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CHRONOLOGICAL TABLE

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

Scientific Lectures for the Public were presented commemorating the opening of the
Institute (the successive Memorial Lecture Series have been presented annually
hereafter).

Department of Biochemistry and Department of Serology and Immunology were
established.

Department of Prevention and Therapeutics was established.

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

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

Virus Diagnosis Center was established.

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

Department of Tumor Virus was established.

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

Several 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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1986 November

1987 May

1988 April

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 honoured as
(Bunkakorosha)"

Department of Biophysics and Department of Tumor Virology were reorganized to

"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 staff 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
2009 Jun

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

biophysical and structural approaches.

1) Possible substrate binding function of a periplasmic crevasse of SecD: H. MORI, T.
TSUKAZAKI', O. NUREKI', Y. AKIYAMA and K. ITO? (‘Gradate School of Science,
the University of Tokyo and *Faculty of Life Science, Kyoto Sangyo University)

The SecYEG translocon and the SecA ATPase cooperate to facilitate protein export across
the bacterial cytoplasmic membrane. In addition to these essential core components, SecDF, a pair
of membrane integrated Sec factors, play important roles in efficient protein export in vivo. We
determined the crystal structure of SecDF from Thermus thermophilus at 3.3A resolution and
proposed a working hypothesis based on structure-instructed biochemical and biophysical studies
(1). According to the model, the first large periplasmic domain (P1) of SecD binds a substrate and
undergoes functionally important conformational changes powered by the cation-motive force
across the membrane. In support of this model, isolated Pl domain was capable of binding
denatured polypeptides with varying affinities according to its conformational states. However, it
has remained to be shown that the intact, full-length SecD indeed interacts with a translocating
substrate polypeptide. To show this, we performed site-directed photo cross-linking using inverted
membrane vesicles (IMVs) bearing a substrate in a state of translocation intermediate. We prepared
IMVs containing E. coli SecD derivatives, in which a photo-reactive amino acid analogue,
para-benzoyl phenylalanine (pBPA), had been placed on the molecular surface of the P1 domain.
The translocation intermediate generated for this experiment was a proOmpA derivative having a
disulfide loop near its C-terminus. IMVs with SecD (Arg407pBPA) produced a SecD-proOmA
cross-linked product, specifically when the proOmpA derivative was in the intermediate state. Thus,
the P1 domain of intact SecD in the membrane is in close proximity to the substrate polypeptide
emerging from the translocon. On the structure of TtSecDF we have determined, the residue
Val228 that corresponds to Arg407 in E.coli SecD is located within a crevasse with an opening
toward the periplasm, suggesting that this cavity in the P1 domain might have a substrate-binding
function.

(1) Tsukazaki, T., Mori, H., Echizen, Y., Ishitani, R., Fukai, S., Tanaka, T., Perederina, A., Vassylyev, D. G., Kohno, T., Matsurana,



A., Ito, K. and Nureki O. (2011) Nature 474, 235-238.

2) Identification of SecD nearest neighbors by in vivo site-directed photo-cross-linking: Y.
MACHIDA, T. TSUKAZAKI', O. NUREKI', K. ITO?% Y. AKIYAMA and H. MORI.
(‘Gradate School of Science, the University of Tokyo and *Faculty of Life Science, Kyoto
Sangyo University)

Our recent structural and functional analyses of SecDF strongly suggest that SecDF forms a
complex with SecYEG translocon, captures a substrate polypeptide emerging from the translocon
by its P1 domain and undergoes conformational changes using the PMF (proton motive force)
energy to facilitate forward movement of the polypeptide (1). However, the mode of interactions
between SecDF and Sec-related factors including SecYEG remain largely unknown. To gain
information on this issue, we carried out systematic in vivo site-directed photo-cross-linking
analysis targeting SecD. This method has been successfully applied to identify SecA neighboring
sites in SecY (2). Based on the Thermus thermophilus SecDF structure, we designed E. coli SecD
mutations so as to introduce a photoreactive amino acid analogue, pBPA on the molecular surface
of the protein. We constructed total of 50 SecD derivatives. Photo-cross-linking experiments with
these mutants gave the following results. 1) When pBPA was introduced at some positions in TM4
or TMS that ate located in interface with SecF, strong cross-linked products reacting with anti-SecF
antibody were observed in a UV-irradiation-dependent manner. These results support the idea that
SecDF in the membrane assumes a conformation similar to the crystal structure. 2) When pBPA
was introduced at a position on the membrane-proximal surface of the P1 domain, a SecY-SecD
cross-linked product was generated, suggesting that the P1 domain is located near the SecYEG
translocon. 3) Upon UV irradiation, SecD (R268pBPA) mutant generated a slowly migrating band,
which presumably represents an intra-molecular cross-linked product and could serve as an
indicator to monitor a conformational state (termed I form) of the P1 domain. Interestingly, when
cells expressing this SecD derivative were treated with CCCP (a proton ionophore) to collapse PMF
across the membrane, the cross-linked product dramatically reduced. Furthermore, when the
mutation was combined with the SecD (Asp519Asn) or SecF(Arg247Met) mutation that abolishes
both proton conductance and protein export enhancing activities of SecDF, the cross-linked product
almost completely disappeared. These results are nicely consistent with our working hypothesis
that the proton conductance of SecDF somehow couples with movement of the P1 domain. 4) SecD
derivatives containing pBPA on an a-helical region of the P1 domain facing periplasmic space
generated several slowly migrating cross-linked bands. We identified partner proteins of the some
products as Skp and DegP, periplasmic chaperones that prevent newly translocated outer membrane
proteins from aggregating and facilitate their delivery to outer membrane. An interesting

hypothesis is that the P1 domain could act as not only a binding site for a translocating substrate but



also a docking platform for the periplasmic chaperones to promote translocation and folding of the

substrate polypeptide.

(1) Tsukazaki, T., Mori, H., Echizen, Y., Ishitani, R., Fukai, S., Tanaka, T., Perederina, A., Vassylyev, D. G., Kohno, T., Matsurana,
A., Ito, K. and Nureki, O. (2011) Nature 474, 235-238.

(2) Mori, H. and Ito, K (2006) Proc. Natl. Acad. Sci. USA. 103, 16159-16164

3) Different expression of SecD paralogues in Vibrio alginolyticus: N. HASHIMOTO, S.
KOJIMA', M. HOMMA', Y. AKIYAMA and H. MORI. ('Gradate School of Science,
Nagoya University)

Genome sequence analysis revealed that marine bacteria Vibrio species contain two sets of
secDF genes, designated V.secDFI and V.secDF2. The former is more closely related to the E. coli
secDF genes. Surprisingly, we found that V.SecDF1 can support effective protein export in a
SecD-deficient E. coli mutant cells (secDI) in a Na'-dependent manner, providing physiological
evidence for the Na'-coupled protein translocation mediated by V.SecDF1 (1). V.SecDF2 also
promoted protein export in the secD/ mutant cells, but in this case it did not show any
Na'-dependence, presumably representing the H'-coupled function of V.SecDF2 as is the case with
E.coli SecDF. These results raise the following questions: 1) Do both of the Vibrio SecDF
paralogues are indeed expressed in Vibrio species? 2) If so, how their expressions are regulated? 3)
Is there any functional difference between these two paralogues? To address these questions, we
examined accumulation of the SecD paralogues in V. alginolyticus under various culture conditions
by immunoblotting using specific antibody against each SecD paralogue. When cells were cultured
in a normal rich medium containing 500 mM NaCl (pH 7.0), we detected V.SecD1, but not
V.SecD2. Interestingly, when Na' concentration in the medium was reduced to 50 mM, we
detected a small amount of V.SecD2 and further decreasing of medium Na* (to 10 mM) resulted in
increased accumulation of V.SecD2. We also found that even in the presence of 500 mM NaCl,
acidification of the medium to pHS5.5 caused increase in the cellular amount of V.SecD2. The
environmental conditions such as low Na' content and/or low pH in the medium seem to be more
suitable for protein translocation by H'-driven SecDF2 than by Na'-driven SecDF1. These results
strongly suggest that V. alginolyticus possesses regulatory mechanisms for expression of SecDF
paralogues to adjust to its environment.

(1) Tsukazaki, T., Mori, H., Echizen, Y., Ishitani, R., Fukai, S., Tanaka, T., Perederina, A., Vassylyev, D. G., Kohno, T., Matsurana,

A., Ito, K. and Nureki, O. (2011) Nature 474, 235-238.

4) Roles of the PDZ domains in the proteolytic function of RseP, a key protease involved
in the o"-pathway of E. coli extracytoplasmic stress response: Y. HIZUKURI and Y.
AKIYAMA



In the Escherichia coli o -pathway of extracytoplasmic stress response, anti-G" protein
RseA is sequentially processed by two membrane proteases DegS (site-1 cleavage) and RseP
(site-2), resulting in the release of o from the membrane and its eventual activation. Normally
RseP can cleave only the DegS-cleaved intermediate of RseA. The proteolytic function of RseP is
speculated to be controlled by its two PDZ domains. Recently, binding of the exposed carboxyl
terminal residue (Vall48) of DegS-processed RseA to the second PDZ domain of RseP has been
proposed to facilitate the site-2 cleavage by RseP (1). Since this model was mainly based on in
vitro and structural studies, we investigated whether it can be extended to physiological situations.
Mutations in the ligand-binding region in the RseP PDZ domain and even the deletion of the PDZ
domains little affected the cleavage of RseA and its derivative model substrates in vivo. Amino acid
substitutions of the exposed C-terminal residue Vall48 of the model substrate mimicking the
DegS-processed RseA also gave minimal effect on substrate cleavage efficiencies. These results
suggest that the recognition of the exposed C-terminal residue of RseA by the RseP PDZ domain
makes little, if any, contribution to the cleavage of RseA in vivo. Moreover, we replaced the
chromosomal rseP gene by a mutant gene encoding an RseP-derivative lacking either of the two
PDZ domains and revealed that these mutants showed normal growth at any temperature examined
and exhibited almost normal o"-activation in response to overproduction of OmpC, an outer
membrane protein (OMP). These results suggest that neither of the two PDZ domains is essential
for the conventional OMP-induced o" activation process. Together with our previous observations
(2), we are speculating that the RseP PDZ domains are involved in the OMP-independent "
activation pathway through binding of a still unknown-ligand. To address this hypothesis, we are
trying to identify a physiological ligand of RseP PDZ by using site-directed in vivo photo
cross-linking approach targeted against the putative ligand-binding sites of the RseP PDZ domains.
We have preliminarily detected some cross-linked products and their characterization is now under
progress.
(1) Li, X., Wang, B., Feng, L., Kang, H., Qi, Y., Wang, J., and Shi, Y. (2009) Proc. Natl. Acad. Sci. USA, 106, 14837-14842.

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

5) An attempt to identify physiological substrates of E. coli rhomboid protease GlpG: K.
TERUSHIMA 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 GlpG, an E.coli 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 surrounding the cleavage site are crucial for 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 proposal consensus. To elucidate the GlpG recognition motif, we
carried out systematic mutational analysis against the cleavage site region in a model substrate of
GlpG. Our results showed that residues at two additional positions (P1’ and P3’) are crucial for
cleavage by GlpG. On the other hand, as a more direct approach to identify GlpG substrates, we
systematically screened single spanning membrane proteins for their GlpG-dependent cleavage and
identified several candidates. These two approaches would help us to identify a physiological
substrate and elucidate a cellular function and substrate cleavage mechanism of GlpG.

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

6) Site-directed in vivo photo-cross-linking analysis of the membrane targeting-mediated
negative regulation of E. coli heat shock factor 6°: R. MIYAZAKI, T. YURA', H.
MORI and Y. AKIYAMA ('Faculty of Life Science, Kyoto Sangyo University)

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 both under
positive control by ¢’%, a transcription factor dedicated to the heat shock response, and under
negative feedback control (inactivation/degradation of o°%) by stress-inducible molecular
chaperones (DnaK/J-GrpE, GroEL/S). ¢°> is extremely unstable in vivo and is degraded by
membrane-localized protease FtsH. Chaperones contribute to rapid degradation of 6> in vivo,
whereas its degradation in vitro is very slow and not enhanced by chaperones. It is possible that
some other factors are involved in degradation of 6> in vivo.

Recent work by Yura ef al. (unpublished results) suggests that signal recognition particles
(SRP), its receptor FtsY and SecYEG translocon, which are involved in membrane protein
biogenesis, are required for the chaperone-dependent feedback inhibition of 6. It has been also
suggested that region 2.1 of o’ is important for the negative feedback control (1). These
observations raise the possibility that ’> is targeted to degradation at the membrane through
recognition of region 2.1 by cellular factors including chaperones, SRP, FtsY, SecYEG, and FtsH.
In order to identify proteins interacting with region 2.1 in vivo, we employed site-directed in vivo
photo-cross-linking approach. We constructed and expressed nineteen 6>~ derivatives containing a
photo-reactive amino acid analog (pBPA) around region 2.1. We detected several cross-linked
products upon UV-irradiation. Now we are trying to identify partner proteins of the observed
cross-linked products and reveal their roles in negative regulation of 6.

(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.
7) Possible involvement of toxin-antitoxin systems in ¢"-dependent extracytoplasmic
stress response in Escherichia coli: Y. DAIMON, S. NARITA' and Y. AKIYAMA
('Center for Emerging Virus Research, IVR)

Bacteria respond to and cope with extracytoplasmic stresses that cause damage to envelope
components by altering their gene expressions. In gram-negative bacteria, this ‘extracytoplasmic
stress response (ESR)’ is required for the maintenance of cell envelope as well as for expression of
virulence. ¢~ (RpoE) is an alternative sigma factor that governs a major signaling pathway (c"
pathway) of ESR in Escherichia coli. " is activated by extracytoplasmic stresses produced under
envelope-damaging conditions such as heat shock, overexpression of outer membrane proteins, and
mutational alterations of chaperones and machinery required for folding and assembly of outer
membrane proteins. In addition to the important role during stressed conditions, 6" is also known to
be required for growth of E. coli cells even under normal or non-stressed conditions. However, the
essential role of 6" for cell viability remains to be elucidated. Although a deletion of ydcQ, a gene
for an antitoxin protein of a chromosomally-encoded toxin-antitoxin (TA) system, has been
reported to suppress the lethality caused by the rpoE null mutation (1), the mechanism of the
suppression is unknown. To gain insight into the essentiality of o", we are studying possible
involvement of TA systems in the 6"-dependent stress response.

(1) Ruiz, N., Gronenberg, L.S., Kahne, D., and Silhavy, T.J. (2008) Proc. Natl. Acad. Sci. USA, 105, 5537-5542.

8) X-ray crystal structural analysis of membrane bound ATP-dependent protease FtsH:
R. SUNO, T. SHIMAMURA', T. HINO', A. ABE, T. ARAKAWA', Y. AKIYAMA, S.
IWATA' and M. YOSHIDA® (‘Gradate School of Medicine, Kyoto University, “Faculty of
Life Science, Kyoto Sangyo University)

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 3.9A
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.

Furthermore, we succeeded in crystallizing sFtsH with several kinds of ATP analogues to



understand the molecular mechanism of FtsH in detail. These crystals diffracted at least 3.5A
resolution. Among them, we are analyzing the sample crystallized in the presence of ADP * AlFx.
The primary phases were initially estimated by the molecular replacement (MR). Now, the atomic

model are refining by using REFMAC and Phaser.

9) 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, *Faculty of Life Science, Kyoto Sangyo University)

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

Using yeast two-hybrid system, I found that Keratin associated protein (Krtap) 13, a
cysteine-rich cytoplasmic protein binds to Low-density lipoprotein receptor-related protein 6
(LRP6), a co-receptor for Wnt. Surprisingly, Krtapl3 overexpression markedly stimulates Wnt
signaling and promotes Dvl-aggregates formation. Wnt treatment is known to induce LRP6
aggregates, which contain Dvl and Axin. Thus, a possible molecular mechanism underlying
Krtap13-induced activation of Wnt signaling is to induce co-clustering of LRP6 and Dvls, thereby
recruiting Axin to the plasma membrane that leads to activation of Wn signaling.

To analyze effect of ectopic overexpression of Krtapl3 in vivo, I generated a
Krtap13-trans-gene (Krtapl3-Tg) consisting of CAG-promoter, loxp-polyA-loxp cassette, and
3XFLAG-tagged human Krtapl3 c¢cDNA and transgenic mouse lines carrying this Tg were
established. This Krtap13-Tg can express Krtap13 only after Cre-induced recombination of Tg. By
crossing these Krtap13-Tg mice with another transgenic mice that express Cre in a tissue-specific
way, | can analyze effect of tissue specific overexpression of Krtapl3 in mice. From crossing

between Krtap13-Tg mice and CAG-Cre-Tg mice, 107 mice were born. However, mouse carrying



recombinant-Tg (and Cre) was never found in these neonates, suggesting that mice overexpressing
Krtap13 in broad range of tissues are embryonic lethal. I am analyzing reason of this lethality.
However, crossing between Krtapl3 Tg mice and keratine5-Cre Tg mice, 12 mice carrying
recombinant-Tg (and Cre) were born and they grew normally, suggesting that overexpression of
Krtap13 in skin has little effect.

2) 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
HFKs or HeLa cells were overlaid on these cells. The effect of TGFf produced by CAFs on the
EMT of normal and HPV-positive keratinocytes was also examined. These inter-cellular

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

3) 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 E1"E4 occurs in the upper layers of the HPV-infected epithelium,
coordinating with the onset of viral genome amplification and the expression of viral late genes. It
is known that E1"E4 disrupts the keratin networks. It is also known that E1"E4 induces G>/M cell
cycle arrest. But it is yet to be known well about the details of E1"E4. To investigate novel

functions of E17E4, we performed yeast two-hybrid assays and got several candidate proteins as



which interacts with E1"E4.We carry on the analysis about the interactions between the each
candidates and E1"E4 in vitro or in vivo. In the future, we will ascertain the function of E1"E4 and

its involvement in the viral life cycle.

4) Interaction of Human Papillomavirus E2 with E7 and Effect on Host Cells: A.
KAWATE, N. KAJITANI, A. SATSUKA and H. SAKAI

HPV encodes E2 and E7. E2 is a transcription factor, and E7 is an oncoprotein interacting
with many proteins such as pRb, cdk2, cyclin A. Previous studies showed that E2 formed a complex
with E7. Their interaction was analyzed in immunoprecipitation method and in light scattering
measurement. However, the biological role of the interaction remains to be elucidated. In order to
analyze it, we investigates the effect of the interaction on the E2-mediated transcriptional regulation.
We found that E7 suppressed the transcription activity of E2. The result suggests that E7 might
regulate the HPV gene expression pattern by interfering the E2 function. Fine tuning of the
E2-mediated gene expression of HPV by E7 could be involved in the differentiation-dependent viral
lifecycle.
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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 CD1 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
CD1 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 CDIla expression and function in mice: C.
KOBAYASHI, T. SHIINAI, A. TOKIOKA, Y. HATTORI, T, KOMORI, M.
KOBAYASHI-MIURA?, T. TAKIZAWA®, K. TAKAHARA®, K. INABA*, H. INOKO',
M. TAKEYA®, G. DRANOFF® and M. SUGITA ('Tokai Univ., “Shimane Univ.,
3Nippon Med. Sch., *Graduate Sch. Biostudies, Kyoto Univ., ’Kumamoto Univ.,

Dana-Farber Cancer Inst.)

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 found previously 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 CDla transgenic mice carrying the
human CDIA 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 CD1a transgenic mice that lack the function of GM-CSF, a
potent CDla inducer in vitro we have demonstrated that the high-level expression of CDla in
epidermal Langerhans cells occurs independently of this cytokine. (J. Invest. Dermatol. 132:
241-244,2012.)



2) Identification of mycobacteria-derived glycolipids as a new class of target antigen
for delayed-type hypersensitivity: T. KOMORI, T. NAKAMURA', I. MATSUNAGA,
D. MORITA, Y. HATTORI, T. URAKAWA, H. KUWATA, N. FUJIWARA?, K.
HIROMATSU?, H. HARASHIMA' and M. SUGITA ('Hokkaido Univ., “Osaka City
Univ., *Fukuoka Univ.)

In the guinea pig model 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 CD1-based immunity detects GMM and mounts
potent Thl-type T cell responses. Given that Thl cytokines, such as interferon-y and TNF-q, are
critical for host defense against mycobacterial infection, GMM is now considered as an excellent
candidate of lipid-based vaccines against tuberculosis and related diseases. (J. Biol. Chem. 286:
16800-16806, 2011.)

In contrast to the Thl dominant response induced by GMM, glycerol monomycolate
(GroMM), a latent tuberculosis-associated lipid species, elicits a totally different form of
hypersensitivity responses in sensitized animals. The GroMM challenge resulted in local infiltration
of eosinophils, rather than mononuclear cells, associated with a skewed induction of Th2-type
cytokines, such as IL-5 and IL-10. We predict that the host response to GroMM produced by
dormant mycobacteria would contribute to their long-term survival in the host. (Biochem. Biophys.
Res. Commun. 409: 304-307, 2011.)

3) A new aspect of lipid immunity against AIDS: D. MORITA, T. IGARASHI', M.
HORIIKE', N. MORI* and M. SUGITA ('Laboratory of Primate Model, IVR,
*Graduate Sch. Agriculture, Kyoto Univ.)

By taking advantage of IVR’s superb research environments and close collaboration with
Prof. Igarashi’s laboratory, we have set out to how lipid immunity functions in host defense against
viral infection. Viruses do not express their own lipids, but some of the viral proteins require
modification with host-derived fatty acids for their critical function, suggesting the possibility that
the host immunity might be able to detect lipidated viral proteins (lipoproteins). Indeed, we found
that rhesus macaque monkeys infected with SIV mounted CTL responses to N-myristoylated STV
Nef lipopeptide. Given that the peptide portion of the lipopeptide is difficult to introduce amino acid
mutations without disrupting the tightly regulated N-myristoylation motif, viruses would not be able
to easily escape from the CTL response. Therefore, we predict that lipopeptides can function as a
new class of vaccines against AIDS. (J. Immunol. 187: 608-612, 2011.)
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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) Bim regulates B cell receptor-mediated apoptosis in the presence of CD40 signaling
in CD40-preactivated splenic B cells differentiating into plasma cells: Y. GAO, H.
KAZAMA and S. YONEHARA

B cell receptor (BCR)-mediated apoptosis is critical for B cell development and
homeostasis. CD40 signaling has been shown to protect immature or mature B cells from
BCR-mediated apoptosis. In this study, to understand the fate of CD40-preactivated splenic B cells
stimulated by BCR engagement in the presence of CD40 signaling, murine splenic B cells were
cultured with anti-Igk and anti-CD40 Abs after preactivation with anti-CD40 Ab. We found that
apoptosis was induced in the cultured B cells even in the presence of CD40 signaling during the 3-4
days cultivation. We detected upregulation of Bim expression followed by Bax activation in this
apoptotic process, and cessation of the apoptosis in Bim-deficient B cells, indicating that Bim is a
key regulator of the BCR-mediated apoptosis in the presence of CD40 signaling in
CD40-preactivated B cells. Importantly, this BCR-mediated apoptosis in CD40-preactivated B cells
was shown to be induced at the initiation of plasma cell differentiation at around the preplasmablast
stage, and Bim-deficient B cells cultured under these conditions differentiated into plasma cells.
Additionally, TGF- was found to protect CD40-preactivated B cells from BCR-mediated apoptosis
in the presence of CD40 signaling. Our identified BCR-mediated apoptosis, which is unpreventable
by CD40 signaling, suggests a potential mechanism that regulates the elimination of autoreactive
peripheral B cells, which should be derived from non-specific T-dependent activation of bystander

B cells and continuous stimulation with self-antigens in the presence of T cell help through CD40.



2) Double-faced functions of caspase-8 in induction and protection of programmed cell
death: S. KUROKI, M. KIKICHI, S. SAKAGUCHI and S. YONEHARA

Caspase-8 plays a critical role in induction of apoptosis through death receptors, such as
Fas. Meanwhile, we recently found that caspase-8 has an essential role in cell survival. As a result
of caspase-8 knockdown in mouse T-lymphoma cells, cell death associated with reactive oxygen
species (ROS) accumulation was observed. The cell death was completely inhibited by treatment
with ROS scavengers, but inhibited only in part by treatment with caspase inhibitors, expression of
Bcl-xL, and knockdown of Atg-7, indicating that apoptosis and autophagy-associated cell death are
simultaneously induced. Furthermore, RIP1 and RIP3, which have been reported to play an
essential role in induction of necroptosis, regulate this multiple cell death as well as accumulation of
ROS. Taken together, RIP1 and RIP3 were indicated to simultaneously induce not only
nonapoptotic but also apoptotic cell death through ROS production in the absence of caspase-8. We
also found that embryonic fibroblasts from caspase-8 KO mice are susceptible to cell death induced
by IFN-y. This cell death was not inhibited by treatment with caspase inhibitors, 3-methyladenie
(inhibitor of autophagy) or necrostatin-1 (inhibitor of RIP-1), indicating that the cell death is not
apoptosis, autophagic cell death and necroptosis. Interestingly, knockdown of RIP-3 expression
clearly inhibited the IFN-y-induced cell death. In addition, electron microscopic analyses indicate
that the cell death is necrosis, suggesting that the cell death is a novel type of programmed necrosis
mediated by RIP-3 but not by RIP-1. Thus, caspase-8 was shown to play essential rules not only in
induction of death-receptor mediated apoptosis but also in protection of apoptosis, autophagic cell
death, necroptosis and programmed necrosis.

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

ES cells are induced to differentiated cells under various culture conditions. Although
many factors to maintain undifferentiated state and self-renewal are reported, the factors to induce
an initial step of the differentiation are poorly known. We have been studying a role of Wnt signals
in this step. Recently, we confirmed that ES cells consist of two populations, Nanog positive and
negative cells. When ES cells were treated with an inhibitor of FGF or MAPK signaling pathway,
which is known to repress the differentiation, the cells formed an almost homogeneous population
of Nanog positive cells. Therefore, presence of the Nanog negative cell population is likely to be
prerequisite for ES cells to differentiate. Preliminary experiments showed that Wnt signals are
involved in transition of the cells to be Nanog negative as well as Nanog positive. Analysis of

precise mechanisms of the cell transition by the Wnt signals is underway.
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I. First Group

The researches carried out in this group are focused on RNA viruses, especially negative
strand RNA viruses replicating in the cell nucleus, such as bornavirus and influenza virus. All our
projects aim to understand the fundamental mechanisms of the replication and pathogenesis of the
viruses. In current researches we are investigating the replication and persistent mechanism of the
bornavirus in the cell nucleus. The understanding the biological significance of the endogenous
element of bornavirus nucleoprotein (EBLN) in mammalian genomes is one of the main focuses of
bornavirus researches. We also aim to develop a novel RNA virus vector using bornavirus, which
can express stably functional small RNAs. In Influenza virus researches we examine the quick
response of host cells to the virus infection by analyzing the alteration of the expression profile of

miRNA in infected human alveolar epithelial cells.

1) Insulin-like growth factor binding protein 3 (IGFBP3) and neurological
abnormalities of transgenic mice expressing Borna disease virus phosphoprotein: T.
HONDA, K. FUJINO, Y. MATSUMOTO, M. HORIE, T. DAITO and K.
TOMONAGA.

In a previous study, we demonstrated that transgenic mice expressing Borna disease virus
(BDV) phosphoprotein (P) in the astrocytes show striking neurobehavioral abnormalities
resembling those in BDV-infected animals, and suggested that transgenic mice, P-Tg, could be a
useful model to investigate the molecular mechanisms of neurobehavioral disorders. Here we report
that P-Tg displays neurological deficits similar to those in autism spectrum disorders (ASD) in the
features of not only neuropathological and behavioral abnormalities but also molecular disturbance
in the brain. By further analyses of both the neuropathological and behavioural deficits of P-Tg, we
found that P-Tg significantly reduced the density of Purkinje cells, particularly in lobule VI to VIII,
of the cerebellum and showed disabled social interaction, both of which are commonly found in
ASD patients. Expression profiling analyses revealed that insulin-like growth factor binding protein
3 is significantly upregulated in the cerebellum to a similar extent in a genetic factor-based animal
model of ASD, the methyl-CpG-binding protein 2-null mouse. Furthermore, we demonstrated that
insulin-like growth factor (IGF) signaling is suppressed in the P-Tg cerebellum and that its
stimulation rescues the viability of Purkinje cells of P-Tg in the cerebellar culture system. Finally,
by using database analyses we found that IGF signaling may be a commonly affected pathway in
the brains of ASD patients. Our data demonstrated that IGF signaling might be a key cascade

involved in ASD neuropathology. We also propose here that P-Tg may be an integral animal model



of ASD.
2) Intracellular distribution of Borna disease virus glycoprotein in living cells: T.
DAITO, K. FUJINO and K. TOMONAGA.

Borna disease virus (BDV) is a non-segmented, negative-strand RNA virus that is
characterized by nuclear replication and persistent infection. A unique feature of BDV is that it
releases only a small number of infectious particles from infected cells. Although these
characteristics might make it difficult to obtain a large amount of recombinant viruses in a reverse
genetics system, the mechanism underlying the budding or assembly of BDV particle has remained
largely unknown. In this study, as a first step toward understanding the virion formation of BDV,
we investigated the intracellular distribution and mobility of the fluorescent marker fusion envelope
glycoprotein (G) of BDV in living cells. Expression analysis revealed that fusion proteins seem to
cleave into functional subunits and localize in the endoplasmic reticulum (ER)/Golgi apparatus, as
well as the authentic BDV G. Furthermore, we demonstrated using fluorescence recovery after
photobleaching analysis that BDV G fluorescence shows rapid recovery in both the ER/Golgi and
plasma membrane regions, indicating that BDV G fusion protein may be a useful tool to investigate
not only the maturation of BDV G but also the budding and assembly of BDV particles in living
cells.

3) Evolutional analysis of endogenous Borna-like nucleoprotein elements in primate
species: Y. KOBAYASHI', M. HORIE, K. TOMONAGA and Y. SUZUKI'
('Graduate School of Natural Sciences, Nagoya City University)

Endogenous Borna-like nucleoprotein (EBLNs) elements were recently discovered as
non-retroviral RNA virus elements derived from bornavirus in the genomes of various animals.
Most of EBLNs appeared to be defective, but some of primate EBLN-1 to -4, which appeared to be
originated from four independent integrations of bornavirus nucleoprotein (N) gene, have retained
an open reading frame (ORF) for more than 40 million years. It was therefore possible that primate
EBLNs have encoded functional proteins during evolution. To examine this possibility, natural
selection operating on all ORFs of primate EBLN-1 to -4 was examined by comparing the rates of
synonymous and nonsynonymous substitutions. The expected number of premature termination
codons in EBLN-1 generated after the divergence of Old World and New World monkeys under the
selective neutrality was also examined by the Monte Carlo simulation. As a result, natural selection
was not identified for the entire region as well as parts of ORFs in the pairwise analysis of primate
EBLN-1 to -4 and for any branch of the phylogenetic trees for EBLN-1 to -4 after the divergence of
Old World and New World monkeys. Computer simulation also indicated that the absence of

premature termination codon in the present-day EBLN-1 does not necessarily support the



maintenance of function after the divergence of Old World and New World monkeys. These results

suggest that EBLNs may not have been functional during this period.

4) Generation of Borna disease virus vector stably expressing foreign proteins from an
intercistronic noncoding region: T. DAITO, K. FUJINO, T. HONDA, Y.
MASTUMOTO and K. TOMONAGA.

Borna disease virus (BDV), a nonsegmented, negative-strand RNA virus, infects a wide
variety of mammalian species and readily establishes a long-lasting, persistent infection in brain
cells. Therefore, this virus could be a promising candidate as a novel RNA virus vector enabling
stable gene expression in the central nervous system (CNS). Previous studies demonstrated that the
5’ untranslated region of the genome is the only site for insertion and expression unit of a foreign
gene. In this study, we established a novel BDV vector, in which an additional transcription cassette
has been inserted into an intercistronic noncoding region between the viral phosphoprotein (P) and
matrix (M) genes. The recombinant BDV (rBDV) carrying green fluorescent protein (GFP) between
the P and M genes, rBDV P/M-GFP, expressed GFP efficiently in cultured cells and rodent brains
for a long-period of time without attenuation. Furthermore, we generated a non-propagating rBDV,
AGLLP/M, which lacks the envelope glycoprotein (G) and a splicing intron within the polymerase
gene (L), by the trans-complementation system with either transient or stable expression of the G.
Interestingly, rBDV AGLLP/M established a persistent infection in cultured cells with stable
expression of GFP in the absence of the expression of G. Using persistently infected rBDV
AGLLP/M-infected cells, we determined the amino acid region in the cytoplasmic tail (CT) of BDV
G important for the release of infectious rBDV particles and also demonstrated that the CT region
may be critical for the generation of pseudotyped rBDV having vesicular stomatitis virus G protein.
Our results revealed that the newly established BDV vector constitutes an alternative tool, not only
for stable expression of foreign genes in the CNS but also for understanding the mechanism of the

release of enveloped virions.

I1. Second Group
1) Infectious viral particle production is modulated by prostanoids in the cells: Y. ABE,
T. WAKITA and M. HIJIKATA

Previously, we reported the development of three dimensional (3D) cell culture system
which reproduces the lifecycle of HCV from patients. Then we found that HCV infection,
replication and virus particle production were enhanced in 3D condition compared with normal
culture condition (2D) of immortalized hepatocytes, HuS-E/2 cells. In this study, we compared the
difference of gene expression profiles between 2D-, and 3D-cultured HuS-E/2 cells, to identify the



signal pathways related with HCV lifecycle. Microarray analysis between 2D-, and 3D-cultured
HuS-E/2 cells was performed to identify signal pathways that are modulated in 3D culture condition.
Then, the relationship between those signal pathways and HCV lifecycle were analyzed by using
recombinant HCV (JFH1) producing cells treated with several compounds affecting the signal
pathways. Microarray analysis showed differential mRNA expression levels of prostaglandin (PG)
synthases in 3D-cultured cells, compared with 2D cultured-cells. Treatments with several inhibitors
to the enzymes included in the arachidonic acid cascade did not largely affect the amounts of HCV
RNA in the cells and culture medium, suggesting this pathway is not related with HCV genome
replication and release of HCV particles. However, cyclooxygenase-1 and Thromboxane A,
synthetase inhibitors decreased infectivity of HCV particles released in culture medium. This
finding will provide new insight about the mechanism of infectious particle production as well as a

new target for anti-HCV drugs.

2) IFN-23 response in the early phase of the viral infected hepatocytes: Y. TSUGAWA,
Y. QL, K. ONOMOTO, H. KATO, T. FUJITA and M. HIJIKATA

Several viruses are known to infect in human hepatocytes and cause the hepatitis, but the interferon
(IFN) response, a first-line defense against viral infection, is not clearly defined for virus-infected
hepatocytes. Here, we investigated the early innate immune responses of human hepatocytes infected with an
RNA virus, Sendai virus (SV), using human primary hepatocytes, immortalized hepatocytes (HuS-E/2 cells),
and hepatocellular carcinoma-derived HuH-7 cells. Within a few hours after SV infection, we observed the
induction of the IFNa, B and A3 (also known as IL28B) genes in the primary hepatocytes and HuS-E/2 cell,
but not in HuH-7 cells. We examined the contribution of retinoic acid-inducible gene (RIG)-I to those early
innate immune responses using HuS-E/2 cells in which RIG-I was knocked down. The induction of IFNal
gene expression was similar in RIG-1 knockdown and nomal control HuS-E/2 cells, but expression of IFNf3
and A3 was significantly decreased in the RIG-I knockdown cells relative to the controls. These results
indicated that early IFNa induction in virus-infected human hepatocytes is independent of RIG-I.
Furthermore, we also found the IFNA3 is induced by virus infection in human hepatocytes in RIG-I

dependent manner.
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LABORATORY OF MOLECULAR GENETICS

1) Dysregulation of IFN system can lead to poor response to pegylated interferon and
ribavirin therapy in chronic hepatitis C: K. ONOMOTO, S. MORIMOTO, T.
KAWAGUCHI, H. TOYODA, M. TANAKA, M. KURODA, K. UNO, T. KUMADA,
F. MATSUDA, K. SHIMOTOHNO, T. FUJITA and Y. MURAKAMI

Background: Despite being expensive, the standard combination of pegylated interferon
(Peg-IFN)-a and ribavirin used to treat chronic hepatitis C (CH) results in a moderate clearance rate
and a plethora of side effects. This makes it necessary to predict patient outcome so as to improve
the accuracy of treatment. Although the antiviral mechanism of genetically altered IL28B is
unknown, IL28B polymorphism is considered a good predictor of IFN combination treatment
outcome. Methodology: Using microarray, we quantified the expression profile of 237 IFN related
genes in 87 CH liver biopsy specimens to clarify the relationship between IFN pathway and viral
elimination, and to predict patients’ clinical outcome. In 72 out of 87 patients we also analyzed
IL28B polymorphism (rs8099917). Principal Findings: Five IFN related-genes (IF127, IFI 44,
ISG15, MX1, and OAS1) had expression levels significantly higher in nonresponders (NR) than in
normal liver (NL) and sustained virological responders (SVR); this high expression was also
frequently seen in cases with the minor (TG or GG) IL28B genotype. The expression pattern of 31
IFN related-genes also differed significantly between NR and NL. We predicted drug response in
NR with 86.1% accuracy by diagonal linear discriminant analysis (DLDA). Conclusion: IFN
system dysregulation before treatment was associated with poor IFN therapy response. Determining
IFN related-gene expression pattern based on patients’ response to combination therapy, allowed us
to predict drug response with high accuracy. This method can be applied to establishing novel

antiviral therapies and strategies for patients using a more individual approach.

2) Retinoic acid-inducible gene I-inducible mir-23b inhibits infections by minor group
rhinoviruses through downregulation of the very low density lipoprotein receptor: R.
OUDA, K. ONOMOTO, K. TAKAHASI, M. R. EDWARDS, H. KATO, M.
YONEYAMA and T. FUJITA

In mammals, viral infections are detected by innate immune receptors, including Toll-like
receptor and retinoic acid inducible gene I (RIG-I)-like receptor (RLR), which activate the type I
interferon (IFN) system. IFN essentially activates genes encoding antiviral proteins that inhibit
various steps of viral replication as well as facilitate the subsequent activation of acquired immune

responses. In this study, we investigated the expression of non-coding RNA upon viral infection or



RLR activation. Using a microarray, we identified several microRNAs (miRNA) specifically
induced to express by RLR signaling. As suggested by Bioinformatics (miRBase Target Data base),
one of the RLR-inducible miRNAs, miR-23b, actually knocked down the expression of very low
density lipoprotein receptor (VLDLR) and LDLR-related protein 5 (LRPS5). Transfection of
miR-23b specifically inhibited infection of rhinovirus 1B (RV1B), which utilizes the low density
lipoprotein receptor (LDLR) family for viral entry. Conversely, introduction of anti-miRNA-23b
enhanced the viral yield. Knockdown experiments using small interfering RNA (siRNA) revealed
that VLDLR, but not LRPS, is critical for an efficient infection by RV1B. Furthermore, experiments
with the transfection of infectious viral RNA revealed that miR-23b did not affect post-entry viral
replication. Our results strongly suggest that RIG-I signaling results in the inhibitions of infections
of RV 1B through the miR-23b-mediated down-regulation of its receptor VLDLR.

3) 55 Amino acid linker between helicase and carboxyl terminal domains of RIG-I
functions as a critical repression domain and determines inter-domain conformation:
M. KAGEYAMA, K. TAKAHASI, R. NARITA, R. HIRAIL, M. YONEYAMA, H.
KATO and T. FUJITA

In virus-infected cells, viral RNA with non-self structural pattern is recognized by
DExD/Hbox RNA helicase, RIG-I. Once RIG-I senses viral RNA, it triggers a signaling cascade,
resulting in the activation of genes including type I interferon, which activates antiviral responses.
Overexpression of N-terminal caspase activation and recruitment domain (CARD) is sufficient to
activate signaling; however basal activity of full-length RIG-I is undetectable. The repressor
domain (RD), initially identified as a.a. 735-925, is responsible for diminished basal activity;
therefore, it is suggested that RIG-I is under auto-repression in uninfected cells and the repression is
reversed upon its encounter with viral RNA. In this report, we further delimited RD to a.a. 747801,
which corresponds to a linker connecting the helicase and the Cterminal domain (CTD). Alanine
substitutions of the conserved residues in the linker conferred constitutive activity to full-length
RIG-I. We found that the constitutive active mutants do not exhibit ATPase activity, suggesting that
ATPase is required for de-repression but not signaling itself. Furthermore, trypsin digestion of
recombinant RIG-I revealed that the wild-type, but not linker mutant conforms to the
trypsin-resistant structure, containing CARD and helicase domain. The result strongly suggests that
the linker is responsible for maintaining RIG-I in a ‘‘closed’ structure to minimize unwanted
production of interferon in uninfected cells. These findings shed light on the structural regulation of
RIG-I function.
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In eukaryotic cells, many genes are separated by introns into multiple exons that should be
joined together. In addition, the cell itself is separated by the nuclear envelope into two major
compartments, the nucleus and the cytoplasm. These two types of separations necessitate specific
gene expression mechanisms such as RNA splicing and nuclear transport. Prof. Mutsuhito OHNO’s
laboratory is studying various aspects of 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. We have identified ‘RNA length’ as one of such

identity elements and we are about to identify the responsible trans-acting factor.

1-2) Molecular mechanisms for nuclear retention of intron-containing mRNA precursors
Intron-containing pre-mRNAs are retained in the nucleus until they are spliced. This
mechanism is essential for proper gene expression. Although the formation of splicing complexes
on pre-mRNAs is thought to be responsible for this nuclear retention activity, the details are poorly
understood. In mammalian cells in particular, very little information is available regarding the
retention factors. Using a model reporter gene, we show here that Ul snRNP and U2AF but not U2
snRNP are essential for the nuclear retention of pre-mRNAs in mammalian cells, demonstrating that
E complex is the major entity responsible the nuclear retention of pre-mRNAs in mammalian cells.
By focusing on factors that bind to the 3’-splice site region, we found that the 65-kD subunit of

U2AF (U2AF65) is important for nuclear retention and that its multiple domains have nuclear



retention activity per se. We also provide evidence that UAP56, a DExD-box RNA helicase
involved in both RNA splicing and export, cooperates with U2AF65 in exerting nuclear retention
activity. Our findings provide new information regarding the pre-mRNA nuclear retention factors in

mammalian cells.

2) rRNA quality control mechanisms:

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

Quality control mechanisms operate in various steps of ribosomal biogenesis to ensure the
production of functional ribosome particles. It was previously reported that mature ribosome
particles containing 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) Interaction between TLS DNA polymerases and PCNA: K. MORISHITA', M.
YAMAGUCHTI' and H. Ohmori (‘Kyoto Institute of Technology)

Chromosomal DNA is constantly damaged by various genotoxins of both endogenous and
exogenous origins. DNA damages are mostly fixed by multiple DNA repair mechanisms, but some
damages escape from DNA repair and inhibit the progression of DNA replication fork by replicative
DNA polymerases such as Pol 0 and Pol €. The replicative DNA polymerase stalled at DNA lesion
site needs to be replaced with a different DNA polymerase specialized for trans-lesion DNA
synthesis (TLS). Mammals have multiple TLS DNA polymerases, which include REV1, Pol n, Pol
t, Pol ¥ and Pol €. Since REV1, Pol v, Pol v and Pol k share multiple motifs in common, they are
all classified into Y-family. Each of the four Y-family enzymes is consisted of a single subunit,
whereas Pol T is composed of at least two subunits, the catalytic subunit REV3 and the accessory
subunit REV7. Since the REV3 subunit has a high similarity to the catalytic subunit of the
replicative DNA polymerase Pol 9, Pol C is classified into B-family, together with Pol o, Pol d and
Pol €. TLS is separated into two steps, the insertion of a nucleotide opposite a lesion and the
extension of the inserted nucleotide, up to several nucleotides before the replicative polymerase
takes over again. In general, the Y-family polymerases function in the insertion step and Pol T
functions in the extension step. Each of the Y-family polymerases shows a different specificity or
preference for lesion to bypass; however, it remains to be clarified how each of them is selectively
recruited to its cognate lesion site. REV1 is believed to play a key role during intracellular TLS,
because it interacts with all of the other TLS polymerases, via its C-terminal domain (CTD,
1150-1251)".

PCNA (Proliferating Cell Nuclear Antigen) is a ring-shaped homotrimeric protein and
interacts with a number of proteins involved in DNA replication, repair, recombination and
checkpoint. When once loaded onto double-stranded DNA, PCNA moves along it, thereby
functioning as a sliding clamp for many DNA polymerases. Recently, PCNA was shown to undergo
mono-ubiquitination by the RAD6-RAD18 complex in DNA-damaged cells. The modified PCNA is
considered to be a hallmark for the stalled replication fork. Consistent with this idea, all the four
Y-family polymerases contain one or two copies of ubiquitin-binding domain, in addition to
PCNA-binding site(s) such as PCNA-interacting protein (PIP)-box sequence. We have shown that
Pol m and Pol x have a potent PIP-box sequence at the C-terminus and Pol t has an internal potent
PIP-box sequence, in the immediate downstream of the N-terminal catalytic domain. We reported
the crystal structures of the complex made of PCNA and a peptide containing each of such PIP-box

sequence’. Pol 1 and Pol k each have another, weak PIP-box sequence in the downstream of the



N-terminal catalytic domain, similarly as in the case of Pol 1.

It still remains controversy which region in human REV1 is responsible for PCNA binding'.
Our results obtained with yeast two-hybrid assay revealed that two separate regions of hREV1
exhibit PCNA-binding activity, for example, one (386-825) containing the central catalytic domain
and the other (1085-1251) containing the CTD, while a previous paper reported that in mouse
REV1, the BRCT domain near the N-terminus should be the PCNA-binding site’. A recent paper
dealing with the interaction between REV1 and PCNA in yeasts indicated that PAD
(polymerase-associated domain), a portion near the C-end of the catalytic domain, is responsible for
PCNA binding®. Furthermore, the paper showed that the PAD domain of yREV1 binds to the
interface of PCNA subunit, while PIP-box sequences bind to an internal region of PCNA monomer,
IDCL (interdomain-connecting loop) within PCNA monomer. It seems likely that the PAD in
hREV1 is one of the two PCNA-binding sites aforementioned. As to the other C-terminal
PCNA-binding site in hREV1, we noticed that the sequence 1110-QKLIDGFL-1117 present ahead
of the CTD is similar to the consensus sequence of PIP-box, often represented as Qxx(I, L, M)xxFF
(x is any residue). However, in our yeast two-hybrid assay, we could not detect any significant
PCNA-binding activity with 1102-1124 or 1150-1251 fragment of REV1, each containing the above
PIP-like sequence or CTD, respectively. We are now trying to identify which sequence in the
1085-1251 region is critical for PCNA binding.

Pol T is considered to function at the extension step during TLS, depending on the
interaction of the REV7 subunit with REV1. The C-terminal domain of REV3 was reported to
contain a sequence similar to the PCNA-interacting motif sequence of the human AlkB homologue
2 (APIM)’. However, thus far, we have been unable to detect PCNA-binding activity with the
original APIM sequence by yeast two-hybrid assay or in vitro pull-down assay, under the conditions
where we successfully detected a potent PCNA-binding activity with the PIP-box sequence of the

human p21 protein. Further experiments are necessary to clarify how Pol T interacts with PCNA.
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2) Intracellular interaction between REV7 and REV3 in DT40 cells: K. TAKENAKA',
H. OHMORI and Y. MIKI' ('Tokyo Medical and Dental University)

As described above, human Pol T is composed of at least two different subunits, hREV3



and hREV7. The accessory subunit hREV7 is also called hMAD2L2, as it has a similarity to
hMAD?2, a protein involved in spindle assembly checkpoint. We have shown that both hREV7 and
hMAD?2 bind to a 9-aa sequence within hREV3, 1877-ILKPLMSPP-1885, which we called MCS
(minimum core sequence)'. Interestingly, amino-acid substitutions in the hREV3 MCS conferred
different effects on in-vitro interactions with hREV7 or hMAD2. For example, [1877A or L1878A
substitution in the hREV3 MCS completely abolished the interaction with hMAD2, but either of the
substitutions by itself showed little effect on the interaction with hREV7 while the 11877A/L1878A
double substitution abolished the hREV7-interaction. On the other hand, P1880F substitution
abolished the hREV7-interaction, but it did not affect the hMAD?2-interaction. To further examine
the effects of such mutations on in-vivo interaction with REV7, 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 introduced 11877A or P1880F mutation into the genomic
sequence of the DT40 REV3 gene and examined phenotypes of such mutants. The P1880F mutant
showed mild sensitivities to UV-irradiation and cisplatin treatment, much weaker than those of
REV3 or REV7 null mutant, while the 11877A mutant showed no difference with the wild-type
DT40 cells. This result suggested that REV3 might have another REV7-binding site(s), while the
REV3 MCS is the predominant REV7-binding site.

Reference
1, T. Hanafusa et al., Genes to Cells, 15:281-296, 2010.

3) Bypass of BPDE-dG in mouse cells lacking TLS polymerases: K. HASHIMOTO, Y.
CHO', I-Y. YANG/, J-1. AKAGP, E. OHASHPL’, S. TATEISHI?, N. de WIND’, F.
HANAOKA?, H. OHMORI and M. MORIYA' ('Stony Brook University, “Gakushuin

University, *Kyushu University, “Kumamoto University, *Leiden University,)

The four Y-family DNA polymerases show different specificity or preference for DNA
lesion to bypass in vitro. For example, Pol m bypasses past T-T cyclobutane pyrimidine dimer
(CPD) efficiently and accurately, inserting two As opposite the lesion. Pol v inserts mainly A
opposite 3’-T of T-T (6-4) photoproduct (PP), but does not extend further. While Pol k does not
bypass T-T CPD or (6-4) PP, it is able to insert the correct C opposite BPDE-dG, a main adduct of
the activated diol dioxide form of benzo[a]pyrene that is supposed to be a potent carcinogen.
Furthermore, mouse cells defective for Pol x exhibited high sensitivity to treatment with
benzo[a]pyrene'. Therefore, we were very much interested in examining how efficiently and
accurately BPDE-dG could be bypassed in various MEF (mouse embryonic fibroblast) cells
defective for Pol k or other TLS polymerase. We first tested double-stranded plasmid DNAs



containing a site-specific BPDE-dG adduct, but realized that such a bulky adduct was removed soon
after the plasmid was introduced into MEF cells. We thus used a gapped plasmid, in which U
instead of T was inserted at multiple positions in the complementary strand, and treated the plasmid
DNA with Uracil N-glycosidase and AP endonuclease just before transfection into MEF cells.

The results showed that in the wild-type and Pol k-deficient MEF cells, bypass of
BPDE-dG was extremely miscoding (>90%) with G-to-T transversions®. Similar results were
obtained with MEF cells deficient for Pol 1) or Pol 1. Furthermore, the bypass efficiencies in those
MEF cells were similar, implying that any of the three Y-family polymerases was essential for
bypassing the site-specific BPDE-dG adduct. In contrast, the bypass efficiency was severely
reduced in MEFs defective for REV1 or REV3. Particularly, all TLS products in REV3-deficient
MEF cells were error-free. We interpret these results as indicating that the replicative DNA
polymerase (Pol 6 or Pol €), which is the enzyme first encountered the BPDE-dG adduct in the
gapped template, inserts mostly A before dissociating from the primer terminus, by an activity
similar to terminal transferase, and the inserted A is extended by Pol T (REV3-REV complex) with
the help of REV1. When the replicative DNA polymerase dissociates from the primer terminus
upon encountering the BPDE-dG adduct, Pol k has a chance to insert mainly the correct C opposite
the lesion and extend further. During bypass of the BPDE-dG adduct in this experiment system,
such an error-free bypass is dominant in REV3- or REV1-deficient MEF cells, but it plays a minor
role in the wild-type MEF cells.
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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) function of IL-7 receptor (IL-7R) in
immune system; (2) control mechanism of lymphocyte antigen receptor genes by IL-7; (3)
regulation of immune response by IL-7R expression; and (4) distribution and function of IL-7-

producing cells in lymphoid organs.

1) The pre-TCR signal induces transcriptional silencing of the TCRy locus by reducing
the recruitment of STATS and Runx to transcriptional enhancers: S. TANI-ICHI and
K. IKUTA

The mouse TCRy locus is positively regulated by the transcription factors STATS and
Runx. While the locus undergoes frequent rearrangements in T lymphocytes, TCRy transcription is
repressed in af3 T cells. This phenomenon, known as TCRy silencing, depends on pre-TCR-induced
thymocyte proliferation. The molecular basis for TCRy silencing, however, is largely unknown.
Here, we show that pre-TCR signaling reduces transcription and histone acetylation of the TCRy
locus irrespective of V-J rearrangements. We also demonstrate that Runx is recruited to Ey and HsA
enhancer elements of the TCRy locus, primarily at the CD4'CDS8" double-negative stage, and that
Runx binding to these elements decreases at later stages of thymocyte development. Importantly,
anti-CD3 Ab treatment decreased IL-7R expression levels, STATS phosphorylation, and
recruitment of STATS and Runx to Ey and HsA elements in RAG2-deficient thymocytes,
suggesting that pre-TCR signaling triggers reduced binding of STATS and Runx to the enhancer
elements. Furthermore, we observed that misexpression of STATS or Runx in the CD4 CD8"
double-positive cell line DPK induces TCRy gene transcription. Finally, we showed that TCRy
transcription is induced in aff T cells from Runx3 transgenic mice, suggesting that Runx3
counteracts TCRy silencing in af3 T cells in vivo. Our results suggest that pre-TCR signaling
indirectly inactivates TCRy enhancers by reducing recruitment of STATS and Runx and imply that
this effect is an important step for TCRy silencing in af§ T cells.



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

Mouse TCRy locus consists of four clusters, and each cluster contains Vy, Jy and Cy
segments. The yl cluster has four Vy gene segments (Vy5, Vy2, Vy4 and Vy3), and they are
preferentially rearranged with Jyl gene segment within the same cluster. From in vitro and ex vivo
analyses, we previously showed that STATS activated by IL-7R binds to STAT motifs in Jy
promoters and increases histone acetylation, germline transcription and chromatin accessibility of
the Jy gene segments. 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 carries point mutations in STAT motifs in
the Jy1 promoter (Jy1P stat-mut), and the other has a 940-bp deletion of the Jyl promoter including
the STAT motifs (AJy1P). Flow cytometric analysis showed that Vy2" and Vy5" T cells of the y1
cluster were severely decreased in thymus and small intestine of these mutant mice. Vy3" T cells
were also decreased in the skin and in fetal thymus. In contrast, Vy1.1" T cells of the y4 cluster were
unchanged in the mutant mice. Importantly, V-J rearrangements of the y1 cluster were drastically
reduced in these mutant mice, while the rearrangements of other clusters were unchanged. It is
noteworthy that the two mutant mice showed similar reduction in the rearrangements. Furthermore,
germline transcription at the Jyl gene segment was severely reduced in the Jy1P stat-mut mice.
These results demonstrate that the STAT motifs in the Jyl promoter are essential for V-J
recombination of the Jyl gene segment in vivo, and support the idea that STAT motifs control local

accessibility of the Jy gene segments by recruiting STATS.

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

flox/flox

Cre transgenic mice. In the thymus, total cell numbers of CD4-Cre IL-7Ra mice were similar

to control mice. Whereas differentiation of CD4'CD8’, CD4 CDS8", CD4 single positive (SP) cells
and yd T cells were not affected, the numbers of mature CD8 SP cells were markedly reduced in

CD4-Cre IL-7Ra"™* thymus. In addition, the development of NKT cells and regulatory T cells

flox/flox

were partially impaired in the thymus of CD4-Cre IL-7Ra mice. The expression of anti-



apoptotic factor Bcl-2, a major target gene of IL-7 signal, was reduced in CD4 and CD8 T cells, and
the development of CD8 T cells was rescued by introduction of a Bcl-2 transgene. In the periphery,
although CD4-Cre IL-7Ra™™* mice have comparable numbers of lymph nodes and Peyer’s
patches to control mice, there were a selective loss of CD4 and CD8 T cells and a selective gain of
v0 T cells. These data demonstrate that the IL-7R is required for differentiation of CD8 T cells,
NKT cells and regulatory T cells in thymus.

4) 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 (TECs) express GFP in
the cortex and medulla. A large number of cortical TECs express GFP at high levels, while most
medullary TECs express GFP at low levels. Their expression levels decrease gradually with aging.
In the lymph node paracortex, fibroblastic reticular cells (FRCs) 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, FRCs 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.

5) Evidence for the thymic origin of yd intestinal intraepithelial lymphocytes: S.
SHITARA, B. LIANG, T. HARA, K. WAGATSUMA, S. TANI-ICHI and K. IKUTA

Intestinal intraepithelial lymphocytes (IELs) are composed of TCRaf" and TCRyd" IELs
and play a key role in host mucosal immunity. A fate-mapping experiment showed that of3 IELs
originate from the thymus. Because y0 IELs develop in reduced but substantial numbers in nude
mice, the issue on thymic versus extrathymic generation of yd IELs is still a matter of debate. IL-7""
mice totally lack yd T cells in thymus and intestine, suggesting that IL-7 is essential for yd IEL
development. To elucidate the origin of yd IELs, we crossed IL-7-floxed mice with FoxN1-Cre

transgenic mice to obtain the conditional knockout mice deficient in IL-7 production from thymic



epithelial cells. FoxN1-Cre IL-7"¥"* mice showed 20-fold and 100-fold reduced numbers of af
and yd T cells, respectively, in the thymus. In small intestine, cell numbers of both af§ and yd IELs

were significantly reduced at 4 weeks in FoxN1-Cre IL-7"°¥/fx

mice. The numbers of afy IELs
gradually increased to reach the levels of control mice at 12 weeks, while those of yd IELs remained
at low levels. Next, we crossed the IL-7-floxed mice with villin-Cre (Vil-Cre) transgenic mice to
obtain the conditional knockout mice deficient in IL-7 production from intestinal epithelial cells.
Vil-Cre IL-7"¥1°* mice showed similar numbers of aff and yd IELs compared with control mice.
These results collectively demonstrate that IL-7 produced in the thymus is essential for yd IEL

development. Thus, this study presents strong evidence for the thymic origin yd IELs.

6) ELISA kit system for detecting calreticulin: M. UEDA, S. KAGEYAMA' and T.
YOSHIKI?* ('Department of Urology, Shiga University of Medicine, “Department of

Clinical Oncology, Kyoto Pharmaceutical University)

Calreticulin (CRT) is the protein found in human urogenital organs. We have found that
CRT exhibited three polypeptide forms; normal spliced form, alternative spliced forms and non-
spliced full-length form. The immunoblot analysis of urogenital tissue with PVDF membrane
showed that the amount of full-length form of CRT correlates to urogenital cancers (Kageyama et al.
Clin Chem 2004). For diagnosis of urogenital cancers, we constructed the assay kit by ELISA
method with HRP. We prepared a monoclonal antibody (mAb) against full-length form of CRT
reactive in the native and denaturated forms by SDS. The specificity and sensitivity of ELISA

system with this mAb and seven other mAbs are under investigation.
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DEPARTMENT OF BIOLOGICAL RESPONSES
LABORATORY OF INFECTION AND PREVENTION

The research projects carried out in this group are studies on oa-arrestin family proteins
including thioredoxin binding protein-2 (TBP-2) also referred as thioredoxin interacting protein
(Txnip) or Vitamin D3 up-regulated protein 1 (VDUP1), especially focusing on their important medical

and biological aspects such as cancer suppression and the regulation of energy metabolism.

1) Thioredoxin binding protein (TBP)-2/Txnip and a-arrestin proteins in cancer and
diabetes mellitus: H. MASUTANI, E. YOSHIHARA and S. MASAKI

Thioredoxin binding protein (TBP)-2/thioredoxin interacting protein (Txnip) is an a-arrestin
protein that has attracted much attention as a multifunctional regulator. TBP-2 expression is
downregulated in tumor cells and the level of TBP-2 is correlated with clinical stage of cancer.
Mice with mutations or knockout of the TBP-2 gene are much more susceptible to carcinogenesis
than wild-type mice, indicating a role for TBP-2 in cancer suppression. Studies have also revealed
roles for TBP-2 in metabolic control. Enhancement of TBP-2 expression causes impairment of
insulin sensitivity and glucose-induced insulin secretion, and B-cell apoptosis. Since these changes
are important characteristics of type 2 diabetes mellitus (T2DM), TBP-2 is an attractive target for
the development of drugs against T2DM. TBP-2 regulates transcription of metabolic regulating
genes. TBP-2-like inducible membrane protein (TLIMP)/arrestin domain containing 3 (ARRDC3)
regulates endocytosis of receptors such as the f,-adrenergic receptor. The o-arrestin family
possesses PPXY motifs and may function as an adaptor/scaffold for NEDD family ubiquitin ligases.
Elucidation of the molecular mechanisms of o-arrestin proteins would provide a new

pharmacological basis for developing approaches against cancer and T2DM.

2) Deficiency of thioredoxin binding protein (TBP)-2 enhances TGF-B signaling and
contributes to TGF-B-induced epithelial to mesenchymal transition: S. MASAKI and
H. MASUTANI

Transforming growth factor beta (TGF-f) has regulatory roles in cell growth, differentiation,
apoptosis, invasion and epithelial-mesenchymal transition (EMT) of various cancer cells.
TGF-B-induced EMT is an important step for the progression of carcinoma cells to the invasion
state. Thioredoxin binding protein-2 (TBP-2), also called as Txnip or VDUP1, is downregulated in
various types of human cancer and is considered to be a tumor suppressor. However, it remains
unclear how TBP-2 is involved in the regulation of the invasion and metastasis of cancer. We

demonstrated that TBP-2 interacts with Smad ubiquitin regulatory factor 2 (Smurf2), a regulator of



TGF-f signaling. TBP-2 deficiency increased TGF-f-induced transcriptional activation and the
expression level of TGF-f target genes.TBP-2 deficiency also caused sustained Smad2
phosphorylation. Knockdown of TBP-2 resulted in up-regulation of transcriptional factors related to
TGF-B-mediated induction of EMT and led to accelerate TGF-pB-induced EMT in A549 and 253J
cells. These results show that TBP-2 is a novel regulator of TGF-f signaling and EMT, and suggest

that TBP-2 is a potential therapeutic target and a prognostic indicator of cancer.
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DEPARTMENT OF CELL BIOLOGY
LABORATORY OF SUBCELLULAR BIOGENESIS

1) ABL1 regulates spindle orientation in adherent cells and mammalian skin: S.
MATSUMURA, M. HAMASAKI, M. EBISUYA', T. YAMAMOTO?, E. NISHIDA®
and F. TOYOSHIMA (IICDO, Career-Path Promotion Unit, Kyoto University, %iCeMS,
Kyoto University, *Graduate School of Biostudies, Kyoto University)

Despite the growing evidence for the regulated spindle orientation in mammals, a
systematic approach for identifying the responsible genes in mammalian cells has not been
established. We performed a kinase-targeting RNAi screen in HeLa cells and identified ABLI1 as a
novel regulator of spindle orientation. Knockdown of ABLI1 causes the cortical accumulation of
LGN, an evolutionarily conserved regulator of spindle orientation, which results in the
LGN-dependent spindle rotation and spindle misorientation. In vivo inactivation of ABL1 by a
pharmacological inhibitor or by ablation of the abl// gene causes spindle misorientation and LGN
mislocalization in mouse epidermis. Furthermore, ABL1 directly phosphorylates NuMA, a binding
partner of LGN, on tyrosine 1774. This phosphorylation maintains the cortical localization of
NuMA during metaphase, and ensures the LGN/NuMA-dependent spindle orientation control. This
study provides a novel approach to indentify genes regulating spindle orientation in mammals and

uncovers new signaling pathways for this mechanism.

2) Roles of cholesterol metabolites in the control of cell division: M. HAMASAKI, S.
MATSUMURA and F. TOYOSHIMA

Cholesterol is a precursor of steroid hormones and is required for the maintenance of
homeostasis. However, little is known about the function of cholesterol metabolites during mitosis.
We found that the RNAi-mediated knockdown of Cypllal, which catalyzes the cleavage of
cholesterol side chain to produce pregnenolone, induced multipolar spindles in mitotic HeLa cells.
Introduction of pregnenolone, but not progesterone or 17-hydrpxy-pregnenolone, into the cells
transfected with Cypllal siRNA restored the proper spindle formation in these cells. We further
show that the centriole disengagement, which occurs in ana/telophase in normal condition, takes
place in prometa/metaphase in the Cypllal-depleted cells. This precocious centriole disengagement
is again suppressed by the introduction of pregnenolone into these cells. These results demonstrate
that pregnenolone is required for the maintenance of centriole engagement during

prometa/metaphase. We are now investigating how pregnenolone regulates centriole engagement.



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

Neurosciences, Tohoku University)

Membrane fusion of early endosomes is a critical step in endocytic trafficking. However in
mitosis, an endosomal fusion is known to be inhibited. The mechanisms as well as biological
significance of this negative regulation for the endosomal fusion during mitosis are poorly
understood. We have found that one of the mitotic regulators plays an essential role in this

mechanism.
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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 various developmental processes including 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). We previously showed that bHLH proneural genes such as Mashl
and Math3 promote neuronal versus glial fate determination whereas the bHLH genes Hes/ and
Hes5 regulate maintenance of neural stem cells by repressing proneural gene expression.
Interestingly, in neural stem cells, Hesl expression oscillates with a period of about 2-3 hours,
while Hes1 oscillations drive cyclic expression of the proneural gene Neurogenin? (Ngn2) and the
Notch ligand gene Deltalikel (DIlI). In contrast, the expression of Ngn2 and DI/] is sustained
(non-oscillatory) in postmitotic differentiating neurons. Our data suggest that depending on the
expression mode (oscillatory versus sustained), Ngn2 can lead to two opposite outcomes: Ngn2
maintains neural stem cells when the expression oscillates, whereas it induces neuronal
differentiation when the expression is sustained. It seems that DIl oscillation is advantageous for
keeping a group of cells undifferentiated by mutual activation of Notch signaling, which induces
Hesl expression. We also found that expression of the bHLH gene Hes7 oscillates in the presomitic
mesoderm, and that this oscillation regulates the periodic somite formation. By making and
evaluating mathematical modeling, we are now studying how the dynamics of gene expression are
controlled in these cells.

It has been shown that new neurons are continuously born from neural stem cells in the
adult brain, and that this continuous neurogenesis plays an important role in many brain activities.
We found that adult neurogenesis is essential for the innately programmed olfactory-dependent
behaviors as well as spatial memory. We are now developing new research tools to identify the
neural circuit responsible for such behaviors that integrates newly born neurons. We also found that
in the absence of Notch signaling, neural stem cells are depleted in the adult brain, suggesting that
the Notch pathway is essential for maintenance of adult neural stem cells and for continuation of
adult neurogenesis. These results raised the possibility that Notch signaling genes are therapeutic

targets to cure many brain disorders by activation of. adult neurogenesis.

1) Intronic delay is essential for oscillatory expression in the segmentation clock: Y.
TAKASHIMA, T. OHTSUKA, A. GONZALEZ, H. MIYACHI and R. KAGEYAMA

Proper timing of gene expression is essential for many biological events, but the molecular



mechanisms that control timing remain largely unclear. It has been suggested that introns contribute
to the timing mechanisms of gene expression, but this hypothesis has not been tested with natural
genes. One of the best systems for examining the significance of introns is the oscillator network in
the somite segmentation clock, because mathematical modeling predicted that oscillating
expression depends on negative feedback with a delayed timing. The basic helix-loop-helix
repressor gene Hes7 is cyclically expressed in the presomitic mesoderm (PSM) and regulates the
somite segmentation. Here, we found that introns lead to an ~19-min delay in the Hes7 gene
expression, and mathematical modeling suggested that without such a delay, Hes7 oscillations
would be abolished. To test this prediction, we generated mice carrying the Hes7 locus whose
introns were removed. In these mice, Hes7 expression did not oscillate but occurred steadily,
leading to severe segmentation defects. These results indicate that introns are indeed required for

Hes7 oscillations and point to the significance of intronic delays in dynamic gene expression.

2) Cooperative functions of Hes/Hey genes in auditory hair cell and supporting cell
development: T. TATEYA, 1. IMAYOSHI, I. TATEYA, J. ITO and R.
KAGEYAMA

Notch-mediated lateral inhibition has been reported to regulate auditory hair cell and
supporting cell development from common precursors. While the Notch effector genes Hes1, Hes5
and Heyl are expressed in the developing cochlea, inactivation of either of them causes only mild
abnormality, suggesting their functional redundancy. To explore the roles of Hes/Hey genes in
cochlear development, we examined compound heterozygous or homozygous mutant mice that
lacked Hesl, Hes5 and Heyl alleles. We found that a reduction in Hes/Hey gene dosage led to
graded increase of hair cell formation. However, if at least one allele of Hes1, Hes5 or Heyl was
intact, excessive hair cells were accompanied by overproduction of supporting cells, suggesting that
the hair cell increase does not occur at the expense of supporting cells, and that each Hes/Hey gene
functions to induce supporting cells. By contrast, when all alleles of Hesl, Hes5 and Heyl were
inactivated, the number of hair cells increased more drastically, whereas that of supporting cells
was unchanged compared with control, suggesting that supporting cell formation was balanced by
their overproduction and fate conversion into hair cells. The increase of the cell numbers seemed to
occur after the prosensory domain formation in the mutants because the proliferation state and the
size of the prosensory domain were not affected. Thus, Hes1, Hes5 and Hey1 cooperatively inhibit
hair cell formation, and one allele of Hesl, Hes5 or Heyl is sufficient for supporting cell
production probably by lateral inhibition in the sensory epithelium. Strikingly, Hes/Hey mutations
lead to disorganized cell alignment and polarity and to hearing loss despite hair cell overproduction.
These results suggest that Hes/Hey gene dosage is essential not only for generation of appropriate

numbers of hair cells and supporting cells by controlling cell proliferation and lateral inhibition but



also for the hearing ability by regulating the cell alignment and polarity.

3) Continuous neurogenesis in the adult forebrain is required for innate olfactory
responses: M. SAKAMOTO, 1. IMAYOSHI, T. OHTSUKA, M. YAMAGUCHI, K.
MORI and R. KAGEYAMA

Although the functional significance of adult neurogenesis in hippocampal-dependent
learning and memory has been well documented, the role of such neurogenesis in olfactory activity
is rather obscure. To understand the significance of adult neurogenesis in olfactory functions, we
genetically ablated newly born neurons by using tamoxifen-treated
Nestin-CreER(T2);neuron-specific enolase-diphtheria toxin fragment A (NSE-DTA) mice. In these
mice, tamoxifen-inducible Cre recombinase allows the NSE (Eno2) gene to drive DTA expression
in differentiating neurons, leading to the efficient ablation of newly born neurons in the forebrain.
These mutant mice were capable of discriminating odors as competently as control mice. Strikingly,
although control and mutant mice frequently showed freezing behaviors to a fox scent, a predator
odor, mutant mice approached this odor when they were conditioned to associate the odor with a
reward, whereas control mice did not approach the odor. Furthermore, although mutant males and
females showed normal social recognition behaviors to other mice of a different sex, mutant males
displayed deficits in male-male aggression and male sexual behaviors toward females, whereas
mutant females displayed deficits in fertility and nurturing, indicating that sex-specific activities,
which are known to depend on olfaction, are impaired. These results suggest that continuous
neurogenesis is required for predator avoidance and sex-specific responses that are olfaction

dependent and innately programmed.

4) Different types of oscillations in Notch and Fgf signaling regulate the spatiotemporal
periodicity of somitogenesis: Y. NIWA, H. SHIMOJO, A. ISOMURA, A.
GONZALEZ, H. MIYACHI and R. KAGEYAMA

Somitogenesis is controlled by cyclic genes such as Notch effectors and by the wave front
established by morphogens such as Fgf8, but the precise mechanism of how these factors are
coordinated remains to be determined. Here, we show that effectors of Notch and Fgf pathways
oscillate in different dynamics and that oscillations in Notch signaling generate alternating phase
shift, thereby periodically segregating a group of synchronized cells, whereas oscillations in Fgf
signaling released these synchronized cells for somitogenesis at the same time. These results
suggest that Notch oscillators define the prospective somite region, while Fgf oscillators regulate

the pace of segmentation.



5) Gene expression profiling of neural stem cells and identification of regulators of
neural differentiation during cortical development: T. OHTSUKA, H. SHIMOJO, M.
MATSUNAGA, N. WATANABE, K. KOMETANI, N. MINATO and R.
KAGEYAMA

During mammalian brain development, neural stem cells transform from neuroepithelial
cells to radial glial cells and finally remain as astrocyte-like cells in the postnatal and adult brain.
Neuroepithelial cells divide symmetrically and expand the neural stem cell pool; after the onset of
neurogenesis, radial glial cells sequentially produce deep layer neurons and then superficial layer
neurons by asymmetric, self-renewing divisions during cortical development. Thereafter,
gliogenesis supersedes neurogenesis, while a subset of neural stem cells retain their stemness and
lurk in the postnatal and adult brain. Thus, neural stem cells undergo alterations in morphology and
the capacity to proliferate or give rise to various types of neural cells in a temporally regulated
manner. To shed light on the temporal alterations of embryonic neural stem cells, we sorted the
green fluorescent protein-positive cells from the dorsolateral telencephalon (neocortical region) of
pHes1-d2EGFP transgenic mouse embryos at different developmental stages and performed gene
expression profiling. Among dozens of transcription factors differentially expressed by cells in the
ventricular zone during the course of development, several of them exhibited the activity to inhibit
neuronal differentiation when overexpressed. Furthermore, knockdown of Tcf3 or KIf15 led to
accelerated neuronal differentiation of neural stem cells in the developing cortex, and neurospheres
originated from KIf15 knockdown cells mostly lacked neurogenic activities and only retained
gliogenic activities. These results suggest that Tcf3 and KIf15 play critical roles in the maintenance

of neural stem cells at early and late embryonic stages, respectively.

6) Six1 is indispensable for production of functional progenitor cells during olfactory
epithelial development: K. IKEDA, R. KAGEYAMA, Y. SUZUKI and K.
KAWAKAMI

The rodent olfactory epithelium (OE) is a good model system for studying the principles of
stem and progenitor cell biology, because of its capacity for continuous neurogenesis throughout
life and relatively well-characterized neuronal lineage. The development of mouse OE is divided
into two stages, early and established neurogenesis. In established neurogenesis, which starts at
embryonic day (E) 12.5, sustentacular cells and olfactory receptor neurons (ORNs) are produced
from apical and basal progenitors, respectively. We previously reported that Six1(-/-) shows a lack
of mature ORNs throughout development and disorganization of OE after E12.5. However, the

molecular bases for these defects have not been addressed. Here, we show that Six1 is expressed in



both apical and basal progenitors. In Six1(-/-) mice, apical proliferating cells were absent and no
morphologically identifiable sustentacular cells were observed. Consistently, the expression of
Notch2 and Jagged]l in the apical layer was absent in Six1(-/-) mice. On the other hand, basal
proliferating cells were observed in Six1(-/-) animals, but the expression of Ngnl, NeuroD, Notchl,
and Jagged2 in the basal layer was absent. The expression of Mashl, the determination gene for
ORNs, and Hes genes was enhanced in Six1(-/-) mice. The present findings suggest that Six1
regulates production of functional apical and basal progenitors during OE development, through the
regulation of various genes, such as neuronal basic helix-loop-helix (bHLH), neuronal repressor

bHLH, and genes involved in the Notch signaling pathway.

7) Fbxw7-dependent degradation of Notch is required for control of "stemness'" and
neuronal-glial differentiation in neural stem cells: A. MATSUMOTO, I.
ONOYAMA, T. SUNABORI, R. KAGEYAMA, H. OKANO and K.-I. NAJAYAMA

Control of the growth and differentiation of neural stem cells is fundamental to brain
development and is largely dependent on the Notch signaling pathway. The mechanism by which
the activity of Notch is regulated during brain development has remained unclear, however. Fbxw7
(also known as Fbw7, SEL-10, hCdc4, or hAgo) is the F-box protein subunit of an
Skp1-Cull-F-box protein (SCF)-type ubiquitin ligase complex that plays a central role in the
degradation of Notch family members. We now show that mice with brain-specific deletion of
Fbxw7 (Nestin-Cre/Fbxw7(F/F) mice) die shortly after birth with morphological abnormalities of
the brain and the absence of suckling behavior. The maintenance of neural stem cells was sustained
in association with the accumulation of Notchl and Notch3, as well as up-regulation of Notch
target genes in the mutant mice. Astrogenesis was also enhanced in the mutant mice in vivo, and
the differentiation of neural progenitor cells was skewed toward astrocytes rather than neurons in
vitro, with the latter effect being reversed by treatment of the cells with a pharmacological inhibitor
of the Notch signaling pathway. Our results thus implicate Fbxw7 as a key regulator of the

maintenance and differentiation of neural stem cells in the brain.

8) Notch-Hes1 pathway is required for the development of IL-17-producing yd T cells:
K. SHIBATA, H. YAMADA, T. SATO, T. DEJIMA, M. NAKAMURA, T. IKAWA,
H. HARA, S. YAMASAKI, R. KAGEYAMA, Y. IWAKURA, H. KAWAMOTO, H.
TOH and Y. YOSHIKAI

Unlike conventional T cells, which are exported from the thymus as naive cells and
acquire effector functions upon antigen encounter in the periphery, a subset of yd T cells
differentiates into effectors that produce IL-17 within the fetal thymus. We demonstrate here that



intrathymic development of the naturally occurring IL-17-producing y8 T cells is independent of
STAT3 and partly dependent on RORyt. Comparative gene-expression analysis identified Hesl,
one of the basic helix-loop-helix proteins involved in Notch signaling, as a factor specifically
expressed in IL-17-producing yd T cells. Hesl is critically involved in the development of
IL-17-producing y0 T cells, as evidenced by their severe decrease in the thymi of Hesl-deficient
fetal mice. Delta-like 4 (Dl114)-expressing stromal cells support the development of IL-17-producing
vd T cells in vitro. In addition, conditional Hes1 ablation in peripheral y0 T cells decreases their
IL-17 production but not their IFN-y production. These results reveal a unique differentiation

pathway of IL-17-producing yd T cells.
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DEPARTMENT OF CELL BIOLOGY
LABORATORY OF SIGNAL TRANSDUCTION

1) Comparison of two quantitative assays for xenotropic murine leukemia virus-related
virus: E. SATO, R. YOSHIKAWA and T. MIYAZAWA

Xenotropic murine leukemia virus-related virus (XMRV), a novel gammaretrovirus in
humans, was found in patients with prostate cancer (PC) and chronic fatigue syndrome (CFS).
However, there has been controversy whether XMRYV is directly associated with human diseases. In
this study, we developed a LacZ marker rescue assay using human embryonic kidney 293T cells
and a focus assay using a feline fibroblastic sarcoma-positive leukemia-negative QN10S cells.
XMRYV induced prominent foci in QN10S cells and the viral titer determined by the focus assay was
as high as that by the LacZ marker rescue assay. Because the focus assay is simple and sensitive, it
will be useful for monitoring infectious XMRVs in CFS and PC patients and virological studies for
XMRV.

2) Identification of functional receptors for RD-114 virus in dogs: R. YOSHIKAWA, T
KOBAYASHI and T MIYAZAWA

The genomes of mammalians species contain enormous copies of endogenous retroviruses
(ERVs). In general, many ERVs have lost their infectivity. However, several ERVs have
maintained their infectivity. All domestic cats have an infectious ERV, termed RD-114 and
several feline cell lines produce infectious RD-114 viruses. Recently, we found that several feline
and canine live attenuated vaccines was contaminated with infectious RD-114 viruses (Miyazawa et
al., J. Virol. (2010); Yoshikawa et al., Biologicals (2011)). In this study, we confirmed that the
RD-114 virus efficiently infected and proliferated well in canine primary cells as well as canine cell
line (a fibroblast cell line derived from canine thymus). In addition, we identified canine ASCT1
and ASCT2, sodium-dependent neutral amino acid transporters, as RD-114 virus receptors. The
canine ASCT?2 also is a functional receptor for simian retrovirus type 2, a pathogenic simian which
induces immunodeficiency in rhesus macaques. Identification of canine receptor for RD-114 virus

will help for evaluating the risk of contamination of the virus in vaccines.
3) Mapping of a neutralizing epitope in the surface envelope protein of porcine
endogenous retrovirus subgroup B: Y. NAKAYA, S. HOSHINO, J. YASUDA' and T.

MIYAZAWA ('Department of Emerging Infectious Diseases, Nagasaki University)

Pigs are thought to be the most suitable donor animal for xenotransplantation. However,



pigs harbour potentially hazardous infectious agents, termed porcine endogenous retroviruses
(PERVs), in its genome. In this study, we generated a mAb against PERV-B surface (SU)
envelope protein (Env), designated KRT1. KRTI1 binding was detected by an indirect
immunofluorescence assay and flow cytometric analysis on cells infected with PERV-B. KRT1
neutralized PERV-B pseudotype virus and specifically recognized PERV-B SU Env, but not
PERV-A SU Env by immunoblotting analysis. The peptide-ELISA revealed that KRTI1
recognized a linear peptide sequence (ALEPPHNLPVP) residing in a proline-rich region that is one
of the subdomains of SU Env. In conclusion, the KRT1 antibody will serve as a useful tool for the
study of PERV-B and, more importantly, it may provide new protective strategies against PERV-B

infection in xenotransplantation.

4) Identification and characterization of feline UBE1L gene: S. SHIMODE, T.
MIYAZAWA, T. KOBAYASHI, H. SATO' and T. TANABE' ('Laboratory of
Veterinary Microbiology, Faculty of Veterinary Medicine, School of Veterinary Medicine,

Kitasato University)

Interferon-stimulated gene 15 (ISG15) is one of the type I interferon-inducible proteins
expressed after bacterial or viral infection. ISG15 has two ubiquitin (UB)-like domains and is
capable of conjugating to intracellular proteins (ISGylation). Addition of ISG15 known as
ISGylation is an ubiquitin-like posttranslational modification. ISG15 and/or ISGylation play an
important role in antiviral activity. Addition of ISG15, known as ISGylation, is an ubiquitin-like
posttranslational modification. Coexpression of ISG15 and ubiquitin-activating enzyme El-like
protein (UBE1L) is required to induce ISGylation in vitro, but these enzymes of felis have not been
described. Previously, we identified feline ISG15 gene and found that the capsid protein of feline
immunodeficiency virus was ISGylated in vitro by treatment with feline interferon-w. In this
study, we cloned feline UBEIL (FeUBEIL) gene to further study the mechanism of the antiviral
activities induced by ISGylation. Sequencing analysis revealed that active sites of FeEUBEIL were
highly conserved. These data suggest that FEUBEIL has an enzymatic activity. Further,
expression of FeUBE1L was induced in feline cell lines by treatment with feline interferon-w and

ovine interferon-t.

5) Analysis of newly identified KoRV-related sequences: S. HOSHINO, T.
KOBAYASHI and T. MIYAZAWA ('Laboratoy of Primate Model, IVR)

Retroviral sequences are present in mammalian genomes and called endogenous
retroviruses (ERVs). ERVs are remnants of ancestral retroviruses, which had invaded into host

genomes.  Koala retrovirus (KoRV) was isolated from koalas, showing leukemia and



immunodeficiency, and it has been pointed out that KoRV might be related to these diseases. In
2006, Tarlinton et al. reported that KoRV had been invading koala genomes in only 200 years. In
their report, KoRV was detected in all northern and some western population of koalas in Australia,
although it was not detected in the population of Kangaroo island. In Japan, the infection status of
KoRV has not been investigated, whereas nine zoos have reared many koalas. To know the
infection status of KoRV in koalas kept in Japanese zoos, genomic DNAs were isolated from buffy
coat cells and we analyzed them by PCR. We found that all Queensland koalas and four out of 11
Victorian koalas harbored KoRV proviruses. Seven out of 11 Victorian koalas did not have any
known KoRV; however, we also found that these KoRV-free koalas harbored a long terminal repeat
(LTR) which was similar to that of the KoRV. Then, we cloned and sequenced whole genome
containing the 5’- and 3’-LTR, corresponding to KoRV, in KoRV-free koalas by long range PCR.
By sequencing analysis, the LTR that we sequenced was nearly identical to the KoRV LTR. We
also found that the obtained 5’-gag sequences (1-135 nt) were nearly identical to 5°-KoRV gag
sequences (1-135 nt), and the obtained 3’-env sequences partially matched 3’-KoRV env sequence,
respectively. Furthermore, we examined the integration site and copy numbers of the newly
identified KoRV-related sequence (KRRS) in the koalas and the presence of the virus in other

marsupials. Now we are trying to reveal the importance of existence of KRRS in koala genomes.
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CENTER FOR HUMAN RETROVIRUS RESEARCH
LABORATORY OF VIRAL PATHOGENESIS

Goal of our research group: What is the molecular mechanism of viral infection and
pathogenesis? The subjects are human viruses, human immunodeficiency virus type 1 (HIV-1),

herpes simplex virus type 1 (HSV-1) and Epstein-Barr virus (EBV).

1) Interaction of HIV Protein and Host Restriction Factor: P. GEE, H. EBINA, K.
SATO, N. MISAWA, Y. KANEMURA, N. KASAI and Y. KOYANAGI

The introduction of an SIV or HIV-2 accessory protein, known as viral protein x (VPX),
into myeloid cells before the addition of HIV-1 has been shown to target SAMHDI for
ubiquitin-dependent proteasome degradation, resulting in augmented HIV-1 infection. It has been
also known that SAMHDI is a player in host innate immunity. In Aicardi-Goutieres Syndrome
(AGS), a rare disease characterized by hereditary encephalopathy, mutations in the SAMHD1 gene
have been linked to elevated cytokine responses, most likely due to inefficient clearing of cellular
nucleic acids. Both clearance of cellular nucleic acids and the inhibition of HIV-1 are presumed to
be dependent on a nucleotidase and/or phosphodiesterase activity, predicted by a conserved HD
domain that is responsible for divalent metal ion binding and is highly conserved in homologous
enzymes. We successfully cloned, expressed, and purified recombinant SAMHD1 from E. coli and
characterized its enzymatic activity in terms of its divalent metal ion preference and substrate usage.
We found that SAMHDI is a metal-dependent enzyme that it is active against a wide range of
ribonucleoside 5’-mono-, di-, and triphosphates, indicating that this protein may be an important

player in cells to regulate intracellular nucleotide metabolism during AGS and HIV infection.
2) HIV-1 Pathogenesis: K. SATO, N. MISAWA and Y. KOYANAGI

While human cells express potent antiviral proteins as part of the host defense repertoire,
viruses have evolved their own arsenal of proteins to antagonize them. BST2 was identified as an
inhibitory cellular protein of HIV-1 replication, which tethers virions to the cell surface to prevent
their release in vitro culture system. On the other hand, the HIV-1 accessory protein, Vpu, has the
ability to downregulate and counteract BST2. Vpu also possesses the ability to downmodulate
cellular CD4 molecules expressed on infected cells. However, the role of Vpu in HIV-1 infection in
vivo remains unclear. We generated NOG-hCD34 mice by transplanting newborn
NOD/SCID/IL2Ry™" mice with human CD34" cells and using this model, we found that Vpu
contributes to the efficient spread of HIV-1 in vivo during the acute phase of infection. The level of

viral protein expression, the amount of cell-free virions in vpu-deficient HIV-1-infected mice was



profoundly lower than that in wild-type (WT) HIV-1-infected mice. We provide a novel insight
suggesting that Vpu concomitantly downregulates BST2 and CD4 from the surface of infected cells.
Our findings suggest that Vpu augments the initial burst phase of HIV-1 replication in vivo by
downmodulating BST2 and CD4 in infected cells.

3) HIV Integration and Latency: H. EBINA, Y. KANEMURA, Y. SUZUKI, K. URATA
and Y. KOYANAGI

HIV-1 possesses a viral protein, integrase (IN), which is necessary for its efficient
integration in target cells. However, it has been reported that an IN-defective HIV strain is still
capable of integration. We assessed the ability of WT HIV-1 to establish infection in the presence
of IN inhibitors. We observed a low, yet clear infection of inhibitor-incubated cells infected with
WT HIV which was identical to cells infected with IN-deficient HIV, D64A. Furthermore, the
IN-independent integration could be enhanced by the pretreatment of cells with DNA-damaging
agents suggesting that integration is mediated by a DNA repair system. Moreover, significantly
faster viral replication kinetics with augmented viral DNA integration was observed after infection
in irradiated cells treated with IN inhibitor compared to nonirradiated cells. Altogether, our results
suggest that HIV DNA has integration potential in the presence of an IN inhibitor and may serve as

a virus reservoir.

4) APOBEC1-Mediated Attenuation of Herpes Simplex Virus 1 Indicate That Neurons
Have an Antiviral Role during Herpes Simplex Encephalitis: P. GEE, H. EBINA, Y.
KANEMURA and Y. KOYANAGI

APOBECI (Al) is a cytidine deaminase involved in the regulation of lipids in the small
intestine. HSV-1 is a ubiquitous pathogen that is capable of infecting neurons in the brain, causing
encephalitis. We show that Al is induced during encephalitis in neurons of rats infected with
HSV-1. In cells stably expressing Al, HSV-1 infection resulted in significantly reduced virus
replication compared to that in control cells. Infectivity could be restored to levels comparable to
those observed for control cells if Al expression was silenced by specific Al short hairpin RNAs.
Moreover, cytidine deaminase activity appeared to be essential for this inhibition and led to an
impaired accumulation of viral mRNA transcripts and DNA copy numbers. The sequencing of viral
gene UL54 DNA, extracted from infected Al-expressing cells, revealed G-to-A and C-to-T
transitions, indicating that A1 associates with HSV-1 DNA. Taken together, our results demonstrate
a model in which Al induction during encephalitis in neurons may aid in thwarting HSV-1

infection.
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CENTER FOR HUMAN RETROVIRUS RESEARCH
LABORATORY OF VIRUS CONTROL

1) Pathogenesis of HTLV-1 bZIP factor (HBZ) in vivo: J. YASUNAGA, P. MIYAZATO,
J.TANABE, K. SUGATA, N. TAGUCHIL, Y. MITOBE, Y. MITAGAMI, M. TANABE
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. In addition,
it is clinically known that HTLV-1 induces cellular immunodeficiency in the infected subjects,
although its molecular mechanism was obscure. HTLV-1 belongs to complex retrovirus, which
encodes regulatory genes (fax and rex) and several accessory genes, such as p30, pl2, pl3 and
HTLV-1 bZIP factor (HBZ). Among them, it is suggested that Tax and HBZ play important roles
HTLV-1-induced pathogenesis. Whereas Tax expression is frequently silenced in ATL cells,
transcription of the HBZ gene is detected in all of the ATL cell lines and primary ATL cases,
indicating that HBZ is a critical factor for ATL leukemogenesis. We have established HBZ
transgenic mice (HBZ-Tg) that express HBZ gene in CD4+ T-cells. Recently, we reported that
HBZ-Tg developed T-cell lymphomas and systemic inflammatory diseases, such as dermatitis and
alveolitis. Immunological analyses revealed that the population of regulatory T cells (Tregs) was
increased in HBZ-Tg, and T-lymphoma tissues in HBZ-Tg frequently expressed Foxp3, a master
molecule of Treg. Interestingly, the suppressive function of Tregs from HBZ-Tg was impaired
compared with non-Tg littermates, suggesting that HBZ expression increases dysfunctional Tregs
resulting in malignant transformation and inflammatory disorders in vivo. We have also reported
that HBZ impairs production of Thl cytokines inducing cellular immunodeficiency in HBZ-Tg.
Those phenotypes of HBZ-Tg, namely, lymphoma development, inflammatory diseases, and
immunodeficiency, are very similar to those of HTLV-1 carriers. Our observations imply that HBZ

has a crucial role in HTLV-1-associated pathogenesis.

2) Molecular functions of HBZ in ATL leukemogenesis: J. YASUNAGA, P.
MIYAZATO,T. ZHAO, J. FAN, K. HAGIYA, J. TANABE, A. TANAKA-NAKANISHI,
G. MA, Y. MITOBE, M. MIURA, N. SONO, A. KAWATSUKI, Y. MITAGAMI, M.
TANABE and M. MATSUOKA.

Tax and HBZ are considered to play the important roles in leukemogenesis of ATL,
although the precise mechanism has not been clarified. Interestingly, these two proteins have the

opposite functions in various signaling pathways. HBZ specifically suppresses the classical NF-kB



pathway by targeting p65, whereas Tax activates both classical and alternative pathways. Tax is
known to suppress TGF- signaling though inhibition of Smad proteins. Recently, we have reported
that HBZ can form a complex with Smad2/3 and p300 to activate the transcription of
TGF-p-responsive genes, such as Foxp3. On the other hands, HBZ represses the activity of Foxp3
by forming complex with Foxp3 and NFAT; those findings can explain why functionally impaired
Tregs are increased in HBZ-Tg. In addition, we reported that HBZ interacts with activating
transcription factor 3 (ATF3) and interferes with the activation of p53 by ATF3, suggesting an
anti-apoptotic effect of HBZ. Our findings suggest that HBZ complicatedly regulates the cellular
signaling pathways together with Tax, and finally leads T-cells to malignant transformation. We also
identified other cellular targets of HBZ. We are analyzing their significances in leukemogenesis of
HTLV-1-infected cells.

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

Retrovirus synthesizes viral dsDNA by reverse transcription and inserts the DNA into the
host genome by integration. Some viruses strongly prefer specific genomic regions for their
integration. Mouse leukemia virus (MLV) prefers the regions near transcriptional start sites, CpG
islands and DNase hyper sensitive sites for its integration, while the molecular mechanism for this
preference is unknown. In this study, we analyzed a large number of the integration sites by
massively parallel sequencing, and found that human mutant cells lacking a DNA repair protein
NBS1 and NBSI-knockout MEFs showed decreased MLV integration frequency near
transcriptional start sites, CpG islands and DNase hyper sensitive sites. NBS1-deficient human cells
also showed decreased integration within H3K4me3, H3K9ac and H3K36ac regions, which are
histone modifications strongly detected around active promoters. In contrast, the integration
frequency increased surrounding regions rich in H4K20me3, which is known to be associated with
heterochromatin. Moreover, we demonstrated physical interaction of NBS1 and viral DNA before
integration in MLV-infected cells by using ChIP assay. This study indicates that NBS1 is a host
factor regulating MLV integration targeting.

4) Novel resistance mechanism to HIV-1 fusion inhibitors: K. SHIMURA and M.
MATSUOKA.

Enfuvirtide (T-20), an HIV-1 gp41-derived peptide, efficiently inhibits HIV infection by
blocking the fusion between viral envelope proteins and the plasma membrane. We have developed
several potential second-generation fusion inhibitors (FIs), such as SC34 and SC34EK, which are

active against T-20-resistant variants. Resistant HIV-1 to SC34EK contained several mutations in



gp41, and about half of them were located in the C-terminus of gp41, specifically called
cytoplasmic tail (CT). This region is believed to be essential for efficient viral infection and
replication, while there is no report that FIs selected mutations in this region so far. We observed
that mutations in CT conferred resistance to FIs, and impaired viral infection. These results indicate
that FI-selected mutations in CT involved in the drug susceptibility by influencing the viral
infection steps.

5) Development of new small-molecule inhibitors for HIV: K. SHIMURA, H. TOGAMI,
and M. MATSUOKA.

Recent anti-retroviral therapy (ART) potently suppresses HIV-1 replication, and improves
prognosis of HIV-1 infected individuals. However, long-term antiviral therapies induce drug
resistant viruses, and this is a major obstacle of efficient therapies. In order to develop new
small-molecule anti-HIV drugs, we screened tens of thousands of compounds and several with
anti-HIV activity were identified. Among them, some compounds seem to inhibit HIV replication
by a novel mode of action. We are going to identify the mechanism of action and reveal antiviral
spectrum.
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EXPERIMENTAL RESEARCH CENTER FOR INFECTIOUS DISEASES
LABORATORY OF MOUSE MODEL

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, S. KUROKI 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 further elucidate molecular function
of Jmjdla during murine development, we have established Jmjdla knockout (KO) mice (Inagaki et
al., 2009). Jmjdla is dispensable for embryonic development since Jmjdla-KO offspring were
delivered normally. Jmjdla-related protein Jmjdlb can also catalyze H3K9 demethylation.
Jmjd1b-KO mice were born at sub-Mendelian ratio. To investigate a redundant role of Jmjdla and
Jmjdlb on mouse embryogenesis, mice carrying both Jmjdlb+/- and Jmjdlb+/- alleles were
intercrossed. We could not obtain offspring carrying both Jmjd1a-/- and Jmjd1b-/- alleles until E7.5,
suggesting that Jmjdla/b double KO (DKO) mice are embryonic lethal.

To further investigate the function of Jmjdla/b, we established ES cells in which Jmjdla and
Jmjdib were conditionally disrupted by 4-hydroxytamoxifen (OHT) treatment. Jmjdla/b
conditional KO ES cells could not grow in the presence of OHT, whereas either Jmjdla- or
Jmjd1b-KO ES cells grow normally, indicating Jmjd1la and b were redundantly required for ES cell
growth. Propidium iodide (PI) staining analysis indicated PI-positive cells were dramatically
increased when both Jmjdla and b alleles were mutated. These facts indicate cell death is induced
in Jmjdla/b-depleted ES cells. Importantly, levels of dimethyl H3K9 (H3K9me2) was drastically
increased when both Jmjdla and Jmjd1b were mutated. In contrast, levels of H3K9me2 were only
slightly elevated when either Jmjdla or Jmjd1b was mutated. These facts suggest Jmjdla and b are
redundantly required not only for ES cell survival but also for H3K9 demethylation.

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, Sry is a key transcription factor that switches the developmental program into testes in the
bipotential fetal gonads (Koopman et al., 1991). However, it is unknown how epigenetic change
occurs during the differentiating process from bipotential gonads into the differentiated male/female
gonads. To understand epigenetic change in this processes, we established Ad4BP/SF1-LNGFR
transgenic (TG) mice that express human low-affinity nerve growth factor receptor (LNGFR) in
gonadal somatic cells. In these mice, LNGFR was successfully expressed specifically in gonadal
somatic cells the 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, indicating purification was achieved successfully. Currently we are
planning to analyze epigenome structure and gene expression profile of bipotential E11.5 gonads
using the purified cells described above.

3) Roles of endogenous retroviruses repressor, ESET, in DNA repair/genome integrity:
T.TSUBOTA and Y. SHINKAI

About forty percent of the mammalian genome is derived from retroelements, of which
~10% are endogenous retroviruses (ERVs). Since these retroelements could potentially cause
diseases including cancer, it is critical to suppress their transposon activities. Recently, it has been
reported that histone H3-lysine 9 (H3K9) methyltransferase, ESET, is required for the repression of
ERVs in the mouse embryonic stem (mES) cells.

When Eset is conditionally knockout (Eset CKO) in mES cells by hydroxytamoxifen (OHT), the
growth is rapidly inhibited. To understand the mechanism of this growth retardation, first the cell
cycle analysis was performed and revealed that Eser CKO cells show the G1/S and G2/M phase
arrest. Additionally, deletion of Eset also causes the apoptotic cell death. As expected from these
results, the expression level of pS3 was increased suggesting a decrease of genomic stability. Indeed,
gamma(y)-H2AX level in the mutant was higher than that of WT cells. Deletion of Esef also causes
the abnormal nuclear structure including micronuclei which is a biomarker of genotoxic stress.
From these results, it is strongly suggested that ESET is required for genome stability in the mES
cells.

Since one of the retrotransposons, Line-1, has been reported to cause DNA damages, the
expression level of Line-1 was investigated and showed that it is clearly reactivated in the Eset
CKO cells. Therefore, it suggests that at least, in part, derepression of Line-1 likely causes DNA
damages. Interestingly, although most of the y-H2AX foci of WT cells were co-localized with DNA
repair protein, 53BP1, which is recruited to damage sites via di-methylation of histone H4-lysine 20
(H4K20), some of the damage foci in the Eset CKO cells were not. Therefore, the other possibility



is that Eset deletion causes the reduction of 53BP1 recruitment to repair the spontaneous DNA
damages, leading to genome destabilization. Currently, the molecular mechanism of this process is

investigating.
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EXPERIMENTAL RESEARCH CENTER FOR INFECTIOUS DISEASES
LABORATORY OF PRIMATE MODEL

It has been 28 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) T cells monitor N-myristoylation of the nef protein in simian immunodeficiency
virus-infected monkeys: D. MORITA, T. IGARASHI, M. HORIIKE, N. MORI and M.
SUGITA

The use of the host cellular machinery is essential for pathogenic viruses to replicate in
host cells. HIV and SIV borrow the host-derived N-myristoyl-transferase and its substrate,
myristoyl-CoA, for coupling a saturated C(14) fatty acid (myristic acid) to the N-terminal glycine
residue of the Nef protein. This biochemical reaction, referred to as N-myristoylation, assists its
targeting to the plasma membrane, thereby supporting the immunosuppressive activity proposed for
the Nef protein. In this study, we show that the host immunity is equipped with CTLs capable of
sensing N-myristoylation of the Nef protein. A rhesus macaque CD8(+) T cell line was established



that specifically recognized N-myristoylated, but not unmodified, peptides of the Nef protein.
Furthermore, the population size of N-myristoylated Nef peptide-specific T cells was found to
increase significantly in the circulation of SIV-infected monkeys. Thus, these results identify

N-myristoylated viral peptides as a novel class of CTL target Ag.

2) Dominant induction of vaccine antigen-specific cytotoxic T lymphocyte responses
after simian immunodeficiency virus challenge: Y. TAKAHARA, S. MATSUOKA, T.
KUWANO, T. TSUKAMOTO, H. YAMAMOTO, H. ISHII, T. NAKASONE, A.
TAKEDA, M. INOUE, A. IIDA, H. HARA, T. SHU, M. HASEGAWA, H. SAKAWAKI,
M. HORIIKE, T. MIURA, T. IGARASHI, T. K. NARUSE, A. KIMURA and T.
MATANO

Cytotoxic T lymphocyte (CTL) responses are crucial for the control of human and simian
immunodeficiency virus (HIV and SIV) replication. A promising AIDS vaccine strategy is to
induce CTL memory resulting in more effective CTL responses post-viral exposure compared to
those in natural HIV infections. We previously developed a CTL-inducing vaccine and showed SIV
control in some vaccinated rhesus macaques. These vaccine-based SIV controllers elicited vaccine
antigen-specific CTL responses dominantly in the acute phase post-challenge. Here, we examined
CTL responses post-challenge in those vaccinated animals that failed to control SIV replication.
Unvaccinated rhesus macaques possessing the major histocompatibility complex class I haplotype
90-088-1j dominantly elicited SIV non-Gag antigen-specific CTL responses after SIV challenge,
while those induced with Gag-specific CTL memory by prophylactic vaccination failed to control
SIV replication with dominant Gag-specific CTL responses in the acute phase, indicating dominant
induction of vaccine antigen-specific CTL responses post-challenge even in non-controllers. Further
analysis suggested that prophylactic vaccination results in dominant induction of vaccine
antigen-specific CTL responses post-viral exposure but delays SIV non-vaccine antigen-specific
CTL responses. These results imply a significant influence of prophylactic vaccination on CTL
immunodominance post-viral exposure, providing insights into antigen design in development of a
CTL-inducing AIDS vaccine.

3) Isolation of potent neutralizing monoclonal antibodies from an SIV-infected rhesus
macaque by phage display: T. KUWATA, Y. KATSUMATA, K. TAKAKI, T. MIURA
and T. IGARASHI

The humoral immune response is a mechanism that potently suppresses or prevents viral
infections. However, genetic diversity and resistance to antibody-mediated neutralization are

serious obstacles in controlling HIV-1 infection. In this study, we isolated monoclonal antibodies



from an SIV-infected macaque by using the phage display method to characterize antibodies in SIV
infection. Variable regions of immunoglobulin genes were amplified by rhesus macaque-specific
primers and inserted into the phagemid pComb3X, which produced the Fab fragment. Antibodies
against SIV proteins were selected by biopanning using an SIV protein-coated 96-well plate. A total
of 20 Fab clones obtained included 14 clones directed to gp41, four clones to gp120, and two clones
to p27. The anti-gp120 Fab clones completely neutralized the homologous neutralization-sensitive
SIVsmH635FC and the genetically divergent SIVmac316, and showed at least 50% inhibition
against the neutralization-resistant strain, SIVsmE543-3. Competition ELISA revealed that these
anti-gp120 Fab clones recognize the same epitope on gp120 including the V3 loop. Identification of
antibodies with potent neutralizing activity will help to elucidate the mechanisms for inducing

broadly neutralizing antibodies.

4) Recombination Mediated Changes in Coreceptor Usage Confers an Augmented
PATHOGENIC PHENOTYPE IN A NON-HUMAN PRIMATE MODEL OF HIV-1
INDUCED AIDS: Y. NISHIMURA, M. SHINGAI, W. R. LEE, R. SADJADPOUR, O.
K. DONAU, R.WILLEY, J. M. BRENCHLEY, R. IYENGAR, A.
BUCKLER-WHITE, T. IGARASHI and M. A. MARTIN

Evolution of the env gene in transmitted R5-tropic human immunodeficiency virus type 1
(HIV-1) strains is the most widely accepted mechanism driving coreceptor switching. In some
infected individuals, however, a shift in coreceptor utilization can occur as a result of the
reemergence of a cotransmitted, but rapidly controlled, X4 virus. The latter possibility was studied
by dually infecting rhesus macaques with X4 and RS chimeric simian simian/human
immunodeficiency viruses (SHIVs) and monitoring the replication status of each virus using
specific primer pairs. In one of the infected monkeys, both SHIVs were potently suppressed by
week 12 postinoculation, but a burst of viremia at week 51 was accompanied by an unrelenting loss
of total CD4+ T cells and the development of clinical disease. PCR analyses of plasma viral RNA
indicated an env gene segment containing the V3 region from the inoculated X4 SHIV had been
transferred into the genetic background of the input R5 SHIV by intergenomic recombination,
creating an X4 virus with novel replicative, serological, and pathogenic properties. These results
indicate that the effects of retrovirus recombination in vivo can be functionally profound and may
even occur when one of the recombination participants is undetectable in the circulation as cell-free

virus.

5) Major histocompatibility complex class I-restricted cytotoxic T lymphocyte responses
during primary simian immunodeficiency virus infection in Burmese rhesus
macaques: M. NAKAMURA, Y. TAKAHARA, H. ISHII, H. SAKAWAKI, M.



HORIIKE, T. MIURA, T. IGARASHI, T. K. NARUSE, A. KIMURA, T. MATANO
and S. MATSUOKA

Major histocompatibility complex class I (MHC-I)-restricted CD8(+) cytotoxic T
lymphocyte (CTL) responses are crucial for the control of human immunodeficiency virus (HIV)
and simian immunodeficiency virus (SIV) replication. In particular, Gag-specific CTL responses
have been shown to exert strong suppressive pressure on HIV/SIV replication. Additionally,
association of Vif-specific CTL frequencies with in vitro anti-SIV efficacy has been suggested
recently. Host MHC-I genotypes could affect the immunodominance patterns of these potent CTL
responses. Here, Gag- and Vif-specific CTL responses during primary SIVmac239 infection were
examined in three groups of Burmese rhesus macaques, each group having a different MHC-I
haplotype. The first group of four macaques, which possessed the MHC-I haplotype 90-010-Ie, did
not show Gag- or Vif-specific CTL responses. However, Nef-specific CTL responses were elicited,
suggesting that primary SIV infection does not induce predominant CTL responses specific for
Gag/Vif epitopes restricted by 90-010-le-derived MHC-I molecules. In contrast, Gag- and
Vif-specific CTL responses were induced in the second group of two 89-075-Iw-positive animals
and the third group of two 91-010-Is-positive animals. Considering the potential of prophylactic
vaccination to affect CTL immunodominance post-viral exposure, these groups of macaques would

be useful for evaluation of vaccine antigen-specific CTL efficacy against SIV infection.
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CENTER FOR EMMERGING VIRUS RESEARCH
1) HIV and EBV Pathogenesis: K. SATO, N. MISAWA and Y. KOYANAGI

Epstein-Barr virus-associated hemophagocytic lymphohistiocytosis (EBV-HLH) is a rare yet
devastating disorder caused by Epstein-Barr virus (EBV) infection in humans. However, the
mechanism of this disease has yet to be elucidated due to a lack of appropriate animal models. Here,
we utilized a human CD34" cell-transplanted humanized mouse model and reproduced pathological
conditions resembling EBV-HLH in humans. 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.

2) Role of cell surface proteases in the outer membrane protein assembly: 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 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. A characteristic feature of the gram-negative bacteria’s cell
structure is 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 periplasm and cytoplasm. Because the outer
membrane is essential for the growth of gram-negative bacteria, knowledge of the biosynthesis,
assembly and quality control systems of the outer membrane components would contribute to
development of 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 function to cope with envelope

stresses. Upon activation of o, expression of genes for periplasmic chaperones/proteases and



components of the machineries for OMP and lipopolysaccharide assemblies are up-regulated while
those for OMPs are down-regulated, both contributing to reduceing the threat to periplasmic
accumulation of misfolded OMPs. Although many genes have been identified as constituents of the
o" regulon, their functions are still not fully understood. We characterized yfgC, a o"-regulated
gene encoding a putative periplasmic protease. An E. coli AyfgC mutant showed increased
sensitivity to detergents and antibiotics, suggesting that the loss of the yfgC function compromises
integrity of the outer membrane. Consistently, we found that folding of LptD, an outer membrane
protein involved in the transport and assembly of lipopolysaccharide to the cell surface, became
defective in this strain. The defective outer membrane function caused by the AyfgC mutation was
further aggravated by additional disruption of genes encoding periplasmic chaperones or subunits of
the BAM complex that are required for assembly of outer membrane proteins. These results suggest

that YfgC assists proper assembly of outer membrane proteins.
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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

2009 75 strains
2010 101 strains
2011 117 strains

2) Introduction of mouse strains from outside

Frozen embryos

2009 7 strains
2010 4 strains
2011 1 strain

3) Transgenic mouse production with cloned DNAs

No of constructs No of embryos
injected
2009 94 33,821
2010 90 32,875
2011 81 29,031
4) Production of chimeric mouse
No of ES clones No of embryos
injected
2009 52 4,587
2010 106 7,106
2011 107 5,828

20,337 embryos
18,620 embryos
25,130 embryos

Live mice
2 strains
6 strains

3 strains

No of transgenic
pups obtained
190 (0.6%)
124 (0.3%)
227 (0.8%)

No of coatcolor
chimera obtained
242 (5.3%)

394 (5.5%)

324 (5.5%)



LIST OF PUBLICATIONS
REPRODUCTIVE ENGINEERING TEAM

Takashima, Y., Ohtsuka, T., Gonzalez, A., Miyachi, H., Kageyama, R. Intronic delay is essential
for oscillatory expression in the segmentation clock. Proc. Natl. Acad. Sci. USA . 108,
3300-3305, 2011

Niwa, Y., Shimojo, H., Isomura, A., Gonzélez, A., Miyachi, H., Kageyama, R. Different types of
oscillations in Notch and Fgf signaling regulate the spatiotemporal periodicity of
somitogenesis. Genes & Dev. 25, 1115-1120, 2011
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Kawano, Y., Kamide, K., Ogihara, T., Hata, A., Umemura, S., Soma, M., Takashashi, N.,
Imaizumi, Y., Miki, T., Iwamoto. T., Takeshima, H. TRIC-A Channels in Vascular Smooth
Muscle Contribute to Blood Pressure Maintenance. Cell Metabolism.14, 231-241, 2011



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.

In an effort to make net life as smooth as possible, we replaced old pop server with Linux
platform new ones to save NFS conflicts and improve response time. Next, we created the online
room booking system. All IVR-LAN users can check the availability of the seminar rooms or make
a booking on WEB page. This year we created a subnet for isolating some computers which were
used with experimental equipments and subjected to computer virus infection. The subnet ensured a
more secure network for us. User’s sample files are saved in a NAS of the subnet, that protected by
an anti-virus application, and users who login IVR-LAN could access via router to the NAS only .

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

In addition to the administration of network, Takemoto began to analyze RNA-Seq and
ChIP-Seq coupled with high throughput DNA sequencing to find epigenetic changes which might

be controlled during differentiation.



STAFF CHANGES OF THE INSTITUTE

Appointments

During the period of January to December 2011, the following new staffs were appointed;
Dr. Keizo Tomonaga as a Professor of Department of Viral Oncology, Dr. Yasushi Kawaguchi as a
Visiting Associate Professor of Department of Biological Responses, Dr. Momoko Maekawa as an
Assistant Professor of Department of Cell Biology, Dr. Tomoyuki Honda as an Assistant Professor
of Department of Viral Oncology, Dr. Kazuya Shimura as an Assistant Professor of Center for
Human Retrovirus Research, Drs. Kenji Nakahigashi, Yasuhiko Horiguchi, Sho Yamasaki and
Yasuhito Tanaka as a Lecturer (part time) of Department of Viral Oncology, Drs. Kazufumi
Matsushita and Yutaro Kumagai as a Lecturer (part time) of Department of Genetics and Molecular
Biology, Dr. Yoshiyuki Suzuki as a Lecturer (part time) of Department of Cell Biology, Drs.
Yoichiro Iwakura, Osamu Takeuchi, Tatsuo Shioda, Yukihiro Nishiyama, Hirofumi Akari, Tsuneo
Morishima and Tatsuya Tsurumi as a Lecturer (part time) of Center for Human Retrovirus Research,
Drs. Tkuo Wada and Koki Taniguchi as a Lecturer (part time) of Experimental Research Center for

Infectious Diseases.
Departure
Drs. Katsuji Sugie, Toru Kiyono, Yasuhito Tanaka, Yoshiharu Matsuura, Hisashi Arase,

Junji Takeda, Hiroaki Takeuchi,Yusuke Yanagi, Takeshi Noda, Kyoko Shinya, Michinori Kohara
and Koichi Morita left the Institute. 2011



THE SCIENTIFIC LECTURES OF THE INSTITUTE FOR VIRUS RESEARCH

The annual scientific lecture of this Institute was held on July 5, 2011 at the Kyoto
University Shirankaikan Yamauchi Hall.

Program
Opening Remarks: Masao Matsuoka

1. Bornavirus: A new development of RNA virus research, Keizo Tomonaga, this
Institute

2. Measles virus: Towards better understanding of virus-induced membrane fusion
and establishement of a new mouse model for measles, Yusuke Yanagi, Kyushu
University

3. The roles of histone lysine methylation in biological processes, Yoichi Shinkai,
this Institute

4.  The roles of cohisin acetylation; Identification of Hdac8 mutations in Cornelia de

Lange syndrome patients, Katsuhiko Shirahige, The University of Tokyo



SEMINARS OF THE INSTITUTE FOR VIRUS RESEARCH

Eighteen seminars were held at the Institute for Virus Research under the auspices of

the Institute in 2011. Nine lectures were from abroad and nine others were from Japan.

February 25

March 8

April 4

May 25

June 1

June 6

June 14

June 24

Dr. Masanobu Satake, Tohoku University, Japan. “ Involvement of
Runx transcription factor in the maintenance of T lymphocytes

naivety ”.

Dr. Ruth Sperling, The Hebrew University, Israel . “ Pre-mRNA
splicing - a network of interactions within the pre-mRNA processing

9

machine ”’.

Dr. Yoshihisa Yamano, St. Marianna University, School of Medicine,

Japan. “ Dysregulation of immune system in HAM/TSP ”.

Dr. Kazunari Miyamichi, Stanford University, USA. “ Cortical

representations of olfactory input by transsynaptic tracing .

Dr. Tomoharu Sugiyama, University of Tsukuba, Japan. “ mRNA
decay in meiosis - A evolutionarily conserved mechanism for

differentiation repression? ™.

Dr. Yasuyuki Fujita, Hokkaido University, Japan. “ Interface between

normal and transformed epithelial cells ™.

Dr. Katsura Asano, Kansas State University, USA. “ Translation

regulation mechanisms by initiation factors eIF4G and elF3e/Int6 ™.

Dr. Shigeki Yoshiura, RIKEN, Japan. “ Non-cell-autonomous control

of the orientation of stem cell polarity and divisions .



June 28

July 14

July 29

September 7

September 9

October 5

October 14

October 24

November 16

Dr. Masahiro Yamashita, The Aaron Diamond AIDS Research Center,
USA “ Hiv-1 infection of non-dividing cells ”.

Dr. Kosuke Miyauchi, RIKEN, Japan. “ Mechanism of HIV entry and
a novel eliminating system for HIV-infected cells by activation of
CASP3 ™.

Dr. Kenji Nakahigashi, Keio University, Japan, “ Systematic phenome
analysis of Escherichia coli multiple-knockout mutants reveals hidden

reactions in central carbon metabolism ”.

Dr. John L.R. Rubenstein, University of Carifornia, USA.

“ Transcriptional control of interneuron development .

Dr. Carol A. Gross, University of California, USA “ Using systems

approaches to dissect central bacterial cellular processes .

Dr. Dong-Yan Jin, The University of Hong Kong, China. “ Roles of
group 1 p2l-activated kinases and LKBI1/SIKI1 kinases in
Tax-mediated activation of human T cell leukemia virus type 1 long

terminal repeats ”.

Dr. Yasuhiko Horiguchi, Osaka University Japan. “ Attempts to
understand how pathogenic bacteria of the genus Bordetella exert

specific pathogenicity in specific host .

Dr. Mineki Saito, University of the Ryukyus, Japan. “ Pathogenesis of

neurotoxicity by chronic viral infection ”.

Dr. Christos Delidakis, University of Crete, Greece. “ DSL protein

ubiquitylation and signalling in Drosophila .



December 22 Dr. Tomomi Kiyomitsu, Whitehead Institute, USA. “ Chromosome
and spindle pole-derived signals generate an intrinsic code for spindle

position and orientation .
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II. Second Group
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Fx DS Fas &7 F v & OB TRWE L7ZE KRS F FLASH 2378 23 Al Rk oo il J& 4 S 3 od
HEATICKNE AR R Ch D Z & 2R L TERED, 2 FIEMEIL FLASH 23N CTEAT 2 &R & Cajal
body & DR A B & 229 2 728 Cajal body DFERLIK - Tdb % coilin & FLASH & O BLAH B B %
RN % L [FRFIZ, FLASH O#fRez HE T 5 EAOR 21TV, ARERERZHIT TN D, &4
A & BTH—MHT. £ ZH FLASH @ N REmfEBOBEREMT & FLASH 23#%RE 9~ 2 M ia o> K5 524
B9 B MFFE 21T > T\ 5, F7-. Kuang Wan-Fen |3 FLASH Mz 514y A& (CoREST #
B ERALTWAH I L ZFHIL, TOEMFIES L L TCOmEREIREHREIC W TR 2D
Tn5,

BIp o= TR b — 3 A EMEICBE D S Fas & Bim 136558 CHREQRMEEZ FFo, B a3 Hi
FRIZ T #5275 BimaZ Lo 7 AR b= ATRESNDHB, THIIENS O CD40 2257
FHATT R = ZABIEISND Z ERMbN TS, FmEEZ, CD40 O2Hli % 52T 72 B Al
TiE, CD40 FMNTFAE L T CHHUFHILC Bim (KGFED T R h—v ANF & Snb Z L%
FER L, Z Doy 1M & T 2 & AR B CRUGE B Ml DFRESRS T 7 X< fifid /(b & o B %
fRHF LT D,

A B R E R B B O BRI, TR h— A LRI O R ETFSRE O BIRIGR & BT Aol
Do LV U, [RIEEERZ OWEFNE, Bkx ET VAW (X F 1 e l) &M
VM7= caspase DFSREMENT . BHEE T L & FLAGA A T2 caspase DIE ML & A BRI BE O BB AT 217 > T
W5, AmBEr R E (Redn) ORBTEEUL, * 7 0 — 2 25 it S % HMGBI 135#
PIE 2 HE T 2IHME A2 R T, 7R h— T A M S O HMGB1 (X6 4 2 Jiiil3-2 & v 5 i
FaHED, ZOREISEMENCED LA NMATE2RE L, BILE 1 EFREIT> TV D,

By OF LT, ~ U AOMIEAGINC, N - - SNRERFE I N L i (ES
M) AW THT LT\ 2, &kilf, ES MlIER O TIZ, RIMEMEDHER IC 4 TdH 5 Nanog &
BT O3BUZEI L, Nanog %8l & KB 2 FEOMAEMMNGFET 52 &, I, Zh b0
FEH OIRAENSTLEEDHERFICE S5 LTV 5 Z & 2fR L1z, BIfE. Z O LBEDHERFIC, Wnt &
TFINBEELTWD &V PR RZEE 2 T, ZOBEIC OO THIT L TV 5,
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L. First Group

AAEIR2 A TR EDREIR & U T RIRRFHAEDRI T L 0 BT Lz, ZHICfEy, 4712
WEAFER & UCTIILEATA, 2 L CHMER & L CIBHKBERSIM L, £2, KRIRKFR
Fhi LV EFRFERRREZ AR EA L L CREES (D4) | FEHE (D3) |, AR (D3) |
FARTEE S (M) D44 %% Aiz, 108 1BICIEB#E U TR B Z 23 B R ER TR X
DIAEE LTz, 9AITIFIRILEAT) H RPN IR SRR FEE L LT RA Y -« 794 T T RFE
IR P LT, E210 B ICIERREREANELAFFER & U CESEGSEM JEpT~ L i L7z,

MWL IR 7V — 7 TlE, A T AFERNAVA NV ATHLRLVFT VA NVAEAL T x
P AN ADZEZ FOIAT > TN D, BT T ANV TIE, REMER S IS 2 Fige
D AT = XLl BNITT D L &b, Fx DR T V—TDRFER L TRIEER LT T A L X
[KI¥Td& HLEBLNODO#ERE &L WIELDERICOWTIHT 21T > T\ 5, /o, AT UA 2% N
TEHTHIRNAY A VAR 2 —DFARZHED T\ D, —F, A TNV oA )L AR TR,
PIINZ BT 218 FISEEZH NI T D20 DM R T 217> T 5,

1 RNT T A )V R O REGEEEME & IR M BE 3 % BT

RT T A NV ZTHIBEE CREE T 5, Z4UE, RNA U A LR & L TEE Db TREER 7ol
KA THD, Fxld, AT UALNVANEDL I L THIIEEIZEKIT 557 7 & RNA OFifettz
RLTWDIONEHALMNILES ELTWD, INETIT, {ELOEROSEREMEN Z U BE L
TWHZENRDLNPSTEL, EHIZ, YANVAT ) A RNA DB LEEOTE Y 2 RT 4 7 A L
DOEEME S REINTWD, BT U ANV ZADFHEEGL L BN~ ) ) — & OBEM AT 5 Z
ElE. VA NARBYBGOSENEEZ D 2T TR, AT UA L Z2DOIFFREIEOARE 2 55
TEXDEBEXMFEEHED TN D,

—J. AT UA N 2O RREFEMEOMINC BE D A THWD, B, VA VADY VR
b (P) EAEOKREICER L I 21T CW\5, ZHETIC, P EAEEZ2 7Y THIR CRELS
Bl F 7oAV 2=y 750 R (P-Tg) 2. FEEFIELE LR ELRY 72 5 NIATE ) 52
WRFEINDL I EEH LN LI P-Tg xRNV T VA N ADIFEMEEZA LN TES Y — e L
TETTIERL, BEREOET AR L LTHLEIFEND,




2. NIEMEAR VT 7 A )V 2 DI

Fxlx, B FEIZLOEZL OWMALEBM O T ) DZHRNT T A NV ZADBE BT BWTEL L T
HTEEBR LT, EARMER LT T AL AD mRNA MEEDOL b T AR U EFAL
TGS D T ) DT IAEND Z & ZRm Lz, UL, LV hr U A VALUSND T A L 28
T DZRMHNCHEAL L TWD Z L AR LI TOMETH Y, RNA U A L RADHEIZDON
THRERPRBREHEZ DD TH T, Fox DIRRLUG, a2 RUANATHEEEY T /) L~DA
ARG E R o7z, LILRBL, AT UA NV AORNIERMO 7 A )L R L E72 0 R ©
HolomiliX, BN AN (EL TS Z &, WIEIL LTV A WV RABE T (Endogenous
bornavirus-like nucleoprotein: EBLN) 34— U —F 4 7 7 L— A& RFLTNDH Z L, mRNA
ELTHRIALTWSZE, ZLTEAEL LTEERFLOMAEFEHNRBRENTIE ThoT,
FexlZ, RVTOANZBNED LD M TIEES ) DTHIA T D D, F T2 UTRIEE
ERHET D D, fE B E OREPEIXE 5 2D, £ L TR M AICAFEET 5 EBLN (31 5 2>
DOEEZFFODO MR Y NIEER VT 7 A L ADFRZOWTEE 2 72 [ E D BFENT 21T > T D,

3. RNFTANAZFNIEHHBLRNA U A VAN Z—DF%E

FRU7= X912, RAF 7 AL AT RNA 7 A L Z O H CTHE— /IR CEHE R %, = DK
ZRHT S Z LT, FRMICEAERES - RNA 2B TELL2SH LT A LAY X —DB
RNFREE 72D, Fex I T Tl BRAEMREAROR LT UA VAR Z—OERIZITKTI L TR
V. BIE. EBESTAHEET Th 5, RAT A L 2 IAERRRAII I SRR AP 2 o T A L X T
bo, FOID, Hx BRI LTZRALT T A L AR Y 2 — TR R R B~ OB S T 188
TE L EMFEEND, BIEE, M2 VA L 2OMIEEMEOKE. [EUXOBFEL, £ L TR

- AR OIER 72 EICH & B L2 FEBA R 2 O T 5,

4. A TN YT A )V AZET DR

MMEEZ THESE S D RNA U A LV AIZIE, RV TTANVADHIZA TV P T AN D D,
LMWL RS ZDO2FED T A VA TIIHEIEMEN 2L B> TnD A V7 VTP A LR
ERE T ITTRUA NV AZEA L, BROICHEIET 5, —F. AT A TR L~ D7
e A L RPEAR Z fikier S8 JERIIAAES BRI T 5, FOBEVOARE TR DH, F7- RNA
TANACEDENGEEIREDA N = ALIED L IR TWDEON, £ TN P T AL A
DOIEFEFEAE DT 2B L CTEN DL OFKICIH> TWD, BIEOHRT —~iF, 1 v 7= HF oAb
AR L O RRICHFE SN D EEISEOMY] Thd, T ETID, BPEEENLEBEZIHD D
miRNA ZMFEMICFEE L, TNOICKVF#E SN T DIEER T2 520 Lz, BIfE. miRNA
WL THIEENDZNEDRTFVBED L INTA TN T A )V AERITZE L TNOD DD,
FREYEOFEIC D X 5 BB A BT LT D OISOV CRERIZRENT 21T > T D,




II. Second Group

AL X, AMPHEF R OREH — (M) SIRBEHR (M1) 2Ficiby £ L, %
IZSMLTWD DL, #EZdZo L7, H5eaite B O KEEWDHT, o KFFeATix, AmEHFar
RO E— (D2) , HJIEE (M2) D24 B3 EFE L TWET,

WMHFFEA B+ 05 7 — 7 Tl CRRFR Y A VA2 (HCV) & Z DY TH 5 b TR O
ZEEHPLNCE > T D, HCVORIZE T Z DATER 250+ L UL TS5 2 & L 20k 3%
H EIZHHCVEAIBR S Z Hfs LTeif 828 27> T 5, 7o, b MFMARIZEI L Tide M
oz 72 531k & HCVIRYE DA TR0 & 1T 7 & D@ METFR B ORIEME A B 5T 57200
MoeaE o> Tnd,

I. 7a AKX ) A RIZ X% HCV DRk 1 pE AL il £

T2l CHIFR T A NV AMHCV)DAETEROFEM A S L, 2O #ME b L ICHt HCV 3EB%
ZHETEBIIREZ S 28> T D, AT I E TIOMB I L7 AsE ke R (HuS-E/2
M) AW CEEHRERAA HCV OAIRER 2 T 2R MRERREZHEBE L T D, ZOHM
BT ORI LR T 2 2 & TR L < HCV OAIRERAFHT 5 2 L3 5 5
2o 7c, £ ZC HCV OAEERICEG T HMRMO T 27 LEH 60T 2 HT, FHEB LW
ARG L2 HuS-ER2 filafl T~ A 7 m 7 LA fBATIC K> TRIn FRIAT v 7 7 A V2 i+ 5 =
IR IR L o TRELSBENEMT 2 BETORBEB IRV, T HBEBFHELC
Lo TELT DHBEN Y 7 VR A G E L CRIR LT, A1, Tax¥ 75 02 0 (PG)A il
FRE TRV RIC s TRESRIANET 22 &2 R Lic, F9HHB XK HCV K12
AR ZHNT PG AR L HCV OATEROBEIEZ BT 5720, PG AMNKIGR TH LT 7% KM
B A — ROPIREMEFR Y 7 04X 27 —8(C0X)-1 OILEAR]Z AT ZE O 2 K HCV K ¥ P&
AR T DB ERF Lo, T ORER, COX-1 BREFEALIEILMIEN G L UOhE EFICEA SN
% HCV RNA S|ZITRHIREE & g U CE L WA L E 5 2 2o 723, K58 B O x & HCV
DY Z R ERTFOICE T EE5 2 El¥bholz, £ 2 THRA TSR RIC L - TREANH
HIND ba R4 A B EER(TXAS)B G 1 DFEY) TXAS 122U T siRNA |2 L D EAHES
FERTE ML EA 2 W CRBROIT 2 B 22 o7z, ZOREFR, 2 b OMBRIZ X - THE BIEF O
7 A NV ARLA DREGE O T RRD Sz, 2O Z ED TXAS IEMEIC X D TXA FEA N HCV ki1
DOREGME L B L TR Y, TXAS [LEAINHL HCV R OBEM E /D 2 2B LN Lz,




2. b MATHIRE TIE T AV ARG A L F—T =0 v B B TREANEEIND,

CHUAFR 7 A )V AHCV)ITEE & 72 BRPE T IR IFN 3 2 7 A Z B U ~ D18 M ke 2 pl 37 S 8
D EHEE SN TWHA, B L= MFIIICI W TZE DMK O 3R GEE L Lo X 5 M AR
HANSHDDOMMIZOWNWTIEREARATH D, £Z2CTET B MFMIZIZHIT 25 RNA 7 A VARG
VRIS ERRE ORI Z B4 L7, PSR e MIFHIAE & HuS-E/2 MRl DWW T o A L ZEYRIC K 551
A VA H RS E B RS T mRNA BEEOZ{A RT-PCR IEEZ W TIT 2B 22 o7, %
Dt R, HuS-E2 ML D 7 A /b ARG B SRS B IARER R £ MITAIIE S ZIEFERTH 5 2
LMy inoTo, £ 2T HuS-E2 #iflda b MTHIILOE 7 /VMifd & L THIWT, TR0 B 2R %0E G
BHEIE DM 236 Z 72 o 1o, KR HCV & Ys & OBR Z T3~ 2 72 Z 0 HuS-E2 fllld 2 Hv T
HCV &R DR AR TH % RIG-1 DFBLAK T S E7oMifd7z & NS RIG-T Tt THEET % IPS]
DY %I L CIFN O YA & ]9~ 5 HCV NS3/4A & > X 7 B 2 E IS REL L TV Dl %
ERL L7z, 2RO DOMIBICB N TR F A 7 A L ARG L 5 AR B &G RO L 2 i
Br L7efE SR, BO7 OMIBEIZ B\ TR KT /AR <> HuS-E/2 Ml TFR & H 4172 IRF7 mRNA OE
WL L VR IFNal ORBIFENFEEICED vz, Lo L, &Y 3 FEf %> 5 @ RIG-I, IRF7,
IENB. IFNA3 ORHFEIIRO N2 noT2, TDZ EDE RIG-I B L OZED FiD > 7 F T AF
AR OO HFC IRF7 OTEHE R BL & XBE A 22 < 7 A L ARKYE 3 RERE AR O RRRil s T REO Bl E
IZHE L TWD RN ZE X bvle, ot MR TIXT A VAR A 2 —T = )3
BEFEANESFEIND Z ERH LN ST,
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201 1HFDA L AN—1T, BHEE (). EEC EER) . SfiER Bh#) . REAN
" GEWEE) . NP Ofse GEREME) . otie (2 vy va VHENER. ABF) . K
5o GEREIE) . SR CEMEHAIFEREL3BAR 4 48) | 2 ILRRAF. Yoo Ji-Seung (FFn5) (ZE
R EIFZERHE LR 34E) . ARRIEDE (EEIFERHE LR 3 4) . JEREKR, WEME (TEK
FFRIEEERE) . SARFHREEL, (CEMEHAOFER R 2 48) | Ng Chen-Seng (&5 (ZEfn
BHEWFZERHE AR 14F) AR, HEKEE (EaB P EEHE LR 2 48) | 8 50 Dang
Nghiem Vo (ZEmBH#HFZERHME L3RR 1 45) | Biisra Coban (M /L 2 Bogazici K%, 8 H ., i F4E) .
Liu Yinghui (Z80) (18 HoK5,9-12 A (& 54) | Steven Fan (University of British Columbia, Canada,
8-10 H. A & —r vy ) AR, ARG R, §PEGF. FEEAR (BINEE) . ZRBEHIR (B
&) Thoi,

LT TIE A NV AERIIEE L il g I s 1 BlA v 2 —T7 = n o ORBGHFER L
D, BRGIEIED AT = XL %L T D, T O8O SNTMIEA T A b R D&Y % &3
LZEMNLBEMBEND, ZORIEEDNE E D L —45F7 retinoic acid-inducible gene-I, (RIG-I)
ThHh5HZExHR LT, RIGT IZHEI L7z MDAS, LGP2 LW ) 3 FHIFELTHEY . Zhbak
R L T RIG-I like receptor (RLR) & 5%,

A DOHIFERRR D 5 BIFER L 3 MIC OV TRGT 5,
1) Dysregulation of IFN System Can Lead to Poor Response to Pegylated Interferon and
Ribavirin Therapy in Chronic Hepatitis C
Koji Onomoto, Shiho Morimoto, Takahisa Kawaguchi, Hidenori Toyoda, Masami Tanaka,
Masahiko Kuroda, Kazuko Uno, Takashi Kumada, Fumihiko Matsuda, Kunitada Shimotohno,
Takashi Fujita and Yoshiki Murakami

BECHRTFRIZH L TA v —Txrra b UAEY COUFRBEENMTRbALTEBY, TA /LA
DK, FIREOHRBHFE LN TS, LArLEMToDZ &, GBHEAR® 5 Z & IR
BEPND ZEENREL o TVD, FHTBREIMEOBEO FHITEE L EX H5NLD, ITHE,
IL28BEARFDEHRNR A o F— T = v ARFEGUEICIR A L T\ 5 2 & A EEOIZEE) B
HENTN, TOFEMAEBIIAITH D, OB TITEME CRITR BT TOIEHR LA O IF4
BBt E, A v —7 =n VO 3TBIR T A BB LI~ 7 a7 LA 2T LZ, 56
NEEBETFRRET 07 7 A VORKEREBEOLEESR L THRFI LI, 5204 % —T7 x5



a3 72> BIFI27, IFI 44, ISG15, MX1, OAS1 DI BT IEFEHIE D BF B W THEICLHE
LTz, IL28BiE s f OVREHGE & BE 228 (TGE72IXGGH) 2B W TH RO HLN
= PO, BIRFRB NI — b DIREMIRTHZ Y I 2L —3a Lt 25.86.1%
DHEETTHTE LT ENHB LT, REROA ¥ —7 = VEEEEFRBTEIT A v F—7
= 0 URFIRGUE E RSB T A 2 E R B E e o Tn, THUC Ko TIREIRPUEE THIT S 2 &
MHRETH D LB BT,

2) Retinoic Acid-inducible Gene I-inducible miR-23b Inhibits Infections by Minor Group
Rhinoviruses through Downregulation of the Very Low Density Lipoprotein Receptor
Ryota Ouda, Koji Onomoto, Kiyohiro Takahasi, Michael R. Edwards, Hiroki Kato, Mitsutoshi

Yoneyama and Takashi Fujita

M FLAEHERE ClX 7 A L R EG TN F — RS R IR T 5 Toll-like receptor°RIG-I-like receptor
(RLR)IZ X » T & H, ZTORER, A v X —7 = o VB FaEbans, A v 2 —7 =
B MR EOSZRRITER L T DRV A NV AERAEZFHE L, TO/RR Y A VA DHEH
MIAE XN D, AR TII VAN AJEGRA o —T =0 VI K > THEI LD~ A 7 BRNA

(miRNA) DY A ZIEPESDBIGAZOWTHEENT L7z, £, RLREPEOMRFE S 115 miRNA
AT LA R THE L, ZOREER, BHOMRNARFEEIND Z LB Lz, 20
S5HD 1D, miR-23bITV AN REGDH HNIA v F—T = v BRI K o TRELEENT 25
HIP L7z, miR-23bDEBL 2 T 71 7T JMZ LS5 THARIZEZ A, very low density
lipoprotein receptor (VLDLR)33 JX ("LDLR-related protein 5 (LRPS)ZFEHY & LTV 5 Z & B/RIB S 41,
FEFEIZmiR-23b% M2 A L 72 flii2 ClX VLDLRIS X UNLRPS D & FH/E L~V TO RIS S

TWz, 74/ 7 A/LAI1B (RVIB)iXlow density lipoprotein receptor (LDLR) % Ji&Yx D 7= D5 454K

ELTHMAT 2EMNMBN TV D, miR-23b% E A L7l TIZRVIBO AR SR I HNH] < 41T
VW2, F7-. anti-miRNA-23b %3 A9 5 & W RVIBOBEFEAMERE X 7=, &IZ VLDLR, LRP5®
EH BARVIBOBFEIMANZ AL L TW o0&~ 2% B TEN LR RAYZL siRNAIZ K> T/
Y I B Tolcl ZA, VLDLRD /) v 7 #'0 AZ K o TOFHRVIBOEIAN IS = 412 FH3E]
LTz, UANVAZHERE SIRNT A )V AT Z a2 72 DI RVIBORNAZE AT S
FICE o TUA N AEIEAE ST, miR-23bDFEE TR L Z A, HFHITE(L LW L
2o T2 HmMIR-23bIL 7 A L AJEYRoA o H — 7 = 0 ALFROFE RIEEAHIN L, VLDLROJEH,
BT HETENERBYZH/IRE LTS RVIBORAZIHIT HENH Lz, LLEXD
miR-23blTHL 7 A N A SSEMED— > L LT A N AR REESEHE L TV b0 Ex
bz,



3) 55 Amino acid linker between helicase and carboxyl terminal domains of RIG-I functions as a
critical repression domain and determines inter-domain conformation

Maiko Kageyama, Kiyohiro Takahasi, Ryo Narita, Reiko Hirai, Mitsutoshi Yoneyama, Hiroki Kato
and Takashi Fujita

T A NVAEGE N X D L HIIEN THEFET 5 U A /LA RNA X DExD/Hbox RNA ~VU 7 —ETh 5
RIG-IIC L > TIHHCD RNA & L TREEND, ZORBOFRY /T IVcENFE S, 1HA
A —T7xn UBIET, CHONUANVAEREEZ 23— R T8 B FEESTEMH (LS, U A L RABE#
DRAE ERGRIE IS EOFHEENF X 5, RIG-1 O N KigfilllZAF1E7 5 caspase activation and recruitment
domain (CARDVIZ N Z #5720 TA v ¥ —7 =0 VB FOEMEAFE SN D N, &
F® RIG-1 TIX D A /L ARG 72 & ORTEANEE T AUTTEMALITE & 220, ZOFIT2ED RIG-T Tl
CARD DOIEMHERIIH SN TWAHEEZ/RIB L TS, ZILE TOMFETIET I /R 735-925 OFEIKA
repression domain (RD) & L CHRE SN Tz, AL TIXE DICFEMR BT 21TV, 7 2 /g
747-801 2 &/ND RD ThHHEEEE (DT, ZOT W5 5ENDL R DMHEMIEA~Y h—F8 K2
A& CRIM R A A > (CHEH RNA ORFICEE) 2574 VI —HERTHL, Vo —HE
B OFER ORIF L D RS RFS N TWD T X BEES 2 BETICER LT 7 = v Bk %
ML= A, ZOT 2 BREHROHZTEERE RIG-1 OEFEIEEN EHT2F3 4 L2, BAERO
RIG-I |3 —E 84 RNA {KAF ATPase {EME 2 /<903, MHFTEMEZ/RT T 7 = EHIKIT ATPase [EME %
RS o Tle, ZOFE ATPase i PEITRY D < ARG ZBA < SHIZH S B G LT\ 525, CARD 2
LT LEXTZOEMRILS 7 T REIIINE TIERWEL R RBE L TS, RIZT T =
EHUR DR E & ER T L ERF TV A NITHOWNWT, MU T U IRIENS R T - 1=, BFAER RIG-1
TR 2 IR PIEOWT R (CARD &~V I —P R AL v 2ET) 2EUEN, 7= EBHIKT
FENERD FRITFEeCHbINE, ZOFIRIG-HTEFHA C-EZ2 - TR Y 0K
FRAIZIX Y D — I OEENEE TH L HEEZ R L TWD, P EOREFRIL RIG-T OIEERENC BT 5
U o =i OEEMEZHAHIOR L TND D TH D,

Werayzs k

1) RIG-T1 O LIRS IS LB DT (EikE. #210)

2) RIG-T OMIHNRE L IEMALOfEYT (B B, B, WE. M. k)
3) ~ U AERTO RLR OREREDMENT (R, REA, HA. FE. )
4) RLR & B OSRERBOMYT (R . RBEFA, )

5) KEREROHT A NVATEM (LT, HNEE)

6) PLUANARRBERISE~A 71 RNA (JEH, D)



7) HEWIHORO ZEE{ RNA I K DHLT A NV AIREDONIGE (HH., N
8) MIvANASEIZEBITHI bary R 7T OMRE (S, /NEFO. i)
9) PLUANAISEITBT D8 KFOu5E (Yoo, FLH. NN

10) HMUANZREOAMITOREA (Ng, BcH. Yoo)

11) 5 ppp MEEICHEGT 2E AEOBER (K-, BH., D)

12) JFFRIAEEEE FV 72 RLR & RNA OFEA ORT (D%, )
13) TANARXT LEX ¥ TV REGLT A NV AISEORNT (R)

LFRIFFE (BOPRIE)

At B (B EEEERREIIERT « VAN ARG T a7 b)) T3 A L ARG
JEE LT B IR G 5 o S D AT |

e ARE (BLRTRS: « KFBEEZZAER)  TE BN TO U A VR X R BRI 2 Ml
N AL AT B — « RIG-1 OEEI DM |

Ve e (EmBh A geRt) T 7- i /1B 2 -\ 72 RLR & RNA O & OFEHT |

FRIFAICE (1CeMS) THL D A VA JSE DAL |

SRR (EREZER  TRLR & B CA5a R B O T |

H AL BRI ASA AU Y — R ¥ —) BRIIE~ 7 A DIEHT

BN (AR - EFZER)  TIFN L 851 & HUHOVIE I DT |

PR (AR TRERR OB A L ATE M
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HIfR DO H D RNA OKERDZIIHETIE R X "7 G L OBEAR (RNP) & L CHEE LIKRET 5.
BAFIEEIT. RNP DJERL - MEEAHL - Wik - R - BB ER &0 RNP 20 < Dk 7 BL5 I Bl
WZ k> T D, T1CH, [RNP OZHIE R Ok & IRNP O GhE & P 2 K& 72 2 DOk
ELTHIZEL TV D,

2011 4RICIE, B HIZ 24 EEAG L, 2D 5 H L ADEE, 1 A FIRPDICBAT LTz, £/,
LR R G AL, 2 AP B RSRARBBMER L 20 . 1A, 1 A0RE L, £
DOFER, REHEEICIT, Hiz, WE. 20 0M# 1 A0 EHIRA, 24 0HBMIER. 34
DE LRI RFE AL, 24 OE LR REGAENERET L 2 & Lrotz, ok, 24 DO
RO B 141, 9 FICHEIAE Lt L7z,

I . RNP D RZHIRE ] oD g s

KA E S5 B2 RNA (20E, BHFRICEI D % U AR Y — 2 RNA (rRNA) SPHERS RNA (tRNA) . R 75
ATl YY) v T BN T RNA(U snRNA) . A w2 % —RNA(mRNA) | ~A 7 &
RNA (miRNA) 72 E3& 53, ZALH D RNA [, F4LZ4 D RNA FEIZ[EA OER 7SN TS
L7zt Mg ~LHEE S5, BN TENZENO RNA ICHEAT DRI, AR EF 57200
T, AN A% DL E L0 RNA OEA (RTEL, BER, ZEMR ) 2 bHET 22 L0 L
T > C&T=, D%V, RNA OFEEEIIEAN CREICEAME AN TR K - Tl S hTnT, 2o
AR 2 B AR 4 72 RNA DEM BRI B L 525D Th D,

fli )7, snoRNA > scaRNA 72 &', B2 6 < AL SN TN O 2 72 KA A Uik SN D
RNA HFET D, S HIT, —FED RNA BB S LT, 4 > b 25T mRNA FiEEIARZR &0
FRECARNA (TR 2 FTROBICED bND, o, UA L AOFIZIE, RNA ik 2 Hl# 4 5
ZEICE o THET 2 DD LHH 5,

LU X5 72 RNA OJER A 53 BN 308 R TR BUER ICEE TH D2 N AR AN Z W, 2D X
972 RNA OEEJIX RNA LD ED X 95 R HHIZ @A L TIThIL D Doy, £ Dl 247 5 # o3
JERFHIIED LD 72 b DO 2 AR, BE L7\ < O 00 RICEEAEZK Y, Mo
RNP 3 BLiZ 361 2 il 2 B S M2 T2 Z &2 B E T 5,



1. BAMREICIIT D mRNA @O ID =L 2 > N OEER

T4 VTFFIZ mRNA (TR 2D . mRNA 238 & Dk & 72 K78 A . BIIFEOD RNA T % U snRNA ICFAE L 72
F AT RNA Z{ERL L, 2@ RNA OZAMGIE A FI~<25 Z & T, mRNA & mRNA & U CalkBll S Twv 5 5
B MRNA D ID =L A2 R) ZRBLCXI, (AU M YPNFEETDHI L], A bry R0
Al TRVWEREEZ & bR, HEESLLEDO RNAEEMFEET L2 D 0T TERE
SORY ABFINGFET D L] O3 D2ON, ENNOFEE 1 D THED RNA 1L, BT mRNA
& B S AL, mRNA OFER F-HEA RNA BICEAT 22 L&, BUEE TICH NI LT,

ZOA Y hu s IDBEOFEBS I LR BELLI =2 XD HE S 72 EJC (Exon
Junction Complex) EPFRINDZ U NIBEBEGRTHDL EBEZ LN, EJCIZAT T A 20 TS
I L TAT TA L 7 OFET LIz mRNA LICHRFBAYICTER S 41, mRNA OISR R F- 4 RNA -
IZIFONATM@I X 235, LvL, AT T4 ¥ 0 ZIRIFAIIZ mRNA BRI S 40, mRNA OF%
ShgE R f-% RNA BIZREONAD @ E 235, 5 OE 2D X X7 HHHEG TREX (TRanscription
EXport) #AMNHZIZEFRE S 4, mRNA @ ID D ERIZHOWTOFRIZBUELRIREL L TV D,

RNA DR & ID 3%+ 2 2 "7 EICE L TIBRR 95, AR Y ARSI ID OFEFITIX, BErRD R
UARESZ o7 EREGLTWD B D2, FEMARBME TR A TIIATH 5,

2. RNA OR %X 5

LORERIZ. MO OM &D & X7 ER A BEAMIIEDERIZ RNA DR S ZRE LT 5
FEMITRBLTND, ZOHREBITIHBENORZ S D £V RNA _EIZ mRNA Ak
KT 2B S EHEICAA 9 L LTS, 2011 41X, BV RNA EA5 . U snRNA Ok
(K7 PHAX % fiflf SHDIEMA KR L, BESITICL Y ZOEME % 2 DFE LTz, DO
MR F- DO E DS hnRNP C # L 7 BERA LI RNA DR S ZMARFTHHZ MWLM LoOH
Do WHEEISRXEERDTETH D,

3. U snRNA fZ4 512 B 53 2 B K 7

OO T, RNA ~@ PHAX OFfEH 2T DRI OIEMEL[FE L, £ OG22 R UE &S
WaATs 2 LIC K VMR T2 FE L, ZORT L2 EHAENT S5 0L SORT2R | U
snRNA BZAME L IC B 5T 2 BRI+ CTHL Z EEH LN L 220D D, T OREFITRAFEE LRI
XHEETDHTETH D,



4 . mRNA RIBRIAR DEZ N AR FEHEAE

A2 bR UBERMPIVHRETO mRNA BIERASAIE X SN CLE Y L RERMENEZ S, £
PTLATITA VTR LRV OIE L WY R EREBLTE < /0 b, £7-, mRNA BIBRAAH
RSN TLEY & NI F U MNRTT 4 TIEEOH DR 7 RV EDRELEAINDIBENLH 5,
& 2 AMIFERRIL mRNA BIBKIZ A 7T 4 L 73k 5 F TEHRICHE S 5T TR IZ B 5
Z &iEev, 2D mRNA FIERIRDOENEFF O FHBIE, BEFRIUCEETHLHICHED LT,
LMo T, HEFREREE AW T2 OO BB AT N H D DB TH 5, FHEEWY
T, B E R TEOBREFIHEVICELS DA b EEATNWLZ ENE, BiELY & &
DIZJE BN 72 B8 IZ 1 > T mRNA RIBRIRDBEANRFFZIT > TWD EBZ LD, £ OHEDIEIC
TR FERDITF TRV, BREHTOESR, 77 U 1Y AT VOIRRMANTIE, 1 bR
YD AT T A AT F Vi mRNA BIEMEDOBARFEOIZDICRBETH L L WO MREFT-, £
AUTHE AT 5 U2AF &0 9 /723 BEIC R E 4TV % O T, U2AF A% mRNA RifBEIR DN FHIZ B 57
HEEZLI, ZOEMRMEER TS, £io, WILEESEMR T, K10/ v 7 47U 3ER
RNA ~DIKF D tethering ¥£(Z & - T, mRNA RIERIA D WNIRFFIZE G- T B8], ~ T o AKF5Ad
ZRIBEERE LIS R, U2AF Oz RNA ~U 7 —BERR - CTH VY RNA B4 ER T & 5 UAPS6
7% mRNA BiBRIADRENIRFHC BB 3 5 Z E R L IR . 2D ORER SRR LI,

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

Eilo X oz, W@EIEA v ha v EETe nRNA BIERARITHIIRE ~ B ST, AT T4 7T
F U R mRNA ICEHA S LD F THERNICE 2, = XAUA VA HIV-1 1%, BHDY /) LiZa—FR
INDd Rev EAEZHNWT, AT T4 0 758 HDHWVITEZIC LIZIT TW RN T A LA
RNA Z MIARE (CHiE S5, Zhid, oY 7 (NES) ZHFD Rev 237 A /LA RNA L RRE
EFFIEN D RNA BLANICHE AT 5 2 LT & > T RNA BEAMGEREHE & 87 O mRNA D2 h 5 NES 3%
IR CRML RFFEDZ N A~E AL v FTHHFICL > TR LZEIT BN D, Z O RNA BEAMREERRES D 2
Ay F U TIZBNT, T A VARFRIK T Rev & f5 0D mRNA Wik K 7 E#EO R O A VHIZ L
THRHE SN D DNZONTITES LN TR, 77 U B AT TV OIFREIEE ~ DM ETEA
EERW, A brraEie U A /LA RNA Z 454 L72E 7 /L RNA OSSR 23 Rev IZX - T
BENOTANABIANZAL v F T 52 2R LI, SHIT, Rev BRI E ¥ A VAR
LI TR, FEMOEERKEZHEL CWD I ERNbhol, £, EEO HIV-1 EYHI I
WA THREBROBEGN A OND Z 2R LoD D, &6, ZOMREDRO S THEZI G
PITLD2HY . ZhbDOFRERITWEELRICHR IR T L TETH D,



. AP T TR OO A S B o fi B

BERGMEOBIT. 28D B A A o RoME R &2 F oMM/ NRE Th 5, BAMERIZIE, Y
RY—LEBARDETHIENME, AT T4 TRAREEZITERT DAY 7L, Ay 7
NDUFFZH 0 EED RNAFES &2 VRV B R G0 RT Ay 7V Ny 1 RNA DAEBR O TH %
ANV, A RV ARIIZ LD FEISNHEA B L AR ERF BN TNDR, WL b B E
NTELT FAEERICEA O RNA X R BERERE L TVD, 2D OENEEROESZEIZ RNA
ERNAFEE X VR R EEREFEZH > TWDLGE DR, 2D OISR OREZN
EOX TR ZD2DONIH LT, MEOIGEFIENH L DR NDO0, HHETIIXED L
IMBDN, REEZHMLINEEZZTND,

NS

II. RNP & S

FIBIZIE LW RNP ZED T2 OICE R =R A F—a XA Mo TWAHR, URY —ARAT T4
AV =D XD RERTHEME R RNP O5HE, BROBMBETRERRNP ZERLLTLEI 2L HE
L 7WEA S, —J, BIG T DNA DZERE R D 2 WITERIMNRAL W E . 1ETERRFE 72 & Okk ~ 72
BRIEA DL RAIZE Y | FERAH RNP 1D RNA & B\ ME X 8V BRI N AR LT W A2 %3720 3
HZELHDHIEAD, ZOXHIRFRTERE/ZRNP NER L TCLE-ZE X2, MRITENSZ L

LT 5D TEH A DD RNA 31O SVEE R OWFIFITEANATOIL TV DAY, FEILRNP O

BB L W) BLED DATONTIEIRIZZ < 22 < ZOHMRITE 5 R OWTZIEND Th 5,

ARFFEETIL, VAR =R F2ET AR E LT, RNP OMEEEBEEZE-> TWD,

BEBE R4 U R Y — LRI D oy fif i
HEZERERE CIE PO R BRE R AZFF O L H 72 U AR Y — A RNA 1E, AARGRFE T o 5 E & B
2Bl BT, Bl U AR Y — 2R I2E T AL THNRD . 255 rRNA @ PTC (peptidyl
transferase center, ~X7'F NERIEMEFL) ICHRERZF O DOIFFERMOK (605) 7 2=
I E T, 18S rRNA @ decoding center (R EfiEamit s # —) (THEREZFFo b OIX5ER D/ (408)
V7 a=y FETENEIVHALTHNLD, WTNBFIRRO 72O OIEMEITE > TnD, Zhb D
X 97— RIEHE S HERETER L2 5e il U AR Y — A H D rRNA (X, ¥ LT NRD (non—functional
rRNA decay) & FRIEAL 25 RNA S0E7E BEEHE TR S5, T4 X, 255 NRD Oy F-HEHE 4 B & 7
TLHMTEEFNA 7 V== T 2T o IEfi R, BEDO2 X F U T —BEA RO T3
25S TRNA D3 fRICLEETHH Z EEH O MNICT D LN TE 7z, Fo, HEEMEK L2 60S 7 2=
v b EOFZ NI ER DI EXFTF ARSI TS Z E ol S HIT, 26SNRD (21, CDC48
BEE, 7aT 7V —5h, =XV Y —4 Xrnl REDEERKETHHZ LWL,

gilju



OWFETY R Y — LR DORE LRBESNTH%, 40S 7= MEEEL, 2% 60S Lo (D7
K EHL—HD) ZUNRTERSNTaT T = AL > TS IUTH B, RNA GRS A3l RSG5
FIRIND E VD T U ARENIDLEN - TE T2, BRTHIRIZLE 2 5Eah RNP & fif (K- 5 BRI
FFTOTT =LA THEUNRNTERSESHETD LN DL, Ok o & Lz b—M72 A 72 D)
HHNRV, TN OFERITKFEITTRLHEERT L2 TETH D, Elo. 255 rRNA @ PTC LIS Dk %
72 E AR 18S rRNA OERMAKEZHWTEEBEFNA T ) == 7 52T TEY, URY — LK1
MEEHOSRGEIMELLY L LTS,
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W — IR & LT 3AEMT < B T2 AR I3 T3 E R F o 4 a4 & 7
D, ZITHREMEZITVDOD, 5l EHE L6 TOER LM L TIT- 72,

DNA #8550 /31 /XA (Trans-Lesion DNA synthesis, LA FIZEWTIX TLS EMEF) (B> 25 DNA
AU AT —BIIKRIGED GIFHAIEE TR REFENTFET D, TNUOHDODNA KR Y X T —BIEIHEk
DDNARY AT —F (A-, B-, C-ROX-77 IV —IZHEINTWE) EXFIT L7012, Y-7 7

SV—C L TCHETHIZEERB LY, ZORBITBETIIIAI fEbRL TS, B hTIZY-7 7

U —DEEFE L LT Poln, Poli, Polkd JTONREVI @ 4 FEENEAE L, MEEIICIZZENS &1
% Pl EMTLS IZBH D EE X 6N TS, V-7 7 2 U—IZJ&T 5 Poln, Pol, Polkd L ONREVI
XENEN—oDH T 2=y FBALDDIZK LT, PolTiX REVS filtfitth 7 == = ~ & REVT #liBh+
T2z N BAEMR I AL, REV3 IX PoldDOfiiiEY 7 = F &7 X BERESISFEEI L TWDH DT,
PolCix B-7 7 2 U —IZEEI N D, HERERIZIZ. Y-7 7 2 U—D DNA R U A 7 —ERBEE DN
BN Z A L T ZNUBEOMERISZ21T 9 2 & AR WA 72 ST Poltid % O#% Ok I
FOMERIGZEIT) LB X HNTWD, REVI OEAITFEE L L TICTP LFIHTE T, £7220
KO RERIEMEL Y SO TLS RY A 7 —B LHAEAEHT 2 & 5 HRED F 3 NIZIS T 5 TLS
WCEHETHLEEZLN TS

BUE T, WAEWM%T®@%WMMT)%7—ﬁﬁ%NST)%7—?~®X4/%ﬂE®
LWL TEIAIZOWTOMBITNEEIC/R>TWS, RO ST, TRFRDTLS RY X F—Fi
72 HFSHO DNA HE D /A X2 5 DO THhiUE, il % D NDA HEIZH U Tt 7 TLS AR U A
T —EREMENITY 7 — R END T EBRMEITR D, L, DNA HEOTBEIIZMEETH
0, EITEIREEICH S 7@ T + — 7 D ENENOEEZFRN L TR 7T rEalahd
EIEEZICK W TLS RY AT —FE2EH% L D DNAKRY AT —¥ LA AEMEHT 5 PONA 28815 4 5%
I} 7-AMAE CIE RAD6-RADIS HAKIZ L~ CE /2R FfbansZ b, 2L T V-7 73V —Z@
TEHNODODNARY AT —EN 1 ~2abt—DabXF S RAL U E2FSZ ERHLMMITE N,
AT IR FBICHa > TR T 4 — 7 DE ) 2 EFF L& N7 PCNA 78 TLS R YU A T —E Z IR
ADDOTHAI EBZOND LI Tz, LL, NI EXFTF UEAE RAS o xT
VOFEBIENR0EIL . EEE TLS R Y X 7 —F D PONA fEAEF— 7E S (PIP-box) & AAERAf PCNA
EDFERITHEARD LR AT ER TIZ HIEEDEVNRH D, o T, EDTLSKY AT —¥ R
BRI Y 77— R ENRT WM, PCNA & OBIFEDNE —DOHER THLHEHZE2HiILD, L. U
IN— IR TLS RY AT —ERHRR AL NRATERWEHTITRIO TLS AR Y A F—FB ETY
BZbin, ZORBRZED TLS KY AT —E L bMAEHT D REVI DNEBEREHZ L TWDLDOEA
IEEZBND,

PolklIH¥ 7 /—T M cDNA &7 m—=2 27 L, RIZZEDEMH in vitro TDINARY X T —EiEME



ERTIENLZEDLICHMAL LT TISKRY 2T —BThHDH, Fix DI L—7 L NI O ILFEFITEE
& L B2, PolklE invitro TLS K& Tl BPDE-dG D [f 2V MANZ AR 72 € Z4F A L T8 282 L,
T FOMHRE KRB LIz~ AD ES #fd L O MEF fijaix<o v L icst LRzt s+ o
EEWE L, (6o T, IROAT v 7L LT, BPDE-dG & A4 DNA DK EDNLEIZF -8 T, £
FUM Polk=ofliod TLS Pol Z KRB L2 MEFMIfE TED L ST LTS RRAIN DN E WD EBREIT D
ZEliE. RFEOSEThHH-TZ, LL72n56, New York d\l‘ljki@ﬁﬁ%@ﬁ/v~7"k D HL[FEFZE
W2k D& FD XD 7RERIZ K o> TIXEER K O Polk K48 MEF HiAZIZ 35V T BPDE-dG (FIZIE[A U X
DIRNRTANANZ I, ZDAHMANZ iAﬂﬁAéht%@#F@%f&ékwo%ﬁﬂmﬁ%
ﬂ%%htobmbﬁﬂ% DX T T AI RE W FEZRPRNIZI T 2tk EoBE
DINA NRAB BB L2 B D THDH0E 9OV TIRERINES, 20 X 95 RERICEBWT
ﬁ%%:K%MM_ﬁlLKMMHmiM@_F7/X7:7F?ékTCKDM@@%%\%K
X7 LATF REREMBEE (NER) #EIC X > ThrESH, BELFZRWEfMELZ 2L DN &
RIS Z D2 LWy hotc, T2 T, AAHFHICIZTORDVICUZEAIFTIHALT, hT 27
=7 a9 AHEANC Uracil N-glycosidase (UNG) 2 C U ZHVFrE, WIZFH LTAELZ AP
A k@ 3] T DNA $5 & U35 AP endonuclease (2 X > T=v 2 % AT, BPDE-dG ® 5 xHHlIZ
Xv v TEFED L0V FEEZFIHE S 5250 o7, DD, MEF filRICEA ST
7T AIRDNA TIEET Xy v 72O L L W) RUSHEZ Y | £ O T BPDE-dG D /3 A /XA
ZDHENWIIEERTWDHZ LIZhD, ZOXIRXy v T E MO LD TLS S THEZR <, R
D YLtk DNA IR DNA 7R U A 5 —8 73 DNA 8451808 L 72BR o TLS RS 2 BT 5 K 5 7
KRR EEDZENEETH D, Hx DT N —T I NER KUGIZEE R Xpa % K LTz~ 7 A & Pol
ERE LI~ T AL EZRZE ST, Xpa & Polkk O 5% K4E L7z MEF MifE 2 1Bk L TV =D Tl
LD, BB DLED L DR MEF MDA b v 73R L TWD T, D X 9 72 EHIZMET 5
ZEIETE RN,

PolnZ KIB L=t MAEMERZIENY 7 v FOBE TSR Y -5 L ET o ZFIELLTU,
Poln% K48 L 7= MEF [ 34K %ﬁm%i%rbIbm//77¢%7¢x1ﬁ%ﬁ%%’ib&ﬁﬁy
DAELDZENEMED T N—TIZ X 0#E SN T\W5, Polkld in vitro TIXERMRIRESIZ
TH U % cyclobutane pyrimidine dimer (CPD) X2(6-4) photoproduct Z/NA /XA H Z LI T 73?
W3, Polk RIH L7 MEF |Z8RAMEZ M2 R T, EORESMEIL Poln/KHE MEF £ 0 & B 62259
W, ZDXIH72in vitro & in vivo OFEERDEBEWVIIARHTH S0, Polx/ v 7 7 7 b~ AN
SMRIBET o2 DMOIIRIZ L > THUBAE L D0 E I MIRRE L THIKRH Z2EBRTH D, 7
—IEE(RKH) D201 240 3 AR TOEFRRIZ L VKT 50T, 2565 TERK L7 Polk
7T R URAET T 7 V=718 L Th 0 | MRS KX 2307 257 E v s
ENDHZ LR TND,

BBIZ, ZONESRITN—T 2R 22 B EORER A v 3—D4 8 L LFEFIEE O JF 2 125
LT BDEHOEEZFR L THREONE Lz,
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AR 4 BRI E S A3 A B AR RHE LR R ICHE T Le, L7edy o T AR bR 5 B
IBUE, BdZ 14, B34, RFEFALSA, BB 14, BEiMEE 14, BE 14 0KRS
124 L7Ro>TND,

ARGy B CiE, M) B O 5 E R ORI R B E & WL O 5 TR, B X OVRE
ISEOHIEEE AT 5 2 2B U, Mo b FEAREEEZP LT LI EEZHBELT
W5, FRIZ, IL-7 L7 Z— (IL-7TR) ORERICKIT HEEE. (¥ —nAF 7 (IL-7) IZ&X
% T HIIPURSZ B (TCR) &EinFOMIE, IL-7R OIEHAIME, 1L-7 PEAM O /1R L & B BEfRT
ZHLICFE R ED TV D,

(1) 7L TCR ¥ 7 F /i STAT5 & Runx DTN —~DiES 24 L T TCRy& /¥ %
AL TT D

~ 7 A TCRyIB=FEITop T MlEIZI W TERE D IH STl Y, TCRy A Lo v 7 LIEX
NTW5, ZHETIZ, 7L TCR ¥ 7/ X D Ml OfFEN A Vo v v 7 aFET 5 2
ENIMBN TV, £, IERF O STATS & Runx [T P —Tdh D Eyd HsA LFEA LT
TCRyE L FIEDER G 2 i S ¥ %, £ Z T, CD3 Hilk%# 5.1% D RAG-2 KO ~ 7 A fif flit#l o & 1%
45 &, IL-7TR OF B, STATS ® U U f#{k, STATS & Runx @ Ey& HsA ~DfEAMETF LTV
2o £7o. ap T MAIFKIZ STATS X° Runx ORI X —2E AT 5 L TCRyEIR DG )T
BInf, EHIE, Runx3 h TV AV 2=v 7 ~<vTAThH, af T A2V T TCRyEE 1 Dz
ERFEIN TV, LEDOFEENS, 7' TCR &7 F /A3, STATS & Runx @ Eyk HsA ~®
WEEEZMEI L, TCRYVP A Loy U 7 ZFE L TWAZ ENRBENT-, (BT, AHE—)

(2) STATS (X Jy7'u®—H —D STAT TF — 7 %4 L C Jyitfn+ DH# 2 & H 4 25

~ 7 A TCRyEBMEFHEIX., ZNFi Vy, Iy, CYyBa Wi &= —%FFoy1~y4 045
DI TAZ=E5, THETIZ, STATS 28 W/ a®—% —IfFET 5 STAT £F — 7 IZHE
L, BREHER DOV 7 v— e XA N TEFIMRIZE YD 7 a~vF U2 2 & T, #85 & V-]
WA AFETH 2 LA ME L, Ll 20 STAT EF— 7 OEEKNICIH T HHEAEIZ R T
bol-, 22T, )yl 7BE—F—0 STAT EF— 7 &L~ 7 X (JylP-Stat-mut) & Jyl 712 E—
Z—RE~ T A (A)yIP) ZA/ER U7, Mo/ g BN Y o \gkEz 7 —H A R A KU —T
FEAT L7ZE SR, WITNOER < T RZEB W TH vyl 7 7 AFZ—0 Vy2 R° Vy5 25813 5y T Ak
FZLLWA Lz, £72, B EEWNICEETS W' T #ilabd Lz, —JF., v4 7 7 AX—D
VyL1" T MBI IZZEE R 2oz, SHI, WTNOS T RIZE W THyl 7 7 AX—0 V-] fifft
AMFELLIEESIN TN, DT T AZ —OF 2 I3E bR’ ootz LLEDRERENS, Iyl
TaE—4—~O STATS OFEEDERNIZEIT D Iyl BB TOMBIICAAIRTHDLZ ENHL
MWT7r oz, (GREEEM. L. ZkIE. JREEHm. EHE—)



(3) THlatDOBZRINZI T 5 IL-TR OHERE

IL-7R XV > 78ERD b & MEFFIC BB 2B & 2 LT\ %, IL-7Ra KO ~ 7 A TlZap T ML E
B L, v T M2 elic kKT 5, Lol, T Mlaobogiics ) s IL-7TR O&EIZS
WTIEREL ST SN T2, ZORBEEZALNCT 572010, T’xlZFE2 =7 Y Ol
loxP B4l %A L7z IL-7TRa-floxed ~ 7 A Z{ER L, Cre #i#2 2 B¥5 4 Ml CD4'CD8 BLRED & %
B9 2% CD4-Cre Tg v VALK LCaryT 4 a /b KO~V AEE, TORE, CD4-Cre IL-
TRV < 2 TiE, RO MBI L 2s, CDS T MM o ME s I Lz,
£ 72, NKTHIpa, HIEYE T Mo b LTz, &6, CD4T#HE CDS8 THlfIZRIT 5
Bel-2 DFEHMETFLTEY, Bel-2 T AP =0 2B+ 52 & T CD8 T MDA b3 EHE L
Too —J . B TIXY /8GR0, TR OBIIEA LR e o723, CD4 T flild & CD8 T Alfa A
WAL, 8 THIRAHEIL Tz, b DOFERNG, IL-7TR SIRICI 1T 5 CD8 T A, NKT
MR, M T ARSI E R Z ERNHLNE o7, (BB, BB S, B, £
H 7% —)

(4) V3 SEfkICIHB T D IL-7 EEARR O 5340

IL-7 (3R EBEO A b v —~ > BRI EEAT D0 A A ThHY, U 7 EROH

Bl EAT - oAl s BREMIARRIR TH D, LLanb, U kiR s IL-7 PEAMIEO 54
ERERBIZOWTIE A O BN, Fxid, ZOMEZHLNTT 5729, IL-7-GFP knock-in
~ U ALER LT, IL-7-GFP ~ VU A TIXEREA b —~fifa, Mol BRmia, IRE LRGimia L &

BT, U NEIR S VRO T MR A b e —<HIfESe U o/ VEN R T GFP 233881 L T
Wiz, 5T, DSS ICTCRIBRZFET 5 & K EEAIICIIT S GFP ORBLN EA L7z, Lo
25T, IL-7-GFP ~ 7 A |ZAEHE 72 & OYRAIRREIZ I 1T 5 IL-7 EEAMAAZ B T 57210 H
MTHDZeNbinote, (R, R, BIRR, BT, £HE—)

(5) /BB EEZANYS T MITMRIZ BT 2

/NG ERZN Y Bk (IEL) 1Zof THIAE Eyd TR 5725, af IEL OEJFRIZ DV TI fate
mapping D EER O IPRIZHKT D Z ERH LI ENTNDEN, YWWIEL IZOWTIEFELW I &2
AHTHDH, —F. IL-TKO v A TYS IEL B5ERIZKRKETHZ &b, yd IEL O43{RIT IL-7 23
VHATHD ZEDNHEINTWD, £2 T, i3 E721305%E CREMIC IL-7 2 KB LK
IL-7 225 4 v aF b KO~ 7 Z&M, yd IEL OREJRZ N L7-, IL-7-floxed ~ 7 A & i
R T Cre 38817 5 FoxN1-Cre v 7 A, M FRGHIAE T Cre 258819 % Villin-Cre (Vil-Cre)
U R EFNENAR LT, FoxN1-Cre IL-7"1 < 7 2 Ti%, MR of T MG & yd T ML A
LCWe, 2O~ T Z20O/NMETiIap IEL 23EAMEN 2R3 S DD D 5> TV ois, y8 IEL I
T DTN UNMEIE Lo Tm, —F7. Vil-Cre IL-7"1 < 7 2 T3, MR Dap T I &y T Hifa
WZEAIE o Te, 2D~ AD/METIZap IEL 11T & A EEN <. £y IEL & 30%F2%E
B L TNDHDDNR 0 OEDFES Tz, BLEDORER G Ml ERGia2 EA 35 IL-7 2



YO IEL DMEICUZATH D Z ENM BN L 2D KRERST D 8 IEL 2SMlRIC kT 5 2 L Rk S
Mo, (BEEFER, BUKTE, JREe, FRIEEM, &L, £HZE )

(6) FEMEAIICHEIE L TWD X NI EAN LT 4 F 2 ) VIES v b OFERL

AINLT ¥ =2V (CRT) IEREROMBETHRIAINTVWIEAE TH D, FaIXLHNIZ,
CRT X3 2DX A7 1) BEICATTAAINTZERZAT 2) EW LIRS AT T4
AL DEREH AT 3) AT TARINTWRWERRX AT BDEETDHZ 2N Lz, B
BRI O CRT 4 A/ 7oy MECERT S &, BEMEAE CIIREE I~ TIERICHE
VMEDEREX A 70O CRT BRI, REREOREZM A2 B L LT, BERIUREZ AW ZH
EX v FOERERAL TS, AEERE CRTICKIGT 2HE /7 o —F AHURZ% L, [E% CRT
ST 5 2 FHTELPUA & BEFFE O b FEFUA A A A 7ot > b ORI &R A BT
»5b, (EHIEH)
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AR 4 BRI E S A3 A B AR RHE LR R ICHE T Le, L7edy o T AR bR 5 B
IBUE, BdZ 14, B34, RFEFALSA, BB 14, BEiMEE 14, BE 14 0KRS
124 L7Ro>TND,

ARGy B CiE, M) B O 5 E R ORI R B E & WL O 5 TR, B X OVRE
ISEOHIEEE AT 5 2 2B U, Mo b FEAREEEZP LT LI EEZHBELT
W5, FRIZ, IL-7 L7 Z— (IL-7TR) ORERICKIT HEEE. (¥ —nAF 7 (IL-7) IZ&X
% T HIIPURSZ B (TCR) &EinFOMIE, IL-7R OIEHAIME, 1L-7 PEAM O /1R L & B BEfRT
ZHLICFE R ED TV D,

(1) 7L TCR ¥ 7 F /i STAT5 & Runx DTN —~DiES 24 L T TCRy& /¥ %
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LA (XMRV) OEYEFHRAE, 6) = A XOBHET N E L TORARERET A )L ADISE,

1) TNTEEL e A L2 K OBRIERBIRIC BT A ERE
WEEMEL a7 LA (ERV) (3R SE O AETEMIICRY: L2A kMt L R o v A L R CH KT DD
FITHDH, %< DERVIFERSCREKIZEVZEDa—TF 4 T ER>TWODHN, —HE D ERV D F




TR EREEFHRE SN, XU RNTEAREEZALTND, B RO T AL ERV kD& X7 %24
FOLDICHALTWD ZENMBNTWVDR, UV ad Lo &3 D MEHICI W TITARMEI 22 R
MW, T, BxiXEeERoTrXu— F#ET (env) DRIFS4L7Z BERV-K1 35 LU BERV-K2
EV D) 2D T L ERV Z[FE L, K52 BERV-K1 env DR ICEIT 2RI L~V IEF IRV D &
R L7 (Baba et al., J. Virol. (2011) ), LV hrUAVADTZ L Xa—F% 37 (Env)
IERAREZ A L CRY . BEMRITMREEGIREL R T2 ERMON TV D, ¥ U IRERICIT M
i (BNC) & =Zfifa (INC) 3 fFfEL. BNC B BNl L fla L7zt O INC THDHEBE X B
NTWb, Fexid, BERV-KI 72 &5 ONZ BERV-K2 @ Env 78 TNC DIERLIZBE I > TV D D TIEZRUW A,
EWO R E N T TERZIT- T2,

7 UREEIZEBWT  in situ NA TV EA B =T a BT olmE 2 A, LIRITORER & [RIEEIC.,
BERV-K2 env DI HUIMERE T X 720> 7228, BERV-K1 env O S5 JEAMALA: LA 72 S B HERR T & 7=,
S B2, HLBERV-KL Env Hiik % ok b7 217572 & 2 A, BERV-K1 Env 2% BNC FFEAYIZ
L TWDZENHASNE -7, M Env & C0S-7 MBI IRHI IR S, 7 o T2 T~
A ETEYEZRIE L7z & 2 A, BERV-KL Env OBBEWIEREZ R LT, 7/ AT —F X—2 % RFE L
7ol Z A BERV-KLIZDU Y FATZ DA by I8IZHAINTWD Z ERWH LN STz, FAT2 X
RNV A== T 7 2 —BEF T, ZLOBWTHRESNA TS, LTI T, Hepy B
Wz BERV-KI OFEZFHRDL 72012, wVAK A > (B taurus), SV 4 (B. javanicus) .
AA X2 (B bubalis), £ (0.aries). ¥ (C hircus) ®7% 7 I DNA ZHiHi L, FAT2 D=
¥ 18 & 19 ZPkte PCR 21T >7- & Z A, B. taurus, B. javanicus, B. bubalis 75 BERV-K1 Z A& L
TWZDIZHKF L, 0.aries & C. hircus (ZIZR 620> 72, 3FEF T BERV-KL IZ7EERD 71—
T4 TERANIE LT envDHEFLTEY, ZN5TXTO Env (T30 25 NIRRT L TRV
BETEEZ R LT, 2D Z &IE, B bubalis DIFEEIZBWTS INC BELONDZ L. 0. aries &
C.hircus TIXZENEITHR LA L HZ L &—8T 5, F7-. BERV-KI OFFARFHNIL, Del &
& B. taurus & B. bubalis 333 2. T8 B 1400 THELAITTH D LRI S D, S 6T
Wrateizl Z A RT-PCRICE > TV ¥ FAT2 ORBUIBBRIZR O TNWDL Z ERP LN E R o7,
DI &M b, BERV-KL 13, JGME TREAVICIEBLT D FAT2 BAR T FEITHLA E AU R, IR 5y
IR BSE RS Lo TIX Rt BE LD,

LD Z Ee | BERV-K1 23 INC DRI - TV D Z & 350 < TR S fu7z,

2) YR I NTEMEL b A VR (RD-114 T A JVRA) DA X ~DIRZ

VR A NRITZDERE TR L > TORREL e oA VX ERNTEMEL e DA LR (ERV)
23T BN D, ARMEL br A VRIX T A NV ARLAZ I L CTEERD B EIR~KEARTE T 5 23, ERV
IR EOEICEIE LAk L b a oA L AR AEIICR Y LIE BICESE LIz br A LA




THO, BEDT ) LE L THNGF~LEBEMLTET D, £ < D ERVITIERESLREKIZ I > TE DK
Ptk & o TWDH D, —H D ERV ISP ZRA LT D, DX 9D Y%A L7z ERV I3H 7=
PRI L, R A ST AR D D, EE. IR ICAMFZ & 29 FAR A
JE A NVAITT oD BRV Hisk L ShTnb

T ARTORABITEGMED ERV TH D RD-114 VA NVAD T ) LERAL TS, W DNRDX
S RRALAMAE (CRFK AR 1ZRYMED RD-114 T A VA ZFELEL TWVD, TDd, Th 6O E H
WTHLE SN T 7 F U HIZEYMED RD-114 U A VARKRAT HERDBHH EEZE X DI TETZ,
LIAT, & 1W< 200 % a F O X ABFAEY 7 F o hIcgdetto  RD-114 7 A LV ABRAL T
W5 Z L ZWE Lz (Miyazawa et al., J. Virol. (2010) ; Yoshikawa et al., Biologicals (2011)),
Al Bz RD-114 7 A v A3 A XERALHII R ORGSR L g L, W5 2 &
BT Lz, £72, RD-114 U A VA A XK OMBN G DB OZ BB T I/ B -
TUAR—E—THD ASCTL L OVASCT2 THDHZ EEFTE LIz, BT, A XD ASCT2 1Z7 h 7
NI BICE AR %R E R T AL hr A LA 2 BI(SRV-2) DREREII 22 5K TH Y . RD-114
AL AL SRV-2 DGEMHINS Eo KUY I BES ThdZ EaBWbhicLe
(Yoshikawa et al., J. Gen. Virol. (in press)), ZNLHDZ &b, A XITEWT RD-114 7 A
JVADEGE U L= 6. RERSEORBEASI X T ARERS D LB N, SHKiT
A XEARIZ RD-114 7 A /L A Z FZBUEGE U, BRAVKRRS D A LV A OHFEME 2 62T 2 WER D
HEEZOLNT,

3) 7ENEML b DA NARY T I N—F BOT L Nua—TFREZ 87T 5 PRFUEDE
flLo b h—TPER

T EZNBE oo RIE AL, SR OR R EE T DD 0K b AR FEDO—D
Thod, LPLRBG, T_XTOTERTHZNEMEL hr v A L2 (PERV) 257 AHIZHE L, £
® 5 H PERV 7 7 L—7 A (PERV-A) LB (PERV-B) 23t bk O ~EYe 3 25 alREMER & 5 7=
W, RSB 2 R ER < SN TWD, ARAFFETIXPERV-B D= Xu—7 (Env) K
Z oy (SU) T 5E 7 n—F APk (KRT1) Z/ERLL., HRiEoFELZDOT e F—7
R ZIT o7, KRTL OFFEMEZFEND DT, NFav VA V2% HWTHBLSE 7 PERV-A 5 X
O'PERV-BSU Z# FHWCA A/ 7y h&{To72E 25, KRT1 L PERV-B SU DA% i85 5 = & A3
L& ipolz, EHIT, KRTL @ PERV-BIZ%f7 2 FFIRE A WD 5728, PERV-BEnv 29 % LacZ
Va— REATUANAE AW HTFRBREZIT o7 2 A, KRTLIZ X o TEORYAITAEICKT
L 7=, PERV-B SU Ol b7 F R& F 7= ELISA IZ LY KRT1 D= h—7 '~ v B2 7 %17
728 Z A, KRT1 @O h—71% PERV-B SU O 71 Y U v F KA A KR T 2 BRI,
ALEPPHNLPVP ToH 5 Z E BRI BT/ o7z, BLEX D KRTL [T RAERE R AEIZAE S5 PERV-B D




RPPiaE2 o L THERITABERRFETHL VA D,

4) a7 7L ba v A LA (KoRV) OfEHT

WHLFAD 7 AT BB LY ha v A LV ABHKOESIDNER S L THEELTEY, &
NWHIEWNESEL hae oA LA (BRV) EMEEND, ERVOHFICIIBELEHA L LTRITLHO0H
V. —#o ERV HRE AIIE EOAFRAEMICARITENTND . 27T hr A /LA (KoRV)
FEET ) DA~ORNIEDETH O == T A VAT, L havA L ZORNIEET & 15 EIC
B2 28BIZONTHITT 2ETNMIRD EEZEZXDND, AFEETIIINE TIZ, AROEYIE
THBEINTWND 3T 7D KoRV EYURMAZFHE L, EDBIER > TWHRNEAZHRE L TE e, £
D725, KoRV IZITIEYME KoRV & FERYLME KoRV MFET D Z E VI L7z, £ Z T, i )7 KoRV
Boma—=v T L, UANVRFNRENTEZITH 2 LT, L bR UL LV AONTEEF LB EICE %
DR R IR D 2 LT Ui, JERYSIRIRA & 7 A L A BB OFE R0 S Yt KoRV {4
ERZ AL D AI, ZDOEIRD 7 7 KD PCR & W CiEfa A8 L intact 72 KoRV 27 n—=27
L. & OREYNEZ YL EBRIC & > TRl L7z, EBRIT, 7 v—=027 L7 KoRV & h T 27
=73l K Y HEK293T MR B A -ER L7e U A VA ZER L B S B 70, 7 A V2,
LacZ EinF 3 HLAIAE 47z HEK293T MARIZIEFE L7 D A VAR AR L & 22— RO A )L X % /FR
L., #FOYa— RN )L ADEYAGZHET S LacZ marker rescue assay CaEfi L7=, F DOHEE.
KoRVIZ D A /W ARIMEFINH D> < 0 EHIFE L, K 20 BT THIHIZ T 7 b —ITET D2 F RN D)o
Tzo ZDOBEDO T A VAL 10° FFU / ml FREE & BpAR L R E O @ MEE R Lo, — ., FERY:
PE KoRV & [FEED HIETR W iAI, 7 u—=27 Uiz, £ ORHIEFECHNT L2 R, gag Bin T
& pol BIETOBRPTENENT L—AT 7 MRRI->TEY, THIHEIKIEa RO AR A
bz, LIV TmyT 1 U IR DTG T OIFEGNE KoRV (fhfigias TR S 4,
FNBIEETRTRICHHAIM CTHD Z B ahoT-, o, ZOMEIKEBLBFRD & 5 8 TRtk
DFERDG BV, BABIROZRWER TIIIR AT R e > TN S | JEEEME  KoRV 135
NIEAEDZE T LI Z &V Lz, S%I1E. 15 D72 Y KoRV & FEREYLME KoRY o BEGRME 4 G
IZFN, VA L ZADORNEET L RIS 2 5B ST L TV TETH 5,

5) #iie kv~ ba AR (XMRV) ZHHET 574 —HAT v ORH%

ATSZ e & 02 7 FE B RE L2 3 T XMRV OG5 BE 5 L TV 5 ATREMEDS feam STV 5, Fox 13,
XMRV 23 % 2 H2K S+L-MiRTH 5 QN10S MAIChR LG L, 74— W AZHETHZ L2 AN
Elle, ZOBRGEFHLT, EEED XMRV % SEENOEEICERT D7+ — AT v A &
Lize ZO7 vEA1E XMRV OEREDOAHL DT, VA NVAGHEBRICOGAIATE DL EA6N 5,
%, RINZEYEBAE PP XMRV BUABIEE 2 O 7 A VA SBEZ AR D TETH D,

=

Y
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gk 23 4 3 AICIIDeaREI A EM B EFERHE LEIRR A E T - BAEBRG L. U A L AWERTS
FEEFITEONEEE & LT, IR EAFER LR ZE T - P2 BUS L. B A
ZHTOMEE L LT, EMERNSELHERHELREAE T L, 4 A X0 BB RIEBESEAIR & L
TENZIVI LTz, 4 H X0 EPIFFERHE LRI R A A Lz, BEFH~A a—X 70
77 hE LTHAE . (E5E 4 [4) RF5RICSm Lz,

FD4->5DOF—<IZOWNTH%EE%T LT\ 5,

LHIVRL b e v AV ARG B 5 16 R/ 1 O T

ARIZ T A L A PEGE U CRIEME 2 38 2B BRICB W T, AERE O b DI Z i b4 R
DGz MIET 200 TR - TN D Z L ATFEDORIERET A VA 1T BIHIV-DFFFED S )
S>T&E, TOUANAIMIEIZEADLLE ERFORBEMFEZIT>TND, TDODOEDDHIE LT,
PFARERET A NVASIV)RHIV-2 07 784 VEHE TH D VPX & HIV-1 ORYERTIZE fl R
FUCE AT 5 & SAMHD] 3+ EXF 7 a T 7V — MMELFMEICHEE S, HIV-1 Y2880
THZEN, AEICHREINZ, —J. 20 SAMHDI [ZHAGEMBICLEE T Enmbhn
TW5b, flzIX, Aicardi-Goutieres Syndrome (AGS) & U 5 AR AM AL R B 25 96 FB Tl samhdl D&
BFEREORER, A MIA COREEENFESIND ZENMONLTVD, ZORBTIE, Hifa
N DNA OHERAENBZ LN TWD, T b lHEOHREICED S DI, Snucleotidase & 25 VM
phosphodiesterase IEENEE THDH EEZ LILTWND, T OBERIEMEIZ HD RA A U3 - TRV,
ZOIEMEZ A X NA F AR TH D, Fexid, 20 SAMHDI Oz EHEEZ AL, T O
TN 2AT o T2, TORE, TOEELE LTI, 1,220 3V VBX 7 LATF RR7RD,
S DI Z OREHEOILERE R deoxyGTP IZBIFIMED EV & WV D G & AR DR 2157, AR0F5E
2L, VA NREGEOIIE A = X ADLEREDRP OIS, ZhvE b LI LI TRERS O fE
SRS D,  (ERERT) o (Peter Gee, WRATEE | EHREE. IR 1. SFEFE, WHER
. /IMIIER)

2. HIV-1 55 O T

HIV A K& DGR R A I = X AOfEHOT-HIZ, B b CD34 e mafiiaBm & M~
2 (NOG-hCD34) %M~ ToA N ARYEAENICE T 57 7 9 U i+ Vpu ORI AT L
72 Vpu KRBTV A VA TITEGE 7 BUNOIMEE Y A LA RNA BGPESERNEF AR O Z 2 LT




LMK T LTCWe, £72. Vpu 28T 2% HIV-1 TlE, p24 BED 7 A v A RGiaEmm o CD4
&L HITBST2 ORBMET LTV, ZTRITHART, Vpu KE VAV ATIE, £ ORBEUL T I
FE LT\, ZDORERN D EYHEARN TIEaEHIcB VT Vpu (K7FHIIC CD4 & BST2 @
FEIMBFINE E . IR R T A NV ZAOMIASA~D BN G & Z Sh, Zh b NEMEHICK T 5%
R T A NAEROEANACT 555 Z L BNbnote GasX#fad), (FEmgE, =Rt s
K) AWFRIE, G (R L ORRFRINIZETH D,

3. HIV cDNA DA > T 7 — B IFEAFMEMIA I & 7 A N AEHL

L hB oA VA IWEREREFRIC L D EEH Sz cDNAZ ., H C. @D integrase (IN) 12 L 0 e fR~H1
AT AT A I ERZ DM ERTH D, —J7, MRENICIIRSRR R ST L0 ek DNAAS
AT, ZNZ2THONBET LV AT LABRED->TEY, "Er—v U A LA HBVEZ &
EENDNAD YL AR~ DFIAASISIZ b IET D Z LMo Tn D, ZTHETIZHR AL, INBITE
L 72 HIV cDNADALIA BB DAFAE 2 R DR 24572, INFEPERIEZER T A V2013, B Y
A VA D 0.1-0. 2% D BEE TR ERICHIAE N, ZLT, 20D INFEARAFIERA AL,
Raltegravir® X 9 Z2ERRIGH STV 2D INHEHRIOFIE TIZBIT 2 B Y A /L 2L T b iR
ST, Fio, EEHRMAICDNABREHNE 2 FHEIC L 0 INJERIFHERLAZ OB R R 1 O L
7o Z o n, INSERAFMERLA Z T AR O DNMETE RS 2 /1 L 7o RHLA SR T do D AR Sz,

. BERATRE R B ARRRHIV-1 2 W CINFREAIFE T IR 1T DREEER 2T 72 L 2 A, T

HRIZ K0 DNARAE 2 3538 U 72 MR CIZFEMR BRI EE LT, INPHSERIBR B IIHT O 2831 72 e
P A N ZRLFOEBBE Sz, UL EORER G INHERIFETOAEMBNTS BREA L X
72 8 OREET TITHIV cDNAIEZZRANCHIA E LD ATREMEDN D D Z & 2D 7 v 7 A L A{RFEFMALIZ
U A VABEAMRL L 22 D fERMER R S s GRSCERT) o (R4 TS 8aARRER. SFEE. /)
MFR)

4. PESHILO APOBECI X% DeditingiGE IZ L WHSV-1 MEICE W TH ANV AMERZREES 5

APOBECL(AD)ITZAEERH T I W TEHE&ZEZH 5 apoB100 O mRNA O REEEAL 2 /Ml C
editing 9~ % cytidine deaminase T V) , EHIEVERIEH 2T TH D, & T AT, filr, B~ L2 v
ANVATEHD HSV-1 KT v hETUITEBWT, Al 237 A L ARG RIS S Bl 8 S,
B IAEATIZHHI BN TV D ATREME 2 R T DR R 2 157-, & LT, Al FILMIE TlX deaminase
IRAFBINIERGAE D A NV ABUIENAR T T 5 2 &0 ZOERNIEZE DR shRNA OEFAIZ LY i
PrEiLD Z &, & 5T HSV-1 DNA @O G—A &%) F C—T M EHIZ X Y non-synonymous 28 ¥ 73
AEICEEZ T\, 2L T, ZOHOFERIZE Y AlLIXHSV-1 DNA Z4EICT 5 2 ERnbhoiz,
ZAUE, HSV-1 S M2 HUE T 2 IR 23, FRRHIRIC B BIFFE SN D Z L 2" TR R TH D



E BT, MEMER T ToH % cytidine deaminase DHLY A )V ZEH &~ LR T A )L 2B NTIL L O
THETLHHITHS (. Virol,, 85:9726-9736, 2011), & D& DfENT > & Z O OVEH AL, TRIO
L O IR S - DNA HELEFED 2 S & Dho TV 5 (Peter Gee, WA M SAHER /IMIIZER),
AWFZET)N A s GRRERME) & ORI TH 2,

Model of HSV-1 inhibition by Apobec 1

oplasm
Cytop a proteins — B proteins — Y proteins
P\ ammmme- I ST
/
I
! VWA VWA VWA !
apobecl | *mRNA B mRNA y mRNA
| = / / apobecl
: 6 S o —
|
| YOO0X ﬂ DNA Synthesis
|
|
\
\ Nucleus
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1.~ AET V&7 HTLV-1 bZIP factor (HBZ) T X 2% 55 54 %8 BREEAE O SR AT

HTLV-1 i3 & N CWEMENGEH SN2 RAIO v ha 7 A VAT 5, HILV-1 XA T AR E i
(adult T-cell leukemia: ATL) <X° HTLV-1 BE#HFBHIESEORIEME B A& 2§, F£72 HTLV-1
R, LI LISt ZE R e %2 &0 5, HTLV-1 @ pX fHIkIZ X, tax, rex, p30, pl2, pl3,
HBZ 72 ¥ O fn Bl m A a2 — RENTWD, TOH T tax & HBZ 13X HTLV-T OJFFMEIC
BHERREZ R L TNDEEZ LN TS, Tax OFEHN ATL HIEIZB W CRERIZEIH ST
%—J5 T, HBZ A& TO ATL g THRIL TND Z &5, HBZ 23 ATL O AIBFRIZMED 51
Th2nERBIND, FalL DA BGME T MR RAYIC HBZ Z BT DH T v AV 2=y I v T A
(HBZ-Tg) Z{ERL L., T OB Z MM T 5, HBZ-Te IXZIE RSO RIEMRE, BI W
T ARRaMEY N2 @REEICRIET 2 2 LB U, 2 OEEMA XS T Mg (regulatory
T-cells: Tregs) DV AX —U—2Toh 5 foxp3 ZRBLT 5 Z & HVHIH] L7z, BLERER U 2 & IZ HBZ-Tg
M2k D Treg 132 OHIMHPERERE A PEE ST D . HBZ ITHEREAIIC L 7 Treg D ZIERLT Z L T
FEIG-ORIE MR B2 FHE L TV D AIREME D R S D, 70, HBZ 23 Thl WA N A DAL
fil45Z L2k v, HBZ-Tg ICHIfatEmE R 2B T 5 Z LA R Lz, HBZ-Tg IO HILH Z
NHORBE . bbb T Mt o EPRIEMERBDOIIE, ERROAEIHET HTLV-1 F v U
T DOREIRAT R & BHEL LTI 0 | HBZ 25 HTLV-1 OJR R MR B IC BB &R 2 R 2 & 2" LT
W5,

2. HBZ D%y T-BERE DFRMT & ATL BN AMSFIC BT 5 B OMKET

HBZ & Tax I ATL ORNANCEBELRZEZRI-Z L TWEHEEZLND, ZHE TOffMT THRZ &
Tax 13kE % 72> 7 VIR CHEIUT IR 2 BT D5 Z EBRH L E 725 TE 72, Tax IE NF-«kB #&#
ZERSNCIEMALT 225, HBZ 1 p65 OIEMEAAET 5 Z L1 LV NF-«B Oy SLAGRRIEE 2 R FLAY IS B
H4%, £72. Tax IE Smad EEAEAZEH & LT TF-BD L 7 F /U &2 #1925 Z L RN b Tz
23, HBZ IE Smad2/3 38 X N p300 EEEEREE L, Foxp3 % O TGF-BIUGHEREAS T DR G 2 15 AL
9%, —J7CHBZ IX Foxp3 &3 LU NFAT L BEGIAZ R L. Foxp3 OEAGTEMEZIHITL 2 &b
I L7, 2000 ORI HBZ-Tg (28 W CHERLINHIBEEE 31855 L 72 Treg 23HEHI L TV 5 50 7
LEZND, E£7. Fex X HBZ 2353 bZIP ® H Td D activating transcription factor 3 (ATF3)
EREETHZ LT, ATR3ICL % pb3 OIEMHALZIRET 5 2 & bR L, 78 b — 3 AP IS
< AREME b /R STz, TV E TOMATHERN S, HBZ 28 Tax & g MO > 7 ViR & 18
MELHREL L . BRI B AICELS B2 bbb, T HUSMT S HBZ LG T 21 FER 485K
FELTEY, BRAUICBITS2EERICOWTHTHTH D,

3. L b v v A )V ADFMAIALIEFE BG4 % DNAEIE 2 > /X7 DIRIE K O OEEREREHT
Ve oA VR, WEREMISC R0 ZEEHDNA A AR L, TNEEES ) LA ERIAT, —




HROD T A VAL B R E DOFAIR A FLAGAREBNL & LTS e Z E RN LN TWD, < 7 A [
7 A VA (MLV) 1XEEEBAAG S, CpG island, MO DNase &z MEfEIR DTS < A END
TERBESNTND, LLABRRG, 2040 A=A LNIMA S TR, FTxliTmbE s —
7o — % O CHAIA BN D KRBT 21T > T2 /5K, DNAEIE Z > /X7 TdHH NBS1 # R L 7=
t MiAE, X OYNBSL 2 w7 77 b~ AH KO MEF M2 350 T MLY 23HEEBH AR A, CpG island,
K OF DNase @& PEREI DT ALAIA EN D NRMET L TWDH T & &2 A L7 NBSI RiEE |k
Ml Tl WEM L L TV =2 —(HEICRET o A F AEMiTH D  H3K4me3 < H3K9ac,
H3K36ac JEiA~DFHAALNEDIK T HLRD B, W~Tu s a~TF U HERICEZ RO 5ND
H3K79me3 FEIH A~ DALISALNRD EHANEO blc, S HIT, 7o~ F U IEEIC I, v A
Jb A RGN IZ B THLAGAZBERATIZ NBS1 & 7 A LA DNA BFEA L TCWD Z &N RENT,
PLEDZ &6 NBSL 13 MLV DA A BEBAAR A 2 filE 3 218 LR+ THH Z LR BN E 8o
77

4. HIV-1 @i PRSI ot 2 Bt b iy o fig B

BUERRIR CHEM SN TV 5 HIV-1 BEEARREIR CH S T-20 (Enfuvirtide) (%, HIV-1 & AZEAJHAE
M OWERE SO 15T 5 Z & Tl HIV-1 IEMEE2 AT, LoaLaans, REIEHICES T-20
ittt 7 A v 2 D HBUIERBIZRIGRE A 15T D RERERTH D, Fx 1L T E TIT, SC34 R SC34EK
Loz T-20 it HIV-1 12 & 2R 2 m IR IERE G LB OBF 21TV E T2t s o T
BIToCE o, TORERE, SC34 X0 SC34EK 1%, gpdl =— FEBICZEOEREZFEL, T b0
FERTEALICFTF S L TWD Z EH BT Lic, BLBRENZ L 1T, SC34EK |2 LV 8 S 7= AR oK)
HEL. gpdl @ C RIFANTALIE T 5D cytoplasmic tail (CT) fEIIZET L T\ =, Z OfEIE HIV-1
DJEGe - ERUCEBEREE Z R L TOWDAZENHLNTWDSA, TNE TIC@ARERICEY Z
EW CERENHE SIS L TE~O BRI R FII AR TH D, T,

ﬁ@ﬁ@%iﬂﬁwém%£@§¢_ﬁzé%@%Mﬁbtﬁ%\Cmezﬂwﬁf\Fm
2K 3 (DM Z {535 Z £ X°, gp4l heptad repeat DZEFLAFHIA AT Z & T, SC34EK (249 3
FBOmMEEZMH5T52 L, CTHOERIL, mo_Xa—7% R OfEReLsl sk L, 72
EOMRERTND, LLEORERND | CT 2 B IIFEE A IS %2 & 7= HIV AR BRI R % &
E9 2 LT, R A PREROMMEICR G L T\ D Z &R S vz,

5. K ALEW % HAE L U Pt HIV AL A RRIERI O B %
BUEERR CHEM STV 280 HIV 3T, HHER P S 27 3T 2bEWn 2 < | bRl &l 72 5
EE%%&@%%@%@@E B LR TR SR VWEBEEAFET D, £ 2T, FxlTARFHE
ZeR e & L ILFEIT, FELME Sy FHUHIV OB A B E LT, ZHVE TITAT - 728Uy U
&&1 STALEMDORA 7 ) —=v 7 FLHIVIEW 2 AT 2 BREOFHL G A FE Lz,
_n5@¢ X, BEFOHUHIV-1 PR & 35 W& - @aos, WiRERIS, A7 77—
FOSUSNZLEL TS EEBEX bR HLEMbE N5, BITE, RESNIALEWE HRMEE L
T= TS MR AR O VERL  SAH ., 5L A LR R T MRS, B X OERBEF ORIEZHED TV 5,




BYYEE T g v & — Experimental Research Center for Infectious Diseases
) N~ 7 AN AR Laboratory of Mouse Model

2011 45, MHFRETIIH =R AL N—L L T4 A1 BIVEBHEE L L TERERLIESA, 4
AISHEYARARZ E LTS A, 91T HELDEBHBE L L TERBNMIAZAZT,
—J7. 3 ARTHIFMEE OIS AR L7, 612, 4 ALY (W) BELFIFIaT Lo
AT B B RLIEAF R AR S, 9 A K& Ffo CHBME B OB EH T S A & REFEDORR
KEFE NGB E) Lz, R, FEEIXA Y v 7 34, KRERE4IL, RART 14, #5H
R34, FHEMEB 14D 1240 L a7z (2011 45 12 A KKRER),

FlEfeE, YAFZEE TIIMAEICR T 2 A dBERE O E . BaE RO ENEL L O2EME =
YhE— L L TWA A O ICT DI LA BIE L TR A T > T 5, R THIAERCE
(== XT ¢ v ZHIfH & EmBlR) TBEEOKE) REA2F—U— NI EZREML TEBY .,
Briz 7o 38 RACHE T < H 2 FRICHIA TV D,

1. EAMVY DU AT VALEESR, Imjdla, Jmjdlb 23~ 7 A DG VR R AN Feiz 31 E

EA RV H3 DY 9HIKY)D A F Ak, B FREOMEIRC~T v 7o~ TF AUICEHER
TEVZRXT A v I ~—T D1 DOThHDdH, KO BIIX, WILEORAEBRIZEIT 5 H3K9 D A
FUDZ A FIXLEBFT L L, TNEFRLIEELRET DL THD, Fox LA
H3K9 A F/UALEESR T 5D G9a & H3K9 il A F /LA LEESE Tod 5 Jmjdla 23 A R EL - BERET 5 Z
LTk o T, = U 2DHEDWESZLETH D H3K9 D A F AL LN E A F 2 v Z IS T
% Z L Z4E L7z (Tachibana et al., 2007), Jmjdla 23~ 7 A DIEAEIC R - THEREZE L 0 3EICH S B
0C, Jmjdla /> 2 77 b (KO) ~ 7 A% {ERL L 7= (Inagaki et al., 2009), Jmjdla-KO ~ 7 AL A
THAOEANZHE > THEEN, RADOYTRIZRDH T EHAEETH -7, Imjdla DHRER—TTH D
Jmjdlb & H3K9 O A F /AL & il AIHE Td 5, Jmjdla & Jmjdlb [X, RNA TH X N7 HD L
NTHEREDO~ T ABETORIBBDHLNDZ LMD, @iy~ 7 AORAEICS O TEBL
THREZ - TWD Z ERTRIS T, Jmjdlb-KO ~ 7 A &S L T O BRI 2 fbT U 7255 5L,
HAETHZ ETEDZ ENDhoT-, WIZ,  Imjdla KO Jmjdlb @ EHEKREZ <2 HHY T,
Jmjdla+/-, Jmjdlb+/-DRIF DT V)% FFOMRER LD RZRZ1T > 7o, ZDFER.  Jmjdla/b DX T
JL KO (DKO)~ U7 ADFHAERNAEENTL 52 &3 hotc, TOZ &L Jmjdla/b-DKO G723
BEThHDZ L amLiz, SOITHlo T LIZRER, mjdla/b-DKO ITSEHE. 7.5 B XV BRI
WL TNDZENSoTz, LEOREENS, Jmjdla & b DREREIZTEE L TR Y. ZOMREITRAE
WCHMHTHLZ L HRm LT,

XV FEHIC Tmjdlab DOREREAZTIRD 72D, 4 FaF L FEXFT 7= ( OHT) fFEFT
Jmjdla,b BNRAET 5 X 572 ES MR &S Lz, 2 OMIMA OHT 774E F TR L7-A5 3. Al




JH L 72 < 72572, Propidium iodide(PD)4 A DFEF . PIBGHEMALD Jmjdla,b Wi K FEABAE T RHEIZHEN
LTWeZ &b, Z OMdo IR T O RITMIEDFENFK & & 2 bz, SRV,
Jmjdla b U <X Jmjd1b OBMKE CITMREITFE I N2 o7, S BIT, Jmjdlab H /KA
TIXY A F /L H3K9 O KRIEZRIEINTRD Hivie, Fio, M & [FERIC, Jmjdla & L <X Jmjdlb
DO BRI TILY A F /L HIK9 O~ 725 b D Th o7z, LLEDOKERIT Jmjdla & Jmjdlb @
BREOREBE L S DICHEMT = OrfE, BA, ER),

2. AFHDOHERTEILB T LT E Y = 2T 4 v 7 IR OFEENZ DT

PECIER R B T D IR B ICHEED B 2 22N E C 50 b DR TH 5, Mo ki A4
FHEAT ) AR BEBIERE TRIIEZ D720, £ L TEOREEEBHNZEEZ BT 5 72010
DR E S 25, WALIETITIRSIEERI N T Sry BT OFEDPHILO AL v F 2 AND T &N
15 ATV D (Koopman et al., 1991), JE EHIC — HFESL L7 MEIZZ OB EDL D Z L AEIZDTE -
THEFF SN D, HEIRE L Z OB OMDOHEFFICZE 22T 4 vV RTEREDL I IZHb > TNDH D
DWERICAHTH D, 07, [HILEOMESLRRICB T2 s ) 2ELEH LT 5
TLEAERBREL LR EED TV D, ETIRMESIC LADOKRE 2 H 9 5 AT AR O R 3R %
BINL 3 57-%. b b low-affinity nerve growth factor receptor (LNGFR) 7y 742 BB T 25 h 7 AV =
=v 7 (TG) ¥~V A%HBL L=, LNGFR OFBUTIE, AFEMARHEuR: S E {5+ Ad4BP/SE1 D7
nE-h-% i, PRED, 517 TG ~ 7 A Tk LNGFR IZAFHIRARIL COABEHN A LD 5
AUy AEFEARISR A TIIMm I SN e oz, I HICHT LNGFR fitfk & <7 R v b B — X% V7o gl
FERAEAToT L 2 A, BRLIEMIBO 5B 95%LL EAY Ad4BP/SE1 BtEDflaCh 7=, BIEZ D
TG ¥ U A%~ T, E11.5 RO SRR AZ KR L 207 ) MRl & B Is 13881
DFFHT 21T > T 5 (MLAE)

3. WNLEMEL a7 AL 2K T ESET @ DNA (15 /4 ) LA EMIZ I T D ESHEfHT
LB DT ) LD 40%IXL v b7 VAR U EHFEELTEY ., ~10%IINEEL br o

ANATHD, ZNHOL haRFIEY ) A EEEBET L SICL o Tl FERZFIEEZ L,
JEE Bk RIEBOER & D Z ENRP LN/ -> TETEY ., MIEANTIEZE OERBIEM 2 ]
TOHIENHETHDLEBZZONTWD, fii, ~ v AP (ES) MifldicisnwT, WEMEL h e
TANAOIHNZE AR H3D9IFHD U > (H3K9) DA FIALEER, ESET BMLHATH D Z
EINTRENT,

~ U A ES M T Eset &M 2 v 7 7 U b LTeGE, MRS E N BHF IR T 5, 20
HIEIR T DA = AL BT D8 2 THEH 28 L7 L 2 A, Eset KM TIE GU/S
MBI G2M I TBIEN R bz, £z, —HOMIIZIE W TT A b= AR5 T




2o TZTpS3 EBAEORIL NNV ERFHARZE A, REMIETIE 3~4 FICER LTV, &6
IZ, DNA 5~ —F—Th 5 gamma-H2AX O &S, UL 7R &0 Bog 7 isE 2 Fi oMl o &1 &
ML TWe, BLEDZ &b, w7 2 EBS M2V T ESET 1377/ A D EMEIZ B R E
ERETZENBMIREBIND,

UL, Lha b T RARY DO—>TH5 Line-1 1Z DNAHEEZFHEHRTHZ LML AT
7zo % 2T Eset XIEMIUIZIST 2 Line-1 DIFBLL NV ZMNT LT & 2 A, B ORI
Dol ZDTWD, Eset DXBIZL > THIEEZIND Y ) AREEND K E LT Line-1 OJfit
RN E 2 5D, BREWT L, AR THAREAEL TS DNA HEHMOIFE A LI
I DNA 18K 7 Cd 5 53BP1 Y 7 /b— b STV, Eset KM TIZEDOHEIGEMET LT
W, ZTOZEMNG, BOFREMEE LT, KIEME TIXBERIEAE L7 DNA HEDRDEMIZER S
NPICEET L2 LI Lo TH ) AORZEESIER T ENBEXHND, S53BPLIE, B X |
YHAD20FBHDY U (HAK20) OV A FALZFR#T 5 Z L12 X D DNA IEHSA~DFE &%
RIEET D Z N EENTWD, TDD, TP RT 4 v 7 RBAELED T, HAEESET 22 &
DEHITS53BPL DY 77— MG L TSN OWTHETZED Tnd  (FEH, EH),



BB R G £ 7 AR v — Experimental Research Center for Infectious Diseases
ERET T ST MEE Laboratory of Primate Model

2011 4 3 I A mselli, M ZRAL MaRe 7234 N« BREE AT FERHE LiffR 2 . KI R E
INAFEFFRER PR ELRREE T Uc, BBARAL. 7 X M7 B2 DSk L
Too 4 AITiE, e, fhRmees 3 ARE R - BRETAIMERHE LIRS, RIS, IS
AR R E R AR B LR R IS A LT,

URFZER O FEMZCREIZE DL b A LR (HIV & HTLV) O&YL A4y T « BEa8 M - ke
ER L)L TREBICHITT 22 EICE 0, TRH VANV ADOREMEEZFIH L, A VARBOR
BETHEZBET A E2HBNE LTS, 72, VB UANVAFIYEIZNA T, 77804
VREYIE (F o T A VA B EAVER S 7 A L R) ORI ST > T 5, 2011 FEDRFFED
BlX, LT LBY TH D,

L. STV EGHY IARNTN- U AT Vil Nef ¥ 2 /X7 ZBEMET 25 T Ml NMFAET D

IR A VAL, 8 TR AFAE S 2 AR s 2 R L 22 i iuEE R k720 HIV B8 KO STV
1315 £ 23 FF> N-myristoyl-transferase 3 L OZDILE TH 5 myristoyl-CoA Z {0 T C,, faFfnfig
Wil (SVARAFUMR) 2T ANAZ LT Nef O N KWMOZ Vv U EEICHEST D,
N-myristoylation & FEEIL D Z DELFRISIZ L D Nef IZBEBE~OFRMMEZES L, 2D X
7 ORgRE L UCHRIE STV D50 MBI 2 J8 45 2, ARBFSE T 18 EREMIIN- U A F
fR{b Nef Z AT 2 MIEENE T MlRAZH A CVDEEZH LN LT, N-2 U AT Vgl Nef X7
F RIXEBFkT 528, BT F RIZiRik LaW 7 B 7 YL HK CDS B T MRk 2 1tz L7z, &
(2 AR AT D N-X U ZAF Rl Nef 7" F REFEA T MY STV JEYLIC K » THEINT 5 FH8IE
SNz, EDORERID  N-R VU RF UL T A NVAXTF RITH LT 7 A0 CTLERFUR E L
TRIEINT-,

2. STV MBI Z 2 U 7 F L HUs A e G EME T MG O S 72 358

AR SR T MAE (CTL) BOGIE HIV 38 X OV STV Oflilc s THEETH D, ARHIN T DT
A XTI F UHEIEITIE, VA L ABRFER T EER O HIV-1 Jgide & bl U C & 0 i 8A072 CTL b & 4
BHRD CTL A€ Y —OFFENET b D, Fx IXLRNC CILFFERY 7 F o2 ERL, V7 F v
SO SIVERZGIE L cF2®E L, 2oV 7 F UERICEI D STV Z 6148 L 7= {#
RI%, HOHWBERE GOSN Y 7 F U HURRF R CTL OG22 L, Alfkxix, 2o
T 7 F U RIERIC BT T A VA EERIZHIE L 720 IR O BB BERE . CTL SUS 2 gt L7z, B
S RE T, 90-088-1j D7 T A T FEHME G MHEHUR 2 K5O EARIE STV BB A% % 5 IF Gag L




JRAFREY CTL UG &2 Z L7z, — . W—OEEMEE S TR 2R/ S YD 7 F 12 kb
Gag FFSEHY CTL A& U — 3 eFE S M 7o BRI B BT B 20 72 Gag e J2AY CTL SUSIZ K- TSIV
BRAFIE Lo Te, ZOHEIIY 7 F U HURRFRZ CTL BOGY, FERIBMERIZ I T & B4z
HRICEBCHFEINDFLZ /R L TWD, LI 2D 7o R, BB Y 7 F > OBREIC K
0. A NVABCEBERERICY 7 F o PURRE R CTL SUSAMEBMCEE Z 53, LovL, SIVICHT
HIET I F U PURRF A2 CTL RO ITIBIE T 2 EA R S iz, 2D OFERIL, VA L R IgFE%
(2 2 % CTL g B R IZ B U CIRRELBAI D & FF il s G B e 8 % T2 R L Tk v, CIL
HER A XT 7 F L ORBICBIT DHUROT VA L OFRND L2 b,

3. V7 —=VFT A AT VAYEIL LD SIVIEGE Y Vb O IR 7 v — FUR D 4B

AR MRMESIE OGN IT Y A L AEG 2 8, E3HIE L 2 EEEETH D, Linl,
PESRE I X 5 HIV-1 RSO FHIEIC BV T, 7 A L 2 OB SR L OWLREE D 7 1 v
A SEGME RN D P S RA 7 E & e o T D, ARAFIE T~ 13 STV IERIZ L - THHE S
NOTEROMRIT Z BRI E LT, 77—V T 4 AT VA EZHWT 1B SIVEG Y LINBHE Y
B PR ESHE LT, fE s T ) VBIR T ORIERE T S VRERI T T A~ —I X0 g
L. pComb3X 77— 3 Rz m— Ak L, Fab iz BB S, ZOHnb SIVZ 37 Tkt
T HHURE  SIV X X7 ZEFAE LT 96 7R T L— M2 WA Fxv = 7RI 0 3R
L7, #5720 D Fab 7 o —0 G5 0708, TOND 14 7 v — 0% gpdl, 4 7 v — 2% gpl20, 2
70— L p2T 1T 5D TH-o7-, Pl gpl20 Fab 7 v — XN b7 v — 2 & pEA LR
e LT e RIHUARRE S M STVsmH635FC J6 L NEARAYICHEAL7Z STVmac316 Z 524 hFn L, Hf
PUAHEHIIED STVsmES43-3 (2% LT 7e < &b 50%D 7 A )b A JEGePE R Fngh 8 & 7k L 7=, i & ELISA
&V ZHBHT gpl20 HUIKIT V3 L— T 2 E T gpl20 L DE —DOHUFRE L 2@ 5 W5
& T o Tn, RBFFETRIE S0 72 RRENE 2 FEofiiiid, Jadie PRS2 FFo bk &2 #5E
T DD DOEIEDIADOFRNY L2 5,

4. e VEREHIA XET A CTRLNIMBE X 20 U 02 RIEHAREOZALIZ X DIREMEOR K
HT- Y L7 CCR5 F5IEIME HIV-1 BRICH T D env EIEFDHELIT T A /L A DIZ AT FHRED
2D DL L COIERICES ZIT ARG TWD, Lov L, &Y O I 352 22465 F g
O¥RHAN Y L7z b O OBBIZHIE S 7z CXCRAFRIAPVEY A VAOFHBLOFERLE LTREZD 5
HBIHH D, %BBEOREEME T B 7L CXCRA FETAIMEFS L OY CCR5 FE MM SHIV 2 3pefl L, % 4
DY A NWARFERIN 2T T A~ —_XT RN T ANV AERORIEZ BB L CHFZE LT, By L
O 1EATIE, Y 12 BHETICHE YA LR L BIICERIMH S /-2y, B 5 1 %I
TANVABENGIE L, U TP CD4 Btk T Ml O kL & BRIRHRNRE AN R HL L 72, i




7 A LA RNA @ PCRFATIZ R O (U A VAT 7 LERHEZ 1T K - T CXCR4 FRMME Y A L ZHi2kD V3
2 E e env BARFOHEIN S 5 —HD CCRS U A VARG ) LAOYENL LA Z S, BilloE
Bpe, MEFAIMER IS ZOYRRMEZ 8D CXCRA FEMIME T A W AR ENTERP SN L o T,
INDOREREND, EAENTOL ha v A L AAB X BIGUIBREICEE 2 ERA RS x5
A NAD—HRMPIZ T A VAR L UTHRE SN RWVERZZIRITHEZY 2 252 RE LT
W5,

5. EASFETHLYND SIVYEGEIN BT 57 T A 1 TEREE A MEHUR b I E T s

77 A 1 FEHRRE A TEPURE S S CD8 [ 5 T MiAa (CTL) K& IE HIV 38 KUY STV 424
DHMEIZ B W TIFHICHE TH D, 1 TH Gag FrEAY CTL S IE HIV/SIV O ERINHIE ) %2 KF T
HNHSNTWD, MA T, H&KIT, Vif K59 CTL B L RBRE IS 58T SIV 20 R 0 BE &R
BINTW5DH, HEDY T A TBIBTFRN, 2D DRI CTL KKn O GBI 2 — %
H25ENEBEZOND, AW TELARIND I TR I NNT LA T a0 SHOEIV~ET 7
VD STVmac239 YUY F 1T 5 Gag 38 L OV Vif FFEM CTL SIS Z T L=, 90-010-Te N7 ¥
AT HFEOF1RE (45H) TiX Gag FFEAY, Vif FFRH CTL GO EBL L b B INen o7z, =
AT LT, 89-075-Tw NT XA TR0 28 (28) BL 91-010-Is ~"T'u ¥ A T ZFiD
93 RE (28H) T Gag BFRM), Vif 5 5RAY CTL SISO T BB S iz, BB Y 7 F 203,
IETERIC D A NV ANEBE# O CTL SE BB L 5EX 2 FE2ZBET L. b 3OV LIL SIV
YT DT 7 FUPURRR R CTL OEEZFHMET 2 E TR B LND,




b BT Y A L AP SE R 2 — Center for Emerging Virus Research

1) EBV B R & AME Y o SRR ERIE £ 7 /L BN O e N7

Epsterin-Barr 7 f /L 2 (EBV) &, & MIEEEZRET DT~ _XZATA LA THY | R
FORMADI%BEG L TWVD EEDNTWND, @, /NEHITI T 2 EBVAIE G T HARY (2 HE
ETHY ., WEEZRETLZ LT EA LR, —JF, BHEHZLOEBVAIEYT, U v SR
JE I KX OVKRAY I CDS B 4 THIAE o B 1E Al « 5 %2 F L 3§ DA ek R BRJE  (infectious
mononucleosis; IM) (ZRF-S1T L5 23, HARWIZIMIZ B RT3 D self-limiting /2B TH D, L
MULRND, ZOTAVRTRKIT, BRRY v /3l N—F%y YU NE ROFURREDEE

RHRBEESEETL LML TS, S 5IC, EBVORRRIC L » Thl &k 2 & 5 Bz
BoOOESE LT, EBVEEMERE &MY > /N #& ERAE  (EBV-associated hemophagocytic
lymphohistiocytosis; EBV-HLH) 2%f 5115,

EBVIIE MEERMIERETLVANATHY , vV AZII LD E LIZERET VICHEHA SN D /N
WIIEBVIZIHEZMETH D, D72, b MERFRIICHEEL T DU A NV ADKRYERIHYET
NOHEITEDO THETH 72, EBBVRE MUERETY A /LA (HIV) REDE HREAHH A
DY T WL HET 572012, AT ZNE T, b MEMBARERIC XD & hEimaE
ZHRE L7-~v A"t Mb~ 7 A (humanized mouse) "Z1ERL L, EBRARZMEN L, T OHITZIT -
T&7, b MevwvRiE, B ShZE RSN S S EIE e hAMERAMEL, & MAEEN

IEIERSOEMBREEZ 1ELL EHERF T2 2 RN T& 5, B M~ UV RAERAZHVDLZ L2k,
ZHNET, EBBVEEIC L 2BHIAEDO ~ 7 AT AN - RESNLTND, LALARRS,
EBV-HLHO W REZ FFELT 5 E T /MIWELICHE SIL TR o Tz,

Fxld, v Mevw U RETVERWD Z L2 XY EBV-HLHO/NEW)E 7 )V OAERIZHED L7z,
ARETIVTIL, (1) FFIREKX; (2) CDSE%‘@T%HJH@@@??E“-?ﬁﬁﬂ:é:fé%ﬁ%~®?§?%; (3) mIFN-yIIIE; (4)
IEERMEIE MR, (5) M/ IMIIBAME; (6) FLEEROIEFE - 1EMAL; (7) B HE. P&, gz 2
ERAMERERE, OTSICREESND, EBV-HLHES TRON DB MEZ T X THHRTLZ LN T
X7, RETNIX, I E THEDRIBRIED /2o 7= EBV-HLHOJHE REHETT 2 1l 5~ 5 72 O O FH
ANOFHHRICENL S Z ERHIREEN D, I BT, ZNETRITH -7 EBV-HLHFEIE O §EH

DFAD=ZALOIZHLENR DL LB BND,

(PEREE. =T, /IMIIFER)

D RIGHE MR OWEEHICED L 7 n T 7 —BAREr 7 OMREMRAT
SR A FE ML 2 2 7o F FEhE & L COSMEDRE Z HEFF T~ 2729012, 7T ARVERIE I 13AME



WK OREEZE=#—LTA ML RITUSET 2 MEEHEEEN D> TnD, Blva vy sl
A DARNLVAZ LS TUMELZ U RIBEDI AT +—VT 4 TIRFERIND & £DT T F N
I IRZES N T o WMEHILIN, a2 NV ASEBEFOBENFESNS, ZhET
IZ 6" I Ko THRABIEZZ T 2EETIIZHAEINTNDR, Hr OBRTEDOREREIC OV
TEHA LT > TRV HE, o A b L AIREOAFREE 2 BfET 572012, Fox lxkik
FHIZBWT o Ik > THRERFESNIBLEFOFNLN) TIXLDA 0T uTr 7 —¥ia
— NI EHEIND yfeC ITHER L, HEEMIT 21T > T 5, yfeC BIE T ORI TIE, FElE
PRSP SR DR ERN B T1E 0, U R ZFEOEIZ b 2 ME S N7 LptD O 7 %
— T 4 U ZEER RN, T ORBEX, LptD O7 vy 7 U —IClbL VR R
7% LptE Z@REIEBLT 5 Ll & 7o, S BT, yfeC BB T ORKITIME S o 37 B Ok 2B
DHRYTIT ALy X R0 EEARZ 32— R T 58EBFOEREMAEDE D Z & THK
T AR LTz, 2RO ORERND, YigC 13AMES XV EOIEF T2y 7 ) — 0 EE BT
i< Z & T, SMEOHREMFRHCFES LT DH B2 L5,

(REHEHT—ER, BB R D (23 A v A L ARFFEERRT)



BWEB S~ U AMERRT — A Reproductive engineering team

~ U ZMERZ R T — DL T A NV AMRFTEME R RO T T~ U ASEINO W RFEZ T T b
TAVz=y 7w TR (Tg) /v 77 b~vU A (KO) OERIEZT->T0D, £,
AT T 2 O, A SZBIC L A~ 2 an=—oiik, RE~ Y ZERL, B4 ST H 0%
FEORYE(R=C ICST (BAMERHRS) . DN L b E A ETH 5, MOV TEIAR—L =V %2 T
ZRNTZTEE T2,
http://www.virus.kyoto-u.ac.jp/Lab/tgkoivf/index.htm

AUN=IXT ) LRE~ T AWTEREPTE OE M (B M E) & A RBEATSE 5 B T8
b8y (HANE) D24, WE3FEHOFIEILTILOBEY Th b,

1) BROBWERE

2009 4= 75 Rt 20, 337 &
2010 4= 101 A 18, 620 @
2011 4= 117 R 25, 130 &

2) HNEMBENLLOTYREBEA

R IS Ak
2009 4 (&3 2 SRt
2010 4 4 R e
2011 4F 1 SRE 3 Rt

3) FIURVz=yrwyAOER
KIS fili FH IR %L Tg FEIF4K
2009 4= 97 33, 821 190 (0. 6%)
2010 4& 90 32, 857 124 (0. 3 %)
2011 4¢ 81 29, 031 227(0. 8 %)

4) XAT<wT7RADOER

7 o— 8 fitt FA R BaX 2T
2009 4= 52 4, 587 242 (5.3%)
2010 4 106 7,106 394 (5.5%)

2011 4 107 5, 848 324 (5. 5%)



TAINVAFEFTa L Ea—H—FRy KT — T AT A

Computer Network of Institute for Virus Research

UANAFRF R Yy MU —7 AT ME, BEEER. LB, AREE. TARBE L DS
NHXy NU—7 FERIZL - TEEIN., VA NVAWLET, MRS AEFE X —BXNES

DFEFHED 3EHRNEEND 0T EYTFERIFTER, B L0 ERA~— 224t L
TW5,

AHFFEAT LAN X, LINUX = 3 SIN U —27 AT —3 3 VKON T A ¥ R XH—"72 V&
TR O RN - BREtE - ZRMEA Mo —E A DORMEEFE I, BT A—L-WW- 77 A
e T A A — N REH LTS,

AAEEIIMEEE LY L e o COEZE— OB EARZ N T, ZEP—1—D ) 71
A A&ATo T, ABIERBIEEEY ——, A=V 7 VR R —N"—EEHH L TP, £,
A L= R RIET 2 AR T HT2D, EIFT—FREOWE B TRV AT LA L, F5 & O
WIN—T LW TA L TRITEDLLIICLTZ, Z2OXO7RWE B E TR 2N — 1 X
WMz T, BEOMEIZHE L TV L IEFEFHAER-HE#R 2 OO T xy Fe L, T—4
M TEDONAS kil Lic, EFEFIHES O Y 203, AREEL—F—0fEH - 7
FIOANAY T FNEFRY 7 FOBERE, ZNNETIHEFITEHENE LT, S%ITT F U
ANAREREEZ B ST-NASORAICE Y N7 7 AN T 5 EN/HFHFEIND,

N= R 27 OEBRLOS « V7 M7 OWEsstEO SREITH ZANLOLNITTWDER, BF
2 U T 4 BEORIERCIHEREEOKS T2 EABM VM ER L TUTR B RWVIERENEZ > TS, B
TR Ry N =2 N LIZERT 7 EARRPERNBDOTHLU L, R —F—DHY 7
T y—o EREEND .

mE, MRy MU — 7 FHEICINZ T, MIARFSFEN SR — 7 Y —DF — 2 fifhr &
fToTWb, E NEKIRTRADT 4 —7 « v —7 U AT —H % T RNA-Seq KON ChIP-Seq IZ
£ D WREAIRIT 24TV T E Y =X T 4 v 7 REEGHE O EE D> TW\WD,



X'Z

K23FEHNBELEERN

1. BEHEEMHENe Hifir: 1]
B4 | S7 5T - REBA HFERLH K4 201 4R 231 &2 HiBh e WFFEERREA PR
IR R W 4, 000] 8,200\ & h/RE R —= U A VARELEN LT DR A TR O R 224F
R E BRI 22 il iR 14, 400 72, 000 KIGHINRE & > 73 7 B OWEREFE B & BRFFAERFIAE SRR 194
;C HEARBFZE (B) = 4, 300] 14,500| % > 37 BEEBICHIT 5 S e c DF ORREL 7'm b BRBY ) O 5K PRR224E 1
}; BRI = 1, 600] 3, 000(SRP#E# & /i LI I RITEALIC K 58 3 » VEREN 2 < 320 53 iRk PRR2BEE
HEARBFZE (C) I 2,000 4, 000 FHIHT 7 A L AHKIBFE & B L72H P Vil ek S o g R 234
HEARBFZE (C) B fd— 1, 170} 3, 260| HTHLLRP6S 43 8 11 FTKr tap 1312 & 2 Wnt iR T M AL 0> 2R BRI R 38 O iR PRR224E 1
LR BRI N B 350 350| E5 36 RIAEALBISEAC 1 I 2 HOBR s e R 25 M i o3
Z;ﬁﬁﬁ%ﬁ B amlvm m= 2 500 6 oo HEAER BRSO IR O AL 0 F BRI RO FUOIRY 03
2 YLAER 42 4 2
/; HEARBFZE (B) (A =Y 4,000 13, 500| BENGELHE AN SRIEINEICAT B Lo, Bz iebisiz v 7 F > 0B SERR2 AR
1; Eﬁﬁ% R E BRI 22 (A =Y 4,900 9, 900(MHC & CD1 OHEREME R J % Fef28 I 18 0 B ks SERR224E
ZI %Fﬂ PR 3F B 7E EH o BEZ 1, 900] 2,800(CD1 « JRESILISEICHEH Lz, =A XU 7 F RIS O R 224F
i
FE; HARBFZE (C) Kk B 1, 700} 4, 100\ BEEEHAE~ A 287 7V TIZ K DTh2 A T AiHE D 5y 11tk PRR2BEE
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