetherin ™I OEEIX, RIESNTZT I VBB OEDDONY » 7 ZEITEHL TS




ETRENT (K1) . 512, Vpu lZKISHED 720 agm-tetherin @ ™M X, RIEIN=T X / ik
MY v 7 AREEDO S FH IR T D Z LBy hotz, Thbb, FESNEZ3 207 2/ BRIZM
HEMICEETH Y . Z ORI ZRBLE D Vpu It 2 BEAEH B K OBUGHEERET 5 2 L A3
bk 7podz (J. Virol. 85: 932-945, 2011) , AMFZEIL. K&, R L (E @Y
FERFSERT) & OHELFEIFRETH D, S HIT, BEFWR L NIEAEFAIFIEICEI Y . B HIV <
U ke oA VAR ER - OBRRIFIEEIT-o 7=, BUE, ZOBEMS & LTI Z2{T>o TV 5
DI, A b aAv, VYT FAST, 28X T UEES T AT T Y — ABEERE R Y
T& 5 (J. Biol. Chem. 285, 24032-43, 2010, Microbes Infect. EIIH) . NI, FEik
. ShRHER, JEEES, (LTI E], Peter Gee, —IRMF. WRAME, I HIFER)

ECL

™

134

A
V304 )
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Kobayashi, J Virol, 2011
hu-tetherin

X 145 F8) /178 L B e b tetherin O FAERE &
134,137,141, = L C T45 2’[A—mlc  BLE

2. b Mt~ 2% f\ 7z BBV B BRE AP U o o SEHERERIE £ T /L~ 7 A DT

EBVIX, B hEEABEELTDOH U~ AR RATA LA THY 0%, EORRABRA L TWDH Y
ANAToH D, EBVIZFEEL LTE b BMIICEREG U, SR aE Iz 3 TGS 2 25 Ak
SELZLEBMBNTWND, — 5T, BBV X, BEEOEMZ D B RERTH 5 MEKE MY
o SHARRERIE (EBV-associated hemophagocytic lymphohistiocytosis: EBV-HLH) & RHH#ENH 5 =
ERFBNTWD, LL2R2 6, BBV OfFFEHAE MIRONDLZ Enb, T VEME AT
EBV-HLH DJREZRNTS 5 Z LITAFRETH D . ZTOREBITNELZICTAR LR AL, & b (D34
PEtEIE M fifa A NOG ~ 7 RZBMT 5 2 LIck Y, b MEMELZH TS5~ A (NOG-hCD34) %




{ESRLL 7= (Vaccine, 28S2:B32-37, 2010, J. Virol. 84, 9546-9556, 2010, Exp. Biol. Med. FIl
JilH) o NOG-hCD34 ~ &7 Z|Z EBV Z&de S, (1) DA /L AZEfENT ; (1) Mig=Eaofgdr ; (i11) &
FEERH < SRELEAIRAT 21T o 7o, &Y% 10 B2 I8 D EBV J&YL NOG-hCD34 ~ 7 2 DALESR|T 27%
Tholo, £l EY~ T A%, (1) EBV MR Z LS @ LD U AV AMSE ; (11) EERMIE
MR M & /R EBE. M. BRI R0 DRk ER o8N & B e mERE ARG (i)t
~ CD8 Btk T AL D B TEMEAL & Mgz, & b IPN—y EOBIR A BNZ2 7R Uiz, LLEOFE RN S,
EBV &Y% NOG-hCD34 ~ 7 A 7% EBV-HLH & Bl D BEZ R Z LA LN E R o1z, ZDOETLVE)
WX, EBV-HLH IEMF (X 2) Z#H LT A ETHRARY —L D B X B, BIfEEM
T 2 DTN D, (e, =R -, Chuanyi Nie, /MMIIFER)

ARWFTEiE, VepEE S0, AR iR U A VAR, EiEE (REfZ 1K), OHEsE (EPaF) .
IR, @ HEE ACRKERAT) e oFFETH D,

B cells CD8*T cells

EBV @ @
{‘} Infect @ Activate @%%
Proliferate
Replicate @ @

Iytic;;y 1Produce
gﬁ(ﬁ% N

Q gQQ - * : * IFN
rororede: Tt

Hemophagocytosis

o EBV may be a strong accelerator to CD8 T cell proliferation independent
of HLA-restricted antigen stimulation and its de novo infection

3. HIV cDNA DA > 7 7' — B IFERAFMERA I & 7 A )L 2 AE 8L

LU A L ATECH 32— R Sintegrase (INIZ LV | 15 EREIRA~D 7 A /L A cDNAD 3
H7ZALIAR Z e R S D, T E T, HIV INBERIEVEVR K 2 —F P UA NV ART X —2ff
- T, HIVIZHIAE NDNAETERERE I X > TH Z DOcDNAZ MY ARICHLAT Z L 2B 5N L TE 12,
T4 FERaltegravir® X 5 2 INFLERIBEER OLICBEG L, TOEMMERHFIATND, Ll
5. A NDNMEEERE &2 A L7z 7 A v ZAcDNADKLA T INBLEAIOFEE T THBE S, 20
fERMENEE SND, 2T, DNMEEEMEAZ N L CHIAENT T v U A V2R, MR 7y
ANAE L TUANAZEAL D DO FTREMEZ MG Lo, BOMIRE . F X OB bKkFEIZ LD




DNABRGEREE IR W Tk, INKIR Y A )V ADBIG FHIAZ D RITHRAK 1 OFIZHEML, £0HA
BhERIL 3% E B A 7=, T ODNMEEFHEM OB AL, INRFANEE FIck W THARING
DUANATHHER STz, DNMEEHMEZ /T L CHUAE N7 12 7 A )L ALTR) B OBE TR Bl &
E, INZIT U THUAEN T2 & DITHARTH 20% K 7228 ZDEERRO b, £ 2T, Bl
FIREZRHIV-1 Z FIW CTINFLERIFAE NI DI EBR 21T o 72 & T A US#HRIC & 0 DNAEE 255
WL 7oA TR IR RIS L T B MR R U A W AERP B STz, DL EORERN G,
INFHLEAIELE FOAEBNTHEMEA b L R 7 E OB T TIIHLV cDNAIZZhERAITHLIA £ 41 5 ATRENE
MWD L, 207 T A NAZRFFT DMAEIT Y A )V AEANI & 725 ERENRE SNz, £
7o, ZOINFERIFIE T THINMEERFICHIAE D 7' e U A LA 1%, INHERImHE D A L2
DOHBBHEZRT 52 LB bND, (R4S, SRR, SAMES, BENE IMIZER)

4. HSV-1 Z v b AMRIEE £ T L DN

%5 Hin, 7 Hiln, 2 LT, 10 HEOWIL T »~ MMNIZGFPIEBIHSV-1 28§ 5 & X TD
Z v MIEERD &R EORMRIEREZ R L, B Lz, —J7, £tk 14 BOWHILT v M
PEfEd 5 & KPPEEUIMRIC R VBT T 203, R0 1T —@MEICRERD R 2 728 & DR RIER &R
L7223, BABICIEERE L, ERITEA L, (REBM L, £ LT, 4% 18 Hifs. 21 A, %
LT 28 AOWTNDOT v MIUA NV AZEREL THIERITR, TTOT v MIEF LK,
Tihbb, A% 14 BT v b~ORMNBFREIC LY | BT > b OKEEIT—BMEME 2 5
FEZIZEIE T DR EIEET VIS5 Z ERbhrolz, ZOHSV-1 R ZEIET AT, v AL
ARRFEGEIIIREN TH V| CD3 BT 72 5 ONICD68 ik~ 7 v 7 7 — Y OMIRE L~ b
HEFIRE ThH o7, T7bbh, WMEEIET v S TIEUVA NV ADBEO LN IFRFHLTRY, &
A M ERAEL DR FE N~ S IRER T o 7c, ZOBEEBRREZI LT 572912, HSV-1 %
PEFR U BB 72 & A FEIRIC MR FIE A fEfR. £ L C, TOIERBSTEIE, 12 KEfH ., 24 BRI E. 36
P A, 72 BB 2N ZhiCT v P 2R L. IMHERRIZ 31T HHSV-1 OFFFE L~V AT Lo & 2
A HSERIE % 12 e B o BRI 3V CUI HSV-1 £ L~ W REPIC R S b DD,
ZORMERD TS, TOFMMBEIIID T2 Z Enbnotz, Thbb, 2 b O RITAKHR
M —IBPED MR B BHICEE T 5N EFTH I L A2 R L TWD, MEEFREICHE VT, &
D X D AR OB RN L T D0 EH LT D010, MEREIEEZED T v
il D GFPEG M ek & 2 o JE D #f% . = L C HSV-1 JERERE T » M2 HRNAZ ] L | transcriptome
fRMT 24T > T2 T OFEH, WRIEE T v IR W T, FEERET v bOZ T L 2 58 B3N
JLEL TWeDiX, 75 o7 rm—7 2 XVl &/ 60 OB+ TH o7z, £ DOFITIXIRFT
BREDA L H =Tz CEES T C2, €3, C4aZp EDOMARBES T MRS E /> 7. MHCY T
A1d HUVNIMHC Y T ATIRHE Sy 772 ERE £ Tz, —J7, cytokineZs & N chemokine & VY H




IR 2 FHEAZ 2 — R T 5 BEFRBUTABICTUEL TWARD o7, IMEEIET v b E
TIVDRESLIZED , ZOTANVZADKAICEIT 207 A VAMGHSREHA LN T 2 R TEDH L
ZBRTWD, BUE. MG 5 7 IR OFENT 21T > T 5 (Peter Gee, TEMBES. /IIFEFR).
AWFZEITN N GRRERT) & OLFFETH 2,



Mt e b L ko v A L AW iR Center for Human Retrovirus Research
¥ A b AT ZE Laboratory of Virus Control

1. HTLV-1 bZIP factor (HBZ) ¢ HTLV-1 JEFEMEIZ I 1T D HEREMEAT

HTLV-1 i3t KRB L OBEMII LD RSNV " YA VA TH S, Mg TH 5k
A T Hiha Eﬁw?i (adult T-cell leukemia: ATL) <> HTLV-1 BdHF#IE/R & 45| & 24, HTLV-1 ©
pX FEIKIZIE, tax, rex. p30, pl2, pl3. HBZ 72 ¥ DEMEBMLR R a— NS TnW5b, ZOH T tax
% HTLV-IE‘Z«MHJEWDKWK HLBREREZ R L TWDH EBZ X HILTWDA, £ O CHiM
BEMET U NEROFEAREHSFTHH Y CATL B W Tid LI LIERB B A1 S iE Tk
B2z mlhkE LT 5, HBZ X HTLV-1 O~ A 7 AGHIZ =2 — R4, CREB/ATF 7 7 X U —=° ¢-Jun &
OFAEAERICLEYD VA VARG EZIGET 52 ENMbN TS, Fixld ATL fiflgic VT Tax ©
FENT LI LIEAH SN TS D% L HBZ mRNA (T2 TOMAETRIAL WL Z 2RI LT,
HBZ NI v AV x=v 7<= A& AWM Cld, BAEM~ w7 X &g U CFEg+ o CD4 B
FEZSBE ML TV D 2 & BRfARIC R0 2P0 CD3 HUiRICH 92 SOGPED IR L T\ D Z E A5
MmEipolc, HBZ T VAV == v 7= U AT ERSCHEMEMR 2 BRFIE L, RIEMM CIX
CD4 G THIlL DRI 2R 7-, HBZ h T VAV 2= v 7 <D A THIM L T\ 5 CD4 Bt
2B W TIEHIEE T HEAE (regulatory T cells: Tregs) D4y HINSBAZEICHIM L TRV . ZOHREIXTe L
AHEINTWSHZ EEZRH LT, EHICHBZ N7V AV 2=y 7 <0 A T Mk v E%x
EHEEICHIET D 2 ER 0 . ZOEEGHIEIE Tregs O~ AX —— 2 Th D foxp3 & @ RITH
BT 22 R LE, 26 OFTRIT HBZ M 6 202OFFIZ K VD Tregs O¥AfF L ONEE L4
FELTVWAHREMEZ TR I Y S, HBZ NI v AV 2=y 7w AT THRD LD 2D DRB
T 726 CD4 GHEMIE ORI R Tregs B1E T MIfafk U > ~EOFRAEIT HTLV-1 v U 7B X
ONATL BFICB T 2R R EFEL L TR Y . HBZ A HTLV-1 0¥ R B |- 2 %5 &
RITZEBREIND, BUE, Fxld, OO0 FEBEZHITL T\ 5,

2.HBZ 5y - L HREAEH T 206 B F X7 OFRIE, X OED T AV RAIFEMEICI T 5 EFROMRE

Tk % 1% yeast two hybrid <°Ff 2 OFMLN > 7 F MR ERR K| »B’éa“é%%ﬁ%ﬁ’aﬁﬁﬁ%ﬁw HBZ & fH A
TER T 216 EAIRFDOREEIT> TWb, £ L THBZ 2 p65 < Tax (2 L 5 NF-xB DOiFE AL & #fil
THIEERWE Lz, SEILREMITIC LW HBZ & p65 23%iE L. p65 @ DNA ~DFfEAHENE T
THZLEEZHGMNI L, £D—JT HBZ N B FF UAKFERR p65 D RZEHET D 2 & 23
B L7z, HBZ Z %8l X W72 T B Tl B NF-«xB £ O s 7R B mEl 2R 7=, Uk
D&MD HBZ & p65 OFAAER X Tax 12 & 5 NF-xB OIEMAL A FHH L T 5 AlgEENTRIZ S
7o IHIZ HBZ LHEET HEERT2EEFE L TH Y, WEERIIZBT 2 BRICOW TR
FCH D,

3.HTLV-1 X2 — FFT 5 VA N ABEBE BTS2 EROFEE E HTLV-1 FFEMEIC BT 2 BEFROME
tax A5 DT 10%D ATL F£35 B RO EEMARICFED S v, ATL fifa D15 E4 g H 5 O [alkE




WCHEEREEZRZLTWDLEB2bND, Fxld7 v U A L ZARHEIROE IS %Z 60 D ATL
JEFI 2 WTHIT L& 2 A, TauA L A—HOKRE, A, %V?yxwﬁ%}mzuﬂwé
TOUANVABBEFICR L, ZORTRIZ HBZ 7% ATL FE i & MHETHDHZ a7 TD
Do TNETNDEREZMNTTHE G0D ARE~DODEENRLERIIRELTEY, VFUUM
72 /%ﬁf%éAHBHWE&MG)@%5W&bhtonVli@fﬁ&ﬂ%@ﬁ?é?&
E LT, [BED N3G OEEZFIFAL TS EEZ LN,

4. L b A )V ADMPIAFERIZES 53 % DNA (E1H 2 > 27 D [RIE K O O REfFHT
Lha oA 2L, WEERISICE D ZEHEDNA 2L, FREEES ) LA~EMAaATe, £
DA IA T FE I i?%zvx%;ﬁﬁ@fﬂaﬁ‘@bi&aé ZERbroTWWD, ¥ T A FMLIE T A LA
(MLV) 1385 BaAAN. CpG island, M OF DNase S MEEIKO T IHIZE < HAIAEND Z &3

HENTWD, LELAERL, TOSF A= ALIMH SN TR, Bx i@y —7 o —

% D CTHLAGA BRI O KRBT 21T > 7245 R DNAE1E & /7 T % NBS1 & KIE L7-fiEic kB

W, MLV 2MEEEBAA A, CpG island, MO DNase @@z MEREIR O T BRI AR N D ERNE T

LTW5Z E&ERER L, NBSI KIEMIETIX %@Mwaéfu%—&—ﬁ‘_mb%ﬂé

H3K4me3 X°> H3K9mel FEHI A~ DAL AL RO T b5 b, W ANEHE b TWD T rE—4

_Hﬁﬂg<m@%ﬂ5H%mm3%W“®ﬁﬁLﬁﬁ4@iﬂﬂm@%ﬂtoégu\ﬁmv?

VRIELREIEIC X D . U A VARG NIZ 3 THRLAGA A FERTIZ NBST & 7 /LA DNA 3 A

LTWDZ ERbrolc, LEDZ Lt DNAMEIE X 2 /37 Toh % NBSL 1T MLV DOFHAIA BB

MPEZHIE T 518 ERFTHDLZ EBnH BN LR T,

B. WRHFRAFF N HIV-1 il BE 2 I 0D i 1 454 P i B

b MEART AV (HIV) Sa— 328 hE 2 /37 H gpl20 38 LT gpdl 1&, HIV 235 &
IR B YT DB DRYD AT v T Th D, Wi - BERINCB N TEERERZ R L TV,
HIV & 15 Bl O RS BOn 2 Ry & U7 3 — AR S BLE A enfuvirtide (T-20) 1%, HIV-1 gp4l
C Kb~V w7 Ak (C-HR) O7 X/ BEEANZH KT 27 F RIAITH Y | C-HR & N R~V
v 7 AfEl (N-HR) O EAEHEZT 24 L LTHAET 52 LI X 0 IEENE KOS Z B Lt HIV IGH:
ZRT, AT T ETIS, SC34 R0 SC34EK & o 72k A7 F PE@ A PLER ZBI% L, T-20
WX DMME HIV IS B3R A2 R" 3 2 & 2 ME L TE 72, SC34 <0 SC3EK 1L E D EHEDIER A TH D
gpdl FEHIKNICZBOERAZFE L, 2o OERNPERT L 2 & CTttEE 77, —7F. gpl20 f8IK
PICHBZERNEASNTEY ., ZNHDOERITHIV-1 BREDOKBEICHEGE L TVWAHZ b, K
%ﬁkLT@%%%%?%:&%%%ﬂmtt&%ﬁw%%ﬁ&w1Mleﬁﬁmméwﬁﬂé\
B gpl20 FHIKNIC IR R A TG ARG A L7223 b, IR E A B E AN 33 2 it 2 #1552
&R LTND,




6. (K bEWE AR & L 2Bt HIV AL &R IEAI OB %

BIERRARIGH SN TV B HHIV 3T, BRHEROCRTF K I AT 1 7 A &0 M b4
D7 HEWN % < | EIEEFUR O RGN Y LRI Bl Cdo D, E T Frox IIARTFI A
ZeRE & LT, BTHLRAR Sy it HIV BEAIOBIFE 2 B4 LT, Z4UE T 30,000 FELL I K S/
WD AL ) —=2 7 4T HIV OERATHIERICEN T 5 LH8E S 2 BFEE OB BT HIV-1
V—MeEERE L, Zhbofizid, BFOFHIV-1 EOEHRTH D, W - Ma. Wik
BgEH#, AT 77— BLUSNDOIERARZIERE LT D ARER S DM baEh s, BIE, V
— NMbEWa R e L U @mIEE AT ORE Z#ED TV 5,




BYYEE T G v X — Experimental Research Center for Infectious Diseases
) IR~ v ARG REIR Laboratory of Mouse Model

2010 4F, GHFEETIIH =R AL N—L LT, 4 ALV 24 0HMMES., 5 LR, EEIA
MR T, —Ji, AMBVEIFRR R AET o B, s, M E T RAEO 3403 AT
¥, MRBIIRAFY v 7 34, KFFAEL A, HiiEB 34, FBMER 140 1 24 O
Elp o7z (2010 4F 12 H RKF ),

glEfeE . YUFFEE TIIMFLEIC R T 2 e OFiE . BisFRoTiEER X O %L o
Y=L LTWAS R LT A2 L2 BIE L TIFZER1T > T 5, Hric TGRS
(2 V=X T v ZHIH & EmBLR) EREORKE] 2842 F—U— NI ZERL TRV,
Briz 7038 RAZHEIE T~ B 2 F5EICI A TV D,

. ERA MY DURBAFACEEF, Imjdla, Jmidlb A3~ U X DR R FE A Rl T E

A~ H3 O U 9HIKY)D A F AT, BInFRBEOMEHL~T v 7o~ F ARICEER
TEV2RT A v I~ =T D1 DOTHDH, AFIEOBIIL, WILEORBAEBEEICI T H HIK9 D A
FIUMEDEAFTIALZERETH L, TNERLIEEEZRETHZ L ThHD, FxlLLIAL,
H3K9 A F/ALEER TH D G9a & H3K9 il A F/LALEEFR T 2 Imjdla 23 A B - #ERE T2 2
LIZE T, =7 ZDHEDESZLETH D H3K9 D A F AL L~ RNZ A F 2 v Z IR ST
% Z & &S L7z (Tachibana et al., 2007), Jmjdla 28~ 7 A DRI R - HEEE LV FEMICa 5 H
T, Jmjdla / v 7 7Dk (KO) ~UAZER LT, Jmjdla-KO ~ 7 AZA T I)VOIERANZHE -
THEENTLSDHL, RADOTTRIZRDLZEBARETH ST, TNHDZ &IE Jmjdla BB T-FEY
N~ T AR ORECHETIER N L 2R LT, BEHERNE LT, Jnjdla-KO JE 2 TlIBpAM &
bl UC K72 H3K9 D A FOUALTLHEN RS D e o fz, T &It BRIC, BEHIE 0 12RO
Jmjd1a-KO ~ 7 ZIHEN AL & 700 | F 72 HEREIL IR O R BIA A 7R L7z (Inagaki et al., 2009),
Jmjd1b X H3K9 O it A F AL Z fhilEH Sk D Imjdla DAREE—27THDH, mRNA THH /N7 DL
UL THERBO~ T AR TCORBPRDOHN D Z L6, Jmjdla & Jmjdlb 1X~ 7 A DFEAIT
BWTHEBLIEEZH > TS Z ERTHIS L, BH OV 520> THox 1L Jmjd1h-KO ~ 7
ABERISL UTe, TOESEEEMNT LTfER, AT AOEANC LR >Rl EL 0 IRV T
Jmjdla-KO ~ U ANAEFEND Z L3 orinole, ZHE#% 12.5 (E12.5) HRZFRHATR R Z RIS
1L Jmjdla-KO LB AR DR IINZZZNRBO bR hote, ZOZ Lid, il b iREFRHE TR
AN Tmjdlb (ZMETIER W & &R L7z, H3K9 @O X FL{kiE Imjdla OB & Rk I BpA R &
EEARTHERBITR N> 72, KIZ, Imjdla & Jmjdlb O34 ITHd 2 EEMHKEEEZR~5 H
0T, Jmjdlat/-, Jmjdlb+/-DRIF DT Vv % FEOMERER L O RE 21T > 7o, £ OFER. Jmjdla/b
DX 7/ KO (DKO)~ U ADFAEWRNEEFNTLS 52 LidhedoTe, 2D Z &% Jmjdla/b-DKO i




BB THDZ L E2R LT, JHVE TN L7k SR, E7.5 HIRTH Jmjdla/b-DKO IRITEI L2 S
NTWRY, ZZETOMEEZE LD L, Imjdla & Imjdlb OFEREITEBE L TEBY ., ~ 7 AD%
AWM TH D Z LNy o Tz, BUE, Jmjdla/b-DKO EOEIED AT — P HH BT H L &
TORBB OGN 2D TNDH, (IfE, ER)

2. WHIHOMREICB T LTS = 2T 4 v 7 IR OEENZ SN T

PES TR E 2B G 10 D IR ICHERE D B 72 203 E U 2 (b DR Th 5, Mo bid At
FHZAT O AR BEBERE TRIIBZ D701, OWVWTIZ DR RBEASHEEZEET 5720
IZHMEDA R BT D, WL TIIRSEMEIRIB W T Sry Bl - DIFEN LD A A v F & A
D ZEDFN BT 5 (Koopman et al., 1991), 5 W HIC — BRESZ L 7o MEIZ 2 0% LD L Z & &
HEIChles THEFF SN D, HIREDOBBIZED LI RV =37 4 v 7 HTBHELTHD D0
IZOWTIEARHATH D, 61, —HMESL LEMRRNZBETFRBE T 7 7 A VR ED XS ITL
THEBEICDIZ > THERF SEND D), TOTE Y 23T 4 v 7 REMIZ OV THH LT > T
WV, TRHDBREST LUV TH BT WFLEO AR B 1 DR RN o v
7 MEEEALCT 2 EEEOEMNE Li-, £ TI3AEMBARZ BT 2228715
728, t I low-affinity nerve growth factor receptor (LNGFR) 73 T % TH N7 AV x=v 7

(TG) ~ U ADBNLHR AT, T FABALRNEHICT H72H, LNGFR OHiffaE KA A > %
Hl> 7253 F® CDNA Z il L7z, LNGFR % R 74 74 %57 v —% —|Ti% Ad4BP/Sfl & M7=,
Ad4BP/Sf1 X E10.5 AMEOAEFER ML THELT 5, Ad4BP/Sfl DETFXY 2 ETe/ Ny 7 I RO
B4t = K % LNGFR OFFREKICE Z# 2 7- 1 D% CSTBL/6 SZAEINORIEIZIEA LT, iz
FEfFDHH 3T A2 TLNGFR BIR T BHHETH Tz, TOHD 2 T4 2B\ T, MBIRATHR T
? LNGFR OFHLN @ o 7z, SEMB PN RMEITIC L > T, 26D T A Tk LNGFR 234 5H
HRASHIRE C D HIFEBLAN L & 6D v, AEREHIRLR S TIEM S e o7, S HICH LNGFR Hifk &
<~ Fy =X AWM ERET-7-E A, BRLEMIED 5B 95%LL 123 Ad4BP/Sfl
Btk oM Cd o7z, BUERREGOEHELE BRI TH D, (3fk)

3. DNA HEHEIEIZI51T 5 H3K9 A F k& s & Lt b R b ARHEST OB REfEAT

b A b AHERIT, B T < DNA HIEBEEESEICL BERERZR-TZ L0805
Mo TETWD, HEPREZI DL ETF = v 7 KA MAT ATM BNiEM LS, THiRK 7%
U b U CHERRE S ° DNA (BEMMEE S NS, ZNETIC, BELLBELRLI~T
1~ F U HEI T DNA HIEN A U BE . ATM OiEME(LIC e A b o A F (bR SUV39HI/H2 (2
XD H3K9 AFMENEETHDL Z ENMEINTWD, L, HEN T DNA HBERHERE LT
BZoa—rm~F U MBI 5 7 v~ F UHIEBEIIAH Th o7z, 22T, ~ U ARMEEHE
falzBs T, 2—7 m~F kD H3K9 A F /LA R TS 72 G% / v 77 v ~ (KO) #fao




DNA #5237 5 ATM EMAGIEE 2 BGE L 7o, £ OFE R ATM IEMELEE IR 32 &2 A7,

LLAREIN TS ZENHA L, ZORBAT, ~Tura~F U EHkOLE & 3WTHD
7o, 22— u~F UHEETIIM O NORMO I a~F UHlEENGFET D2 ERRBIND,
Z 2T, HIFERERICB W T DNABEICEEREEZR-T Z RN SN TWDH e A 2 H3
D56 FHADY P (H3KS56) DT BF AL L~ T2 FE R, G9a-KO M Tl oA EIC b
A LT\, SUV39HI/H2-KO M TIZZ D X 5 7 EFIFR 6wy, H3KS6 7 & F /i kidsil

ONEE T RO E T EIZBWTIE L TS Z ERHE SN TWD, D7D, 4% G9a-KO #i
fads KO U HIIRIC I 1T D H3KS6 7 & FAALEE OFAE A T3 = X LDV T, ATM IEHE L O il fH
i & O L ED THLMIZ L TWE W, F72, 5o H3K9 2 F L LEESE ESET @ KO #lifid T
X ATM JEPEALERE IC B I R D72 o 7=, Las L, ESET-KO i Tk DNA &5 O HL A
FTDO—=DOTHDHpS3DEAEL AN EFLTWSHZ LA RN LT, £72. ESET-KO flifidlX DNA
EEANT LT AR L Y bt 2R L7z, 4%, ESET @ DNA IS MEEIC BT S il
NESBEZ B S0 LTV & 2wy, (FEE, EH)

4., <~ AEFASR AR T D B R b U ¥ v XA TFUARIREE O fiEHT

PRHAHEL A AR D AR PERERR LS L 2RI AR IR OO SBAR TS 2 HERF 37 2 DI ZH O M T, A= FE A
B DIEA T2 B UOREREICE A R U DA F AN METH D L EHHE STV 5,

AT TIE, PR ER OEATEHICB T 58 A F U v O A FARIRREZ DWW THEFT L
oo PEURESR OMERER OIS W TR A e e A U U2 A F U IRREN 72 > T
HZLERL, BT ) AUAL RICEA R H3DIOFRHDY VDY AF L (LIt H3K9me2)
PSP ENE AR FERIIE I BB W TR F L TV e, v T AIZBWT, E R MU DDA FAbEER &
LTHBILTWD G9a & GLP 1L, MIlEANTIE~T ¥ A ~—% BT 5 Z & T H3K9me2, mel %
ANDZENAMBNTNWD, £ CHAIL, WAV T G9 & GLP ORBLIRAE

ZAH GLP BN 3EHL L TV 2 &%ﬁ%ibtoum@ﬁimemmmwwuﬁﬁﬁﬁﬁﬁéﬁ
AR DI BB WD TR EIH STV D 2 BRI B LTV 27z, HEIRER ORMEIA M
%mmmﬁwf%:@%mﬁ%%éhfwé@fmﬁw#&%kqGmmmAw%ﬁ%%ﬁbt&
Z 5 mRNA OFBLNJEDOKMIEFEIRRICRD bivlz, £72, GLP DX /37 5372 < mRNA O &7
FAET 2 &V D RPUT, R RN OATERMICIE N THHERF SN TWD Z EnbinoT,

a1k, PR IRENE AT D IZ 350 T H3K9me2 2ME N L CWAJHE & LT, Glp mRNA 23455
B O DOHIEEZZIT 5 Z LIk o TEAEE L TLEENICHFETE VDI EHELZ L TV
Do

BT, Glp mRNA 28 & D L 95 REEFHHEH A 51T TW D02~ T 5, H3K9me2 2MEWV 2 &3
ATEHII OB EIZBNTED LI REENOLONE RWIET Z EREx ORKNZEETH D,
(e, 2EH)
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ST T VASEIER Laboratory of Primate Model

2010 4 3 FITARHIEAD AR « BREEAOERHE LR (N « BRBEF) &2, PR SEAZ A - 87
Bt eRE LR AR - BREEY) Z. GHE SO ZEANERHER FRSE LR AE T Lz, M
(3, OKE - ENZEENIEAT SRS, S ERE NG =2 DA it L, 4 I3 RS0, Lot
I, PEE I AR E RN ER AR E TR RIS AT LT,

WHFZEROTEERFFEREITE hOL hr YA LA (HIV & HILV) ORGA 51 « i - @
AL TIATINRNTT 5 2 212k 0 . 2D A NVAORREMEZ R L, 7oA VATREBOIEE & TREE B
RIDHZEEAME L TCND, T2, L MR UANLVABYYEICNZ T, 77 EUA NARBYYE (T 7 vA
VA BRI T A IV A) DRFZEBATH TS, 2010 AEDOIFFEDERIL, LFD LB THD,

1. 7 7 Y AARIC & 2 9RJFPE CCRS $5[AIME SHIV AD8 DEH!

T PRI K0 | BTSN CCRS FRIAE SHIVADS ZAFH L7z, Bk A il U C SHIVADS 5
HED T A NAZAEFE LT 13 BHOEAITT < CTEE R CD4 BBk T Mg 22 L7, Zhbm5H 10
91X normal progressor & 727, HIH, AE U —KON A —7 CD4 B5f%: T AR, HL A /LA CD4 B &
Y CDS Fhttififia 2 A U, 1822 se iR LA OV 10°-10° RNA =2 B —/ml O#FH TR D LD A LA
ME 2 e C 3 A2 72 > TR Lz, BiFFA T normal progressor D 9 5 5 BH2AN, 7 U =Hifigs, b U ARG,
B enny B —REGEED ARG a Ao T A A2 FE L, B 100 725 199 M TL o 2 5 R
272577, 5%V O normal progressor O 3 BHIIHERE 1-2 %M L 7-REFUT, ARFHIML CD4 B3 T MIfE)s 94-154 {1
/IR L T D, 4 BHOD normal progressor 7> 5B S 4172 U A /L AIE CCRS FRIAMEZAERF L TV 7z, SHIV
ADS JEYe/L4x 13 BEH 3 BEAY, FEFIIZ 107 copies/ml 2822 7 A /LA MIER K OVEIL CHDFE A7 A
£ U —CD4 Bt T A % ££ 5 rapid progressor SEMREA S L, B4 19-23 RIS A T DIRpE L
78572, SHIV AD8 3, CD4 [ T MRS URHGiI7R 0 A VA MIEZ L Z 90 b, U7 FUBFIC
BOWTBEMNEZ G T 5 —/VEE R D,

2. RO A N A A RS SHIV-KS661 FYT 1 7% /I ZE51} 5 CDA ey, & IFH2s

HIV-1 8 X > T, 1E IR VA VARE & CDA'T MO 2 R BEICE D, BFHIIRND U > SBkD
T0%LL &G T el ROGENR TV | HIV-1 OIEEEGLTS K OVRIEFIMHASIEG C 31T 5 B2 AP
T D, HIV-1 BYUTRBNT, BHTEER T A NVABIHOS; & 720 . AIDS OFFTH 5 CDA'T iy
EILC O & Dhkx IR B EA R | E 2 S D, IEFEOIFSE G, HIV-1 OF BRI CH 5
CD4'T MDA IR L Y LI T LB D Z LW n->CTE T, BRIICYH, IMESHERD—>T
&5 THIIE AIDS OFIER THD Z ENMENTND, ZDX DT, AIDS FileEE 2 5 L CIHIFERICEHEE




lifas T D Z LD, HIV-1 BT DGO ITAAT O BN H D LB X bivd, L, b
(xS AR L~V COREMZRMRNT 21T 5 OIFIEFITHE LoD, BT T /U KD Tl CE T,
HIV L iif72 7 A VA TH % SIVL HIV &SIV DX AT 7 A VA TE S SHIV LT A7/ L, AIDS
FERREZ 5 & 297, Fox 13X SHIV-KS661 % 7 4 7 /W HFES % & Btk 4 RLIPNIC A8 0 CDA'T fifia
EREESED Z EE RN L, E£7-, SHIVKS661 YT 7 7 VO EMIBIE G & oA VA MUE

(HVL) % S 2/GeT A7 IUT T A N ZEGARHAEDD 1T MRAE Z LRIIET D Z L2vnnoT
Wh, —Ji, RT A VAMIE (LVL) @ SHIV-KS661 B D% < 1%, D7 & bHix o388 L7 HiiE
BHERICRERT 5, 2 9 W o7t L% Asymptomatic LVL (Asym LVL) EFRS, BB &2, LVL
Z LT 6 OGN LD 5 5 2 B HVL &[RRI FRIZ R Z U CTRIPEL TLE o7, 2D K 9 7dgetr
JV% Symptomatic LVL (SymLVL) &F5S, Fx X, Sym LVL (X FHIZE - LEIHFELI-Z &6, HVL &
[ L~V OEEZ G Z L TS DOTIRWODE W I E T, ZHEMFELZ, Sym LVL BLW
Asym LVL & DR L OV o/ $ifikh 7o oA VAR Fa v —n b B E a B —RETH Y, 1000 2 &
—LL kD@ e A NV AEER LT HVL & T LKA > 72, Sym LVL 3 LY Asym LVL O ifi 1
CDA'T AU B B8 WTERD HIeh o7, L L, Sym LVL (28T 253 KOV >/ 3fid> CD4'T
FRRRAERE 1L 7 A NV AFEEGY LI LY Asym LVL OF & T LMNIED > 72, & 512, Sym LVL X
HVL & FRRIZIBOMEZEC~ 7 1 7 7 — Y OIEM LR HAL7Z23, Asym LVL TIEEINHITFED B
Mol fEame LT, SHIV-KS661 E&YLT 77 7 /L Cld, 7 A VABBEL ~UHMES Th, 50 CD4'T A
W, WEEN, ~7n 77—V EOIBIBIT D AIDS EERREE 95 2 E SN 5T,
ZORERIT, TA VAR A S L CODIZ b b BT, RREEI AR HALD HIV-1 BYH IRV T,
ff Cl% CDA'T AN B LT D RIREME A 7RE LT D,

3. HHl CCRS fRAE: SHIV OERL - 7 7 v ~dDIIE(K

HIV-1 2EQT 2B IR 51T D 2 b, Fox 13 HIV-1 (SR A A A /LA (SIV) DA
R Fenv)ilfs -2 bk LTSRN 07 7 MElk% HIV-1 Ob O L EES L -9V, b MyEREXF AT
T A VASHIVIZ & Db A BT V2 BR%E LTz, 4, HIV-1 O env BUIG FZE D IRESNLLOED S N
7% —(CCR5 =° CXCRAHRIFIEIZ L » TRYLEARIZF1T HIEEHFHITEROSE S R & < J72 5 2 L 2B SN
Tpolc, ARFE CIIRYHARE & YRt ORI EEZE e CCRS fRmME SHIV 12X B Lo A XET /L OffET
ZHRYE L7z, CXCR4 faIm5HE: SHIV-KS661 D V3 SEIII AL A8 A L CCRS fRIAMEICZE Lz, 2%
FYRT A VA% T T35 AT EIREERE L, R IE &7 A LA RNA &0 &/ N Es1T 2 U o gk
T MO EAT o7, BERE LT 4 8HT 3 BHOY/LCEYL 12 B E TIZMH o A )L A RNA B3R
LIFE TR LS, 1 8HOY /L TIE 12 8L S 10°~10% copies/ml F2EED 71 /LA RNA BA#ERF L7z, CD4
BtE T AROREINEA T U —T MROFEIG 32V VINBIZ W TEEEIC A 203, IFITIsWTIIHRER) 2
WME A & BT, A VA RNA BEHERF LI DRIOY L~ A VADRE T2 8 2 A, 310H




DHIUTBNTEWWILF 7 A /LA RNA EDO B —7 EHEEE, /NETOE LU CD4 [5G T Aoy h3EIER X
7=, i CCRS $5m: SHIV 2/ERLL . 7 H AP A~DIELET-T7, £V 2T 7 F L 2R ORI
Wrrans,

4. FUREEACAD T /R 7 F L YL 535 I ES LU SHIV BCRBAEIZ L 2 JiYp L HRE O ST
ORIy T/ R (NP) (2 HIV DR SN 237 (gpl120) AEFA LT gpl20-NP 73~ 7 A D
DA bR & < B SAE I, T ORER CD8 BRI E D58 < A3 H D 2 L Ao Tind, ARFFET
1Tk FDISHES 2T gpl20-NP 27 A7 F/UTHRIE L, EOMEFHERe2THn L, SHIV (239 2G4
EhHR AR5 Z LA B Lz, gpl20-NP, gpl20 ¥ijli, PBS (control) ZZAEILT 44791 3 BEIZH]
A% 0 & LT, 4, S EOF 3 [BHRESE L, Dtk 1288 & 16 BIZK FISBISE 21T -7, ok,
ERFAIZERIMAA TV, HURUREIAAY IFN-y AR & HURRRRAOIIRIEEEYE, AP oPiiisEE, 2 L TR
FEAIRED BN A RYT U=, Z D%, 2FAIC SHIV-KU2 FRZFHIRPEERE L, I 71 LA RNA & & 5aEiil
HBED BN ZAENT L, 7 A IV ARG T3 2 B 25T L 7=, gpl120-NP £ & gp120 HUMEET 12 LD
PURRFER) IFN-y PEAERINEC S 13 JALARE OHURRF AR S ORI 2 R L 7o, 17 TALARRIZIE,
gp120-NP FERIH CHURRF RAIRIEAATE M A EIZ E5- L, gp120-NP BED DRI EZFHET 5 Z LR
RS, LrL7eid G, SHIV-KU2 #ROBCEFEFE%, 1H 7 A /LA RNA &iX, gpl20-NP #E L gpl20 Hlt
HECTE—27 2 PBS #EL D mi<, gpl20-NP #Clidt v hARA » MbEfEZ R LT, 7o, REMH O CD4 5
P T HIKE H gpl20-NP BEE gpl20 BAREECHRIEIZRD Uiz, SEIOFERMND, HUZRBWTH~ 7 AEHER
EFARIT gp120-NP [ 3N 7= B8 iR 2 n 3 2 E LN 7p o7, L LZRA D, NP IZHEL L7z gpl20
PURIZ 3T 2 S RGN I TN TN 2 E VB ST,

5. AL A VAN RAZEBT DIV N—AV =X T 4 7 ZAROBE

WL AT A NVA (LA TAVR) 1310 2D 2 A RNA 7 LEFFOET R —T T A LA TH
B BAERD 2 AEERNA A LA TIE. TANNASF ) DARITAEE OERAEATX BHF (JA—2Y = *%
T AT AFR) OBIFEMENTEY ., LA TAILAIZBNOTORH, plasmid-based DY /N—RAY = FT 1 7 AH
DHSLSIVTN D, AIFFETIE, LA VAN ADY N—=RAT = RT ¢ 7 AZROBF - il &1 7-72, 1) T3D
KDV NS=ZAT =37 4 7 ZRITMAT, B TILBRD U R—=RA T =T 1 7 2R %ML L, T3D BRI
FOVTIL 3k cDNA Z#AADESH Z T, T3DXTIL €/ V7Y —% v hafEHLT, 2) LA DA LA
cDNA 7'Z A RO¥E 10 D 4~ X85 2 8T, EREL R LT, @O Y N—AY =T
{4 7 AFRDOHEEIT -T2, 3) TIRNA RV A7 —E3BL BHK ffaz T Y =R = X7 1 7 AR %M
LT, UEOEREL Y, VA TANVADY NR—RAY 2 XT 4 7 AROLRIT LA T A VADTREIFIC/2 5
WNCERICHIAS HIRTE 2 L B BILD,
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BELD A L ZAEGYENI TR 2 — (HI7T-H21 FE 7 v ¥ = 7 M) Odilic & b0, PRk
224F 4 HITHEL D A )V AWFEE o 2 — DT lCs R U, FrE B e U CHEffE. R — B3 7
H1BIZEMELT,

LLFDOT —<IZOWTHIEZZIT LT\ 5,

1. {EAENICIHT 5 bt HIV-1 [Kf- APOBEC3 |2 & 2% B2 %

FUUBT /Mﬁﬁf%éAHBHﬂ%%@@ 7 A VAR TR T T A L ARSI
WV AEN, BRYHIEMNIZE W T HIV-1 7/ A RNA 28I AR SN D ~ A F A 44 HIV-1
¢cDNA H D C % UIZEWT D, ZO~AF A HIV-1 cDNA ® C—-U Z B iI, HIV-1 — A DNA
D GoAERITIwAET 5, BN E AW fi#fT 2> & o> APOBEC3(A3)% > 737 E (A3B, A3C,
A3DE, A3F) & A3G L RHROEREEZ AL TWD Z EITHHLILTWD, 2D A3 Zr FHEICKk L HIV-1
I, virus infectivity factor (Vif) LFREN DX X7 B2 HL DY /) AFiZa— KL TWb, Vif
X, UANVAEAMBINICIETET 5 A3, $RIC A3F,A3G LHEA L. a7 7 Y — AMEFIREEIC
LD OREICLY ZDOTANAKF~OIRY AL ZHET S, VIf ITX D, HIV-1 1% A3
FEIZB DN TH IR WVERNFEEL 25, L LARRL, ARNTO HIV-1 ZEDT AV
AT BT 2REE A3 3T O FHICOV T INETAATL 72,

B, bhvbhide MEmEias BERER S~ Y ACBMEEICEY . b NEMEEAT D
"t MbE~ 7 A EERLL . HIV-1 % in vivo BRlii CHAGH - RS W25 Z LN AIRER EBRZ BT L
7= (Nie C, et al Virology 394:64-72, 2009, Sato K, et al . Vaccine, 28S2:B68-B74, 2010, [X] 1 &), %
ZTEY. b Mev U RFO CD4 BPE T Ml b FREIMH CD4 Bt T MIRRIZ 31T 2 NFEME
3B FORILNEHELIZEZA, B MEv T ARNOE b CD4A+T M, & FRHIM
® CD4+THifE L [FFRED A3 BETE2HIL TWDH Z ERbholz, WRIZ, BAR HIV-1 & Vif

KB HIV-1 2 & Mb~ D ZCHER L, 2N OERNICE T 2 ER0R A AT L &
A WA HIV-1 3R RE < 2O FRfe I HEIE 4 2 O12xk L. Vif K48 HIV-1 13% - 7= < i
Lo le, ZORRID . WIEM A3 43 FHEIC K - T Vif K3 HIV-1 OFERAE L RES R
e &b BRI HIV-1 O5E - HELRFRITI 1T 2 NIEM: A3 73 FRED B AR I+~ < | Vif
AT 5B HIV-1 2 #:E#% 15 8Dt M~ w7 A MEH & DNA Zi L. HIV-1 DNA (Giff#is
BRgFE % 2 — K35 1,002bp OFEIK) OERNREZRF LTz, ZOMKER, Tbd TEHED GHA
ERDBERBINT, TNEND A3 552X D GoA B RIF BT MERH 5, 72 & 21T,
A3G I¥ GG—AG BRI A L, A3B & A3F I GA—AA ZERMICIHEAT D Z L b, B4
SRRSO GoA BREAOFIE 5 HIKICOW TR EIToT-, ZORE. G—A ZRIBAL




DFWD 1V HEIEIZDORIET & LR mMER R S (P = 0.0000012), £/, Z OEHTIC
FTADBEF ISR I, OB\ A3 (FFIZ A3B,A3F, A3G) Offmitke: T o b
o, BAR HIV-1 e M~ U A TR S GoA BROKE 71T, WIEMED A3 41
Ik vslERI SN LM RIS, TOME, Ay I RVOREEFHEL TV,
S BT, WIEME A3 i FREICEIRT 2 & b o msEE e GoA ZRZ A+ % HIV-1 DNA & #5
7 v — U HERR S 7= (Sato K, et al. J. Virol.  84:9546-56,2010), LA EDOFERNS ., AKNTOEA
FIHIV-1 HEIZ B0 T H D BEORTEMED A3 53 FHEIZ K » THEE OB ARG A I HIV-1
BRNAICHIE S D 2 Z LR ENTZ, SHIT, B MEv T ZDBURIZONT, #i e
LTCE &7z (Exp. Biol. Med. HIRIH)

(e, =—RMT-. /IIIER)

X1. & Mb~vT A

T ®p®
o"v.a an ©®@

HIV
NOG-hCD34 mice
(humanized mice)

2. MEFRIE 2 o N7 EOEG AL L B PR

(A @) Ko T1965 ) — )V AEBTPIERFPEZSZE LY Y v 7 - &/ — (Jacques
Monod) OFHEC TRFEICH TTEDLZLIE, Y URLHTETED] EWVITL—XBH Y F
To D FEWFORRABILOR, KGEIZZOSHEOEY | MEN~GE FETHE LS EMBAZO MK
APFEOMICHR L CTE E Lz, BECEOTH, RIBEZHWEHFEZE U TRWE S
TBRN, BEEMCOY TEELIHEBNRFRTHDL LR INLIZENLITLEDHY £,
AT A IV ARFGEERR « D3 A TBAR FHIFFE 0 B OFK L R AR L BRI O T, Bl bldz ol
FRHEL OENRENTEXET NVEMORE Z R RKIRICEN L, B O EIFRIEOFRIC
TR ZED T, ZhOONEZE U THO D H I, BrEEYYED R & W o 72




SBIZBWTHEBRT 2 2 A s E T,

EW TP EBEZ D E, WS ODOFENRFETONET, ZhbO—DIC TRENPIIIERE
MOYERICRES N TWD 2 L) BH Y £, Z OAMBREED b MRS v 7z KT & L
., AR E B SE TS ORI T, LS > CHIBEOEERITHIRE ORI » £+
loo FLTZBITKIGE ORI & D X 9 IRk S, HERF SN TV D NICESE Y T TR AT
STWET, MEBEIIAMNRREICEEMR S NSO, Bkx/2 A ML R (REBANLVR) 2210 F
o THICx L THIRRIL, A L AEZT THMIRANOEFEZROT-DIC, KEA N L RIRE
B 2 (i 2 CUOET, 2 O 2 o THERRIZSMIBR R O LI NERS U CRARIE O & & 1

RV IZIIEZD b bhoTEE LI, RAIEBITIRB A ML RINED 11 & % DAY T
BEREAMPAL., MAOEFRIED AR LNI LW EEZTVET, £EX L ASEILE
FIHIET DA CIE7e <, EFHICA ST TR VIEE(LEND Z ERbhrsTVET, =
DIz, B2 HOMFFRITERELICR T 2O KRR, S ENRED D ERE~ & fimik
T O, TLTCZOREBLZHERT L LICRVET, ZNOHOWEEZE L THLNL D FRIZ
EMFOHIZIZE EELT . HRax RSB AMEOEmBRICHEIRT 2000 LVER A,

RKBEZIZC O LT 27 7 LML, Migs B0 FEMREROSMUNC & 5 —2> Dk,
SEA R > TWET, E/o, MRER L AMEORICITB KRR 77 X LZERPHY £, =
DRI e REWE L RO LIL. 77 LEMEME DRI BREE O kR 2 7 Z{LIZNE L CHRERE D 1E
HMEEMER L CTABTAOICHAETT, 7T LEMEMESMREEOSE 2 EFT 5 ETEE
IRA R LRGBS, OF A P LRGBS AT ARND Y T, MEX NI EDI AT 5 — LT
A TR ECE ST BEMILEND L, XY T T XLDY ¥y n R4 e S 2 37 B DR

B R EOREN EHTH L L bIT, SMEX R EORENRIHISND Z LR mbh
TWET, " IC ks THRENFE(LESN BB FOTICE, XV 7 TR L0TaT 7 —EEa—
RT2BETHFETDZENMBNTWE LN, ABbiXIn s OBa %2 KRBT 5 KIGE
ERFECTIIAMEOBEEN LA T2 RAWELE L, BfE, a7 7 —BiEEEZN LM
2 O SV BB I > W TR Rt D TV E T,

(R FH T —E)
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~ 7 ZERSAE T — ML T A VA RFTEIMZ B SO T T~ U AZHEI O G R A7 %
FLO I AV 2=y I ~vT A (Tg) K/ v 777 h~vUA (KO) OERIEALT
STWD, £, A LTFHEREZT, KAZHKBIZL D2~y XAan=—DEk, RE~TY
AVESRL RR AR F OS2 FEIRYE(RS° 1CST (BRMEZAE) . IR /2 &b FEHERTRETH 5,
FEMICONWTIEAR— L=V % BB X0,

http://www.virus.kyoto-u.ac.jp/Lab/tgkoivf/index.htm
AU R—=LT ) AR~ U AR R O (BN MIRE) & A RBATEF 2055 B

FIROIIF (HEHE) 24, % 3 EMOEEITTROMY Th s,

1) ROBERKRE

2008 4 62 A 20, 525 &
2009 4 75 Rt 20, 337 &
2010 4 101 SRt 18, 620 {#

2) SIEEENLOTTREA

RS R AR
2008 4F 4 HR 2 &kt
2009 4F 7 % 2 &kt
2010 4F 4 HR A

3) Rov AV z=vw s~ ADER
KA fifi 3K Tg FEATEK
2008 4£ 52 20, 379 125 (0. 6%)
2009 4 97 33, 821 190 (0. 6%)
2010 4F 90 32, 857 124 (0. 3%)

4) FAIT~<UADER

7 a— fifi 3K EAOX AT
2008 4£ 49 7,252 357 (4. 9%)
2009 4 52 4, 587 242 (5. 3%)

2010 4 106 7, 106 394 (5. 5%)



DANAEFA L Ea—F =Xy NV =T VAT A

Computer Network of Institute for Virus Research

A NAFEFR y PV =7 AT NT, BREE. LBER. EREER. TARBE X D kS
NHFXy NI—I7 FERICE > TEIEHS L, VA VAR, MBS ) AEFE X —B X OES
oy FEFHEO 3TRENEG EN 5050 T EWFRERIFZEHR, B X O3 ERBA~ — o X 24k L
T35,

AWFFEAT LAN (X, LINUX =X SINT —27 A7 —3 a3 Y KON T A » R X — "7 B v,
BRI EORMEN: « RENE - a2+ — AR EE 12, BT AW 774
e TAB A= N=FLEH L TWND,

AR IIAFSEAT O R SUE THEOFIT Y 20 | BFIE T NV — T D3k 2 I I — R Es L7z, R >
U — 7 === 3 2010 4 6 FI25 T FEBAUTFEBICS B L. 2011 4F 2 HICAKEHICR > 72, 5l
LIEZEIEW, 2 — =1k, 3y MU — 7 BROET R TORTZN, K DR KUINS % v
N —Z LA L 2o, FTNIE OF#RY — 2 2k L Tk Lz, K& b7 772 HHIH
TE, 2=V —IZZRBAEENTLFERED LN LB STND,

gl LI, S HIKICAFREN B L7z 7c, AT LAN O 7 7 A L — =5 & o 2 H
=N EIMPBETHET IV BEATED LI VPN/SLL b —N"—Z2EA L 2—V—DFEREEZX -7,
MAFFEFT TIZWEB A7 A&2FIH LFTNIE#MEZITo TR Y, ThE THREBEESCAZEF R &%
R L CELN, AFEITMZ TEREY VR 7 LALENIN F S DEECH R % WEB ETAS) - [
TELLOICLTe, ZOXIICY—EARNFLZRESED LFARIC, BEX =2 T 1 OFILDTZDIC
SAL H— T LB MAC 7 R L AR & OV AT RSB AT L7,

N= R 2T OFELOS - VT YT OO SREILR ZADLOLRIT THDLA, X
= U7 4 BB ORISCIERE EORATT 72 4RI M E 2 < TR B RWREDR K> T D, i
FIEINZ AR Y NT =T 2N LIEERT 7 EARRKPERNS D TH LU L, HFEH I V—T 1) Tl
=P —2EROHBOE LIF N ETETHEILR>TWND,



TR22HEENBE S B AR B

1. BEEERMENE Hfi7: 1
wp| S - BRALH 4 S| e IR FRIUEE
BAET SRR ®) B p 0 5,700 15, 600 KIFEPIBEA | L AR e ORRAT TR0t
BARET | WERSE R Pl R 100 72, 000 KISEIE & 7 RO RSRETEB & BFFiiisiiie 94
PAMET MR TRt s B 3,200 6, 100| BN (RIP) 725 7 —E OAIfEIE T
B HE T SLARRTZE (B) »;«@T@fi@()ﬁﬁ) il 5, 900 12, 500 %%/*”/ EGHEBIZEB T 5 S e ¢ DF OghEL 71 b 2 BRlh /) D k2ot e
AR T T RS #F oM (%) 3,200 6,400 S e ¢ AITRIF LT= 4 v /3y EISGE SR O i TRR21AEE
BAMET  [WEROBHEE & M (0 1,500 B 100 gy, ¢ ERIBRRUEEDS € ¢ b7 28 3 g
BAEET SERTFTE (©) ol 1 560 3. 260 gé)ﬁ%l:gGﬁ’:ﬁﬁ\ﬁEgKrtapBKi&Wnt@%?&‘ﬁft@ﬂ:ﬂﬂ%f?f FpkootE
AR T BB R W 4,200 4,200\ & S R — A LR BAE LT B IED AT IO TPk o2t
fu i iﬁ;ﬁ%’ggiféﬁ% =T 400 A00{ EIIR 36 [ AR D20 FI 3 2 Bk IR Y 2 o T T2t
e :
j?/ e A %ﬁg%{ %ﬁ%iﬁ;ﬁ% Zu BEZ 2, 500 7, 500 g ‘f%?}f‘%éﬁ%?mw&a%ﬁ‘:F’gb Lo IR OMI R Oh FRR204F FE
47% oA 4 HARFIE (B) P2H BEZ 4, 000) 13, 50O HENR TR SIS I AN AT H LI e BifiiE 0 7 F o OBR%E | FER214EEE
7
FE eI R REATF 7S Zm BE 5, 000] 9, 900(MHC & CD1 OB REH R (2 I 2 S il o> Bk TRk 2247 B
A 4 Rk 2 JE P2H BEZ 900| 2,800(CD1 « FREFIEIGEICHE R Lic, =A AV 7 F B OHkE SERR224F HE
eI TFICTEBY A & — b 3R |Fell i 1, 230] 2, 360| P IVASEEE T L & AW BT I IR Y 7 F v DRRGE TRk 2247 B
A 4 R TE B LR ARA KW 600 1, 800(R BT T REMEM & Uiz, #iiz7g oA LV ARO[ ERk204
HEARBEH A LRI (B) KIE 5, 200 14,200 |FLASHO AT 2 2 (AT 0 53 7Rt & A B RE O T TRk 224
; r3A v AL E%ﬁ%ﬁ;ﬁﬁ%m o 3,700, 3,700 f};i'ﬂ’ Jb A SEGAE BB L ORI & BTRIA TR IR T 5 EotERE
© b Q%’iﬁ’?ﬁi‘%% 5 @ 3,000 3,000 P87 BRI 517 5 ERRSRAEES ORRIT & 301 TR |y
g il FE 3,000 8,000| & NIFAINL A 7 2 % & FIV M RIEFIE O RF A 1 B3 5 7% | P20t
e iyt G EET R 2,000 2, 000\ CIF4E & /1 A BB Ik 45 WA € R RIBUIR OB | koot s
oy TR REE FEIATTTE R 18, 700 79, 418| 7 A )L ARG 31T D M I SARNAGR RS A IR OBEREMRAT SRR ISR
53 IR FERIRFTE B 7 B 5E 700) 1,400[RIG-17 7 I U —43 112 & % I FI CRNAGB A BsAR O fiR T TRk 21
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