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CHRONOLOGICAL TABLE

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

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

Department of Prevention and Therapeutics was established.

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

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

Virus Diagnosis Center was established.

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

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

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

Virus Diagnosis Center was renamed Virological Diagnosis Center.

Construction of the new building for the Institute commenced.

Construction of the new building was completed.

Department of Genetics was established.

Department of Molecular and Cellular Virology was established.

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

Animal Laboratory for Experimental Virus Infection was established.

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

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

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

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

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

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

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

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

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

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

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

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

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

and students of the school were first admitted to the Institute.



2002 April The Experimental Research Center for Infected Animals was abolished and the
Experimental Research Center for Infectious Diseases was established instead.

2005 April Research Center for Emerging Virus was established.

2009 June The Institute commenced service as a Joint Usage / Research Center for fusion of advanced
technologies and innovative approaches to viral infections and life science.

2010 April Center for Acquired Immunodeficiency Syndrome Research was reorganized to become
Center for Human Retrovirus Research.

2010 April Research Center for Emerging Virus was reorganized to become Center for Emerging Virus
Research.

2013 October Laboratory of Evolutional Virology was established in Experimental Research Center for

Infectious Diseases.
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Department of Viral Oncology
Laboratory of Gene Analysis
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I. First Group

Members
Professor Yoshinori Akiyama
Associate Professor Hiroyuki Mori

Assistant Professor (Spe.) Yohei Hizukuri (Center for Emerging Virus Research)

Research Fellow Eiji Ishii
Natsuko Tanaka
Graduate Student Tokuya Hattori, Yasushi Daimon, Ryoji Miyazaki,

Koichiro Akiyama, Kazuya Mito, Shinya Mizuno,
Akira Mukuno, Sohei Sakashita

Introduction

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

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

Topics

1) Roles of the membrane-reentrant f-hairpin-like loop of intramembrane cleaving protease RseP in
selective substrate binding and cleavage: K. AKIYAMA, S. MIZUNO, Y. HIZUKURI, H. MORI, T.
NOGTI, and Y. AKIYAMA ('Yokohama City Univ.)

Regulated intramembrane proteolysis (RIP) provides a widespread mechanism for transmembrane
signaling and acts in many important cellular processes in organisms ranging from prokaryotes to higher
eukaryotes. Escherichia coli RseP, a member of the S2P family of intramembrane cleaving proteases involved
in RIP, plays a critical role in the extracytoplasmic stress response through cleavage of the transmembrane
segment of the anti-o® membrane protein, RseA. While RseP catalyzes proteolysis of RseA and other
substrate proteins within the membrane, the molecular mechanism of substrate recognition and cleavage
remains elusive. The crystal structure of an archaeal S2P protease (mjS2P) revealed that mjS2P possesses a
region that is looped into the membrane domain as a f-hairpin-like structure from the cytoplasmic side in the

vicinity of the proteolytic active site. This membrane-reentrant loop region is conserved among subfamilies of
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the S2P proteases. We examined the functional roles of this loop region. Our results show that: (1) Mutations
in the C-terminal part of the loop, which would disturb the possible S-strand conformation, impaired the
proteolytic function of RseP and some of them exerted differential effects on the cleavage of different
substrates; (2) The C-terminal part of the loop directly interacts with the substrate’ s transmembrane segment;
(3) Helix-destabilizing mutations in the substrate’ s transmembrane segment suppressed the defects caused by
the loop mutations in an allele-specific manner. We propose that the membrane-reentrant loop promotes
substrate cleavage by selectively binding a substrate in an extended conformation and presenting it to the

proteolytic active site, which contributes to substrate discrimination by RseP.

2) Functional analysis of YfgM identified as a SecG-proximal protein: N. TANAKA, G. KOBAYASHI,
N. DOHMAE!, T. SUZUKI, K. ITO? Y. AKIYAMA and H. MORI. ('RIKEN, *Kyoto Sangyo University)

In bacteria, SecA ATPase and SecY/E/G translocon play central roles in protein export across the
cytoplasmic membrane. In addition to these core components, a membrane protein complex SecD/F
accelerates the export process by utilizing the proton-motive force across the membrane. By systematic site-
directed in vivo photocrosslinking? analysis targeted to SecG, we found previously that YfgM, an inner
membrane protein of unknown function, resides in close proximity to SecG. Recently (three decades after the
discovery of SecY), a report appeared that YfgM is indeed an ancillary subunit of the SecYEG translocon?,
but its function is still largely unknown. Our initial attempts to address phenotypes of the chromosomal yfgM
deletion met some complication presumably due to a polarity effect on the expression of downstream genes.
To overcome this complexity and facilitate functional characterization of YfgM, we then altered the
transmembrane segment of YfgM by a localized frame-shifting. This minimum change in the chromosomal
base sequence abolished the membrane anchoring of YfgM but did not affect the expression of the
neighboring genes. The resulting yfgM allele (yfgM*"), encoding a soluble and presumably inactive form of
YfgM, was found to rescue the growth and protein export defects of the secD/ mutation, which virtually
eliminates the production of the SecD/F complex. Since the phenotype was complemented by the expression
of wild-type yfgM in trans, it was due to a loss of the YfgM function. In other words, YfgM exerts a negative
effect on growth of cells with limited SecD/F. While further studies are necessary to address the underlying
molecular mechanisms, these findings suggest that YfgM cooperates with other Sec subunits to control the
functionality of the SecYEG-DF machinery of protein export.

1) Chin, J. W. et al. (2002) Addition of a photocrosslinking amino acid to the genetic code of Escherichia
coli. Proc. Natl. Acad. Sci. USA. 99, 11020-11024.

2) Gotzke, H. et al. (2014) YfgM is an ancillary subunit of the SecYEG translocon in Escherichia coli. J.
Biol. Chem. 289, 19089-19097.



3) Lethality caused by the loss of 6® is suppressed by the activation of TA system toxins in Escherichia
coli: Y. DAIMON, S. NARITA! and Y. AKIYAMA ('University of Morioka)

ot, an alternative o factor that governs a major signaling pathway in envelope stress responses in gram-
negative bacteria, is essential for growth of Escherichia coli not only under stressful conditions such as
elevated temperature, but also under normal laboratory conditions. A mutational inactivation of the AicB gene
has been reported to suppress the lethality caused by the loss of ¢® V. hicB encodes the antitoxin of the HicA-
HicB toxin-antitoxin (TA) system; overexpression of the HicA toxin, which exhibits mRNA interferase
activity, causes cleavage of mRNAs and arrest of cell growth, while simultaneous expression of HicB
neutralizes the toxic effects of HicA?. To date, however, how the loss of HicB rescues the cell lethality in the
absence of ¢", and more specifically whether HicA is involved in this process, remain unknown. We showed
that simultaneous disruption of hicA abolished suppression of the o® essentiality in the absence of &icB, while
ectopic expression of wild-type HicA, but not that of its mutant forms without mRNA interferase activity,
restored the suppression. Furthermore, HicA and two other mRNA interferase toxins, HigB and YafQ,
suppressed the o essentiality even in the presence of chromosomally-encoded cognate antitoxins when
individually overexpressed. Interestingly, when the growth media were supplemented with a low level of
antibiotics that are known to activate toxins, E. coli cells with no suppressor mutation grew independently of
ot. Taken together, our results indicate that the activation of TA system toxins can suppress o" essentiality and
affect the extracytoplasmic stress responses.

1) Button. J. E. et al. (2007) A suppressor of cell death caused by the loss of ¢F downregulates
extracytoplasmic stress responses and outer membrane vesicle production in Escherichia coli. J. Bacteriol.
189, 1523-1530.

2) Jorgensen, M. G. et al. (2009) HicA of Escherichia coli defines a novel family of translation-
independent mRNA interferases in bacteria and archaea. J. Bacteriol. /97, 1191-1199.

List of Publications

Kumazaki, K., Kishimoto, T., Furukawa, A., Mori, H., Tanaka, Y., Dohmae, N., Ishitani, R., Tsukazaki, T.,
and Nureki, O. (2014) Crystal structure of Escherichia coli YidC, a membrane protein chaperone and

insertase. Sci. Rep. 4, 7299.

Kumazaki, K., Chiba, S., Takemoto, M., Furukawa, A., Nishiyama, K.-I., Sugano, Y., Mori, T., Dohmae, N.,
Hirata, K., Nakada-Nakura, Y., Maturana, A.D, Tanaka, Y., Mori, H., Sugita, Y., Arisaka, F., Ito, K., Ishitani,
R., Tsukazaki, T., and Nureki, O. (2014) Structural basis of Sec-independent membrane protein insertion by
YidC. Nature, 509, 516-520.



Mio, M., Tsukazaki, T., Mori, H., Kawata, M., Moriya, T., Sasaki, Y., Ishitani, R., Ito, K., Nureki, O. and
Sato, C. (2014) Conformational variation of the translocon enhancing chaperone SecDF. J. Struct. Funct.

Genomics, /5, 107-115

Arolas, J. L., Garcia-Castellanos, R., Goulas, T., Akiyama, Y. and Gomis-Riith, F. X. (2014) Expression and
purification of integral membrane metallopeptidase HtpX. Protein Expr. Purif., 99C, 113-118.

Hizukuri, Y., Oda, T., Tabata, S., Tamura-Kawakami, K., Oi, R., Sato, M., Takagi, J., Akiyama, Y., and Nogi,
T. (2014) A structure-based model of substrate discrimination by a non-canonical PDZ tandem in the

intramembrane-cleaving protease RseP. Structure, 22, 1326-336.

FRILB R (2014) MEFE A b L ASE S AT LOFHEREDOMA  TFO Res. Commun. 28, 51-69.

Hizukuri, Y., Oda, T., Tabata, S., Tamura-Kawakami, K., Oi, R., Sato, M., Takagi, J., Akiyama, Y., and Nogi,
T.: Substrate discrimination by size-exclusion in the intramembrane protease RseP. IUCr 2014 - 23rd

Congress and General Assembly, Montreal, Canada, 5-12 August, 2014.

Miyazaki, R., Yura, T., Suzuki, T., Dohmae, N., Mori, H., and Akiyama, Y.: Mechanism of membrane
targeting-mediated regulation of the E. coli heat shock factor 6*2. The 12th International Student Seminar,

Kyoto, Japan, 17-20 February, 2014.

FRILDFIE : BENER T & w7 IS K D RIE A b L RSB RIS, 0T 8IBET Ry T L
Ui LW g 2 B e RGBS O RG] . U, 201443 A 1 H

B W HF X7 8 VemP OFIFREE IE & 4 U7 V.SecD2 M3 B - 2013 FEEENLIEIET:
WFZERTIFZe S THMIRE O A 7 A OIS - JEE) - BRI OMFSE) . =&, 201443 A 25-26 H

YRR, BKILDS R - BENTIK 7 1 77— RseP 12 K 5 KIGH of fREERIE A b L AR O Hil
. 2013 FFE ENGRE P ITIIE S THMINL S 27 A OGS - B - BTEE O M5t =

B, 2014 4 3 H 25-26 A

FRILG R - MEERE A b U RSBV AT LOFFEEE ORI, IR RTE 8 MBIkt dE =, &
h, 201446 H5H

I R, A e MERE 2 N7 HORERE L BRFHERERE, S RO DL 7054
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fo~]. HES. 201447 A 26 H

ISR, AR, TEEE, DERE. ARRELEIS, JHEEHERE., FKLJ7R, A& e vty
TV AR D H NI WA SR ORI RS, 55 11 [ 21 R RAGEMTE S | BN, 2014
6 H56H

Hfsek, HE PR, SRMER. BAT OB &R MR KILDFR B a v ZEIRTHA o2 O~
D% A U7 BERERIERERS . 55 11 | 21 R RGeS R, 2014 426  5-6 H

KFEE, EB—ES, BILITE  KIBEMEE A N L A SEIRE R of OAFHAEMIT TA v
AT KZEIT B toxin DIEVELIC LV #EHE S5, 5 11 0] 21 HERARIGEMFSE S, B, 2014 45 6
H 5-6 H

FOLSETRR, KB MIEEE, R Rfn, & td=s, BOLOFE 2P 7 7 X U — AL~ o
77— RseP OENTH AL — FFEIBOBEREMHT, 55 11 8] 21 A KIGEMZC S, KR, 2014 5 6
H 5-6 H

Ishii, E., Hashimoto, N., Chiba, S., Kojima, S., Homma, M., Ito, K., Akiyama Y., and Mori, H.: The mode of
expression and physiological roles of SecDF paralogs, protein translocation enhancing factors, in Vibrio
alginolyticus, %5 9 [EIFEFTR v FU— 7 EEE VAR T A0 KR, 2014 46 A 19-20 H

FRILYETIER, AEHEL, MEEE, K 2R, & =, LA E . KIBERNYIE Y a7 7 —8
RseP DOFRAT S AU IENHE AL — 7 SEI OBREMAT, 5 14 [0l H AR QBRI ST, Mk, 2014 4
6 H 25-27 A

FEES-, /NE B, RS, JIE - ARET, KRHEE, L &, aAE—. K 2. &
(D55 g A N L A RS HENC B o 2 BENYIE 7" 1 77— RseP D ¥ 7 L PDZ KA A
(2 K DU R SRR R OfENT, 2B 87 Bl H RAALF S RS, FAL. 2014 4510 A 15-18 H

AT, AR, THERE, /DRI E], ARNEIR, OrkMERE, BKILOFR, &R 58 : Vibrio

alginolyticus D3 FFOEREN ] D572 2 & 07X 7 B o MR HE R - D AR BRROBERE 70 485 & FE B i pe i, 28
A ERGRE TV AL R A, BE, 2014 4 11 A 13-14 H
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Il. Second Group

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

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

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

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

analyses using FACS are underway.

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

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

The expression of E1"E4 occurs in the upper layers of the HPV-infected epithelium, coordinating with
the onset of viral genome amplification and the expression of viral late genes. It is known that E17°E4 disrupts
the keratin networks. It is also known that E1"E4 induces G,/M cell cycle arrest. But it is yet to be known

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

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

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

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

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

List of Publications

Yamamoto, M., Onogi, H., Kii, ., Yoshida, S., lida, K., Sakai, H., Abe, M., Tsubota, T., Ito, N., Hosoya, T.

and Hagiwara, M. (2014) CDKDJ inhibitor FIT-039 prevents replication of multiple DNA viruses. J. Clin.
Invest. /124, 3479-3488.

WHESE . RAEA. Y - HPV RIS 5 T A )L A FHEREDOMRNT. 55 73 [B] B A5
Spife S . B, 2014 49 H 2527 H

LA B, /PR 8, RO tdisE, B, IS FER. BR B EEY U EEER AR L LT
WHARFLT A L ZIEDOBTE . 58 62 Bl H AT A )L A papiiitEss . ik, 2014 4E 11 A 10-12 H

WS g B B, 55 ) BE ERERRIC T 5 HPV HERERE O/, F 62 R H AR A
IV AR S BRI, 2014 A5 11 H 10-12 H
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D30T A IV ARFSEER Y Department of Viral Oncology
0 A BRI 5E 50 B Laboratory of Gene Analysis

I. First Group
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D) EBOCEEELAY in vivo JZEREIEIC X 2 EEFHIELER - SecD & SecF [ElD~Y 7' F X AGEIRIZ T 5
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TOMENRDHY £, 2N BEZEBICIE, E MRESN T Z Ry B EREE R D - T
WET, KIBEICEWN T, FIZF AT EOBVIEL 72D SecYEG T 2w =y g OBk
FE—F— & L TH< SecAATPase. = L THZ /7' BDOEE B ZEHET % SecDF A 1K1 -
TWVWET,

e BEAF BB H >Rk D SecDF ODif s IEMRAT & AL PRI 20 & | MBF%85E Tl TSecDF 13, 7= |k
> DHFBN~DFEAN & A& U7= SecD-SecF A > % — 7 = A AGEOEEZLEZ I L, X /378D
EFER 2T 5] LW ETAEZBBLCONET (KB, R L, FHoY 77 X AH
$ARIT < DOFEE @I SecD-SecF fHA/EMEIZIZ 7 v b o A FEE ATRERBREIIFE L2V 0D,
IAEREE SN A BIEEIC K % SecDF OMEIEMATIZ I TIE, SecD-SecF DY 7 X Lill5H
BBV REETIEAE L 9 5 Z ENME SN TWET, oL, AHIEANIZEH VT SecD-SecF i
TEZD X ) RSN E TWDOMNIE, KREMR-> CWEHA, £ 2T, KEHE SecDF % A
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SecDFIZHITHEEBET IV

(Tsukazaki T et al., 2011% —#it &)

TS LIZ OV TRET EITV E LT,

SecDF Ot it £, VU 7' F X LfEID SecD-SecF M CUr#E L T\ 5 7 X/ BRI EEICHHIGT 5
KI5 SecDF D7 X/ FRFR AL JEBUSYET X /87 J- v 7 p-benzonyl-L-phenylalanine (pBPA) %
B LI BN U 72 A A SecDF 36 FiAH A VT invivo REEGEBRZITWE Lz, ZOREE,
11 FE%H D28 577 SecDF C SecD-SecF [H]OZRGE A AN B S E Lz, S HIT, SeeD d T266 &
SecF @ G111 D7 X/ ikl % Cys [ICE#H L= L Z A, il Cys I TLERMR ALY 4 R
FEA OB HERSIE Lz, O ORERNG  AMIEANIZIW T SecDF 1A st & JHEL L
TREEEIY 55 Z LR INE L, o, MEBESEOEREOEEZIEZEIZ, 71 b
Vit & SecDF OMEEE b Z T LE Le, BEEMICIE, (1) v b oEEHZ 7 9 SecD
(D5S19N) ZRDOEAN, HDHWME (2) 7'm b A A/ 77 CCCPIRMDLEEE I KT TR %
MEtLE Lz, ZORER, pBPA EAFIIZ LV FERIZR L2 b0, Y'u b @il alET 5
TRk, BEESHROBBNEOEME T ITB BRI NE Lz, ZhbofRT, T7m
ko DRI ~DFRA & 8 LT, SecD-SecF A > % — 7 = — AFEIROEELL N E TV D] &
WHETNEXFFT DD EEZTHNET, (¥, L. H)

/l. Second Group

T (EEAREEE
Bh#k B —

REFEIAY v 7 OFEH:, B, ZHUTMAZTHR—FRAZ v 7L LT, TEHOE O ANS
LT TVWET,

1) HPV AR & U A /b ZAFEH AE O fF ]
HPV JEYYE (318 FH 72 STD (Sexually Transmitted Disease : PEEYYE) TH Y, A< EBIEL TV D
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ZERMOLNTWET, FRAETIEZORPENEERBIZIEN > TNDLZ ENMEE > T E
9, HPV YT R N A EBET D Z RO N TWT, FICFEHETIE, 13E A EORIERT
HPV DGR SN TE D, mwmmﬂ%ﬁﬁﬁﬁr®££ﬁ)X&777& ThdLEX
SN TVWET, HPV BT K DA L Z B < 729121E, HPV DY - R A2 M9 5 = & R
MTHDLEEZXONET, L L HPV OBHR - B FRIOHIEIL, ERARED S EIZHE < K7
LTWT, 1 OMEE:#E CIXHPV OATERZ BB TE 20O T, ZHhE TEORIEEEIXIE S
A EGRPSTWERAT L, BIEHIIBLICKEET AR R Z VT, HPV OFERA SR T
THELLTWET, ZORZILICEEIELL, MEOHPV V7Y a Z/EL, i K<
HPV O - B FHRBUEE A T+ 5 FIELRFT L T ET, (EH)

2) LRP6 fti& 8 H Krtapl3 12 K5 Wat ¥ 7 F /R ETIEPEL O ~ 7 2B T O gt

BIIZE, Wnt @ Co-receptor T % —[RIEE B H LRP6 OMIUE KA A SIT/HEATH2EA L L
C. Keratin associated protein 13 (Krtap13) %, RH\W\\7Z L7z,

Wt FEAF(E T, Krtap13 Z 5REIFEBL S 57217 T, Wt #REE DO LUMEME(LAE Uz, Krtapl3 13,
MRS |- "C. LRP6 58 KON Dvl & SHCHERIRZ TR 5728, T, % O Wnt fE#E & E L OB
242 U % LRP6 Signalosome DoV 2 LT\ 5 &F 2 bz,

Krtap13 12 & % Wnt #REEOTEMEAL G- 2 552 % | in vivo THHTT 5 %4, AP CTORELD
A[RE7R CAG 7B E— X — L& & b Krtapl3 @ ¢cDNA ®D [T lox-polyA-lox fic ¥l % 4§ A L 7= Trans gene
(Tg) ZAFRk L7z, 2D Tg~UALFhELD Cre v~ A% /LY 55 LV  recombinant Tg (R-Tg) 4
US4, MR Krtapl3 @ BL S 5 HHKTZ, CAG-Cre ¥ 7 A L DRFEUZ L - Tik, R
~Tg ZFo~v T AIE, 5% LFEAE LR T2iN, TD 9 HD 25%D~ 7 A%, 24 ~ 39 Fiin % #%
L& BMEY N AIME A FIE LT, BB RT ARSI OB E S AT ) TH & fEAT
FTHD, B
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Introduction

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

Both MHC and CD1 pathways are equally important; however, only several laboratories, including ours,
appear to focus intensely on the latter pathway. This is primarily due to the fact that mice and rats that are
highly useful for immunological studies have deleted genes for group 1 CD1 family, and thus, lack the lipid
recognition system that is comparable to that in humans. Therefore, we have attempted to develop three
distinct but complementary animal models; namely, human CD1 transgenic (Tg) mice, guinea pigs, and
rhesus monkeys. The human CD/A4 genome-Tg mice were established, in which the two major cell types,
immature thymocytes and epidermal Langerhans cells, specifically expressed human CD1la proteins.
Alternatively, we found guinea pigs invaluable for lipid immunity research as the animals have evolved the
CD1 system that is equivalent to that in humans. Finally, our laboratory has made enormous efforts to set up
lipid immunity research using non-human primates, such as rhesus macaques. As described below, rhesus
monkeys have now been analyzed extensively in our laboratory for lipid immunity to mycobacteria and SIV,
resulting in identification of lipid-based vaccine candidates against tuberculosis and discovery of viral

lipopeptide-specific CTL responses.
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Topics

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

Mycobacteria, such as Mycobacterium tuberculosis, possess highly lipid-rich cell walls that are critical
not simply for their acid-fast properties but also their survival and replication. The cell wall contains mycolic
acids (MAs), an a-alkyl-g-hydroxy fatty acid with extremely long carbon chains (~C, ), which are densely
aligned in covalent association with the underlying arabinogalactan sugar layer. Arabinogalactan-linked MAs
extend outward and interact non-covalently with carbon chains of the surface exposed mycolyl lipids, such as
trehalose 6, 6" -dimycolate (TDM), thereby forming the hydrophobic cell wall architecture that is unique to
mycobacteria.

For the past several years, we studied the acquired aspect of immune responses directed against mycolyl
lipids, resulting in identification of host protective T cells that existed in humans, but not in mice (J. Biol.
Chem. 283: 28835-28841, 2008; J. Biol. Chem. 286: 16800-16806, 2011; Infect. Immun. 81: 311-316,
2013). We now noted unexpectedly that innate immune responses to mycolyl lipids also differed significantly
between the two species. An array of mycolyl lipids has been studied extensively, and their innate immunity-
stimulating activities have been determined at cellular and molecular levels; however, glycerol
monomycolate was an important exception despite its apparent relevance to chronic tuberculosis. We showed
that glycerol monomycolate functioned as a potent ligand for human macrophage inducible C-type lectin,
Mincle (J. Biol. Chem. 289: 15405-15412, 2014). Although the ectodomain sequences are highly conserved
between human and mouse Mincle, the latter totally failed to recognize glycerol monomycolate. The
differential recognition of glycerol monomycolate by human and mouse Mincle was further substantiated by
generation of human Mincle transgenic mice. In these mice, local recruitment of eosinophils was prominent
at the site of injection with glycerol monomycolate, and such tissue responses were not elicited in wild-type
mice expressing mouse Mincle. Therefore, these observations underscore a role for glycerol monomycolate
and its recognition by human Mincle in eosinophilic responses that are often observed in chronic

tuberculosis.

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

By taking full advantage of IVR’s superb research environments, we are encouraged to address a naive
question as to how lipid immunity functions in host defense against viral infections as viruses do not express
their own lipids. Given that some of the viral proteins require modification with host-derived fatty acids for
their critical functions, we hypothesized that the host immunity might be able to detect lipidated viral proteins
(lipoproteins). Indeed, we found that rhesus macaque monkeys infected with the simian immunodeficiency

virus (SIV) mounted cytotoxic T lymphocyte responses to N-myristoylated SIV Nef 5-mer lipopeptide
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(Cl4nefS) (J. Immunol. 187: 608-612, 2011). Functional studies with C14nef5-derived structural analogues
revealed that the putative lipopetide Ag-presenting molecule might have two separate Ag-binding sites, one
for interaction with a C,, saturated acyl chain and the other for anchorage of the C-terminal serine residues (J.
Virol. 87: 482-488, 2013). We have now determined the molecular identity and completed X-ray
crystallographic analysis (unpublished).
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The notion that T cells recognize peptide antigens
is only partially correct.
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Introduction

Apoptosis, or programmed cell death, plays an important role in many biological processes, including
embryogenesis, development of immune system, maintenance of tissue homeostasis, and elimination of
virus-infected and tumor cells. We found cell surface Fas antigen (Fas), which can directly mediate
apoptosis-inducing signals into cells by stimulation with agonistic anti-Fas 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.

Topics

1) FLASH/casp8ap2 is indispensable for early embryogenesis but dispensable for proliferation and
differentiation of ES cells: Y. MINAMIDA, M. SOMEDA and S. YONEHARA

FLICE/caspase-8-associated huge protein (FLASH)/casp8ap?2 is involved in various cellular functions,
such as cell cycle progression, transcriptional regulation, the regulation of apoptosis, and the regulation of
histone gene expression. The down-regulated expression of FLASH has been shown to inhibit cell cycle
progression in the S phase in many kinds of mice and human cell lines and the inhibition of cell cycle
progression may be attributed to the suppressed expression of replication-dependent histone genes. We here
demonstrated that the induced knockout of FLASH never affected cell cycle progression in ES cells, in which
the expression of core histone genes was decreased to levels similar to those in human KB cells sensitive to
the knockdown of FLASH. In addition, the FLASH conditional knockout ES cells could differentiate
normally into not only mesodermal and endodermal cells, but also trophoblasts. In order to investigate the
function of FLASH in early embryogenesis in vivo, we also examined a FLASH mutant mouse, in which
FLASH mutant allele did not express FLASH mRNA in embryos and most adult organs, except for the testis.
FLASH mutant embryos died between E3.5 and ES8.5. Furthermore, the in vitro cultivation of FLASH mutant
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embryos generated by in vitro fertilization showed embryonic lethality at the pre-implantation stage by
inhibiting the hatching of embryos and their adherence to substrates. Taken together, these results indicate
that FLASH plays an important role in early embryogenesis, but is not essential for either the proliferation or

differentiation of ES cells.

2) Pathogenic Th2-type follicular helper T cells contribute to the development of lupus in Fas-deficient
mice: S. FUTATSUGI-YUMIKURA, K. MATSUSHIMA, A. FUKUOKA, S. TAKAHASHI, N.
YAMAMOTO, S. YONEHARA, K. NAKANISHI and T. YOSHIMOTO

Fas mutant mice are well recognized as autoimmune mouse models, which develop symptoms similar to
human systemic lupus erythematosus. Although disease severity in Fas mutant mice is greatly affected by the
genetic background, the mechanisms affecting pathological heterogeneity among different strains of Fas
mutant mice are poorly understood. In this study, we examined the phenotypic differences between Fas-
deficient (Fas™) mice on the BALB/c and C57BL/6 backgrounds to gain insight into the etiological and
pathological heterogeneity of monogenic autoimmune diseases. Fas’ mice on the BALB/c background
(BALB/c-Fas™) developed more severe autoimmune disease with high serum auto-antibodies and renal
disease compared with those on the C57BL/6 background (C57BL/6-Fas ™). Splenic B cells were highly
activated, and germinal center formation was enhanced in BALB/c-Fas™ but not in C57BL/6-Fas™ mice.
Follicular helper T (Tfh) cells were equally abundant in the spleens from both strains of Fas’ mice.
However, Tth cells from BALB/c-Fas 7~ mice produced much higher amounts of B-cell-activating cytokines,
including IL-4 and IL-10, a phenotype reminiscent of T,2-type Tth cells described in human studies. Our
results revealed a qualitative difference in Tth cells between the two strains of Fas™ mice. We propose that
the pathogenic T, 2-type Tth cells in BALB/c-Fas ™ mice contribute to the excessive activation of B cells,
resulting in high serum immunoglobulin levels and the severe lupus phenotype, which may account for the

differential outcomes of human monogenic autoimmune diseases.

3) Novel types of programmed necrosis induced by IFN-y in wild-type and caspase-8 KO mouse
embryonic fibroblasts: S. SKAGUCHI, S KUROKI and S. YONEHARA

After apoptosis was clarified to be executed by activated caspases, several types of caspase-independent
non-apoptotic cell death were found to be induced in mammalian cells. One of the caspase-independent cell
death is a type of programmed necrosis called to be necroptosis, which is induced in cells without caspase-8
activity by treatment with Tumor Necrosis Factor (TNF). Necroptosis is mediated by two kinds of
cytoplasmic protein kinases, receptor-interacting protein kinase 1 (RIPK1) and RIPK3, and inhibited by
treatment with a specific inhibitor of RIPK1, necrostatin- 1 (Nec-1). We found a novel type of programmed

necrosis, which was induced in mouse embryonic fibroblasts from caspase-8 KO mice (C8KO MEFs) by
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treatment with interferon-gamma (IFN-y). Although this type of programmed necrosis required kinase activity
of RIPK3, Nec-1 failed to inhibit the cell death, indicating that IFN-y-induced programmed necrosis is
different from RIPK1-dependent necroptosis. We also found another type of IFN-y-induced programmed
necrosis in WT MEFs in the presence of a pan-caspase inhibitor, z-VAD-fmk. In contrast to IFN-y-induced
necrosis in C8KO MEFs, this type of programmed necrosis in WT MEFs required both RIPK1 and RIPK3.

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

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

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

Brachyury expression.
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TUEZEME L TA =X LD 217> T b, £2, IR OFKIL caspase-8 KO ~ 7 A H Al &
caspase-8 DIEMENLE SN TIX, y RS ¥ —T oo Bnx 77—V A %R LXK 9 IZFHET
DI, T DLy RIPK OTEMALEERE L % 7 0 — U ADFITEBEOm F IRV T Bigo T
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B 51T casepae-10 DFBLINFFHEZR 2L H BT, Fix 7o e MEBIERIZIS T 2 00 R 2t U 7o f5 R,
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Do

3) VUSRI TR S D 8T LWl EsE

WAFFREE TS Uiz TYEARERE R 42— USRI HBL— Ml iE O 81T (RtkorR
ZELEED, DAALDIFIN E 72 %) — EF-la (eEF1A1) O3B T — caspase [ZIKAFE L7V L
WHIRZEDFEE ] LW D BiGa, HRa il THRET R4 L0 —ikfb L. £ 051t & Bk
REZ RIS D721, BABENG, MM, PR, Bl e BTN LIT> T D, £
T, HMH R ITHIZE Tl <M EAFEIN D REMEL . S DITHIT L7/, BER O
J AL TR W LWl B BLG 2 A2 L, BFZEE1T > T D,

4) B MR 5 D IgE PEA 250 Xt % Fas-expressing natural helper (F-NH) ffifia

WSS Tl Balb/c DIELIEE 5 F D Fas KO ~ 7 AWE IgE FEAZFE D T LIV XK —RIE & F
JETHZ RN L, 2O~ A% HWT B MIa DO IgE PFEA %2R < FE 4 5 8 LU 2
[dl7E L | Fas-expressing natural helper (F-NH) ffifd &t LT\W5, TOERBREEELHI LT D
7o DIZ, IUARHH & RIS E A% F-NH Alfd O VESERE ORR 2 7R B ORI 217> T b,
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AEABHETER B B OB BEREL, 7R b — A LR O A ERRIREIKIEIC SOV T B D
TR b= 2L OB TR L7 MST (hippo) &% D T OEEREF YAP 2 LT Hi 7= 22481
KD DIFHT ZAT > T D, AP A FEREEIR OB ML, Hix 2T — 2 N— 2 & B L
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Do

Hio, BEES L EEMEIL, YRR THE SN LT VA LAY Z— L shRNA FEBLH
BREMCD Z LICED ORI ZFHE S5 &, 23 AR FL A HIL S 5E S ] S AU
SEDTFHEEND 7T DR L 57 THIOMNT 21T > TV %,

6) ~ U AR AITEBIT D Wat &7 IV DT

FfEIE, = 7 AORFEAGIINC, N H - SNENTHE S o4 . e imie (BS M) %
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EEZTND,
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I. First Group

Members
Professor Keizo Tomonaga
Assistant Professor Tomoyuki Honda

Project Associate Professor Akiko Makino

Graduate Student Kozue Sofuku, Shoko Nakamura, Yusuke Yamamoto, Shohei
Kojima, Yuto Koike, Xiaoshu Ryu, Mako Yanai

Assistant Clerk Kazumi Wakaki

Introduction

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.

Bornavirus is an enveloped non-segmented negative stranded RNA viruses belonging to the family
Bornaviridae, order Mononegavirales and possesses highly neurotropic property. A mammalian bornavirus,
Borna disease virus (BDV), infects many mammalian species and causes classical Borna disease, a
progressive meningoencephalomyelitis, in horses and sheep. Among vertebrate RNA viruses, only two
families, Bornaviridae and Orthomyxoviridae, enter the nucleus for replication and transcription. However,
there is a fundamental difference between these two viruses. Bornaviruses replicate non-cytopathically and
readily establish a long-lasting, persistent infection in the cell nucleus, whereas a consequence of infection by
the Orthomyxoviridae is usually induction of apoptotic cell death. Thus, bornaviruses are the only known
RNA viruses that can parasitize within the nuclear membrane. Therefore, understanding the life cycle of
bornavirus in the nucleus would provide novel insights into the interaction between animal RNA viruses and
the eukaryotic cells.

We investigated the mechanism of persistent infection of BDV in the nucleus. Recently, we found that
BDYV ribonucleoprotein (RNP) associates with host chromosomes throughout the cell cycles and enters the
daughter cell nuclei along with mitotic chromosomes, indicating that BDV establishes a life cycle highly
associated with the cellular chromosome and take advantage of chromosomal stability and dynamics to
ensure the integrity of its RNP in the infected nucleus. In this year, we investigate the structure of the viral
factory of BDV in the nucleus by using the ultra-resolution microscopic analyses. On the other hand, during
the analysis of the interaction between BDV RNP and host chromosome, we discovered that elements

homologous to the nucleoprotein (N) gene of bornavirus exist in the genomes of several mammalian species,
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including humans. These sequences have been designated endogenous bornavirus-like N (EBLN) elements.
In this year, we found that recombinant expression of EBLN derived from the thirteen-lined ground squirrel
inhibits replication of exogenous BDV as a dominant negative mutant in the cultured human cell lines. The
understanding the evolutional and biological significances of EBLN elements in mammalian genomes is a
main interest in our laboratory.

The unique virological feature of BDV indicates the ability of BDV to be a novel RNA virus vector. We
have already developed BDV vectors expressing foreign proteins or small functional RNAs from the
intercistronic region between the open reading frames (ORFs) encoding P and matrix (M) proteins. We
improved the systems of BDV vector production from the producer cells by regulating the host factors, which
can influence the production of viral virions from the cells.

In influenza virus researches, we have been investigating the early cellular response to the influenza A
virus (IAV) infection. We found that the miRNAs targeting the GalNAc transferase 3 (GALNT3) mRNA are
rapidly down-regulated and regulate of GALNT3 expression in the early stage of the IAV infection. Our data
indicated that GALNT3 involved in not only the mucin production in the cell surface but also the viral

replication in the nucleus of the infected cells.

Topics

1) Inhibition of Borna disease virus replication by an endogenous bornavirus-like element in the
ground squirrel genome: K. FUJINO, M. HORIE, T. HONDA, DK MERRIMAN and K.
TOMONAGA.

Sequences derived from ancient viruses have been shown to make up a substantial part of animal
genomes. Bornaviruses, a genus of nonsegmented, negative-sense RNA virus, also have left their DNA copies
in the genomes of a number of vertebrate lineages. Recent studies have demonstrated that some endogenous
bornavirus-like elements (EBLs) may have acquired functions in their hosts as a result of exaptation. In this
study, we show that protein encoded by an EBL in the genome of the thirteen-lined ground squirrel efficiently
blocks infection and replication of extant bornavirus. To our knowledge, this is the first report showing that
endogenous nonretroviral RNA virus elements may function in antiviral defense, providing a potential role

for RNA virus endogenization in host evolution.

List of Publications
Fujino K, Horie M, Honda T, Merriman DK and Tomonaga K. (2014) Inhibition of Borna disease virus

replication by an endogenous bornavirus-like element in the ground squirrel genome. Proc. Natl. Acad. Sci.
USA. 171:13175-13180.
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Suzuki Y, Kobayashi Y, Horie M and Tomonaga K. (2014) Origin of endogenous bornavirus-like

nucleoprotein elements in thirteen-lined ground squirrels. Genes Genet. Syst. §9:143-148.

Kojima S, Honda T, Matsumoto Y and Tomonaga K. (2014) Heat stress is a potent stimulus for enhancing

rescue efficiency of recombinant Borna disease virus. Microbiol. Immunol. 58:636-42.

Keizo Tomonaga: Bornavirus infection: a unique life style of an animal RNA virus in the DNA habitat, DNA

Habitat and its RNA Inhabitants. Salzburg Austria, 3-5 July, 2014.

Keizo Tomonaga: Bornavirus research: exploring new species and old members, State-of Art lecture

“Bornavirus” , XVI International Congress of Virology, Montreal, Canada, 27 July - 1 August, 2014.

Masayuki H, Fujino K, Honda T and Tomonaga K.: Endogenous bornavirus-like elements: cellular co-option
and impact on genome evolution, Mobile genetic elements and Genome evolution. Santa Fe, New Mexico,

USA, 9-14 March 2014.

Honda T., Sofuku K. and Tomonaga K.: Epigenetic control of an endogenous bornavirus element expression
in the human genome, Mobile genetic elements and Genome evolution, Santa Fe, New Mexico, USA. 9-14

March 2014.

Tomonaga K.: Endogenous bornavirus-like elements: cellular co-option and impact on genome evolution,

Mobile genetic elements and Genome evolution. Santa Fe, New Mexico, USA, 9-14 March 2014.

Tomoyuki Honda, Daisuke Okuzaki, Akiko Makino, Shoko Nakamura, Keizo Tomonaga: Identification of the
sensing mechanism of Borna virus ribonucleoprotein in the nucleus, International Union of microbiological

Societies Congresses Montreal, CANADA, 27 July-1 August, 2014.

Akiko Makino, Kan Fujino, Takuji Daito, Tomoyuki Honda, Keizo Tomonaga: Expression of IGF2 affects
Borna diseases virus production in infected cells, International Union of microbiological Societies

Congresses Montreal, CANADA, 27 July-1 August, 2014.
Shoko Nakamura, Masayuki Horie, Mayo Yasugi, Tomo Dainoji, Atsushi Nakata, Keizo Tomonaga: The

regulation and functional significance of GALNT3 expression during influenza A virus infection,

International Union of microbiological Societies Congresses, Montreal, CANADA, 27 July-1 August, 2014.
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Masayuki Horie, Yuki Kobayashi, Tomoyuki Honda, Takumi Akasaka, Nadine Gillich, Marcel a.Muller,
Victor M.Corman, Yoshiyuki Suzuki, Keizo Tomonaga: Putative mammalian RNA-dependent RNA
polymerase genes derived from an ancient Bornavirus, International Union of microbiological Societies

Congresses, Montreal, CANADA, 27 July-1 August, 2014.
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Keizo Tomonaga: Life in the nucleus: how and why bornavirus can coexist with the host. Wakate

International Symposium, Discovery of Medical Sciences. Tsukuba, 6 November, 2014.
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ARHEEZ A5 EHIIZ X DN T A L X RNP G8a%k# 2 OB, 3rd Negative Strand Virus-Japan
Symposium, i, 201441 H 13-15 H

FARFEF AL TN P A VRGBT D LT TR SR GALNT3 OFEREMEAT, 3rd
Negative Strand Virus-Japan Symposium, {#H#, 201441 A 13-15 H
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Shoko Nakamura, Masayuki Horie, Mayo Yasugi, Tomo Daidoji, Atsushi Kuno, Daisuke Okuzaki, Akiko
Makino, Tomoyuki Honda, Keizo Tomonaga: The 12th International Student Seminar, Kyoto, 17-20
February, 2014.
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fEPE RNA AR U A T —BHEELS, 55 7 [BIAR L7 A LV ARFZE4 . 5ER. 2014 4E 3 H 25 A

RRTEE T, SRV EAT, ZAREM, KEFE ., ABE, BIGRN ., WS, KREmMmZ, RIRA, &+
B, FlEEE AR TN YRGBT D L TF URER SR GALNT3 ORSREMMT. 5
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WEFG T BIRFE, teAREE, ST, MRS NI T AR AIDT ) AINTEL Lz Y
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IR —BA, AT, KBS, PIEREBEE, Mo a—Jk, A GG AR R Y R oA
JV A (ABV-BF) OfiE#r, 55 157 o] H ARBRE =S ES . FLIE, 2014 429 H 9-12 H

Shohei Kojima, Tomoyuki Honda, Keizo Tomonaga, Nuclear localization of RNA derived from endogenous
bornavirus-like nucleoprotein, 25 13 [Eldio U L FEYYE - i 7 +—F L, KB, 2014 49 H 23-26
H

Yuto Koike, Akiko Makino, Tomoyuki Honda, Keizo Tomonaga, Inportant domain of Borna disease virus P
protein for its antagonistic activity against innate immunity response, #5 13 A& 4> U L FIEYYE « 54/%
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WAL, EEFE . EHARER. ERY. AR, FREEE RV TR T A L R EAEICRT D
15 LR+ IGE2 O H-. 5 62 M HA Y A )L A5 E S fEik, 201448 11 J 10-12 H

WIERY ., AREmEZ., PERE, EREE: v FRNEEARLT O NV AENTZ L A FOTE Y = 3%
T4V HIEEERE, 5 62 M H AR Y A L AFESEES . Bk, 20144 11 A 10-12 H

SN L T, KB, BIERE RALFIE T A LR P X LR IEC XA BRI INHIE
FICEE 2T I BEEROEZ . F 62 [MI A A )L A9 ES . ik, 2014 45 11 A 10-12 A

RTEET-, JRITEAT, RESFE. KBz, PREMER, NSFE, #iREE . 2 F RSB EE R
Galnt3 / v 77 7 "~ AZHWE AL TP A4 )L R RGLENRE OENT. & 62 [ H A ™
A IV AREEES . BRE, 2014 45 11 A 10-12 A

ARKEEZ, /IR, #REESE  NIEHER LT A VAT L A RO Ea— RRNA & LTOAE
PUREHEMZRA . %0 37 [0l H Ry AW SES . Mk, 2014 411 A 25-27 H

Il. Second Group

Members
Associate Professor Makoto Hijikata
Research Fellow Sulyi Kim
Graduate Student Yoji Tsugawa, Yuichi Akahori, Hitomi Okamura,
Hikari Hasegawa
Introduction

The researches carried out in this group are focused on hepatitis viruses, hepatitis B virus and hepatitis C
virus, which cause chronic liver diseases, such as chronic hepatitis, liver cirrhosis, and hepatocellular
carcinoma. Our projects aim to reveal the lifecycles of these viruses, the interaction between human
hepatocytes and these viruses at the molecular level. Development of novel anti-viral strategies based on our
research outcomes is also intended. Understanding the pathogenesis of liver cancer and the liver

differentiation using hepatic stem cells are also with a scope of our research purposes.
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Topics

1) Monounsatulated long chain fatty acid plays a role in genome replication of hepatitis C virus.: H.
HASEGAWA, H. OKAMURA, Y. AKAHORI Y. NIO, M. HIJIKATA

Recently the direct anti-viral agents (DAA) against Hepatitis C virus (HCV) have been developed as
highly effective anti-HCV drugs. Then chronic hepatitis C becomes to be now perceived as curable-disease
accordingly. However, there, still, is a problem for treatment with DAA. Prolonged treatment with DAA
sometimes cause the emergence of drug-resistant viruses. One of the way to address this problem seems to
use the drug against cellular factors contributing HCV life cycle in the cells, because such drugs seldom
produce drug resistant viruses. We, therefore, are trying to reveal the host factors required for HCV life cycle
and to develop the strategy for inhibit the proliferation of HCV by suppressing the function of the factors.

Our chemical biological analysis showed that the specific inhibitor for acetyl-CoA carboxylase (ACC) 1
but not ACC2, in the malonyl CoA/long chain fatty acid pathway, suppressed HCV genome replication. We
also confirmed the anti-HCV effect of the inhibitor for stearoyl-CoA desaturase (SCD), which has recently
been reported to contribute to HCV replication. We observed that mono-unsaturated fatty acids, such as
palmitoleic acid and oleic acid, that are products of SCD, inhibit the effect of ACC1 inhibitor, suggesting that
the malonyl CoA/long chain fatty acid pathway mainly contribute to HCV genome replication by supplying
the mono-unsaturated fatty acids.

Using HCV subgenomic replicon cells and HCVec (JFH1) system, we evaluated the potential of a liver-
targeted SCD inhibitor MK 8245 as a candidate for novel HCV therapy. Co-treatment of MK8245 with HCV-
DAA repressed HCV replication additively. The synergetic effect was also observed when treated with
interferon alpha. These results demonstrate that MK 8245 can be used for anti-HCV combination therapy by

decreasing the frequency and the dosage of DAAs and interferon administration.

2) Study on a novel anti-HCV factor induced by type III Interferons: YYTSUGAWA, N. HIRAGA, M.
IMAMURA, T. WAKITA, K. CHAYAMA, M. HIJIKATA

Hepatitis C virus (HCV) is known to infect human liver and cause the hepatitis, but the interferon (IFN)
response, a first-line defense against viral infection, of virus-infected hepatocytes has not been defined clearly
yet. Previously, we have reported that [FN-alphal constitutively produced in human in human hepatocytes
plays a role of priming antiviral response. We also observed rapid induction of type III IFN in the cells
immediately after RNA viral infection. Recently the genome-wide association study suggested that SNPs
around IFN-lambda3 gene, one of type III IFN gene, is closely related with the natural healing of HCV
infection. However, the importance of type III IFN on the anti-HCV functions, compared to type I IFN, has
remained unclear. We, therefore, have tried to identify the novel anti-HCV gene induced by type III IFN but

not type I IFN. Firstly, the in silico analysis of microarray data concerning primary human hepatocytes

_37_



treated with [FN-alpha and IFN-lambda3 showed several groups of genes were specifically induced by IFN-
lambda3. Data were confirmed by microarray analysis for the liver samples from IFN-lambda treated
chimeric mouse with humanized liver. We are now analyzing the functions of the gene of which expression

was induced by IFN-lambda3 on the suppression of HCV life cycle.

List of Publications

Tsugawa Y., Kato H., Fujita T., Shimotohno K., Hijikata M. (2014) Critical role of interferon-a, constitutively

produced in human hepatocytes in response to RNA virus infection, PLoS ONE, 9(2): €89869. doi:10.1371/
journal.pone.0089869.

Akahori Y., Kato H., Fujita T., K. Watashi K., Wakita, Hijikata M.: Development of hepatitis B virus cell
culture system using immortalized human hepatocytes producing exogenous Na* /taurocholate cotransporting
polypeptide, 2014 International meeting on the molecular biology of hepatitis B viruses, Los Angels, USA,
4-6 September, 2014
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Il. Second Group
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WA B 2o TnD, £7o, b MEMAIZBE L Tide MFSMaz AWz iFaok e R A v
R EGL DRFFED D P72 & OBMETREORIEMME LA O NCT 2720 DR E B 2> TV D,

1) CHIFR T A )V AEGLIEFHIZ B30 2 15 EAA0 O [FIE & Z OBEREAFAT

C IR 7 A /LA (Hepatitis C virus, HCV) DEEYLFE 1%, BifE, 2R T 14& 7000 5 A, HART
(359200 5 ANIZ RS EHE SN TS, HCV OFHIEYIC L - T, BHEFERG ISR S, &
DA TR CHF AR A DFIE~ER T2 Z LN TW5b, Fxld, HCV O b MFHifaizks
2R YHIEIC B 59 218 TR F ORE & £ ORI 23 272> T b, AFEEIL, FFZ, HCV
7 LB E OBENRE SN TWDHD, £72. ZOREOFEMAN] 5 M7 > TWRWIEN R4
BAHGRICHEHR L, Bz 29t HOV i oMat 217272, £ HCV 477 7 AL 7Y = i,
BRO, YN X (R HCV AR A HV T SHEARIIRR A B OREFR 25T 2 BRE SR O HCV
7 DAERN KT D MEID R AT LTe, ZORIR, Hlzlil~m =/ CoAREKIC LV EAESNT
BHAMEB CH L AT TV VoV F Uiz Afafifb L, —MARfaffsiiigch o414
VEERO/SIV R R b A UIREFEAT H AT T m A /L CoA A bE%SE (Stearoyl-CoA desaturase, SCD)
DOREFRFKN HCV 7 AERAZIHT 5 2 L 2H 6N Le, £, ZoMfshRix, v 1 @
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L A AREFIARI R A B LIRS 5 2 & TR SN Z LD, — il AN EaFfENIER Y HCV &
J LAERICEETHDL Z R oTle, EHIT, ZOHANIBEF D DAA L OPFHTHINM, 1 >
H—7 xn o LITHENL HCV 7 AERIMHEHERN 2" 2 L 2 R Uiz, UL EORERNS
FEIAIR A=A RUZ 3BV T, SCD 41 L7z — i A fA I EE A By HCV &7/ AE RN B e 55 2 R
7ZLTE Y. SCD HEHIZ DAA & OV S HHOP HCV IGHEEM L 725 2 L BNbho
77

2) WMWA 2 —7=m (IFN) IZ XY FFE I 58778 HCV YL K- D fig b

HCV 12 L BT EIZZ O RNA U A NV ADFHEEN R E RN & 7> Tnd, THETIC
HCV ORI IE B IR, FEIZ IFN lambda 23BE 35 Z L3> T b, L7z23- T, IFN
lambda FFFLH 72 5T HCV #2815 200295 2 &3, HCV O Rt OiIcEE Ch b &5
X HiVD, &I T, AEFEIL, IFN alpha TIEFFE S 47, IFN lambda |2 & > TEHE I 5 & 1-#
DFFHT 24TV, IFN lambda F 2 A) 7251 HCV IR A2 R T B FORELZ Bfi Lz, A Z—x v b
FICHFET DA 70T b A OT =X BT 25 2 L2k 0, FREE#EME % IFN alpha & IFN
lambda THLEE L 7= RFDZ L E N OMIIEN THEE S L 58 s 588l % i L IFN lambda ZLERIZ L >
TOH, BEICRANEAT 2B THEHALNICLE, £, ZORREE2MRT L7201 M
HMfE 2 A Z < 7 A % IFN lambda THLEL L, Z OfTfE2> 5 RNA 280 L T, KU~ T X L O T
A TRERE L Lz, ZOfEE, IFN lambda (2 X - CTZ ORINE(LT 28 E TR N 2
R &N, BIE, 2D OB TFEY & HCV G5 & OB ICB U CTHIT 217> T\ 5,

3) BRIFR VA VA DT SHF5E

INETBRFTFRY A /LA (HBV) 1Tx L CREEFFAMEZ R/ s LTyt HATH,
HepaRG AN R SN TE 72, L L, 245 OHIIEIX HBV YO FRELME DMK O [ A
W -oTz, i, & MFEHBERKO HepG2 Mifidlc, HBV EZ /R E L T S/t b Nat/
taurocholate cotransporting polypeptide (NTCP) ZJEHL S H /- FEBRRDAFE I NIz, L LR 5,
HBV B L 0Bl & Z SN IER b MFIROZL 2 T4 5 720 O EBRRIIFE LRV,
Z CHFAIIEIC VMW 2 fRds L7 AsE ke MAITAIIE (HuS-E/2 @) % T HBV & T o FH
HAER 2T+ 2% 2 & 23 alE72 HBV JEUYIR O B W EERMII R OB R 2 8 Z 72> T\ 5, HuS-E/2
MIfEIZ B N NTCP @ C AK¥iffliZ TurboGFP (tGFP) % 7 Z 3/ L7387 7 A I K% HuS-E/2 i
[EA L, FEABRPUC K Y NTCP-tGFP 155 BLHI K HuS-E/2-NTCP-tGFP #ifid 2SSz L7z, 155
iz 7 v — AR HBY Z & S, £ OG22 il L, 2030 B WEYSEIEO 72 O IT LB 7R
AERERIZ DWW TIET 28D T 5, £72, HBV 7/ A% 587 7 A X N% HuS-E/2 flifalZEA
L.HBV %/ A8 %2 FEL 288 ROV T bR 2 D TV 5, HuS-E/2 i3 Sr AR 3%
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THETIVAkOE MFMIRISEWEE 27R9 X 9127025725, HBV 7/ AZEA LT Z Ol
HALIRER S 5 2 & T HBV R 2 fliladMIiiih 5 2 & 2R MR A2/ T\ D, £72, HBV
AN THEE L T 2RO EMIRZ ANTr I DN AL Aav—0FEL Y HBV 04
THER 2B 2 Ml K 7 2 BAEHERE L TR Y . Zh o MlaR 72150 & L7=#i7= /a5t HBV DB
DT DI IE L ED TN D,
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We have been studying on antiviral innate immunity, particularly on the mechanism of type I interferon

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

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

also try to understand how viral replication within the cells is sensed and triggers signals to activate antiviral

program, by live cell imaging. We study different viruses including Polio, Influenza A, SFTS, hepatitis B

viruses in the context of antiviral immune responses of the host.
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Topics

Autoimmune Disorders Associated with Gain of Function of the Intracellular Sensor MDAS: FUNABIKI,
M., KATO, H., MIYACHI, M., TOKI, H., MOTEGI, H., INOUE, M., MINOWA, O., YOSHIDA, A.,
DEGUCHI, K., SATO, H., ITO, S., SHIROISHI, T., TAKEYASU, K., NODA, T. and FUJITA, T.

MDAS is an essential intracellular sensor for several viruses, including picornaviruses, and elicits
antiviral interferon (IFN) responses by recognizing viral dsRNAs.MDAS5has been implicated in
autoimmunity. However, the mechanisms of how MDAS contributes to autoimmunity remain unclear. Here
we provide direct evidence that dysregulation of MDAS5 caused autoimmune disorders. We established a
mutant mouse line bearingMDAS mutation by ENU mutagenesis, which spontaneously developed lupus-like
autoimmune symptoms without viral infection. Inflammation was dependent on an adaptor molecule, MAVS
indicating the importance of MDAS signaling. In addition, intercrossing the mutant mice with type I [FN
receptor-deficient mice ameliorated clinical manifestations. This MDAS5 mutant could activate signaling in
the absence of its ligand but was paradoxically defective for ligand- and virus-induced signaling, suggesting
that the mutation induces a conformational change inMDAS. These findings provide insight into the

association between disorders of the innate immune system and autoimmunity.

DHX36 Enhances RIG-I Signaling by Facilitating PKR-Mediated Antiviral Stress Granule Formation:
YOO, J-S., TAKAHASI, K., NG, CS., OUDA, R., ONOMOTO, K., YONEYAMA, M., LAI, J-C.,
LATTMANN, S., NAGAMINE, Y., MATSUI, T., IWABUCHI, K., KATO, H. and FUJITA, T.

RIG-I is a DExD/H-box RNA helicase and functions as a critical cytoplasmic sensor for RNA viruses to
initiate antiviral interferon (IFN) responses. Here we demonstrate that another DExD/H-box RNA helicase
DHX36 is a key molecule for RIG-I signaling by regulating double-stranded RNA (dsRNA)-dependent
protein kinase (PKR) activation, which has been shown to be essential for the formation of antiviral stress
granule (avSG). We found that DHX36 and PKR form a complex in a dsSRNAdependent manner. By forming
this complex, DHX36 facilitates dsSRNA binding and phosphorylation of PKR through its ATPase/helicase
activity. Using DHX36 KO-inducible MEF cells, we demonstrated that DHX36 deficient cells showed defect
in IFN production and higher susceptibility in RNA virus infection, indicating the physiological importance
of this complex in host defense. In summary, we identify a novel function of DHX36 as a critical regulator of

PKR-dependent avSG to facilitate viral RNA recognition by RIG-I-like receptor (RLR).
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A novel function of human Pumilio proteins in cytoplasmic sensing of viral infection: NARITA, R.,
TAKAHASI, K., MURAKAMI, E., HIRANO, E., YAMAMOTO, SP., YONEYAMA, M., KATO, H. and
FUJITA, T.

RIG-I-like receptor (RLR) plays a pivotal role in the detection of invading pathogens to initiate type |
interferon (IFN) gene transcription. Since aberrant IFN production is harmful, RLR signaling is strictly
regulated. However, the regulatory mechanisms are not fully understood. By expression cloning, we
identified Pumilio proteins, PUM1 and PUM2, as candidate positive regulators of RIG-I signaling.
Overexpression of Pumilio proteins and their knockdown augmented and diminished IFN-£ promoter activity
induced by Newcastle disease virus (NDV), respectively. Both proteins showed a specific association with
LGP2, but not with RIG-1 or MDAS. Furthermore, all of these components were recruited to NDV-induced
antiviral stress granules. Interestingly, biochemical analyses revealed that Pumilio increased double-stranded
(ds) RNA binding affinity of LGP2; however, Pumilio was absent in the dSRNA-LGP2 complex, suggesting
that Pumilio facilitates viral RNA recognition by LGP2 through its chaperon-like function. Collectively, our

results demonstrate an unknown function of Pumilio in viral recognition by LGP2.
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S, Shiroishi T, Takeyasu K, Noda T and Fujita T (2014) Autoimmune Disorders Associated with Gain of
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ppat.1004012
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S FFFEE i B IE 5%
Halik B FEPRER

I _EAREE
P INGRHLSE

LIS B TIETA NV ZERISE L TSR SND 1A V7 —T = o ORBFELR L
D, BRGIESIED A T = A LZMFTR L TWD, ZO—EDFUSITMIEA 7 A /L A DJRYY 2 3
L2 EMDREEND, ZOMREONE E D& P —43 13 retinoic acid-inducible gene-1, (RIG-I)
ThoH I ExHR L, RIGHIHEE L7 MDAS, LGP2 £ W5 3 FHFELTEBY, Znbaik
R L C RIG-I like receptor (RLR) & FE5%,

AREEFEDWIIERER D 5 BRSOV TS 5,

Funabiki M, Kato H, Miyachi M, Toki H, Motegi H, Inoue M, Minowa O, Yoshida A, Deguchi K, Sato H,
Ito S, Shiroishi T, Takeyasu K, Noda T and Fujita T (2014) : Autoimmune Disorders Associated with Gain of
Function of the Intracellular Sensor MDAS. Immunity 40, 199-212

AN T 4 LA o — MDAS 1%, BT U g VAR ZEGT T 4 L AERERHZB W T, U 4L

A3 ARSI RNA (double-stranded RNA; dsRNA) Z78ik LILY 4 VA HARGEISE ZiHE5T 5,
—05. A I3E B EE~ORBR G EF B INTE, LrL, MDAS A ED L HICH KR
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BEHRBIZES LTV D00, ZOBBIIRIZH & 2IE 2o Ty, ARIFFETIL, MDAS £5858

EERPNEF IR ZHE L, HORERRLZFET OB E TV AET VIZBWTHLMMNI L
7=,
Fl~D RXENU R 22— X V2 XV ARIZK S THIN. SN2 DT, —T7 ABEREED RERIKRE %

ERIET D~ T ARSI L MDAS (CH—D 7 I VAR (G821S) ZFi>Z EvHI L7z,
REREBERIXT ¥ 75 —53F T D MAVS IZHA7E L, MDAS-MAVS > 7 F URER K 3 [F~ 0 A
DIRFEICNATH D Z ENRHL N E I oT2, —F THIFN Z 5K % KB S H7- MDAS AR~ X
. RERIRRE R OFLE TR T 2 L ODEKRE L TBRNER SN2 s, TRIIFN &3k
NF-«B IRTFRIEVED A M AV HIREE~B G LT\ D Z E ARl S i, F7-, G821S AR
MDAS DU 5> RTH 25 dsRNA I3 T DIGEME AR L TWDH—F, U Ay RIEFEFIZBWT
[ZIRIFN 7' & — 2 —{EMH 2 M < FE L [AZRPEFEENER TH L Z LN o7,
AWFFETIE MDAS RSSRE RN A CafE R B2 FHR T 2WEIC OV T v 7 ZAE7 L& VT
BN Lz, ZAUH OfERIT, MDAS K17/ 7 A o IS T 2 TR - 2 IR IE~D A g
PEZRE T 2 & [FIRFIC, S 72 BARGIEIRE DN B CAE R B A HH T D alRetE 28 Ls,
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Introduction

In eukaryotic cells, many genes are separated by introns into multiple exons that should be joined
together. In addition, the cell itself is separated by the nuclear envelope into two major compartments, the
nucleus and the cytoplasm. These two types of separations necessitate specific gene expression mechanisms
such as RNA splicing and nuclear transport. Prof. Mutsuhito OHNO’ s laboratory is studying various aspects
of eukaryotic gene expression with great emphasis on “RNA” as a key molecule. In addition, we are also

working on quality control mechanisms of eukaryotic ribosome particles.

Topics

1) RNA distribution in the cell:

1-1) pS4nrb/ NonO and PSF promote U snRNA nuclear export by accelerating its export complex
assembly

The assembly of spliceosomal U snRNPs in metazoans requires nuclear export of U snRNA precursors.
Four factors, nuclear cap-binding complex (CBC), phosphorylated adaptor for RNA export (PHAX), the
export receptor CRM1, and RanGTP, gather at the m’G-cap-proximal region and form the U snRNA export
complex. Here we show that the multi-functional RNA-binding proteins p54nrb/NonO and PSF are U snRNA
export stimulatory factors. These proteins, likely as a heterodimer, accelerate the recruitment of PHAX, and
subsequently CRM1 and Ran onto the RNA substrates in vitro, which mediates efficient U snRNA export in
vivo. Our results reveal a new layer of regulation for U snRNA export and, hence, spliceosomal U snRNP

biogenesis.
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1-2) HIV-1 Rev protein specifies the viral RNA export pathway by suppressing TAP/NXF1 recruitment

Nuclear RNA export pathways in eukaryotes are often linked to the fate of a given RNA. Therefore, the
choice of export pathway should be well-controlled to avoid an unfavorable effect on gene expression.
Although some RNAs could be exported by more than one pathway, little is known about how the choice is
regulated. This issue is highlighted when the human immunodeficiency virus type 1 (HIV-1) Rev protein
induces the export of singly spliced and unspliced HIV-1 transcripts. How these RNAs are exported is not
well understood because such transcripts should have the possibility of utilizing CRM1-dependent export via
Rev or cellular TAP/NXF1-dependent export via the transcription/export (TREX) complex, or both. Here we
found that Rev suppressed TAP/NXF1-dependent export of model RNA substrates that recapitulated viral
transcripts. In this effect, Rev interacted with the cap-binding complex and inhibited the recruitment of the
TREX complex. Thus Rev controls the identity of the factor occupying the cap-proximal region that
determines the RNA export pathway. This ribonucleoprotein remodeling activity of Rev may favor viral gene

expression.

1-3) Exportin-5 mediates nuclear export of SRP RNA in vertebrates

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

1-4) Analysis of RNA sorting system for nuclear export in Drosophila

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

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

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

provide a molecular framework for the substrate diversity of the complex.
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BB AR AT FE Y Department of Genetics and Molecular Biology

BFim s FLEF RS Laboratory of Biochemistry
Btz REFREN
Bh# EE
B B H—RR
FeEMTIE B S Fn-f-
aRE
KB4 ARSI, $R5E

HIRLDHF D RNA O RIS ITERETIZ R Z o7 B E OEASIE (RNP) & U CTIEE LIERET 5, Y4
WFZEEE1%. RNP OJERL « G HL - ik - iR - SVEEER/2 & RNP 20 < Dk 4 7p Bl g | 2 Bk
BFo TV A,

2014 4 4 AIS, 1 4D HESMRS:, 24 05Tl L. M ERBIEE L ERRICEhTh 1 4
FTONFL, TOMR, REMEEICIE, #d%, WE, 250 0H 2 A ORENER, 1 4O

TR RS, 1 A DE LR A DERET L 2L Loz,

I . RNP OEZAMfE [ o sk

RO S5 EE 22 RNA I, #IRRICEI 2 U AR Y — A RNA (rRNA) S°HiEf RNA (tRNA) |
ATTA LTIl BT Y VY v F NS T RNA (UsnRNA), # v 2 ¥+ — RNA
(MRNA). <1 7 &2 RNA (miRNA) 72 ER&H 57, Z4 5D RNA 11, FH240 RNA FEICEA
DEEREFREDBZEN TS Lok, MIRE~ xS D, N TEILEILO RNA IZEGT DK
TR, BAMREZF L7120 TR SRR O e o RNA O (RfEfk, B, ZE
PEZ2 L) ZLBET AT LALLM TET, SFE VY . RNA OFEEITEN CREICEAMGER
TREC E o CERBI X TN T, Z O3RN = 4L HEE X 72 RNA OIEMSIRICHEE 52 20 Ch 5.,

flL )7, snoRNA K> scaRNA 72 &', F% b < AL S L TITHENOER % 72 B A A 2k S s
RNA HiFET 5, & HIC, —FED RNA EEHMEE L LT, 1> be v 25T mRNA Bk &
DARFRE RNA TR T 25 £ TEOTICED bb, £7-. WAL ZDOH2IE, RNA ik % 1
THZ LIS Lo THIET 5 b D0 S KD 5,

PLED & 5 72 RNA ORI HEHIENTRIZ FRBUCHEF ICEE CTH DB HR L, Z0
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X 972 RNA O#ERIZ RNA EO ED X 5 72 BHIZ#E L TIThN D D, £ OB EITH % >
NI ZERAREIED X S 72 b D700 2 AWFZEIE, BIE L7 < OO0 SICE S EZ/K Y . Mian
@ RNP GBI T HHIEREZ ST 52 2B ET 5,

1. U snRNA &Mk (2 B 59~ 2 5 LA 1

UsnRNA [ZFEER AT T A VKT Th s UsnRNP D RNA 57 Th 5, UsnRNA (X RNA &~
UAT—BNATIEEINDTZH, D5 KMZIEmIGRIOX v v FEENER S, £ 212X
Xy v TGS ¥ X7 HHE 1K (cap-binding complex, CBC) 723 & 9 5, WIZ. PHAX
(phosphorylated adaptor for RNA export) &\ 7 X X —5 N TER X v » FITHEE LT CBC &
X v v ZTUEO RNA KA 5 2 £ 12X W RNA BICFFONA E 4, £ O PHAX 734 13 NES (nuclear
export signal, FZF IS T 7 V) Ok K CRM1/RanGTP % FEUNAZ, U snRNA 24 i A K
MER L, ZOEAERPEIELZEIET 5, 20X 512, UsnRNA OFZFMGEED T U 40 HA T
T TR S TSP, fix 7o 7 izt LC, U snRNA OZA gk 228 L7= v 5 L7-
D% KO IR EMFNHIE A T D K 9 78 U snRNA EZAMGEOHIEIR 11X 2 E CIZFEE ST
AN

BHFFEETIT TRNA OR S| 215 K7 OPRREFE THEIR U snRNA ik [K 7 PHAX 7% RNA (2
fad 52 & A RtET 215 A4 HeLa MAZHI IR TIZ R A L Tvie, Fox i3 Z oG MEE2 B L,
p54nrb & PSF &9 2 5D RNA FEAMEL L /37 B D~T 1 2 BAKITT- 80 -, BEX 72 in vitro
& invivo OFEBROFER, Fx 1L Z DR TH U snRNA BAMGEE S RO K A EET S Z Ltk -
T, U snRNA BSMRIEZRET 27 78U —KFThHDH I L amLic, ZORMRERILIERL
77

2. HIV-1Rev ¥ > /37 EIZ L 5 RNA BAMGIEBE S ROV ET Y v 7

ElRo X oIz, @EIEA 2 b e A2 ET mRNA BIBKRISHIRE ~mE s, 277147
IZE Y A mRNA ICEBIND ETENICEED, =4 AUALAHIV-LIZ. BHEDY ) A2 —
REN5D Rev EHEZHWT, A7 74 752 HDHWITEH I LT T D A )L A
RNA ZHIfE ICHE S8 5, i, Bk 7 J L (NES) ZFi> Rev 37 A /LA RNA LD
RRE & FEEHL D RNA FBIFNCAE G35 2 L 1T ko T, RNA BAMEE R 2 8% O mRNA O Z i)
5. NES Z &M CRM1KFFYEDZINA~E AL v T T HHICE > TR LZET HiLd, O RNA 5+
FIERREE D AA » F 2 TR NT, A VARREE T Rev & 15 FM D mRNA ik K 7-H#E O O
FHTEASNNZ U THRIE S AL DI OWTIELS BB TIERW, 77 U 1Y A H )V O YR
B~ ETEAEZHV, A v ba s a2ET 7 A /LA RNA Z 1 L7-T 7 /L RNA ORAMGER S
2, RevIZE o TIEFHNO VA NVATINAAL v F 552 LR LT, S BT, Rev NSRRI
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BUANARNCT 720G TR EERORMEREEZHAEL TNDZ LBbhroTe, Eo. EED
HIV-1 BRI VWR TH 2N EEGBT HMERAOND Z L2 MR LT, SHIC, ZOHRED
ROGTHMEL LT, Rev2s CBC AT HZ LICEY, THTFH—ToH 5 Aly/REF DY 7
N— N E ZETDE VI D FHEEZI LN L, 2 ORERERIIEE LT,

3. HHEEMWICE 1T D SRP RNA OREAMEIE DR 5E

BRI TIE, BERICBW T2 72 RNA DRE SILTEY . D% < PNERG% I A ik
L CHIIE ~ L@k S5, BEOHIEND, RNA ZSHIIRE ~ Lk S5 7= DI ITE s gk &

KIENDH RV B EHERERT HDMERNHLZ ENRINTVND, EHIZ, RNAIZZENE

(ZHRER) 2R AME I Ko TR~ Lk SN D Z LB LI TN D

fﬁfﬂzf % < O RNA OEAGIEIZ DV THFFERIT DAL, £ D5 %H%’f%?%ﬁﬁrﬁﬂ Sho2dH5—
T T ARWFFROMFFER L T 5 SRP RNA ORZAMGEIZ OV TIL, FFICETHEEMMIZ IV T, FZEN
SEBHIEIL TV 2, SRPRNA 1T, FEAESHIIZ ISV T, X X7 E0 MW X7 /N afk~&
7 — 95 RNA- X VX TEEEIRTH D> 7T /Vidi#kki 1 (Signal Recognition Particle: SRP) ™
RNA i3 Th %,

HEFEERHIZ IV T, SRP RNA [ CRM1 & KT D ML R FIZ LV ik S D 2 LRSS
TWo, —HT.HHEIMICBNTY, 7 v hOEEEMIEEZ CRM1 OFLEATLELY 5 & SRPRNA
DZICERET D Z & ovh, HEFEERE & [FIBEIC CRMI 28 SRPRNA Zigikd 5 & PRSI, L
MURAR S FRD T v b ORI Z W72 FEERIZI W T, CRMI [REOMBRY R8I LV SRP
RNA 2MEEICEHE L= T ReM I3k T & 9. CRMI1 7% SRP RNA ORAMGEIEINFTH D0 E 9 nidR
IR CH -7, TD7, THEEIMIZE T 5 SRP RNA OGS, MG AR 1 O iR
HLT, I ZEAERMOKREICH T2, £ T, FxITEHEIMIZISIT H SRP RNA OZ A e
ORI Z A& L TIHFEZBAA Lo, £ HFHEEIMIZ IS5V T SRP RNA OAMEEAY CRM1 124K
FLTWDNE S, RNABIEFIEICBWTCE S HWSND T 7 VU B A H = )VIRRERE ~ D
BEARE VTR L7,

Z ORER, FHEEIIZF T SRP RNA ORSMEE A CRML ITIKAFE L TV W2 & & fLH L7,
WIZ, FHEENIZI51T D SRP RNA ORZAMRER - % [RIET 5729012, Bix 72 RNA Z V7= cross-
competition assay 17572, & DS, SRP RNA | pre-miRNA X° tRNA & 363l U 72 K12 L 0 ik
SND T ENRBEINT, ZDTH, pre-miRNA X° tRNA OEZSMREK 1T d 5 Exportin-5 2% SRP
RNA O EER T OFA & LT b Lz,

% Z T, Exportin-5 2% SRP RNA OZAIER 7 ThH 50 E 5 a5 72D12, LT OFERE
1T>7, F£7. Exportin-5 DU =2 ) K& /N7 H & 7213 Exportin-5 (Z X9 5 HuiR 2 JN LA
DIZIZHEA LT SRP RNA OEZAMGIEIZ G- 2 D5 B85~ Te, TORER, Varevrr by
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B DIEANZ LY SRPRNA Ok IMEdE S5 —J7 FURDIEAIZ L Y SRP RNA Ok IHE S
770

WIZ, BAF fb L7z SRPRNA % HeLa Ml iR &L IR TV 2 0 3 5 FBR AT o 72,
Z DOfER. Exportin-5 23k E L AT D72 OIZHME L F 5 cofactor ThH 5 RanGTP DAFAE FIC
BT CRMI Tid7e < Exportin-5 237k L7 Z & 55, SRP RNA L Exportin-5 *fHAAERH 325 2 &
RS Tz, PLEORERNG . FHEEIIZIS1T 5 SRP RNA DOZAMGIEK 11X Exportin-5 T %
Z DRI T,

AHFZED B Exportin-5 A3 & D X 512 LT SRPRNA % i8ik4 2 D>, 72 ¥ HIFRER & FHEENM ) ©
SRP RNA DEZAMEEK T3 72 D DO b WS T2 BEN B 712 E LTz, TNHICE L TERE{T-
Too UL EORERZ R LB s,

4. v a 7Y a u/NT|TEIT D RNA polymerase 11 #55-FEY) DAL 1) K4 O fRtAT

FUZAII CTIX 2 < OFEHD RNA BN TIRE Sh-%, MilE~tfksns, ZoOR, Rk
% RNA FRIZIZR R DR E ARSI SN D05, ZHIEEN L0 RNA RN TRBl s D

EEERLTWD, LL, ZOBID5 THIA 1 = X AEIRAREH 7 HZ 0, HTH spliceosomal
U snRNA & mRNA [T RNA polymerase 11 |Z K > THRG 415 72 E W< DO 3Ll R 2 £ > TV T
W OFRBIFEILERE D < R TH o7, Fox OBFIEEIL Z OB IZBI L T mRNA 723 U snRNA
WCHARTEWZ LIZER LT ZED -, £ LT, BHEIY TIZ RNA O INHHE OMRAICE
ECThHhHZ L, TOREXERDIFTE LThnRNPC M8 < Z & &2 LRI 62 LTz,

vauYa v TR, FHEENM & [RIERIC U snRNA O REEGETE TEAMRE N TN 5D T, U
snRNA & mRNA HOFRNIZEETHLHIETT TH D, L THAN, a3 U3 U3 (X hnRNP C D
We/aRTu 7 2 fi-/avn, £ 2 CARIMIETIEY 3 vy a = |28I1T % U snRNA/mRNA OBl
ORI %2 58772, U snRNA OFiik[K 1 Cdh % CBC & PHAX DL B v M ¥ LRy g LA
2B E D RNA ZHWT, hnRNP C Z[[E LTERF L RO T v A {7072 2AH, vavyday
/RS2 AMAAR MR P, RV RNA 2 BEEMIZ PHAX 2 FRETHIEEE RH Lz, 2oz &n
5 a vy a UATIZEWTE UsnRNA/MRNA OB IX RNA O S2)GE U TfThitTnd Z &n
R RIB S 7o, BUEFR 41X S2 MIIRARFE 5 Z O ZH S BER T OREZ R A TN 5D,

II. RNP O VB &R

AHIZIELWRNP Z1EAT7-DICZ KT RN —a A MaFho TWAENR, VRV —LARAT T
A4 Y —2D X RERKTHEHMEZ RNP O%45, GOBRTREZRNP AR L TLEY Z &
LB L RWE A9, —J. BIET DNA OZERE R AT AL E . 1EMEEEFH e 80
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Bex RBREEA R L AT X0 | 5ERLA RNP 100 RNA A UMEE R 7 B S BER L= 0 54
F7e0 32227259, ZOXIRAKTEEZ RNP AR L TLESZEXIT, Miaix
ENOLEEDI I T HDTHA 90 RNA T OEEOWFEIIREANATOIL TN DM,
FEILRNP O EEBR & )9 BLED BATONTEHIEIEZ < 22 <. 20T X 5 R IRfElc oW
X020 ThH D, RFEETIE, VAR Y —LRT%2FT/LRE LT, RNP OMEE P Z E-> T
Do

HEERERE CIEME PN SR E R A R X 5 72 UV AR Y — A RNA X, AGGETE T ME & PRk
2B oM B3, SERGE U AR Y — ARLFI2F THASL T HLD, 255 IRNA @ PTC (peptidyl
transferase center, ~~7'F NABIEVEF L) ICRERZFEO L OIIEMMDOK (60S) 7 2=y k
% T, 18S rRNA @ decoding center (K5 5fEatt > Z —) IZHAEREZFFOH OIXFEMLD /N (40S)
V7 a=y hETENTIMEALTHNDIN, WTHHERRO 72D OIEHITR > TS, b0
KO —RIEE P ERERE S U2 58aih Y AR Y — A @ 1RNA X, #F+ L T NRD (non-functional
rRNA decay) & T 5 RNA SWE B PR TOMEN D,

1. ERRY R Y — 20D 2 X F U H—BHEE RO

60S U AR Y —LH1?D 255 rRNA @ NRD (25S NRD) (2% Rtt101 & Mmsl 22572 % Cullin % E3 =
EXFUH—BIZLD VR =D X F ABNETH D, 60S UARY —LDOLBIZITET
ZEXTF - TuT T —LRICEDIV R —LEZ R EOGBENRMLEE B BN,

URY —2OWEEBEBEORHDZO, VAR —ADa b XxF 1 LICER L THFZEZBRLA L
7zo Rtt101-Mmsl E3 U 7 —EBEAKRIT EEA R R Y — L&k T 0 Ve 75 — 2 T B 2 i
ZTWDHEEBEZLNDN, TOERITDONS> TR, ZOLBTH—F LRI EORBDTD,
Mmsl & OWEFIFR EAEHN LI TND X VR EOH NG 258 NRD (KBRS DN G D E
FART, ZOFRER, Crtl0 L) WD40 U B — b &2 DX VXV ER 25SNRD I ETHDH Z L %
FE LT, Crtl0 (X Rtt101-Mmsl 2>572 % E3 U W —BHEEEREWH I L TR E2Y R Y — Lk
EXF AT H 2 BRI T,

L72yL. Rtt101-Mms1-Crtl0 A7 & U R Y — A & OB AR IZ BRI T 5 2 &2
T&ERpoTe, ZOTH, WH L O HTRIKTFHHFIET D AlREMEZ % 2. Mms] & Crtl0 @
BERE BRI L 0 | B R ORIE 2R AT, BESHTORES, Pafl Complex (PaflC) & FEX
NAEGHRHETESEPIEFEE L TWD Z ENbo o7z, Pafl 1X, 1996 4F1Z RNA polymerase 1 (2
MET2H R EE LTRESIL, B A M EMBEER L, HELRET D% RS
HTTw N7 —LELTHET HEEZLN TS, PaflC I L » TRIEENFIE SN 5 8B T
MR E I - 2 b U RSB BEEE 7 EEZ V. L L, PaflC (X 25S NRD (2B 5- L7awn 2 &0
bnotz, Crtl0 Z&Te E3 U W —EHEAIKIT. PaflC 2/ LT 25SNRD LISt Oj& 2 L Cn5b &1
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mahs,

Rtt101-Mms1 AR 1Z Mms22 & f5A L . Mms22 [ZDNABEEIZBE D D Z & 85TV 5D, Mms22
& Crtl10 [ TH A HEMAGI Mms] (2B 5, mmsld R0 rtt1014 £8, mms224 #8HS DNA 28 5512 &
SPEL TR D DKL, ertl0A BRCTIXB AR E B bl oTo, ZORERIL, Crtl0 DR 5-9 % 258
NRD 7%, DNA &8 & T8 EANHMEORE TH D Z L 2R LTV D,

BBRIZH A—V % 525 A ML A FCIEZHEORMBENBEAET 528, Rttl01-Mmsl 725725 E3 Y
H—BEEEWIZEDOT X T2 —2 X GEBENFTH LT, —FICKLT D ENTE D,
AMFFEIZ LD | Crtl0 A2 D B3 U H—BHEAAR%Z 25S NRD (S ] S &2 bo7z, S 512 Crtl0
M Pafl EFEETHZ LMD, BREF D DNA X° RNA IZFEENE LA, ZOEAERN Crtlo &
PaflC Z T L CHRG 2 il 3 5 AlRetE 2~ L T 5, DL EORER & i sCief L2 Sz,

2. HEREARA ) R Y — DRI D4y Rk

25S rRNA (2%, PTC LIAMC L BB/ KA A U NFAET D, ZNDHD KA A NTERE R 258
rRNA 23 Bl TE D MBI N D 0IA £ THAILN T I Z2h - 7=, 255 rRNA @ Sarcin-Ricin
Loop (SRL) °40S 7=y M & DEHITHERT U v VENICERZBEAL, £ OZEHE)
25S IRNA OFERERCR EMEC 5- 2 DB AT AT, 13 L A EDZELE25S IRNA X 60S 7 2= MZ
FAZSAENTED, HREZ FER T 5 5 IRNA OGEIIEZ OMIIAN TOREMEN K E KT L7,
ZIH ORERIT, MR S E B DY 60S DZERR KA R TE L2 L 2R LT\ D, BUE,
SRL DEBKEDOOEDIZER L, ZORMRICEHET 2R FOBBEFHINAT Y —=2 T 27> T
Do
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Introduction

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

Topics

1) Characterization of the interleukin-15 niche in primary and secondary lymphoid organs in vivo: G.
CUL T. HARA, S. SIMMONS', K. WAGATSUMA, A. ABE, H. MIYACHI? S. KITANO?, M. ISHII', S.
TANI-ICHI, and K. IKUTA (*Osaka University, Reproductive Engineering Team, IVR)

IL-15 is a cytokine critical for development, maintenance, and response of T cells, NK cells, NKT cells,
and dendritic cells. However, the identity and distribution of IL-15-expressing cells in lymphoid organs are
not well understood. To address these questions, we established and analyzed IL-15-CFP knock-in mice. We
found that IL-15 was highly expressed in thymic medulla, and MHC-II"¢" medullary thymic epithelial cells
were the major source of IL-15. In bone marrow, IL-15 was detected primarily in VCAM-1"PDGFRS"CD31 "~
Sca-1 = stromal cells, which corresponded to CXCL12-abundant reticular cells. In lymph nodes, IL-15-
expressing cells were mainly distributed in the T-cell zone and medulla. IL-15 was expressed in some

fibroblastic reticular cells and gp38 ~ CD31 ~ double-negative stromal cells in the T-cell zone. Blood
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endothelial cells, including all high endothelial venules, also expressed high IL-15 levels in lymph nodes,
whereas lymphatic endothelial cells lacked IL-15 expression. In spleen, IL-15 was expressed in VCAM-1*
stromal cells, where its expression increased as mice aged. Lastly, IL-15 expression in blood and lymphatic
endothelial cells of peripheral lymphoid organs significantly increased in LPS-induced inflammation.
Overall, we have identified and characterized several IL-15-expressing cells in primary and secondary
lymphoid organs, providing a unique perspective of IL-15 niche in immune microenvironment. This study
also suggests that some stromal cells express IL-7 and IL-15 differentially and suggests a way to functionally

classify different stromal cell subsets.

List of publications

Cui, G., Hara, T., Simmons, S., Wagatsuma, K., Abe, A., Miyachi, H., Kitano, S., Ishii, M., Tani-ichi, S., and
Ikuta, K. (2014). Characterization of the interleukin-15 niche in primary and secondary lymphoid organs in
vivo. Proc. Natl. Acad. Sci. USA., 117, 1915-1920.

Tsuneto, M., Kajikhina, E., Seiler, K., Reimer, A., Tornack, J., Bouquet, C., Simmons, S., Knoll, M., Wolf, L.,
Tokoyoda, K., Hauser, A., Hara, T., Tani-Ichi, S., Ikuta, K., Griin, J. R., Griitzkau, A., Engels, N., Wienands,
J., Yanagisawa, Y., Ohnishi, K., and Melchers, F. (2014). Environments of B cell development. Immunol.
Lett., 157, 60-63.

AWZE— 0 (2014), AR pEA T 5 IL-7 OFERE. BEZDH I, 248, 615-616.

BT, AR, BB (2014), THMICET 2 IL-7 Lk 7 ¥ — 05 HIE & Hte . B
% T ULAX—RL 61, 450-456.

B—VEIT, AEZ—:(2014), %I T MBI 5 IL-TR Of%RE. ERDHWDH, 250, 226-227.

AW, BEIRZ 0 (2014), 1L-15 FEAMAL O rIHb—0E R OMUNREE OMICHIRE, BEDOH
I, 251,245-246.

Cui, G., Hara, T., Simmons, S., Wagatsuma, K., Abe, A., Ishii, M., Tani-ichi, S., and Ikuta, K.: Identification
and characterization of IL-15-expressing cells in vivo. The 9th International Symposium of the Institute

Network, Osaka, 19 June, 2014.

_62_



£ M 72— : Visualizing immune microenvironment by reporter mice, /& KSR ERER ML ¥ —
T, R, 201441 H 16 A

BV, EHZE— RIS CTOT o ~T 2 THIRMERICER T 5 TCR & 7 F VDM 5
24 [A] Kyoto T Cell Conference, I #S. 201445 H 17 H

AR SERUINRBE O AR ERERERENT, 5B 1 R REE X —, I, 201447 A 31 H

REENBIE, A —¥57L, HHE . RS, WAZ, AW 7% — Differential roles of IL-7 and IL-2 receptor
signals in lymphocyte development and maintenance revealed by IL-7Ra/IL-2RS chimera knock-in mice,

43 [r] H RSl E . FUAR, 2014 4F 12 H 10 H

VENSI, A, BRI, WEFaL, A7 —. FAAIH - Approaches to identify Aire-regulated non-

tissue-restricted antigen genes by the ectopic expression of Aire in thymic cortex, 5 43 [A] H ARG F

rtEss . mEL, 2013412 H 10 H

JREEM, ¥BJA %, A H 72— Distribution and function of IL-7- and IL-15-expressing cells in intestines,
43 [B] H RS s PiiidE s . AR, 2014 4212 A 12 A

X852 —BA : Evidence for the thymic origin of pd IEL, V% 26 4 FUAR KT v A /L AWFSEHT T A
2. AES. 20134512 A 22 H
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RIS B PRI ZE R P Department of Biological Responses

A= B TEIBT 2545 B Laboratory of Biological Protection
Btz AR —
BhZ# H—VEIL
JR S
KRB AT, BNy, BRERE

A3 FICPTERE B S A EMPHATER R AR LRRR 2B T LTt L7, L7edi» T
AEARDEBIZE B ITBUE, B 1 4. BhB2 4. RFPEBAE3I A ORE 6 4 Lo TN D,

ARG EFCIE, EMLERARIE > © O R MIE O P b0 23 FHERE . d6 J ORI IR E O Hil s 4
fRAT 25 &@LU, Ml bOBBHRFEEZPFLNCT LI EEZHIEL TS, FFlZ, 1V
Z—uaA X7 L7 H— (IL-TR) OFERIZET D8R8, IL-7 12X 5 T MaPUR=Z AL (TCR)
BT OHIE, IL-7R OFBLHIGE, 1L-7 & 1L-15 EAMIRO rIH L & BEERRHT 2 OIS ZE 2 D
TWD, AR E LTHE LI EE LTS T 5,

1) IL-15 FEAEMARR O A ik

o RARRIT Y N ER & SRR BE N DY | ORI R N EGRIE, AEHE AR 72 & oD
A hr—vHiENOER S TWD, A br—</lix A Mo, TEIA L EESTRE
ZPEAL, U KO, MR, IRBEICKREREEZHSTND, 2OV A FIA L D—DIT
IL-15 8% 0 . T, NKT#fd, NK#a, BhRMiieossb, R, eI EE @2 LT
%o IL-15mRNA (Y U/ SHERZ 1T L & LTE L O&'E THRIL S D23 1L-15 EEAEMIL O FEREIC
OWTEHELAHOEETHo72, £ T, IL-15 B T HEIZ CFP ¢cDNA % / v 7 A > L7z IL-15-
CFPKI ~ U A ZAERL L | AEIRNICEIT 5 IL-15 FEAMIBL O 5347 Z T U7c, BTl a1 i & ) B
\ZAFET D VCAM-1 BHEDRIEER X b —~<5flllals IL-15 OFHA R 57z, KTk MHC 7 &
A %38 < FEBLY 25 A U 7= IR BEET b R TL-15 OB R Sz (K1), U v 38Tl
T A AR D HEAERRME 2RI CREI MRS TL-15 2 PEAE L T, S 51T, @I ER & 3
ToOMmERNBAMIETIL-15 283 S (1), Bl TIE VCAM-1 BED 2 b v —~ ffifid oo —#f
MIL-15 Z%BLL TRV, ZORBBIRIZMEE & bI2¥mLz, 72, LPS 2& 5 L TRIELZE
I DL, MENEHIE U o ENEHIIEO IL-15 EANTTET D Z L2 R Lz, UL EoRER
B AERNO IL-15 FEAMEA b e —~flilaz#o CTHRE L, £ ORI 725070 & BB A 5
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/MZ L7= (Cui et al, Proc. Natl. Acad. Sci. USA. 111:1915,2014),

s B DAY
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Introduction

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

posttranscriptional levels.

Topics

1) Regulatory mechanism for the Regnase-1-mediated mRNA decay in innate immunity and its post-
transcriptional regulation: T. MINO, T. IMAMURA, D. ORI, Y. NAKATSUKA, M. ABE, M.
HARUNA, M. YOSHINAGA and O. TAKEUCHI

Gene expression in response to inflammatory stimuli is controlled by the transcriptional and post-
transcriptional mechanisms in immune cells. Post-transcriptional regulation that modifies mRNA stability and
translation provides rapid and flexible control of gene expression. Control of mRNA stability is mediated by a
set of RNA binding proteins including Tristetraprolin, Roquin and Regnase-1. Roquin (RING finger and
CCCH zinc finger protein) prevents development of autoimmunity in mice by destabilizing the mRNA such
as inducible T cell costimulator (Icos) and tumor necrosis factor (Tnf). We have previously identified an

RNase Regnase-1 (also known as Zc3hl12a, Mcpipl) degrades mRNAs such as Interleukin-6 (116) and
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Regnase-1 itself, and plays a critical role in preventing autoimmunity in mice. Regnase-1 is shown to control
not only innate immune cells, but also acquired immune cells for maintaining the homeostasis. However, the
target specificity of Regnase-1 as well as the molecular mechanisms by which Regnase-1 degrades its target
mRNAs are not yet understood. In this study, we demonstrate that although Regnase-1 and Roquin regulate
an overlapping set of mRNAs via a common stem-loop structure, they function in distinct subcellular
locations: ribosome/endoplasmic reticulum (ER) and processing-body (PB)/stress granules (SGs),
respectively. We investigated Regnase-1 and Roquin target mRNAs by RNA-immunoprecipitation
sequencing (RIP-Seq) and gene set enrichment analysis (GSEA) showed that Regnase-1 target mRNAs
identified by Regnase-1 RIP-seq were significantly biased toward high enrichment scores in the Roquin RIP-
seq data. Reciprocally, a set of Roquin target mRNA identified by Roquin RIP-seq showed a significant
overlap with mRNAs enriched in the Regnase-1 RIP-seq data, indicating that the Regnase-1 and Roquin
target mRNAs overlap significantly. Next, we investigated target structures present in 3' UTRs of Regnase-1
binding mRNAs globally by using high-throughput sequencing of RNA isolated by crosslinking
immunoprecipitation (HITS-CLIP) and the Regnase-1 binding sequences identified by HITS-CLIP are
predicted to form stem-loops, and the sequences were found to be suppressed by Regnsae-1. The stem-loop
structures with 3-7 nucleotide length stems with 3 or 4 nucleotide loops were significantly enriched in
Regnase-1 binding sequences. Interestingly, the UAU sequence was significantly enriched in the hairpin
sequences. These data clearly demonstrate that stem-loop sequences with varying stem lengths (3-7
nucleotides) with UAU triloops preferentially associate with Regnase-1. By performing a luciferase reporter
assay, we found that the stem-loop needs to harbor at least one GC pair, more than 2 stem lengths and UAU/
UGU loop sequences to be suppressed by Regnase-1, consistent with the enrichment of stem-loops with
various stem lengths (3 to 7 nucleotides) in CLIP analysis of Regnase-1 binding sites. Interestingly, this rule
is consistent with that in the reported Roquin target mRNAs and we found that Roquin destabilized mRNAs
with Regnase-1 target stem-loop sequences by a luciferase reporter assay. Taken together, these results
demonstrate that Regnase-1 and Roquin recognize overlapping target mRNAs via the same stem-loop
structures present in their 3’ UTRs. Whereas Roquin localized to SGs and PB, which is cytoplasmic foci
known to be involved in the posttranscriptional processing of translationally inactive mRNAs, Regnase-1
localized to cytoplasm and ER, but not to PB and SGs, and colocalizes with ribosome. Regnase-1
destabilized translationally active mRNAs and a stop codon was required for the Regnase-1-mediated mRNA
decay. The apparent cooperation between Regnase-1 and Roquin proteins was confirmed by the upregulation
of their mutual target mRNAs under mutations of both Regnase-1 and Roquin, although Regnase-1 and
Roquin tend to control the early and late phase of inflammation, respectively and function in distinct
subcellular locations. Thus, a common stem-loop RNA structure is recognized by distinct proteins in different

stages of mRNA metabolism for fine tuning immune responses.
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2) Role of Akirin2 in Toll-like receptor-mediated cytokine gene expression in macrophages: S.
TARTEY, A. WAKABAYASHI, H. WAKABAYASHI, K. HATANO and O. TAKEUCHI

Recognition of microbial components via Toll-like receptors (TLRs) leads to the activation of a set of
transcription factors including NF-«B and AP-1 for inducing proinflammatory cytokine genes. In addition,
transcription of inflammatory genes in innate immune cells is coordinately regulated by transcription factors
and chromatin modifiers. However, it remains unclear how microbial sensing initiates chromatin remodeling.
Here we show that Akirin2, an evolutionarily conserved nuclear protein, bridges NF-xB and the chromatin
remodeling SWI/SNF complex by interacting with BRG1 Associated Factor 60 (BAF60) proteins as well as [
xB-{, which forms a complex with the NF-xBp50 subunit. These interactions are essential for Toll-like
receptor-, RIG-I- and Listeria-mediated expression of proinflammatory genes including 116 and I112b in
macrophages. Consistently, effective clearance of Listeria infection required Akirin2. Akirin2 (IxB-{)
recruitment to the 116 promoter upon LPS stimulation was found to depend on IxkB-{ (Akirin2) and NF-xBp50
subunit, where it regulates chromatin remodeling and histone modification. BAF60 proteins were also
essential for the induction of 116 in response to LPS stimulation. Collectively, the IxB-{-Akirin2-BAF60

complex physically links the NF-xB and SWI/SNF complexes in innate immune cell activation.
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Il. Second Group

Members
Associate Professor Hiroshi Masutani
Graduate Student Cristiane Lumi Hirata
Introduction

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

protective role in various diseases, associated with oxidative stress and inflammation.

Topics

Thioredoxin interacting protein (Txnip)/ TBP-2 is a crossroads regulator of cancer and metabolism: H.
MASUTANI and C. L. HIRATA

Txnip expression is decreased or silenced in many cancer cells and various cancer tissues. Txnip/ TBP-
27~ mice are much more susceptible to carcinogenesis than wild-type mice, indicating a role for Txnip in
cancer suppression. Txnip regulates TGF-beta signaling and Epithelial-Mesenchymal transition. Recently, a
multi-organization genome study revealed that mutation of Txnip gene is found in cancer samples from
several percent of bladder cancer patients. Therefore, Txnip seems to be an important target of cancer
research. We have further investigated the molecular mechanism of cancer suppression by Txnip. We
identified several candidates of interacting proteins of Txnip in MCF7 breast cancer cells by proteomics
approaches, providing an insight for the pleiotropic character of Txnip. Meanwhile, Txnip plays essential
roles in metabolic energy control. We previously showed that disruption of Txnip dramatically improves
hyperglycemia, by enhanced insulin sensitivity in skeletal muscle and augmented glucose-induced insulin
secretion in beta cells. We showed that the expression of Txnip is tightly regulated by glucose stimulation
both transcriptionally and at a protein level in cancer cells and muscle cells. We have shown the regulatory
mechanism of Txnip expression by chemical biology approaches. Silencing of Txnip expression found in
many cancer cells is thought to be advantageous for cancer cells to escape from suppressive effect by

glucose-induced Txnip.
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WHFFEEITIE, Rk 25 4 11 HICE EHFZE B O Sarang Tartey 2N L, 4 HIZEFHFZERHE LG
B2 EOPE B & AMBAFERHE LRRIE | EOZEF  HEDHZITNb Y, 8 AICHED
i BE-E b o 7,

T, 1 HIZU v bR, 2 HIZ~0 U o BIMSB Seminar Series {235\ CHARF I 417 -
oo FTz, 3 HICHAIEHE S (ilIH), Molecular Clock [EEET AT 7 A (5UE), 6 HIZHUNE
T (KRB, 10 Al EARE TS, 11 AICHARLE 2B TREAERZTTV, 11 AICHAS
TAMFRT =7 v a vy FICTREEIT 7, £z, SFITEETHRESINZE 21 BIRT o7 v
VAR T LTHFK ATV, Outstanding Young Scientist 1st Place TOMY Award 5 E L7z, & Off, #
FEBDLLN, BAGEFRFNES ) FOFRTERLE,

Hex OWFFEETIL, BRREOBLE D RIEDOEL - FEICEED 555 F A =X LOWFEEIT-
TW5, R, BInFBRZE~ v ZADOERE KO & o0 T AW FIEIC K > THIFE 2D, &
FEZ il L TV D & 7 T R ECER G I O 23 T D, SFEORUIRI L OWHEEENE
UToDmy Th o,

D) RIEDEG%FNEI IS 5 Regnase-1 DIE B

RIS T 2B FRBUT, B5 B X CIREHRFAEIC L EEICHE SN TS, T
RNA OZEMERCTIRZ HIH T 2 i 5%l B8 TR HIEH T 2 EE LT e 2A0—2>THD,
Tristetraprolin, Roquin 3 X OF Regnase-1 72 & D RNA f5 & % o X7 EIZ K DB FRENIRIER XD
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I I D B AROHEAE OHIENC H EE CTdH 5, Roquin (Re3hl, Re3h2, RING finger and CCCH zine
finger protein) & Icos X° Tnf mRNA 3235845 2 & CHLOMEERB L 72D Z L &N TWNDH 2
ERMLNTWD, F72, I E TH A OMFZE=ETIX, HH RNase TH 5 Regnase-1 (Zc3hl2a,
Mcpipl) 73 Interleukin-6 (116) <> IL12p40 72 & DY A ~J14 > mRNA O3 21T 5 Z & TilFl a5
BN EZMHT oA NA VEADT L—FEEH S TWDLHEEZ AW LTz, £72, Regnase-1 (3
~ a7y —UhEORRGEHYHIIEE T T, BRI T MIEIZERB VT c-Rel X° Icos, Ox40,
12 72 £ D mRNA Z 534 % 2 L1 k- Tl TARIEM bz #H L T 2 e 2@ L, L
MURIN B, Regnase-l DFER) mRNA O R BPEC/ERBEBIZIZ E A Lo T, REIT,
Regnase-1 |% Roquin & I3# D stem-loop #§iE 2 785k L C, RNA helicase UPF1 {&AFHIZ & > 737 EHH
FROK&KE R (translation termination) & 3:4% U translationally active mRNA % 73fiF L T\ 5 Z & % 1
5222 L7, Regnase-1 OFERY mRNA O Ff A% FRFET 5 72912, Regnase-1 ff 5 mRNA % RIP-
sequence |2 & U MEFEAIICIFE L, Regnase-1 Ofia %A HITS-CLIP |2 &L ¥ fMfEMICIFAE L, HIiZ
Regnase-1 {ZXF3 2 I B TR A [FE L 72 # 5, Regnase-1 |3 stem-loop #i& 4 787k L C RNA 43 i 4 /&
CTCWDZ ENpnoiz, &0 stem-loop #5113 3-7 HiJ D stem #§1& & 3 & 5 \W)T 4 HHD loop 1
BEAETDH ENDhoTz, BN L2, Regnase-1 (% UAU/UGU loop Bd4 & 23 fif9 2% Z &3
Gy 7z, Z O stem-loop #1% 3 Roquin 23387k 9~ % stem-loop #1& & FEH IZEITW/z, £ 2T,
Regnase-1 & Roquin O FEFELFI N E 72 > TV 2 20t 4 2 72 912, Roquin #% & mRNA % RIP-
sequence |Z & U MM IZ R ZE L, Regnase-1 fif & mRNA & Roquin & & mRNA @ FHEH % gene set
enrichment analysis (GSEA) 2 X 0 #EFHRICHENT L7z, ZD#ES, Regnase-1 #A mRNA & Roquin
H A mRNA [IFEHIICE 72> TWD Z &N h -7, BIZ, Roquin IE Regnase-1 DL stem-loop
EEIC% L C RNA 0 fig 2 3538 L 72, Z U1d Regnase-1 & Roquin DM ELSI N E 2 > TRV,
Regnase-1 & Roquin 75 RNA 73 fRREICI W CTEEMEZ A2 Z & 2R/ LT\ 5%, £ Z T, Regnase-1
& Roquin 7% RNA 73 fiFREIZ W CHEEM A AT 5 057 572912, Regnase-1 & Roquin D4 7 /L
J w77 k<7 A (Regnae-1"/Rc3hl=* mice) DIERZHAATFER, ¥V /) v 7T h~w
AFEAERMBIETHY, ¥ TN v 7T U O~ T AT HRBHESMZ (MEF) 1238\ T
Regnase-1 & Roquin D FiHEDFER mRNA ®ITZNEND / » 7 7 7 K MEF X0 £ L T\,
D& RIE Regnase-1 & Roquin X RNA 3 fiFREICEHB W CEHBEEAZ A L, Z OFEME L7 mRNA ZEMH
HE 2 B 72 B R TR BUIIBWTEETH DL Z L 2RI LT 5, RIZ, Regnase-1 & Roquin Dl
FONJRIFEWZBE UET 2 N2 % &, Roquin 1% RNA 0 fif1Z B> 2 %35 3 -5 75 processing bodies (PBs)
K> stress granules (SGs) (Z/RfE L, Regnase-1 (3 A ~ A 72 EOFWEHEOFRNAEL TVD
endoplasmic reticulum (ER) (ZZ<fFHEL, BABEAMEE TH L U AR Y — L LIL/IET 2 FH
H& 757, Regnase-1 & Roquin OB RHTEDIEWITHEEET 57 87 NRRLHZ L ZTRB LT
W5, ERRIZ, Regnase-1 @/ w7 X 7 polysome @ mRNA Z /)l =+, Roquin @/ v 7 X
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> 1L ribonucleoprotein complex (RNPs) ® mRNA Z i/l & & T\ 7o, Z O#EF 1L, Regnase-1 I
translationally active mRNA DRHE T & % polysome ™ mRNA % 73fi# L, Roquin | X translationally inactive
mRNA Z 7L T\ H Z & &RIBL TUW5, Regnase-11Z % translationally active mRNA 43 f#1Z-D
WTHIZHRETZ N2 5 &, Regnase-1 | ribosome 35 L ONEHERE ST 5 RNase TH Y, # X7 EH
AROKEAE G (translation termination) & 3:4% L C RNA 704 42 U Ty 72, BT, Regnase-1 |3 RNA
helicase UPF1 & tHA/EM L, UPFI ﬁ‘iﬁﬂﬁ mRNA Z 53 L CTWD Z En3mginolz, LLEDORER X
¥, Regnase-1 & Roquin |F3LiE D stem-loop Hi&E 2 58k T 5 2 & TLEMAYITE 72 2 RNA Z3 o il 1]
K& L THRBEEL TWDHEN/IF LN E T,

2) ¥/ a7 7=V TO A2 \IZ L5 A b WA VIEETHRBFHENIC 3T D EE]
~ 7 1 77— % Toll-like receptor (TLR) %4 & L 7= BARIZ LV RIS HERRL 77 2 785k L,

RN S 7 AR TER 2 iEMEAL &4 NF-«B R° AP-1 72 E OERBER 12 iEM b S8 5 Z L12 X 0 KIE
MY A NI A VB TOEEZRT, £z, ZOBLEFEIL, BERTLE7e~TF Uiz
Wz he— LI TWb, LLARRG, BRRRENRED LS 7a~vTF L VET U 7
ZHELTWVDDNDA = ANITINE THabhro TWiholz, AEl, Bl BITEIICLRAT
ENTBEY I ETH D Akirin2 3, NFxB &7 a~F L VT ) v I EAEERE SR ISBE &2
5T EEP BT LTz, ZHUE, SWISNF AR % o /X7 B Toh 5 BAF60 ¥ L /X7 & 1IkB-¢
B URTENERERATHZ Ik v#Eb TS, ZofEA1E, TLR 9 RIG-Ifi, 72V 2T
U 7RG T2 M6 0 112b & Wo ot A NI A VBIEFRELICHNETH > 7=, Akirin2 1%
NF-«Bp50 #7 1= hR° IkB- CIKFMEIC 116 T 0B —X —(2 ) 7 L— h &R 16 T rE—X —|2F
WTrZavFrUET VIR A N AFLEFRE LTz, L7223 > T, IkB- ¢ -Akirin2-BAF60
NEARERT D Z LICX Y, NF-xB & SWISNF HA KR EWELIC Y > 7 S8 HRGEMILE
EH LS ETWD Z B LN E T,
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Il. Second Group

HEZd LEFOCIN

KFFeA Cristiane Lumi Hirata

2014 1%, 77 Vv X0 SCHBHEE E R AME N 24 Cristiane Lumi Hirata & A3 = Z2F S0 RHE
ERRRBICAF L, BIfE, 70— 7 Clain  MEBdR oM, LREPFEE & LT, PR L,
MBAEZ EENSIN L THIEZIT-> T\ 5, & OICEER K2R TR SRR B — A3 R
FeE L LTS, 2014 I AHA LM S ADMIFFRIC SN LTz, PEAHERERIT 2014 4 L 0 iR
BV Ry AT T4 7 X=a VEII0EBEROER LR EHEIToT, VA NVAWE
FrALEAFZE S & U CRTHE 2 i, L2387 L 7225000 HTLV-1 BEYsakk OB BR « 17 - 7 —
H—=_=Z2IHED Y | WM B DR AT o T2,

1)thioredoxin 7 7 XV —IZ kAL K 7 Rk A b L AP OAFSE L thioredoxin interacting protein
(Txnip) / thioredoxin binding protein-2 (TBP-2) |2 X 2l & = % L —FHHIE @ crossroads i
VAR O i B

Vv 72 (BfbiEie) FREN RO EE 2 ]2 L, 2 bR b L AR RAEINHNIZAEH]
9% thioredoxin 7 7 X U —D A WL E LT ILFENIEL FEE L7-, 44 EIXERE thioredoxin 73
HOREMREFE ok U CRARERIICM < = & 24 U = o X VRS A SE T & O [EFTEIZ K- T
W LTc, Eo. ENRM - spRERMEE o 2 — & OILFEZE 2 Mkl L T 5,

TIVT 7T VAF 77 ) —ITET 5 Txnip/TBP-2 1%, 7 A /L ARYLIE, $0s% « RIERIE, ¥
IHENZ R 2 ZHEBEDOTREIN T CTH D, Txnip MEMEICB W TR0 OEE CERNRLND Z
& DR OMEATIC L 0 S Shu, BIFSEICISIT D Txnip Oy FHEREARAT O BN RIEZ ST
%, BAEEZMZER L OFEFRIC L D 70T 4 2 7 2T X 0 Txnip D4y 11 O fRMT % 1 6
TEY, W OPOEMF2FRE Lz, —J., Txnip [T/ X — I EE @& 28
BFTHLZEHINETRLTE L, Txnip [THEE L ~L & B EEZELO T 7 O T glucose
IR VFFEIND, AT L OILFBIFEIC KV Txnip DRBUTHKEL 5 2 2 LAY % A E
L. ZTIINARAL A0 Y=L D7 7e—FI2 L0 Txnip & AE BB O &L R LT,
Txnip OFEHMIEIZIS T 21 L v Z0E, glucose |2 K 2 Txnip OIEBLFHEIZ K 2 BEFHINH] 2> 5 D
EREEICHIA STV D &b B B D, Txnip HHNS & 2 BMH, =30 — R, 7o v A
RYYESIE~OIEH 2 B L THFEZ1T > TV 5,
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Kanae Mori, Saori Yoneda, Satoshi Kouzuki
Hiroki Kobayashi, Yuki Komatsuzaki, Chika Higashiura
Introduction

Oriented cell division plays an essential role in asymmetric cell division, tissue morphogenesis and
organogenesis. Our group seeks to explore the molecular mechanisms underlying the determination of cell
division axis in culture cells and in mouse tissues. Our research is focused on the following subjects:

1, Mechanisms for orientated cell division in culture cells and skin basal cells.

2, Symmetric and asymmetric cell division of ES cells.

3, Metabolism and cell division.

Topics

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

Integrin-dependent cell-extra cellular matrix (ECM) adhesion is a determinant of spindle orientation.
However, the signaling pathways that couple integrins to spindle orientation remain elusive. Here, we show
that PCTAIRE-1 kinase (PCTK1), a member of the cyclin-dependent kinases (CDK) whose function is poorly
characterized, plays an essential role in this process. PCTK1 regulates spindle orientation in a kinase-
dependent manner. Phosphoproteomic analysis together with an RNA interference screen revealed that
PCTKI1 regulates spindle orientation through phosphorylation of Ser83 on KAPO, a regulatory subunit of
PKA. This phosphorylation is dispensable for KAPO dimerization and for PKA binding, but is necessary for

its interaction with myosin X, a regulator of spindle orientation. KAPO binds to the FERM domain of myosin
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X and enhances the association of myosin X-FERM with f1 integrin. This interaction between myosin
X-FERM and f1 integrin appeared to be crucial for spindle orientation control. We propose that PCTK1—
KAPO-myosin X—£1 integrin is a functional module providing a link between ECM and the actin

cytoskeleton in the ECM-dependent control of spindle orientation.

2) Cholesterol metabolites pregnenolone functions in centriole cohesion: M. HAMASAKI, S.
MATSUMURA, A. SATOU, C. TAKAHASHI, Y. ODA, C. HIGASHIURA, Y. ISHIHAMA and F.
TOYOSHIMA

Cell division is controlled by a multitude of protein enzymes, but little is known about roles of
metabolites in this mechanism. Here we show that pregnenolone (P5), a steroid which is produced from
cholesterol by the steroidogenic enzyme Cypllal, has an essential role in centriole cohesion during mitosis.
During prometa-metaphase, P5 is accumulated around the spindle poles. Depletion of P5 induces multipolar
spindles that result from premature centriole disengagement, which are rescued by ectopic introduction of P5,
but not its downstream metabolites, into the cells. Premature centriole disengagement, induced by loss of P35,
is not a result of precocious activation of separase, a key factor for the centriole disengagement in anaphase.
Rather, PS5 directly binds to the N-terminal coiled-coil domain of short-form of shugoshin 1 (sSgol), a
protector for centriole cohesion, and recruits it to spindle poles in mitosis. Our results thus reveal a novel

steroid-mediated centriole protection mechanism.
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Introduction

The research interest of this laboratory is to understand the molecular mechanism of cell differentiation
and organogenesis. Particularly, we are interested in basic helix-loop-helix (bHLH) transcription factors that
regulate various developmental processes including neural development and somite formation. We are
characterizing the functions of bHLH genes by misexpressing the genes with virus vectors 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 Ascll (also called Mashl) and Math3 promote neuronal
versus glial fate determination, whereas the bHLH repressor genes Hes! and Hes5 regulate maintenance of
neural stem cells by repressing proneural gene expression. These results indicate that the balance between
bHLH proneural and bHLH repressor genes is important for a choice favoring neuronal differentiation or
neural stem cell proliferation. It was recently shown however that the proneural gene Asc/I not only promotes
neuronal fate determination but also induces proliferation of neural stem cells. In addition, it was found that
the bHLH gene Olig2 regulates both oligodendrocyte fate determination and neural stem cell proliferation.
Our group found that Hes1 promotes astrocyte formation as well as neural stem cell proliferation. Thus, each
bHLH fate determination factor has opposing functions, neural stem cell proliferation and specific cell fate

determination, but the detailed mechanism of how these bHLH factors regulate such opposing functions is
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unknown.

We found that in neural stem cells, Hes1 expression oscillates by negative feedback with a period of
about 2-3 hours. Hes1 oscillations drive cyclic expression of the proneural genes Asc/l and Neurog2 and the
Notch ligand gene Deltalikel (DIII). In contrast, the expression of Ascll, Neurog2 and DI/1 is sustained (non-
oscillatory) in postmitotic differentiating neurons. We also found that although Hes1 expression oscillates in
neural stem cells, it becomes up-regulated and sustained during astrocyte formation. Similarly, the bHLH
factor Olig2 expression oscillates in neural stem cells but becomes up-regulated and sustained during
oligodendrocyte formation. Our results therefore suggest that the multipotency is a state of oscillatory
expression of multiple fate determination factors, while the fate determination is a process of dominant
expression of a selected single bHLH factor, which represses the other fate determination factors. We further
showed by a new optogenetics approach that sustained expression of the proneural gene Asc// induces
neuronal fate determination, whereas oscillatory expression of Ascll activates proliferation of neural stem
cells. Thus, the expression dynamics are very important for a choice between neural stem cell proliferation

and specific cell fate determination.

Topics

1) bHLH factors in self-renewal, multipotency, and fate choice of neural progenitor cells: 1.
IMAYOSHI and R. KAGEYAMA

Multipotent neural progenitor cells (NPCs) undergo self-renewal while producing neurons, astrocytes,
and oligodendrocytes. These processes are controlled by multiple basic helix-loop-helix (bHLH) fate
determination factors, which exhibit different functions by post-translational modifications. Furthermore,
depending on the expression dynamics, each bHLH factor seems to have two contradictory functions,
promoting NPC proliferation and cell cycle exit for differentiation. The oscillatory expression of multiple
bHLH factors correlates with the multipotent and proliferative state, whereas sustained expression of a
selected single bHLH factor regulates the fate determination. bHLH factors also regulate direct
reprogramming of adult somatic cells into neurons and oligodendrocytes. Thus, bHLH factors play key roles

in development and regeneration of the nervous system.

2) Ultradian oscillations and pulses: coordinating cellular responses and cell fate decisions: A.
ISOMURA and R. KAGEYAMA

Biological clocks play key roles in organismal development, homeostasis and function. In recent years,
much work has focused on circadian clocks but emerging studies have highlighted the existence of ultradian

oscillators — those with the periodicity of much less than 24 hours. Accumulating evidence, together with
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recently developed optogenetic approaches, suggests that such ultradian oscillators play important roles
during cell fate decisions, and analysis on the functional links between ultradian oscillation and cell fate
determination will contribute to a deeper understanding of the design principle of developing embryos. We
found the mechanisms of ultradian oscillatory dynamics and introduce examples of ultradian oscillators in
various biological contexts. We also demonstrated how optogenetic technology has been used to elucidate the

biological significance of ultradian oscillations.

3) Oscillatory control of bHLH factors in neural progenitors: I. IMAYOSHI and R. KAGEYAMA

The mammalian brain consists of a complex ensemble of neurons and glia. Their production during
development and remodeling is tightly controlled by various regulatory mechanisms in neural progenitor cells
(NPCs). Amongst such regulations, basic helix-loop-helix (bHLH) factors have key functions in the self-
renewal, multipotency, and fate determination of NPCs. Here, we highlight the importance of the expression
dynamics of bHLH factors in these processes. The oscillatory expression of multiple bHLH factors is
correlated with the multipotent and self-renewable state, whereas sustained expression of a selected bHLH
factor regulates fate determination. We also found potential mechanisms by which a single bHLH factor can
exhibit versatile functions in NPC regulation as well as the hierarchical structure of the bHLH factor

oscillatory network.

4) Continuous postnatal neurogenesis contributes to formation of the olfactory bulb neural circuits and
flexible olfactory associative learning: M. SAKAMOTO, N. IEKI, G. MIYOSHI, D. MOCHIMARU, H.
MIYACHI, T. IMURA, M. YAMAGUCHI, G. FISHELL, K. MORI, R. KAGEYAMA and I.
IMAYOSHI

The olfactory bulb (OB) is one of the two major loci in the mammalian brain where newborn neurons
are constantly integrated into the neural circuit during postnatal life. Newborn neurons are generated from
neural stem cells in the subventricular zone (SVZ) of the lateral ventricle and migrate to the OB through the
rostral migratory stream. The majority of these newborn neurons differentiate into inhibitory interneurons,
such as granule cells and periglomerular cells. It has been reported that prolonged supply of newborn neurons
leads to continuous addition/turnover of the interneuronal populations and contributes to functional integrity
of the OB circuit. However, it is not still clear how and to what extent postnatal-born neurons contribute to
OB neural circuit formation, and the functional role of postnatal neurogenesis in odor-related behaviors
remains elusive. To address this question, here by using genetic strategies, we first determined the unique
integration mode of newly born interneurons during postnatal development of the mouse OB. We then
manipulated these interneuron populations and found that continuous postnatal neurogenesis in the SVZ-OB

plays pivotal roles in flexible olfactory associative learning and memory.
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Introduction

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

retroviruses, bovine endogenous retroviruses and koala retroviruses.

Topics

1) Dysfunction of bovine endogenous retrovirus K2 envelope glycoprotein is related to unsuccessful
intracellular trafficking : Y. NAKAYA and T. MIYAZAWA

Endogenous retroviruses (ERVs) are the remnants of retroviral infection of ancestral germ cells.
Mutations introduced into ERVs halt the production of infectious agents, but their effects on the function of
retroviral proteins are not fully understood. Retroviral envelope glycoproteins (Envs) are utilized in
membrane fusion during viral entry, and we recently identified intact coding sequences for bovine
endogenous retrovirus K1 (BERV-K1) and BERV-K2 Envs. Amino acid sequences of BERV-K1 Env (also
called Fematrin-1) and BERV-K2 Env are similar, and both viruses are classified in the genus Betaretrovirus.
While Fematrin-1 plays an important role in cell-to-cell fusion in bovine placenta, the BERV-K2 envelope
gene is marginally expressed in vivo, and its recombinant Env protein is defective in membrane fusion due to
inefficient cleavage of surface (SU) and transmembrane subunits. Here, we conducted chimeric analyses of
Fematrin-1 and BERV-K2 Envs and revealed that defective maturation of BERV-K2 Env contributed to failed
intracellular trafficking. Fluorescence microscopy and flow cytometric analysis suggested that in contrast to
Fematrin-1 Env, BERV-K2 Env could not be transported from the endoplasmic reticulum to the trans-Golgi
network, where cellular proteases required for processing retroviral Envs are localized. We also identified that
one of the responsive regions of this phenomenon resided within a 65-amino-acid region of BERV-K2 SU.
This is the first report to identify that retroviral Env SU is involved in the regulation of intracellular

trafficking, and it may help to elucidate the maturation process of Fematrin-1 and other related Envs.
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2) Genetic diversity of feline morbilliviruses isolated in Japan. : S. SAKAGUCHI, S. NAKAGAWA, R.
YOSHIKAWAL1, C. KUWAHARA, H. HAGIWARA, K. ASAI, K. KAWAKAMI, Y. YAMAMOTO, M.
OGAWA and T. MIYAZAWA

Feline morbillivirus (FmoPV) is an emerging virus in domestic cats and considered to be associated with
tubulointerstitial nephritis. Although FmoPV was first described in China in 2012, there has been no report of
the isolation of this virus in other countries. In this report, we describe the isolation and characterization of
FmoPV from domestic cats in Japan. By using reverse transcription (RT)-PCR, we found that three of 13
urine samples from cats brought to veterinary hospitals were positive for FmoPV. FmoPV strains SS1 to SS3
were isolated from the RT-PCR-positive urine samples. Crandell-Rees feline kidney (CRFK) cells exposed to
FmoPV showed cytopathic effects with syncytia formation, and FmoPV N protein was detected by indirect
immunofluorescence assays. In addition, pleomorphic virus particles with apparent glycoprotein envelope
spikes were observed by electron microscopy. By sequence analysis of FmoPV H and L genes, we found that

FmoPVs showed genetic diversity; however, signatures of positive selection were not identified.

3) A soluble envelope protein of endogenous retrovirus (FeLIX) present in serum of domestic cats
mediates infection of a pathogenic variant of feline leukemia virus : S. SAKAGUCHI, T. SHOJIMA, D.
FUKUI and T. MIYAZAWA

T-lymphotropic feline leukemia virus (FeLV-T), a highly pathogenic variant of FeLV, induces severe
immunosuppression in cats. FeLV-T is fusion-defective because in its PHQ motif, a gammaretroviral
consensus motif in the N-terminal of an envelope protein, histidine is replaced with aspartate. Infection by
FeLV-T requires FeLIX, a truncated envelope protein encoded by an endogenous FeLV, for transactivation of
infectivity and Pitl for binding FeLIX. Although Pitl is present in most tissues in cats, the expression of
FeLIX is limited to certain cells in lymphoid organs. Therefore, the host cell range of FeLV-T was thought to
be restricted to cells expressing FeLIX. However, because FeLIX is a soluble factor and expressed
constitutively in lymphoid organs, we presumed it to be present in blood and evaluated its activities in sera of
various mammalian species using a pseudotype assay. We demonstrated that cat serum has FeLIX activity at a
functional level, suggesting that FeL.IX is present in cats and FeLV-T may be able to infect cells expressing
Pitl regardless of the expression of FeLIX in vivo. In addition, FeLIX activities in sera were detected only in
domestic cats but not in other feline species tested. To our knowledge, this is the first report to prove that a
large amount of truncated envelope protein of endogenous retrovirus is circulating in the blood to facilitate

the infection of a pathogenic exogenous retrovirus.
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4) Construction of an infectious clone of simian foamy virus of Japanese macaque (SFVjm) and
phylogenetic analyses of SFVjm isolates : R. YOSHIKAWA, S. NAKAGAWA, M. OKAMOTO and T.
MIYAZAWA

Foamy viruses belong to the genus Spumavirus of the family Retroviridae and have been isolated from
many mammalian species. It was reported that simian foamy viruses (SFVs) have co-evolved with host
species. In this study, we isolated four strains (WK1, WK2, AR1 and AR2) of SFV (named SFVjm) from
Japanese macaques (Macaca fuscata) in main island Honshu of Japan. We constructed an infectious
molecular clone of SFVjm strain WK1, termed pJM356. The virus derived from the clone replicated and
induced syncytia in human (human embryonic kidney 293T cells), African green monkey (Vero cells) and
mouse cell lines (Mus dunni tail fibroblast cells). Phylogenetic analysis also revealed that these four SFVjm
strains formed two distinct SFVjm clusters. SFVjm strains WK1 and WK2 and SFV isolated from Taiwanese
macaques (Macaca cyclopis) formed one cluster, whereas strains AR1 and AR2 formed the other cluster with

SFV isolated from a rhesus macaque (Macaca mulatta).

5) Suppression of production of baboon endogenous virus by dominant negative mutants of cellular
factors involved in multivesicular body sorting pathway : R. YOSHIKAWA, R. N. MIYAHO, A.
HASHIMOTO, M. ABE, J. YASUDA and T. MIYAZAWA

Baboon endogenous virus (BaEV) is an infectious endogenous gammaretrovirus isolated from a baboon
placenta. BaEV-related sequences have been identified in both Old World monkeys and African apes, but not
in humans or Asian apes. Recently, it was reported that BaEV-like particles were produced from Vero cells
derived from African green monkeys by chemical induction, and thus BaEV-like particles may contaminate
biological products manufactured using Vero cells. In this study, we constructed an infectious molecular clone
of BaEV strain M7. We found two putative L-domain motifs, PPPY and PSAP, in the pp15 region of Gag. To
examine the function of the L-domain motifs, we conducted virus budding assay using L-domain motif
mutants. We revealed that the PPPY motif, but not the PSAP motif, plays a major role as the L-domain in
BaEV budding. We also demonstrated that Vps4A/B are involved in BaEV budding. These data suggest that
BaEV Gag recruits the cellular endosomal sorting complex required for transport (ESCRT) machinery
through the interaction of the PPPY L-domain with cellular factors. These data will be useful for controlling

contamination of BaEV-like particles in biological products in the future.
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Introduction

We have been focusing on basic researches of retroviruses, including human immunodeficiency virus
type 1 (HIV-1), simian immunodeficiency virus (SIV), and other animal retroviruses. The goal of our
researches is to elucidate the molecular mechanisms of viral pathogenesis and to find the strategy for
treatment. We generated a humanized mouse model that NOG mice are transplanted with human
heamatopoietic stem cells (HSCs). Using this model, we found a mechanism how individual APOBEC3
proteins suppress HIV-1 replication in vivo. HIV-1 replication was severely attenuated in humanized mice by
APOBECS3 proteins, particularly APOBEC3F and APOBEC3G through inducing G-to-A hypermutations,
while at the same time APOBEC3F induced viral diversification (Sato et al. PLOS Pathog., 2014). We also
showed how APOBEC3F and APOBEC3G differ in their anti-HIV-1 modes from an experimental-
mathematical investigation (Kobayashi et al, J. Virol, 2014). We have other series of research projects from
individual genome analysis combined with cell culture systems. We produced genome-editing tools targeting
HIV-1 itself using clustered regularly interspaced palindromic repeats (CRISPR)/Cas9 and transcription
activator-like effector nucleases (TALENSs) systems, and found TAR region of HIV-1 LTR is a proper target to

remove HIV-1 provirus.
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Topics

1) HIV-1 infection in humanized mice: K. SATO, N. MISAWA, J. S. TAKAKEUCHI, T. KOBAYASHI,
E. YAMADA, and Y. KOYANAGI

Several APOBEC3 proteins, particularly APOBEC3F and APOBEC3G, induce G-to-A hypermutations
in HIV-1 genome and abrogate viral replication in experimental systems, but their relative contributions to
controlling viral replication and viral genetic variation in vivo have not been elucidated. On the other hand, an
HIV-1-encoded protein, Vif, can degrade these APOBEC3 proteins via a ubiquitin/proteasome pathway.
Although APOBEC3 proteins have been widely considered as potent restriction factors against HIV-1, it
remains unclear which endogenous APOBEC3 protein(s) affect HIV-1 propagation in vivo. Here we use a
humanized mouse model and HIV-1 with mutations in Vif motifs that are responsible for specific APOBEC3
interactions, DRMR/AAAA (4A) or YRHHY/AAAAA (5A), and demonstrate that endogenous APOBEC3F
and APOBEC3G exert strong anti-HIV-1 activity in vivo. We also show that the growth kinetics of 4A HIV-1
negatively correlated with the expression level of APOBEC3F. Moreover, single genome sequencing analyses
of viral RNA in plasma of infected mice revealed that 4A HIV-1 is specifically and significantly diversified.
Furthermore, a mutated virus that is capable of using both CCR5 and CXCR4 as entry coreceptor is
specifically detected in 4A HIV-1-infected mice. Taken together, our results demonstrate that APOBEC3F and
APOBEC3G fundamentally work as restriction factors against HIV-1 in vivo, but at the same time, that
APOBEC3F is capable of promoting viral diversification and evolution in vivo (Sato and Takeuchi et al,

PLOS Pathog., 2014).

2) Evolutionary arms race of primates and their lentiviruses: K. SATO, T. KOBAYASHI, J. S.
TAKEUCHI, R. YOSHIKAWA, E. YAMADA, Y. NAKANO, Y. KIMURA, N. MISAWA and Y.
KOYANAGI

Primate lentiviruses including HIV-1 and SIVs evolved through the acquisition of antagonists against
intrinsic host restriction factors, such as tetherin. It is widely accepted that HIV-1 has emerged by zoonotic
transmission of SIV in chimpanzee (SIVcpz), and that SIVcepz Nef protein antagonizes chimpanzee tetherin.
Although Nef of SIVcpz shares a common ancestor with that of SIVrem, an SIV in red-capped mangabey
(Cercocebus torquatus), it remains unclear whether SIVrem Nef can antagonize tetherin of its natural host. In
this study, we determined the sequence of red-capped mangabey tetherin for the first time and directly
demonstrate that SIVrcm Nef is the bona fide antagonist of red-capped mangabey tetherin. These findings
suggest that SIVrcm Nef is the functional ancestor of SIVcpz Nef. Moreover, molecular phylogenetic
analyses reveal that tetherins of the genus Cercocebus have experienced adaptive evolution, which is

presumably promoted by primate lentiviruses (Kobayashi ef al, Sci. Rep., 2014).
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3) Experimental-Mathematical Investigation of anti-viral activity of APOBEC3 proteins: T.
KOBAYASHIL, J. S. TAKEUCHI, K. SATO, S. IWAMI and Y. KOYANAGI

HIV-1, the causative agent of AIDS, hijacks lines of cellular proteins for its replication. On the other
hand, accumulating evidence has revealed that human cells intrinsically possess anti-HIV-1 proteins. Human
APOBECS3 proteins are cellular cytidine deaminases, and certain APOBEC3 proteins, particularly
APOBEC3F and APOBEC3G, are the intrinsic restriction factors against HIV-1. APOBEC3F and
APOBEC3G are incorporated into assembling HIV-1 particles and brought into the newly infected cells.
During reverse transcription (RT) in the infected cells, these APOBEC3 proteins enzymatically convert C in
the viral minus-strand DNA to U, resulting in G-to-A mutation in the nascent plus-strand DNA. These
mutations can become nonsynonymous or even lethal, which severely debilitates subsequent viral replication.
In addition, it has been reported that the incorporated APOBEC3F and APOBEC3G potently impair the
HIV-1 RT process even prior to the insertion of G-to-A mutations. Moreover, this inhibition is independent of
these APOBEC3s’ deaminase activity. These findings indicate that APOBEC3F and APOBEC3G potently
inhibit HIV-1 replication through at least two distinct modes: (i) deaminase activity-dependent G-to-A
mutations of viral DNA and (ii) impairment of viral RT independent of deaminase activity. However, how
much of the inhibition of HIV-1 replication by APOBEC3 proteins is attributed to each of these two modes
has not been quantitatively revealed. Through experimental and mathematical investigation, here we
quantitatively demonstrated that 99.3% of the antiviral effect of APOBEC3G is dependent on its deaminase
activity, whereas 30.2% of the antiviral effect of APOBEC3F was attributed to deaminase-independent
ability. This is the first report quantitatively elucidating how APOBEC3F and APOBEC3G differ in their anti-
HIV-1 modes (Kobayashi et al, J. Virol, 2014).

4) Genome-Editing for HIV cure: H. EBINA, N. MISAWA, Y. KANEMURA, S. UEDA and Y.
KOYANAGI

Latent infection occurs when the HIV-1 provirus becomes transcriptionally inactive, resulting in a latent
reservoir that has become the main obstacle in preventing viral eradication from HIV-1 infected individuals.
While anti-retroviral therapy (ART) has dramatically decreased mortality from HIV-1 infection, there is
currently no effective strategy to remove the latent form of HIV-1 proviruses. We validated the HIV-1
proviral-editing strategy using genome-editing technology, CRISPR/Cas9 system and demonstrated that HIV
proviral DNA could be excised from the chromosomal DNA of T cells after introduction of a RNA-guided
endonuclease (RGN) targeting HIV LTR (Ebina et al. Sci. Rep. 2013). Furthermore, we found that HIV
replication is severely suppressed in the T cell culture when the RGN targeting LTR was constitutively
transduced with lentiviral vector. Alternatively, we constructed TALENS targeting the same HIV LTR site that
resulted in more than 80% of lentiviral vector DNA being successfully removed from the T cell lines when

mRNA is used as the vehicle for transfection. Our results indicated that genome-editing technologies
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targeting LTR have a great potential to suppression of HIV-1 replication and can be an alternative strategy for
HIV therapy for cure.

We are developing several strategies for genome manipulation based on genome-editing technology,
also. RGN mediated DNA double strand brake promote not only non-homologous end joining (NHEJ)-
mediated indel mutation but also homology-directed repair (HDR) mediated precise mutation at the cleaved
site. We established systematic method introducing homozygous gene replacement for alleles using RGN
mediated HDR reaction. We have also developed live imaging system of HIV provirus using GFP-tagged
LacO/I system combined with RGN mediated HDR reaction. This specific insertion of LacO repeats

sequence enabled to chase HIV provirus localization in nuclei of lived cells.
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AFSRE—1FRR 26 42 3 JIZERAELREAZE T L, Aaf A iPHig LR mie A7 LT,
INRIITFIEERY 26 4F 4 HICHORRERFOBZ L LTtk L7z, £72, ILHERIIEZSIFZERE
RIS, EEETEIAEMBIEITERME RIS, ERR 26 4 AIZENENAT LT, R 26 4R
4 APBENBBNAEENER & LT, BEAKT L0 PE R ARERIFIE A & L TRz i -
Too /INFEFRITFRK 26 4F 4 A DWFFEFTFTRIZ /e o7, YT (SRH) 111376 26 4 7 H T8N
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DLFDOT—<I2OWTHIEZZ/TL T\ 5,

1. & M~ T A& Wz HIV-1 77 23V & A E O

BRI A V2982 5. B B APOBEC3 # /37 & (A3). FFIZ A3F & A3G %, HIV-1 kL
FIZRVIAEN, VANVAT ) DGO ABREHTAT L LICL - TEOREEEHET L &
M LMNEIRSTND, —H HIV-L 778 X R EOOEDTHD ViIfld, 28FF 2 -7
077 Y — AREEAKFIINC A3 0L, ED T A VAR F~OIR VY AHZAET D, £7-. A3 &
BRAJRPLHIV-1 Z X7 B LTHHBNTND KT, ABICK-oTHIASILD G AEENR, ¥
A NWVADLEAL (diversification) Z{EHET DLW MELH D, L L7en s, HIV-1 &Y RE%
BELCTZ 28T T VBFE LR o772, AR HIV-1 SR IZ VLT, (1) NERIZHEEL
THEDOAIRIM T ANVAIEEZRT O (2) A3ICEDHG— AZERITHIV-1 O %1k
(diversification) (T84 5.2 52D, IZOWTIIARATH o 72, AWFFETIX. NIEME A3 28 HIV-1
YR REIC G- 2 DB AT 2 L2 B E LT, HIV-1 &Yt Me~ o 25 0% AV iZ £
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AT T,

CCRS #5114 HIV-1 (NLCSFV3 #%) AR A3G % /3 C X 72 WA RAK Vif 2 22— K92 HIV-1
4A A3F Z 3R CEIDWERIK VIf &2 20— 35 HIV-1 5A 2k Me~ o AR L7,
HE7 A /LA RNA &% real-time RT-PCR /£ T, [fLH CD4T A%k % flow cytometry/hematometry £ C
R E R LTz, Eo. Bt 6 BilD~ 7 2 &5 L, MlgIcIiT 57 2 v L 2 DNA B4
%Z PCR ¥ETC, I4EFd ™A LA RNA A%l % RT-PCR/single genome sequencing {4 T L Z AUAEAT L
Tzo ZOFER, 4AHIV-1 BEOSAHIV-1 O & Me~ 7 2B 2852031, AR HIV-1 (2
L CHEICIELS . SAHIV-1 OEFERIL, 4A HIV-1 IZH L CTHEICEN -T2, /2, Tuvau
A DNA B Z it U7 G SR, 4A HIV-1 Yy~ U 2 TlX GA — AA ZEPNPE TR S iz oiTxt
L. SAHIV-1 &G~ 7 ATl GG — AG BERNBAFICHBIZE STz, S HITHIRRWZ &, M
D7 A LA RNA BEHIE, Pl 7 0 7 A LA DNA TR SN AR A — LRI ->TED  4A
HIV-1 ORI, BAR HIV-1 B L OVSAHIV-1 OZF IR, FEHICEBEICE»- T2 (K1),
XD, CXCR4 #HZRIKE T DU A VAN, 4A HIV-1 B~ U7 ARFROICHBL L TV Z &R
HOMNERoTz, DLEDRERENS, AR HIV-1 $EHEFEICI VT, CDAT M NAERGIZ R B3
% A3F, A3G B LZHL T A WV ATEE 2R Z L A3G OHLT A NV ATEMEIT ASF O LY bR T
bDHZEPRBEENT, —HFT, BBREWZ L2, AFIRFRI G > A BRI, AV ADELER L.
LR L 5 5 2 & 23R < /R S 472 (Sato and Takeuchi ef al. PLOS Pathog., 2014) ,

(e, TN (RE) B =R AW, ARRE—, /IMIIFER)

0.01

X 1kE Mb~oAMIEICRBIT D7 0 oAV ADLEM, A /LA DNA ORGBHENT 21T > 7=,

2. BEH LV TF ANV L LN T OE(LRIBIERPE D AT
THY WS IR E HEIX, 2< DU A NV AOEEDRZBIIHT 5, —FH, voTF
VAN REAEZER LT, 20TV Y D ORUANVAERZEIEL TS ZERHMB
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LTS, HIV-1 AT Vpu 28, TR O IHHER L O T A VA TH 5 SIV DLGEITIE Nef 3%
nNENT Y HEREZH D

HIV-1 (%, #9100 F1E ERNCTF o O —DRERET A LA (SIVepz) Mt MIFERMSRE - i
JGEL L CHEAE LT EEZ BTV D (Gao et al, Nature, 1999; Worobey et al, Nature, 2008) , BRI
WZ ki, FuRrY—0T YU X, SIVepz D Nef (2 & » THEPILE S5, £7-. SIVepz IE
[HEFR LD SIV O Z I K VFAE L2 &, BEON SIVepz Nef (7 =V < H A1 (Red-
capped mangabey; RCM) (Z/&GT 25 7 A L A SIViem [ZHKT 5 Z ENRENENRBEINTND
(Bailes et al, Science, 2003), L72>L72235, RCM 7% U EWEZRE SN TE 59, SIVrem Nef
PWRCM 7YV D7 o FI=A ME LTERL 9 20 IR TH > 72, AWFFETIZ RCM 7
PY UESIZRE L, TR FERERT A NVAFZORAEMEICEIY, BEREEERHEL VT UA
JL A DA ELFE S DRR D — & B 5222 L7z (Kobayashi et al, Sci Rep, 2014)

CUIRIAF. N (BRH) . FeiRfE, &)1k, (WHZER PEPES . AR IE—. /IR

3. APOBEC3 DH1 7 A /L ATEME O BELEL LA fiRHT

ko) v b A3 X U oRI | FRIZ ASF L A3G X, HIV-1 K -IZH iAE ., Lo A LA
ERZRT, THETOMENS, ASICEDMUANAERIT. VANVAT ) B2 G—> ALRE
AL UANAPEEGIIEDOAED 2 DORRIKIZ LD Z EDRHLNE RTINS, LLREL,
A3F, A3G TN ENUZHOW T, RO 2 SOMGlRRE NS ZNEN EDOREDFERIZL > ThU A /L
AFREFIE L TV ONEH B E 2o TR, RIFFETIL, FEBR Y A VAT — X 2 5P
FENIEANTT 5 Z LI E D A3G B L WNA3F 12K D HIV-1 R GE D %2 F EMICARIHI 2
LI LT, BAREYICIE. A3G DHLT A NV ATENMED 99.3% 1355 | ORE (R ISTEKFAIR
B) I2X2bD0THDHZ L —J AF OHLY A )V ATEMD 30.2% 1355 2 OB (BERFETE AT
IREEE) ICKDbDTHLZENHLMNLE Tz, ZHDDRERIT, RO FERFFHIFIED AT
HOZTHZENRAGETHY, VA NALIEEX VX7 EOMEERICL VISR END %
LR FER BRI TIE TIN5 2 L IC X > THID T B E Ir o T2, RBFZEIE RE S+
(UM R=) L oH[EMTETH D (Kobayashi et al. J. Virol., 2014) ,

CUIARIAF. PPy (SRl M e, & REE IMIER)

4. HIV YRR R R [ 725 7 D s

HIV IS I 3 7 ) D E BRI, TDOT BT A VA ZPFR L LT oA )V AR % FEE
T 5. WHRIBUAMHLO 7 0 A L ADRRZES HIV RYSEIEHA~ O TH 5 25, BATOH HIV A
DERECTIIRATRE Cd B, Fox id, MIIAZ ) L 0N EDEFNC YN & 45 B %4 #3845 TALENs 72
5 TNT CRISPR/Cas9 72 ED T/ MREHHT & N T, 70 U A W 2 2 EHERI & 9 2 88 HIV 1A

-111-



WRERIE DBIRE 21772 > T 5, ZHE T, HIVLIR Z4Zf) L 4% guide RNA & Cas9 % HIV EYL#
FIZBEAT 2 Z &I28 Y, LTR IZ A4S DNA Ul (DSB) & ZHENEA I 4L, I REYL HIV 7' 1
T A NADREMEAL, ROEOCICRENARETHDL Z & EZ AW LT (X2) (Ebina ef al. Sci. Rep.
2013), F7o. VU FUANANRY 2= A K& T LTR A2/ CRIPSR/Cas9 % T Hifiel (2 THH HIIC
FEHLSH 29T IS HIV R 2B A2 4 535 Z ERARECThH 2 L b AH L, &

HIZ, 7 LREDORERME (ZetE) LREDED
M k& AL LT, HIVLTR Z4Z) & 9% TALENs
AEHTICHE L, 2078 7 A )L AFRED R LEA
WAaRME L7, % LC, LTR ¥ TALENs [$5f /) 72
TRUANARERNREGTDH L. EOEAE
% mRNA &322 & THIV 71 7 A )L AfRED)
RKEFZLLMESELZENARETHIFE LD
72 L7- (Ebina et al. PLos One, in press), Z 4L 5 4
X, 7 AFRERANT Y HIV BYYIE O 58 215 % BlE
b3 2% F o7 <Hr LWIREE & 722 5 ATREME 2 58 <
AELTWD (RAMEE, ZREF, @MFEE,
HESE, /IMIIETR)

5.7 ) Lt HANTBA %

7 ML O BS IR R 72 DSB OF5E
IZ. non-homologous end joining (NHEJ) &2 X %
7 v Z LT indel 25 721T TI372 < HDR RS
(2 & DR AR X bIFEEFRETH D, Ll
72H3 5, % HDR MR 2 SRS, W77 Y
NEFEAMRBROERIIRETH D, £ 2 THA
(%, HIV HFEIZ 20 72 18 Ml i [ T & % lens
epithelium-derived growth factor (LEDGF) % f&Ef) &
L C, HDR (BRI L 0 | W7 Y AT R A A
L. % DOMifaz @R 2 ERTFIELML LT, Eiz,
7 MmEETE % 72 HDR AR R FHL# 2 15 % s F
L. HIV 718 A /L ZARFRIJIC LacO KAERLS 2
AT HFEBMSL L. (K3), £ LT, ZOMfz
GFP fil & Lacl Z Bl S 2 Z &L T HIV 7 v A )b
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AZDOBREOBHAATRETH D Z & AR Lz, M@ EICHIAENTZ T 1 7 A )L 2 DI BLHIE
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Introduction

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

diseases, and to develop novel therapeutic strategies through research of these human retroviruses.

Topics

1) Molecular mechanisms of HTLV-1-induced pathogenesis: J. YASUNAGA, C. ONISHI, K. SUGATA,
G. MA, Y. MITOBE, K. YASUMA, A. KAWATSUKI, Y. MITAGAMI, M. MOHAMED, R. FURUTA,
H. KINOSADA, T MATSUMOTO and M. MATSUOKA.

Human T-cell leukemia virus type 1 (HTLV-1) is an etiological retrovirus of a neoplastic disease of
CD4'CD25" T cells, adult T-cell leukemia (ATL), and several inflammatory diseases, such as HTLV-1
associated myelopathy/tropical spastic paraparesis (HAM) and uveitis. HTLV-1 provirus encodes two
oncogenes, tax and HTLV-1 bZIP factor (HBZ), in its plus and minus strand respectively. High proviral load is
a risk factor of HTLV-1-induced diseases, and both Tax and HBZ are involved in clonal expansion of HTLV-
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I-infected cells, suggesting that Tax and HBZ play important roles in pathogenesis of HTLV-1. Interestingly,
HBZ has contradictory effects on various signaling pathways to Tax. Tax activates both the classical and
alternative NF-«xB pathways, whereas HBZ specifically suppresses the classical NF-«xB pathway by targeting
p65. Tax suppresses TGF-£ signaling though inhibition of Smad proteins, although HBZ can form a complex
with Smad2/3 and p300 to activate the transcription of TGF-f-responsive genes, such as Foxp3. Tax activates
Wnt/f-catenin (canonical Wnt) pathway, while HBZ suppresses it. In contrast, HBZ up-regulates a
noncanonical Wnt ligand, Wnt5a, and supports proliferation and migration of ATL cells. Recently, we
reported that two Wnt-related transcription factors, TCF-1 and LEF-1, which are critical in the development
of immature T cells, counteract Tax and negatively regulate HTLV-1 replication. These findings suggest that
dysregulation of the Wnt pathways by HBZ and Tax is important for expansion of HTLV-1-infected mature T
cells. Anti-apoptotic phenotype is one of the hallmarks of cancer cells. We have reported that HBZ suppresses
two major apoptotic pathways, such as Bim-mediated and Fas-mediated apoptosis, by attenuating the
function of FoxO3a. Since Tax is also known to inhibit Fas-mediated apoptosis, it is suggested that HTLV-1-
infected cells have redundant means of escaping from apoptosis. Our hypothesis is that HBZ and Tax can
fine-tune the signaling and contribute leukemogenic mechanisms by complicated way. Now we are analyzing

how they cooperate in development of ATL and inflammatory diseases.

2) Analysis of in vivo dynamics of STLV-1 and development of new therapeutic strategies against
HTLV-1 infection using the nonhuman primate model infected with STLV-1: J. YASUNAGA, K.
SUGATA, G. MA, R. FURUTA, T. MATSUMOTO and M. MATSUOKA.

Simian T-cell leukemia virus type 1 (STLV-1) is a Delta type retrovirus closely related to HTLV-1. We
found that approximately 60% of Japanese macaques in Primate Research Center of Kyoto University are
naturally infected with STLV-1, and reported that the dynamics of STLV-1-infected cells in the monkeys are
quite similar to that of HTLV-1-infected cells in the human carriers. STLV-1 infected mainly CD4" T cells,
and induced the clonal proliferation of infected cells, leading to malignant transformation of T cells in a small
number of the infected macaques. STLV-1 Tax and STLV-1 bZIP factor (SBZ) have the same molecular
functions of HTLV-1 Tax and HBZ, respectively. These observations indicate that STLV-1-infected Japanese
macaque is a highly valuable animal model to study viral pathogenesis and immune response of retroviruses,
and to develop new antiviral therapeutics. Indeed, we confirmed that an anti-CCR4 monoclonal antibody,
mogamulizumab, which is now clinically used for the treatment of ATL, could reduce STLV-1 proviral load

in the infected Japanese macaques. We are trying to generate anti-HTLV-1 vaccines using this animal model.

3) Impact of HIV-1 infection routes on the activity of anti-HIV drugs: K. SHIMURA and M.
MATSUOKA

Although HIV-1 infects CD4" T cells by two pathways, cell-free and cell-to-cell infections, the latter is
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more efficient due to the formation of virological synapses that act as bridges between HIV-infected and
uninfected cells. In order to analyze the effect of infection pathways on drug susceptibility, we evaluated the
antiviral activity of several kinds of anti-HIV drugs under both cell-free and cell-to-cell transmission using
multicolor flow cytometric analysis. We observed an attenuated activity of all tested drugs under the cell-to-
cell infection compared to the cell-free infection with several-fold ranges. Among the tested drugs,
nucleoside/nucleotide reverse transcriptase inhibitors showed the most significant changes. These results

indicate that HIV-1 infection routes are one of the factors affecting the susceptibility to anti-HIV drugs.

4) Development of novel broad-spectrum antiviral agents: K. SHIMURA and M. MATSUOKA

Current anti-retroviral therapy (ART) potently suppresses HIV-1 RNA levels to below the limit of
detection, and improves the prognosis of HIV-1 infected individuals. However, life-long ART induces drug
resistant variants, and this is one of the major obstacles for efficient therapies. In order to develop novel
small-molecule antiviral drugs that block not only wild type HIV-1 but also drug resistant variants, we
screened tens of thousands of compounds and identified several that showed anti-HIV activity by inhibiting
the early-phase of HIV-1 replication cycle. We focused on one identified small molecule compound,
3,4-dihydro-2H, 6 H-pyrimido[1,2-c][1,3]benzothiazin-6-imine (PD 404182). In collaboration with the
Graduate School of Pharmaceutical Sciences, Kyoto University, we are developing potent derivatives of this

compound.
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bbb by A AN THIFEA SR (adult T-cell leukemia: ATL) <04k % 72 RAEMESR B D i
7B e b THIBEAIMAE Y A /LA (human T-cell leukemia virus type 1: HTLV-1) & 50 R DA 12
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1) HTLV-1 12 & 2 Js Ui S B s O fig bt

HTLV-1 |%,CD4 B3 CD25 Btk T U o /_ERD FEMENEE CTdo % ATL HTLV-1 BEF ffiiE<° HTLV-1
SEIREK L Vo T RIEMRBOFIR E /258 ML hr U A LV ATHD, HTLV-1 712 U A L AL,
DT T AHIT tax, ~A F A HTLV-1 bZIP factor (HBZ) % 21— K L, Z 15338 B AEH
A LTS, HTLV-1 QB ICRB W TEm 7 1 U A L A &3 HTLV-1 BEREIIED U 27 7 7 7
Z—ToH Y. Tax 3 LU HBZ |FZHITEYIOHFEICBEIE L TWAH 72D, TH DU A VAT
X HTLV-1 OJRJFEPEICEER2EF 2RI L T0DH EBEZ HILTWD, BRENZ L ITHBZ & Tax 1
B oy 7P VIR CHREPUT DI ME 2 95, Tax 13 80AY, FE i M) NF-«B B & o im v b+
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Introduction

It has been 32 years since human immunodeficiency virus (HIV-1), the causative agent of acquired
immune deficiency syndrome (AIDS) was first identified. Since then, our knowledge on HIV-1 and the
pathophysiology of AIDS has grown enormously. Unfortunately, however, we have not yet developed an
effective prophylactic measure or a thorough therapeutic intervention, and AIDS remains top priority among
global public health agenda.

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

We have been pursuing the following subjects,

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

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

1) Generation of a monkey-tropic human immunodeficiency virus type 1 carrying env from a CCRS-
tropic subtype C clinical isolate: H. OTSUKI, M. YONEDA, T. IGARASHI and T. MIURA

In the development for nonhuman primate model for acquired immunodeficiency syndrome (AIDS),
monkey tropic human immunodeficiency virus type 1 (HIV-1mt) is expected as a new challenge virus for
simian immunodeficiency virus (SIV) and simian/human immunodeficiency chimeric virus (SHIV) which
have been used conventionally. Several HIV-1mt that evade macaque restriction factors and establish
infection in pig-tailed macaques (PtMs) have been reported. These monkey-tropic HIV-1s utilize CXCR4 as a
co-receptor that differs from CCRS used by most currently circulating HIV-1 strains. To develop better
HIV-1mt/monkey model which can reproduce the clinical infection state of HIV-1 in human, we thought
some factors were important as follows; 1) Genetic variation of envelope (env) gene, 2) CCRS tropism that is
important in the infection spread and progress of pathogenesis from initial infection, 3) Subtype C virus
which is most popular subtype in the world and different from well analyzed subtype B in the neutralization
profile. Therefore, we generated a new monkey-tropic HIV-1 carrying env from a CCR5-tropic subtype C
HIV-1 clinical isolate. Using intracellular homologous recombination, we generated an uncloned chimeric
virus consisting of at least seven types of recombination breakpoints in the region between vpr and env. The
virus increased its replication capacity while maintaining CCRS tropism after in vitro passage in PtM primary
lymphocytes. PtM infection with the adapted virus exhibited high peak viremia levels in plasma while the
virus was undetectable at 12 - 16 weeks. This virus serves as starting point for generating a pathogenic

monkey-tropic HIV-1 with CCR5-tropic subtype C env, perhaps through serial passage in macaques.

2) Development of a novel dengue-1 virus replicon system expressing secretory Gaussia luciferase for
analysis of viral replication and discovery of antiviral drugs: F. KATO, T. KOBAYASHI, S. TAJIMA,
T. TAKASAKI, T. MIURA, T. IGARASHI, and T. HISHIKI

The dengue virus spreads around tropical zone, subtropical zone area, and it is estimated that
approximately 100 million people a year are infected. Though it becomes the big problem in public
sanitation, an anti-viral drug and the vaccine are not yet put to practical use. One of the reasons includes that
a tool to use it for anti-viral drug development and analysis of the virology is insufficient. Therefore we built
a new tool called the reporter subgenomic replicon by full use of gene-recombination technology. This
system can be treated safely because some viral genes in the structure domain necessary for the formation of
the virus particle is deleted and any virus particles are not formed. In addition, since a secretion type reporter
gene was inserted in substitution for the structure domain, intracellular virus reproduction can be analyzed

easily and quickly with reporter activity in a culture supernatant as an index.
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INEESCHE, AT, EHEMEE. HEREREITEe NEREHEPBMC BT AT 7 7 A )V A
REDHE, 21 B Y « 7T « XAF AL AMFIES, FhikE, 2014$ 11H9H

SIHAEAT. KEEE, KMPESE, MTNE=. HEEMRT. LR - Fif CCRS F51AME SHIV o
JL~DNEAL & FFIHUARERBUE OMEAT, 55 62 [0 H AR W A )L AL 2 S i, 2014 4 11 H 10-12
H

DNEESCHE, A HARE, KA EM, BEIHMEZE. W8T, HHEEZ. B%E %17 : bromocriptine
WX DHT v 70 A IV ATEMRSRE O, 55 62 Bl H AR T A )L AR E S fiik, 2014 4E 11 H
10-12 H

HEREMAT, MBSO, ZH81T. RS BT v 7 oAV RiE 29 2 A3 b skl sy o8
FREMARMENT, 5 62 M HAR Y A )V AEE S fik, 2014 45 11 A 10-12 H

BT, AREE, ROAR, BiHFESTF. AR, BS=ERT. T, L HEBE 5
Jp3 L SHIV YL /UIC BT B Ys~ 7 1 7 7 — IR V) /R ER & AR EE O 80 2 73, 26 62
Bl HA D A VA fiidi e, fRiE, 2014 45 11 A 10-12 H

7], FEEEME, MEFISL, KHHE. AavERE. M E., REFRZ., (RFEE., 8T, HE
7230 VVEIRIZ IS 1 5 YV ER A HIV-1 OEEFEZR 2 ER- S5 K, F 62 HHAY A )L A
SrpffidEes . BRI, 2014 4 11 A 10-12 A

BERVE B, BPAMRE. VEEERET. BRI, ﬁzﬁ%fﬁé}?ﬁ M, BT, AWNgEds, (REFHTEA:SIV
DFHGIEG ATR I B 1T 2R REFEIC T 098, & 62 Bl A A 7 A )L A B2l eS| #iik, 2014
# 11 H 10-12 A

PRTE, FSSE, BRI, SR, NI, BRI T, AR, (REFET B HIV Sk

5 TFOWHED 7 F RIS &0 FE SN 5 CD8 Bk T Ao SIV ERUMHFIREOAEHT, 45 28 [ A A
TA KPS KK, 2014 412 3 3-5 A
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EEHTT V2R EER Laboratory of Primate Model
W= =IHEAT
Bh# H ¥ AT
=] IR ST
Hffive B BOALH, WMHERT
KRB VR E], A AR

2014 47 3 B KRR SE & R SCRE S E 2P0 RHE LR R A | B mlsalili 03 AR BREE-F A JE R L3R
Fea . KHEBEN ANFREFEFARME LR EL ZNZIUE T L, 4 B3 SCE s L g &

. M EATRHEINEIER & U THFEED X =2 o 72, 72, VEILRF]T & R/
M ORFZEEICBEE Uiz, FAE 8 A B b+ 2088 U7, [F4E 10 712 T R 2%
PMEN T & 72 o7z,

UHFZE=E TIE L br A LA (HIV, SIV, SHIV), 77 b A /LA (DENV, TBEV) BLUT /LT
UvA /LA (PRRSV) DREYA 577 « R - RGEER L~V TRERICIIT T2 2 &I12 k0|
INDUANADHREMEEZRH L, VA NVAEEOREE THIELZRET2Z 2 HE LT
%o 2014 FEOREHRFFRIERK DL, LLTFTD LB TH D,

1. CCRS $8[AMED Y7 & A 7 C BRIR S BERE D env BT A2 FF OV VY MRERE T A LA D
T

L AIDS T 7 /VBAFEIZ I\ T Y LERIAME HIV-1 (HIV-1mt) (356 AV 5 40T & 72 SIV X° SHIV
RO TF Y LoV UA R E LTHIF SN D, Fox i, £V HIV-1 ERIR 3 BERK DR % Fif
BICEZ 2 HIV-Imt ZBZ T 572012, 1) =oXa—7 (env) WEEMZETHZ &, 2) KR
& L IR B OFFBEEITICB W CEE A CCRS FRIAMETH D 2 &, 3) 744 7 B LiZHhin
I Ty ANDRR LY TEA T CIANAZHNZY L AIDS ET AN ERELEEX T2, Dk
£V ARBFIETIL CCRS BT 7 ¥ A 7 C env ZFF 08 HIV-Imt Z/EH L, 7 % AL ~DJ&
Ytk 5 L 7=, CXCR4 A% HIV-1mt NL-DTSR BE D7/ K735 env 22— REEIE N4 K L7z
DNA K7 J1 % PCR ¥4iig L 7=, [RIARIZ CCRS FRAIVEY 7 % A 7 C HIV-1 EER 0 BERE D &7 7 5035 57 -LTR
Ik & vpr 725 37-LTR £ TOMEZ PCR¥IE L 72, 2415 3 5D DNA Wi & IV CHREBI PN AE E
FHHR Z 12XV CCRS FEIAMEY 7 % A 7 Cenv ZFFOFBL HIV-Imt Z1E L7, ZOUANAETH
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FHPLKEIMEZER (PBMC) (ICNEL S8 2 Z & THEBEDOM 21TV, Bk O D A L RIZxt L
TH—5 7 AR X 285 7T EBRERRBRIC L 2 2 e 72 — iRt 217> 72, &5
RO NTZTA N A% 2O T X A YP/TERIRNERE L, MY 1 L2 RNA &4 E& L THA~
DG 23 L7, R L7274 L AL swarm TH Y D72 &b 7357 — 2 OFAHL X breakpoint
RELS . env IZBIMK OS2 Rk U=, LI D 7 A )L 2 1% CCRS FEMMEZ R L TH Y,
NL-DT5R & bl L C7 Z A %)L PBMC IZBIT 5 EH-EENE LM ELTWe, 20U AL ZI3E
bR E B2y | 1 FEREOMELZ X% — 73 dominant Th-o7-, I B2, 25D T Z AP EYRICE
W, 1.0 x 10°copies/ml LA O @ WEILE — 7 Ol v A L A \mQBIEE S, 1 BTG 9 8% £
T 1.0 x 10* copies/ml LA E&HMERF L7=, 7 % A MM ~ONELOEFfE T, ZROERE U A VAT
TOMIBZIZEY, TVRTERT DA NV ANBIRINTZEEZOND, EREGIZBWNT
SOICERPNEANINTAREEITE LS, 2O TANAOB NG, LD ERENE L. Ff
R REZR HIV-Imt Z BT 25 9 A TAMREBEW B O L L WfF S5, (Otsuki, H. et al.
Virology 460-461: 1-10, 2014)

2UR—H—Y T ) WL T Y 3 OREE

T T AV ATENA - AT U A I EIE L TR Y L R LAY L T\ D EHEE
ENTWD, AREEERERMEE 2o THDICHEDPD LT, LA VRIS 7 F TR
ERLEN TR, FOHHDO—D1ZH 7 A L ZFEFIEL, 7 A L AL I NS 20D
VLR RELTWD I ENETFT LD,

FZTCHAIZ, BEEABRIEREREL, VAR—F—HT7 5 ALY artn) e
V= VERE LI, ZORIE, VA NVARR A DB ER T A )V ABIs S (EfER) 2 RES
FTNDZENDTANVART PRI NT, LIS FNHKD, o, #HEEEOR DY I
G LR —F —BEFEFHFA LRI T, MilRNO T A NV AER-E TR RIFHPO LR —4—
TE P2 FERE I o DG RT3 5 Z L3 AlEE & 72 > 7=, (Kato, F. et al. Jpn J Infect Dis, 67: 209-
212,2014.)
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Introduction

This laboratory is newly established in 2013 for active and effective collaboration between Institute for
Virus Research and Primate Research Institute of Kyoto University. We are interested in the co-evolution
between hosts and intractable viruses. Viral infection to a new host may lead to small but life-or-death war,
while in due course they could finally compromise and live together (symbiosis). Probably, each battle
between viruses and hosts should include a variety of long and exciting story, for example, hosts seek to
control viral invasion by innate and acquired immunity and then viruses try to develop new weapon to evade
the immunity. Unfortunately, this endless chicken race may accidentally cause viral acquisition of life-
threatening pathogenicity to the hosts. Exploring cellular and molecular machinery for the co-evolution will
provide us precious hints to survive, either win against viruses or live together. With this in mind, we are
investigating the mechanisms for the viral persistency and pathogenesis of intractable viruses, HIV and HCV,

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

Topics

1) Contributing factor to facilitate viral growth of macaque-tropic HIV-1 in vivo: T. YOSHIDA, Y.
SEKI and H. AKARI

Macaque monkeys serve as important animal models for understanding the pathogenesis of lentiviral
infections. Since human immunodeficiency virus type 1 (HIV-1) hardly replicates in macaque cells, the
development of a macaque-tropic HIV-1 (HIV-1mt) having the ability to replicate efficiently in macaques has

long been desired. In addition, since HIV-1 in human population usually uses C-C chemokine receptor type 5
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(CCRSY) as a co-receptor during transmission, it will be straightforward to develop an R5-tropic HIV-1mt in
order to reproduce the transmission, latency, and pathogenicity of HIV-1 in macaques. Therefore, we
constructed a new R5-tropic HIV-1mt named SA38 having the env gene of MK38, which is the R5-tropic
chimeric viruses between HIV-1 and simian immunodeficiency virus (SIV) (SHIV), on the background of
MN4Rh3, which is the X4-tropic HIV-1mt. Furthermore, we performed a serial in vivo passage of SA38 in the
cynomolgus monkey in order to increase the proliferation efficiency. Subsequently, we analyzed the mutation
of viral genomes to determine that the amino acid was involved in facilitating viral growth using next-
generation sequencing. The results indicated that characteristic amino acid substitutions were observed in Vif,
Nef, MA, p6, RT, and, Tat. Notably, it has no reports so far that deletion of 15-base pair DNA sequences fond
in the vif gene.

2) Genome mutations of persistently infected Hepacivirus which is related to hepatitis-C in primates:
A. HIGASHINO, S. SUZUKI and H. AKARI

Our laboratory has reported that two common marmosets infected with GBV-B derived from a
molecular clone pGBB developed long-term persistent infection among four common marmosets. GBV-B
infection produces a chronic and progressive hepatitis C-like disease in marmosets. However, it is still
unclear how virus mutations relate to disease progression in hepatitis C. In this study, we analyzed the viral
genome sequence between acute clearance and persistent infection. We were able to analyze GBV-B adaptive
or escape mutations for persistent infection. Many mutations were located in NS5A, NS5B regions on the
GBV-B, which might cause long-term persistent infection or liver fibrosis. It is known that NS5A involve
IFN resistance by inhibiting ISG expression pathway. NS5A may have had diversity in order to inhibit anti-
virus factors. Since it has reported that NS5B is RNA depend RNA polymerase in HCV, mutations observed
in this region seem to increase the efficiency of replication of the viral RNA. Our studies revealed that the

mutations on GBV-B derived from infectious clone.

3) HCV based chimeric virus of which envelope is derived from GBV-B infects tamarin persistently: S.
SUZUKI, A. HIGASHINO and H. AKARI

Majority of Hepatitis C virus (HCV) infected-patients suffer from liver pathologies including fibrosis,
cirrhosis and hepatocellular carcinoma. But development of vaccines has been hampered by the lack of
appropriate animal models. GBV-B is closely related to HCV genetically and GBV-B-infected red-handed
tamarins (Saguinus midas) and common marmosets (Callithrix jacchus) show similar symptom with HCV
infection. In this study, we report that a tamarin infected with HCV/GBV-B chimeric virus (HCV/GB)
containing GBV-B structural genes coding for envelope proteins (core-p6) substituted for the counterparts of
HCV. And marmosets infected with GBV-B/HC chimeric virus (GBV-B/HC-1, 2) containing HCV genes
coding for either envelope proteins (core-E2) or proteins (5’ UTR-E2) substituted for the counterparts of
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GBV-B respectively. HCV/GB infected tamarin persisted chronic infection for over three years but GBV-B/
HC-1, 2 caused acute infection and were excluded in marmosets. This is the first report demonstrating that
HCYV based chimeric virus caused chronic infection in New World Monkeys. This primate model has a

possibility that it could evaluate efficacy of new vaccine candidates against HCV in the future.

4) Analysis of antiviral innate immune responses induced by Influenza A virus infection: A. KOGURE

Influenza A virus encodes non-structural protein 1 (NS1) to counteract host immune responses.
Especially NS1 strongly inhibits interferon production by the host. However it has been controversial
concerning molecular mechanism of the inhibition. NS1 is a critical viral factor for viral survival. Our

preliminary results suggest that NS1 has multiple targets to facilitate its replication.

List of Publications

Fujie, Y., Fusaki, N., Katayama, T., Hamasaki, M., Soejima, Y., Soga, M., Ban, H., Hasegawa, M., Yamashita,
S., Kimura, S, et al. (2014). New type of Sendai virus vector provides transgene-free iPS cells derived from

chimpanzee blood. PloS one 9, ¢113052.

Suzuki, S., Konnai, S., Okagawa, T., Ikebuchi, R., Nishimori, A., Kohara, J., Mingala, C.N., Murata, S., and
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leukemia virus infection. Veterinary immunology and immunopathology 163, 115-124.

Yoshida, T., Koyanagi, Y., Akari, H., and Strebel, K.: HIV-1 Vpu Antagonizes Rhesus Macaque and
Chimpanzee BST-2 Through Cytoplasmic Domain Interactions, CROI 2014, Boston, USA, 3-6 March, 2014.

PR, IR, Hfd—. A EM . HEENE, MRA. BHEZ S GBV-BERE~—F® Yy N/ ¥
< U BT D EMALBATI IR E N A OBRIEN B 595 |, 5 61 vl H RSERREIM ok, fL
1%, 201445 H 17 H

RS, SoAHORE, AORRBE, ARfAnGh, Ktam, A HEMF. MAEm, HRE— EA. HEZ
S NUBRIFET L W TZAASF U A NV ZDFFRUEGUZ 1T DB RIEIEICKET D VAV

R NEEBMRNT, 5 61 Bl H ARFEERENY) kS, ALMR. 2014455 A 17 H

RIS, SoAHOR, ARME—. R#&, WERGA, A EMF. M, 15, Saut. 2
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Hix B 72 3C
Bh#k I

g A
DiE=t HRFETE

B R
KRBt SRS
e B FAY S e

BHFFEEITIT, TR 26 4510 H O AWM ENEAN T A X FE Y —F - L 27 > b OREFE
BEON BB O B EWSF 210N o 7z, E£7-, UL, MR FRERENIIT A
HALET NAAFEE > H—DFT B TH DI, VA IVAWFGERT & BRI ORI FE L L THIC
L A L A RYE D RIR & P 2R D 2 & & BIOICERE S vz [ b A L ARFSEESR ) % 365
THZ L LD ERL26 T A X0 ARFEHED T2 OIS 2 7 A VAR~ LT,

W ClL, ZEEHEET AV EZHOWTHEHEEY A VA THL e MuERET A /LA (HIV) BX
ONCHFRTA N A (HCV) OIFRFEMESCEHEEORIN A ST 522 2 HE L, BIZULTFD
3O0ODT —<IZOWTHIZEZZIT L TW\W5,

1) YVERmME HIV-1 @ invivo \Z331F D HEG S % FA S 25 EK OfiE
B RMMUERETANVA T (HIV-1) 3 =7 A N7 8O~ T 7 J& TG L7272, HIV-1
Wm%ﬁﬁf%é%ﬁ%ﬁ ERBEETADPRFERD OGN TE I, ITE, ML T HIV-1 8
(ZHNHIALZAB) < 15 R 7 DT S HESR, Z AL D OFEIRL A BT YL CHEGE AT RE 7 L AR A HIV-1
(HIV-1mt) 2MEE I NT-, TOEE, B hO HIV-1 JERIZB W TUEGHRIICEE TH H CCRS F51A11E
DA NAD env ZFEO HIV-Imt Z 325 Z LIk 0, BRFEORELZ LV KM LI-ET LV ERD
ZEMTRHRIND, ZOETNRE T/ HIV HIENE DL KOV ORI KEFHT O 72 8 O i g
FRNT L AT D E L THERTE L9 ICEMT AL ZHNE LTS, 22T, ZRETHEHALT
V72 CXCR4 FR AT HIV-1mt (MN4Rh-3) @ env fEl# %, CCRS 54 SHIV (MK38 %) H
KD eny ~EHA D Z LITLD . CCRSFRIAMED A VAL LTz, BTz IZHISZL L7z CCRS #5177
P HIV-1mt (AS38 #%) % B =7 A PV S, S IR ZIT o7, T ORER, kR
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MR EERD NS, BREUANVAREEZRD SETWDIZHp0b 6T, BRI 3 R E O
IZBW TR O M 7 A /L2 RNA &2356 30 512 ER- Lo, 207D, BRI L 0k
GERICIR T 2 T A NV ADHIEZN RPN U E S NIZE B A DN D, SHIT, VA /L AHETEIE
EORFERERZHSNZT D720, Y ANLHBITANVRT ) JMZOWTRIER S — 7 v Rk
ERWCHIT 21T > 7=, T OFEE, Vif, Nef, MA, p6. RT, Tat (ZEBW\CREM 2T I/ BRiE AL
HERRPOLNTZ, LV, vif B FICAELCZ ISEREORKIZINE TITHEDRWERLTH-
7=

2) IRIERFICE W TRBURYE LT~ ST T A VRS ) B ORRREH S H

GBV-B [3/MUE RHEIZEY L C RITFRARIERZ BT 2~ F VAV ATH Y CRIFR T A LA
(HCV) ([Ziltfx 2 v A VAL L THbLBNTWD, T E TI/NVERIIZ GBV-B 2 #E$ 52 L T
JINLT 2R AME 7 VT 7 VAR I 5 2 ERFE < HE SN TV D, —FTHITD R0 2n
OHBEEFEORMICEY FiftERk+ 22 L bMESNTND, 2O GBV-BEGET LRARYIT
HCV YT T VT2 0 5 DD, JHEET NV E L TOMED T EZHLNIT H72DICFH L BT
TEIBYERT — X T+ 5 & & B2, HCV OJRREHETTOREF & £ 5 72912 GBV-B DR
I BN % 4T > 77, Bt R ~OREYME 7 0 — 2 B3 GBV-B OFEREIC LW AksZ VT 5 2 L
7-#f (Acute Clearance, AC £¥) « Frfi/de LU 7= (Persistent Infection, P1 £f) « K HAF YL £ 72 13T
MRHE(L L72#E (Disease Progression, DP #f) 2Bl S4v7z, FRELETITH | BlofE=R CRIE ST,
LR SN AC FETEGAE 1 F< LWV OREYHET VE LTHHTH D L bbb, GBV-B
TG L CHUFRIFRBICHELL L7 2 DDAT =I5 2 ENTEHZ /b, HCVICHE
PLL7-IREMEZ AT 5 Z LR S N7, RICRIEHL L S - iEd GBV-B DL — 27 =0 25—
ZINOT X BEREMNT LT, ZORR., SERRHCRE S35 L Bbn 28R - EiiZER, BX
OME BB 532 L b 2Rt Z R o000 | Kt E{& T GBV-B 1345 EE b
BNDTDITER LK TS Z LR ENT, ETEBER TR ORI, 1ZIEFRIRF
HNCHES L TV DH Z &M %éﬂk:&#%&BVBm%%XT~V:%bﬁf@i:ﬁmbfm
DT EDTRBI T, THDORERD D GBV-B YIS GRE N SRS 5 & & b HRGE
ZANH L. MIHZIE RNA AR Y A 7 —B DR %213 Membranous web f&R% Z > /N7 B O FIT
Lo TREL-BEREMNERE CHH Z LARB I, 4%, PLEE, DP BECHEGE S 7o RmN
FEEIEGE O BRI - WEEATICBI D 2 B NVER Y A VA BAERL L Z ORYeIES 2563 5 24
ERD D,
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288 26

1. GBV-B Off{&RN Al

3) HCV/GBV-B ¥ 2 7 VA VAL L5 C RFREEIHET NV OEE

CHIFR T A /LA (HCV) Idt MTEMEFR-PITMIS A Z 5 SR Z T T A 2T, R TR 1
BT THANLOF Y U TPFEET DR, PRI -10RY 7 F3v, U7 FUBBEBREL TV DR
K& LTix, HCV OIE HIEk< b hRF X0 U —ZORHEGT 5 7o i O) 72 Bt € 7 L
MWIRNZ ENRZETBIDH, GB VA /LA B (GBV-B) IZTHCV L[RILT7 7 E YA JLAF~/RT T A L
ZABICET D, GBV-BIIZ~ VU oo~ —Fky M EOFHMRI ATEYT 5720, HCV OfRE
TANLAELE LTHEASINTWD, YUHFJEE TiL,GBV-B &k~ —E & v hMEM(LICBAT Lt
ANVAER ALT [EO E5- L & Wo 78 C RFRERFREZ 2T 5 Z &2 MM L7z, o
CHCV/GBV-B % 2 7 7 A LA L F R L% T CHBFFRERHTT VAER L RERIICH
BT 7 F EROFE T VAL T D2 LRI E Lz,

BIE C B R EE D> H15 b7z HCV & JEICHEEE S 7172 TPF1 it 7 = — 2 (genotype 1b) 5
X OVGBV-B 7 1 — 775 envelope LUAME HCV ~X— A ® HCV/GBV-B ¥ £ 7 7 n—> (HCV/GB)
B X Wenvelope £ 72 13HEE ¥ > /37 (XL HCV H12% T GBV-B X— 2 2 f D GBV-B/HCV (GBV/
HC-1,2) ¥ A7 7 u—V 2l LT, TNODOXATUANAREZT T E~ ) U EliFatr~—
Ty bEYESET L 2 A GBV/HC-, 2 &Y~ —F 1 v MIMRBIT T A L 2D & 7203,
BB 7 VT T v A STz, — i THCV/GB &Y X ~ U 213 34RLL R 3 L OVRAY i BLEZ ER
DT A VAR STV S RN LT, U AV AR 1 S o2 BiE oL, A
WALy NIPb Y= D AT ol b ZA B LR A T VAN ADY — 7 2 AL ERT
o, ZOZENBL XYY UENT HCV/GB 23 EYeds KOEREE L T\ D Z &bt e o
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oo ZORERMHT L RXE—T DI GBV-B K THCV X—ZADF X T 7 A )L AR FA AT
YLz Z ERWOTHLIZ/R -T2, £72 GBV/HC-1 X° GBV/HC-2 BRI L7s o7 2 &
5. B YL ~D HCV/GBV-B ¥ 2 7 U A L AFFGHEYL I GBV-B D= R — 7 RNEETH
D, HCV OIHEE X 7 ETHFAEERNTRERRTH D Z L ARB Sz, 4%ITZ0F
ATUANAEELIZHE LFRFEL I S ETRREBET VAR LTV,

HCV/GBV-B e
FATVANA gay 4| @ |8

2. FRATUANRACED CHIFREREET L OE

4) ATV A TAVAEGIC K - THE SN D B RGIEINE OIRHT

AV TN Y A TA NV RIGREIETEEO S 5 IEEEEH-E NS 22— KL TRBY, 207
WIZA B —T = VHEATRREDOHRGIZICE ZIHT 5 F TEOF LK > T D, Ll
5. NS1 DIEHAESDW IR H Y | BEOERN S T IFET 2 HEN RSN TWD, A 70
T T A VAL HRGIEISEICE L CIIT 21T > T D (1Y 0 K,
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Introduction

The cell surface of bacteria is always exposed to and threatened by a variety of stresses caused by the
fluctuation of environmental conditions, and the maintenance of its functions is critical for cell viability. The
extracytoplasmic stress response (ESR) plays key roles to cope with these cell surface stresses and are
important for bacterial survival strategy. ESR is thought to be one of the major systems of virulent bacteria,
for example Salmonella Spp., to resist host defense systems triggered by bacterial infection or invasion. Thus
understanding of the whole picture of ESR is an important issue from a medical point of view. This research
group focuses on and aims to clarify the mechanism and physiological roles of the o"-dependent ESR, one of
the major ESR pathways in Escherichia coli.

In the o"-pathway ESR, cell envelope stresses such as accumulation of malfolded outer membrane
proteins (OMPs) or lipopolysaccharides (LPSs) trigger sequential cleavages of RseA, a membrane-spanning
anti-o® protein that inhibits the ¢ activity under non-stressed conditions. The stress cues activate a
membrane-anchored protease DegS to cleave RseA, which is followed by the second cleavage by an
intramembrane-cleaving protease RseP. After the two-step cleavage events, the complex of the cytoplasmic
fragment of RseA and ¢" is liberated from the membrane to the cytoplasmic space, leading to degradation of
the RseA fragment and eventual activation of oF. RseP cleaves RseA only after DegS truncated the
periplasmic part of RseA, which makes the activation of ¢* highly dependent on DegS-mediated sensing of
stress signals. In the o"-pathway ESR, an extracellular stress signal is transduced into the cell interior across

the cell membrane through these two-step proteolysis of RseA.
Topics

Visualization and dynamic analysis of an extracytoplasmic stress response in living bacterial cells: Y.
HIZUKURI and Y. AKIYAMA

We are interested in the o"-pathway ESR as a complicated and exquisitely regulated signal transduction
system. We hope to understand this dynamic cellular process that occurred around the membrane through
fluorescent microscopic observation of the related factors and single cell imaging analysis. We constructed

derivatives of an essential key regulator RseP and its proteolytic substrate RseA that have a fluorescent
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protein (e.g. GFP) moiety. Now we are attempting to observe these fusion proteins in living cells by using a
fluorescent microscope and to visualize alteration of intracellular localization of these components in

response to various extracellular stress signals.

List of Publications
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FIEPE. . FKILSRE - NI 7 17 7 —F RseP 1T L A KIBH o RIEFRE A b L A IS O H IR
K. 2013 RS E N B G ST Ze e THIE S A7 AOHIARES - EF) - MR OFE ). =
B, 2014 4 3 H 25-26 A
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Members
Assistant Professor (Spe.) Akiko Makino

Topics

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

Borna disease virus (BDV), which has broad host range in vertebrates, causes persistent infection in
nucleus of neural cells that can lead to neural disorder in horses and sheep. Previous study has shown that
constitutive activation of NF-xB suppresses the BDV growth, however, NF-xB pathway is not activated in the
acute infection of BDV. To elucidate mechanism for the inhibition of NF-xB activation by BDV infection, we
evaluated cross-talk between BDV infection and NF-«xB pathway.

Using Multiple EM for Motif Elicitation analysis, we found that the nucleoproteins of BDV (BDV-N)
and NF-xB1, which is one of the NF-«B family and has a transcription factor activity by processing of
precursor pl05 form, share a common ankyrin-like motif. When THP1-CD14 cells were pre-treated with the
identified peptide, NF-«B activation by Toll-like receptor ligands was suppressed. The 20S proteasome assay
showed that BDV-N and BDV-N-derived peptide inhibited the processing of NF-xB1 p105 into p50.
Furthermore, immunoprecipitation assays showed that BDV-N interacted with NF-xB1 but not with NF-xB2,
which shares no common motif with BDV-N. These results suggest BDV-N inhibits NF-xB1 processing by
the 20S proteasome through its ankyrin-like peptide sequence, resulting in the suppression of NF-«B pathway
activation. This inhibitory effect of BDV on the induction of the host innate immunity might provide benefits

against persistent BDV infection.

List of Publications

Akiko Makino: “Development of borna disease virus vector system” Special seminar at Mayo clinic, 24 July,
2014.

Akiko Makino, Kan Fujino, Takuji Daito, Tomoyuki Honda, Keizo Tomonaga: “Expression of IGF2 affects

Borna disease virus production in infected cells” International Union of Microbiological Societies

Congresses, Montreal, Canada, 27 July — 1 August, 2014.
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MR Y £ VAR E S Z— Center for Emerging Virus Research

I. First Group
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Reproductive Engineering Team

L 2

Members

Technical Specialist Hitoshi Miyachi
Technical Staff Satsuki Kitano (Konaka)
Introduction

Reproductive engineering team is a support unit for generating transgenic mouse (Tg) and knockout

mouse (KO) under the animal committee of our institute. We also perform cryopreservation of mouse

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

1) Freezing embryos

2012 140 strains
2013 198 strains
2014 194 strains

2) Transgenic mouse production with cloned DNAs

No of constructs  No of embryos
injected
2012 77 31,452
2013 71 27,924
2014 37 18,236

3) Production of chimeric mouse

No of ES clones  No of embryos

injected chimera obtained
2012 63 5,145
2013 70 5,510
2014 23 2,442
4) CRISPR/Cas9
No of constructs
2013 18 6,301
2014 32 14,839

32,836 embryos
52,272 embryos
85,005 embryos

No of transgenic
pups obtained
176(0.6%)
67(0.2%)
142(0.8%)

No of coatcolor

192(3.7%)

129(2.3%)
82(3.6%)

No of embryos No of genome edited mouse

66(1.05%)
47(0.32%)
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List of Publications

Cui, G., Hara, T., Simmons, S., Wagatsuma, K., Abe, A., Miyachi, H., Kitano, S., Ishii, M., Tani-ichi, S., and
Ikuta, K. (2014). Characterization of the IL-15 niche in primary and secondary lymphoid organs in vivo.
Proc. Natl. Acad. Sci. U. S. A. /71, 1915-1920.

Dai, P., Harada, Y., Miyachi, H., Tanaka, H., Kitano, S., Adachi, T., Suzuki, T., Hino, H., and Takamatsu, T.
(2014). Combining TGF-beta signal inhibition and connexin43 silencing for iPSC induction from mouse

cardiomyocytes. Sci. Rep. 4, 7323.

Hirai, H., Fujishita, T., Kurimoto, K., Miyachi, H., Kitano, S., Inamoto, S., Itatani, Y., Saitou, M., Maekawa,
T., and Taketo, M.M. (2014). CCR1-mediated accumulation of myeloid cells in the liver microenvironment

promoting mouse colon cancer metastasis. Clin. Exp. Metastasis 3/, 977-989.

Sakamoto, M., Ieki, N., Miyoshi, G., Mochimaru, D., Miyachi, H., Imura, T., Yamaguchi, M., Fishell, G.,
Mori, K., Kageyama, R., and Imayoshi, 1. (2014). Continuous postnatal neurogenesis contributes to formation

of the olfactory bulb neural circuits and flexible olfactory associative learning. J. Neurosci. 34, 5788-5799.

Makino, Y., Inoue, E., Hada, M., Aoshima, K., Kitano, S., Miyachi, H., and Okada, Y. (2014). Generation of a

dual-color reporter mouse line to monitor spermatogenesis in vivo. Front. Cell Dev. Biol., 23 July 2014.
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BWEBRZER~ UV AMERXETF— A Reproductive Engineering Team
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1) WD B PRAT

2012 4F 140 &% 32,836
2013 4 198 A 52,272 fi#
2014 4F 194 &% 85,005 fil
2) b AV =7~ ADIER

i AR Tg PE{THL
2012 4 77 31,452 176 (0.6%)
2013 4 71 27,924 67 (0.2%)
2014 ¢ 37 18,236 142 (0.8%)

3) FAT~ U ADOIER
7 a— 8 fERIRE EBX AT

2012 4 63 5,145 192 (3.7%)
2013 4 70 5,510 129 (2.3%)
2014 4F 23 2,442 82 (3.6%)
4) ZDOfh

CRISPR/Cas9 ¥ A7 AIZ L Hilfn {-mtE~ 7 A DIER

KR R B FRE~ T 2K
2013 4 18 6,301 66
2014 4 32 14,839 47
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SRIOMMIETT R AR ffl~ 7 2%
2013 4 87 8,759 420
2014 4 77 7,488 358
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Computer Network of Institute for Virus Research

Assistant Professor Keiko Takemoto

Institute for Virus Research LAN system (IVR-LAN) has administrated by the network committee
consisted of four staffs (Prof. Toyoshima, Prof. Akiyama, Associate Prof. Mori and Instructor Takemoto).
IVR-LAN service has covered for researchers of some medical departments as well as 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, online reservation
of seminar rooms, SSH and all Outgoing TCP services except for P2P. Main services are working on Linux
workstations.

This year computer room has moved to a different floor because of the project to renovate the library
rooms, which are neighboring of the computer room. After the renovation, we will install a high-memory
server for bioinformatics, specifically for doing Next Generation Sequencing (NGS) data analysis. At the
same time, we maintain our network services and the exclusive services such as a licence management of
genetic analysis tool.

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 has studied the epigenetic regulation of mouse
endogenous retroviruses during cell differentiation. Conditional knockdown mice of histone
methyltransferase ESET, and/or DNA de novo methyltransferase Dnmt1 have been analyzed with RNA-seq
and ChIP-seq.
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Computer Network of Institute for Virus Research

Bh# AR A

UANVARRFTR Y b U — 7 VAT LR, KILEER., AR, BREER. MTARBE L D RS
NHFy NU—I7 BEBIZE > TEELSIL, UA VAR, MRYT 2 AEFE 2 —B X OES
B FESHEO 3 EHRNG 0550 T AW FERBIER, B X OIS~ — 2 274t L
TW5, AMFFERT LAN X, LINUX = =KD A o R X — " EE T, [HFHRIRED SR
PE - BEREVE - ZeVEA T2 T —ERADRMEELHE 2, BFA— - WEB: 77 A/ T4 X
Y= —FrEA L TS,

AEE T Y — " —EOYER L ORI O RS FIE RN — S OHARTFEISN TN D, REAR
V=7 T —FEOEMEFNC L o TEAH SN DR Z2BEHERE M LEWZ 23T, 4%
DUANVRFE B STEWFNRICE s TRERY T T —Thd, KET —XEHAWiziEH#
fRHT S 2 TN O FH DS B RICIT R DBRBEA X 5 TETH D,

N= Ry =T OEHELOS - V7 M7 ORI B LT, AR S R R IE WmER BAE O
RS 5 Nessus &2 N TH—N—DHEWEHEME 2TV RED MECAER P —E AL F = v 7
Lz, —h, BRT 72 20— F—OFHIIWEREEE LTS 2T, B ORI E BB
WOWNTWRNORBIRTH S, fllx DL—2—IZ MAC 7 R L AKIRZ 2T 2FOMIEE 5% b
BEOT TP BER S D, MRIFENC R Yy hT—2 2N LIZIERT 7 B ABKNERNEDOTH
LU L, Ba—Y—DFR) T 7 —0m EREEND,

FZEET R > R U — 7 EBITINZ T, MIARFR S — o h—oF7 — 5%%%ﬁofhé =
Vo —ZEB|IBUE, T —FITHY — 7 AT =2 a R 2E5H0, (Z1% Exome fi##fT & RNA-
Sm®%ﬁﬂ47747@4ny*wéﬂfwéoEF&UV?X®74*7-V~7:VX?~
% Z T ChIP-Seq. 8GN FDfEEET —7 DEK, RNA-seq, L PR L AL FOTEY =X
T4 7 IRBEHREOMIIEF IR D > T D,

—149 -



SEMINARS OF THE INSTITUTE FOR VIRUS RESEARCH

Twenty-three seminars were held at the Institute for Virus Research under the auspices of the Institute in

2014. Twelve lectures were from abroad and eleven others were from Japan.

January 15

January 22

February 7

February 19

March 3

March 13

March 31

April 9

April 24

June 10

July 8

September 3

October 17

October 21

November 20

Dr. Katsumi Maenaka, Hokkaido University, Japan. “Structural basis for cell-entry
machinery of morbillivirus”

Dr. So Nakagawa, Tokai University, Japan. “Genomic data decode the dynamics of
biological evolution: gain-of-functions of overlapping genes and virus-derived genes”

Dr. Francois Clavel, INSERM, France. “How well has HIV-2 adapted to replication in
humans?”

Dr. Bryan R. Cullen, Duke University Medical Center, US. “Retroviruses and
microRNAs”

Dr. Luc Willems, University of Liége, Belgium. “Activation of transcription and
stimulation of DNA replication as cancer treatments”

Dr. Nicholas Parrish, University of Pennsylvania, US. “Phenotypic Properties of
Mucosally Transmitted HIV-1"

Dr. Taisuke Izumi, The University of Tokushima, Japan. “The Establishment of Laser
Scanning Fluorescent Microscopy-Based Technology For High Efficiency of Single HIV-1
Virion Analysis”

Dr. Toshio Suda, Keio University, Japan
“Maintenance of self-renewability of haematopoietic stem cells”

Dr. Marco Candeias, Graduate School of Medicine, Kyoto University, Japan.
“Synonymous p53 mutations unleash p53 oncogene”

Dr. Chou-Zen Giam, Uniformed Services University of the Health Sciences, US.
“Outcomes of HTLV-1 Infection: Senescence, Latency, Reactivation, and Pathogenesis”

Dr. Tetsuya Iida, Osaka University, Japan. “Genomics and Metagenomics of Bacterial
Infections”

Dr. Francois Guillemot, MRC National Institute for Medical Research, UK. “Factors and
signals controlling stem cell activity in the adult brain”

Dr. Shinjiro Hino, Kumamoto University, Japan. “Epigenetic regulation in cellular energy
expenditure”

Dr. Ekram W. Abd El- Wahab, Université de Strasbourg, France. “Specific Recognition of
the HIV-1 genomic RNA by the Gag precursor”

Dr. Kenta Matsuda, National Institute of Health, US. “Establishment of primate model for
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November 28

November 28

November 28

December 2

December 2

December 9

December 10

December 12

AIDS encephalopathy and analysis of its pathogenesis”

Dr. Masaru Ishii, Osaka University, Japan. “Visualizing the migration of immune cells in
the body”

Dr. Akihiko Okayama, University of Miyazaki, Japan. “HTLV-1 infection and chronic
inflammatory diseases”

Dr. Terry Lechler, Duke University Medical Center, US. “Cytoskeletal Reorganization in
the Epidermis”

Dr. Jay A. Levy, University of California, San Francisco, US. “The CD8+ Cell
Noncytotoxic Antiviral Response (CNAR) has Innate Importance”

Dr. Dong Sung An, UCLA AIDS Institute, US. “Toward HIV cure: Anti-HIV
hematopoietic stem cell based gene therapy”

Dr. Luke O'Neill, Trinity College Dublin, Ireland. “New Frontiers in Inflammation
Research”

Dr. Tomoya Tsukazaki, Nara Institute of Science and Technology, Japan. “Structure and
function of membrane protein insertase YidC”

Dr. Yasuharu Nishimura, Kumamoto University, Japan. “Clinical studies of cancer
immunotherapy”
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ORGANIZATION AND STAFF

(as of December, 2014)

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

Director
Deputy Director

Professors Emeriti

Department of Viral Oncology

Laboratory of Gene Analysis
Professor
Associate Professor

Assistant Professor

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

Laboratory of Tumor Biogenesis

Professor
Assistant Professor

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

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

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

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

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

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

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

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

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

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

Laboratory of Human Tumor Viruses

Professor
Associate Professor
Assistant Professor

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

Department of Genetics and Molecular Biology

Laboratory of Molecular Genetics

Professor
Associate Professor

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

Department of Biological Responses

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

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

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

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

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

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

Department of Cell Biology

Laboratory of Subcellular Biogenesis

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

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

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

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

Head - Professor

Laboratory of Viral Pathogenesis
Professor
Assistant Professor

Laboratory of Virus Control
Professor
Lecturer
Assistant Professor
Technical Staff

Laboratory of Viral Immunology
Visiting Professor

Masao Matsuoka, M.D., D.Med.Sc. (2014)

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

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

Junko Tanabe (2006)

Chiho Ohnishi (2014)

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

Experimental Research Center for Infectious Diseases

Head -+ Professor

Laboratory of Primate Model
Associate Professor
Assistant Professor

Laboratory of Evolutional Virology

Professor
Associate Professor
Assistant Professor (Spe.)

Technical Specialist
Technical Staff

Keizo Tomonaga, D.V.M., D.Vet. Med. (2012)

Tomoyuki Miura, D.V.M., D.Agr. (1988)
Takayuki Hishiki, D.Med.Sci. (2013)

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

Takeshi Yoshida, D.Med.Sci. (2013) (concurrent)

Hitoshi Miyachi (2006)
Ai Dantsuka (2011)
Ryota Mizuta (2014)

Center for Emerging Virus Research

Head* Professor
Professor (Spe.)
Assistant Professor (Spe.)

Lecturers (part time)

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

Yohei Hizukuri, D.Sc (2013)

Kenichi Kawano, Pharm. D. (2014)

Tetsuya lida
Nagatoshi Fujiwara
Keizo Tokunaga
Masayuki Saijo
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Research Fellows

Library
Committee Chairman

Administration Office
Chief Officer
General Affairs

Note
*Spe. = Specific

Atsushi Kumanogo
Yumiko Imai
Takashi Yamamoto
Norihiro Okada
Akihide Ryo
Jun-ichi Fujisawa
Ken Maeda

Eiji Ishii (Lab. of Gene Analysis)

Sulyi Kim (Lab. of Human Tumor Viruses)

Tomoko Imamura (Lab. of Infection and Prevention)
Daisuke Ori (Lab. of Infection and Prevention)

Atsuko Wakabayashi (Lab. of Infection and Prevention)
Sarang Tartey (Lab. of Infection and Prevention)
Akihiro Isomura (Lab. of Growth Regulation)

Yukiko Harima (Lab. of Growth Regulation)

Edward Wijaya (Lab. of Integrated Biological Information)
Rokusuke Yoshikawa (Lab. of Viral Pathogenesis)
Guangyong Ma (Lab. of Virus Control)

Hiroshi Masutani

Katsumi Sakamoto (2013)
Hiroyuki Matsunaga (2011)
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