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Ve B CTIE I A NV AREIIDE LTI SR ENL 1R, Yy —T7 20 v ORBFER Y
D, BRGIERED XA H = AL EZHIELTWDE, ZO—HO U IIHILAY 4 )V 2 D &G % J&A1$
LI ENLRBENSL, ZOMILNEDNE E S & ¥ —43TH3 retinoic acid-inducible gene-I, (RIG-I)
ThHhHI xR L7 RIGIIZHEM L7z MDAS, LGP2 L W) T HHFAEL T, Iho ek
PR LT RIG like receptor (RLR) &5, #ATHOWIZET 0 Y = 7 M &2 LITIZRT . RIG-1 DMl
WIRTE LGP DOfENT. RLR 285212 X % H CRIER B O, REER KL O RIKLEW DI 4 Vv A
TPk, R RO ZHEE RNA IC X P07 4 IV AR OE. Pir 4 IV BB T 5 HBIK 70
fFgE. PU7 A IV R)SEDAMIL TOTHAL, i1 B 2 Hv 72 RLR & RNA OfE G DT,
B RUIF O Fr G % BIFE T 5 720 Off5E. SFTSV 12 & % HARSEE L EME OMFZE. % RIG-I
DEFBBEDRI, 4 v ¥ —7 =1 VIRE &2 IHT 2 HH R,

1) ¥x v THEZRHZZ0I A VARROBEGEWIA VAR ZHFEL, €2 TRIG &
PEILd %

RIG-T IR BT AV AHKD RNA (VRNA) Z ikl LTI A VARG ZFET 5, L
L. MENTOREZER 7 VRNA ORAE ¥ 7 FIVREZIZH O NI R o T o tz, £2°T
Frld=a—A v ANTHETA VA GESHEL, —AR~ A F A8 RNA 74V R) DG L 7-HIaN
THE X 5 HG A RN > TREICHGES L7z 18D RIG-T I A4 )V A OFBEEAK (VRCO) 12
AL, FITIHMILSN, BEPOL vF—7 20 U EAZFET L, TOB, BYAHEIT T
% & RIG-T 13 A b L AJk: (antiviral stress granules. avSG) DIEHIZHE > TE I ADJGIENTFHE S
. CORNZBRYOA 7 —7 20 Y EADPFEI NS, avSG DK & W\ { DH D TR
ToE, BOA vy —T 20 VEENHESN, TOI L XD avSG IE vVRNA % %53 K < A
TELTHD I EDRLRBRENT, avSGIZIET A VW ADR YT 4 7TH RNA DEINWICES LT
W5 ZEPHB L7z, £/, BBREWC LRGSO L72KY) ARNA IS ¥4 —7 21
VIEERREAL TS Z LI L7z, FEEGSIIEA S DR Y ARNA IZA ¥ ¥ —7 =1 VFFERE
RN EDRDL T ANV ZAHEDORY ARNA HSRIG-I ZIEHAL L TWb 2 EAURBE I N, 7
M B OFER T A NVAD) — 5 —FEHD LG L. ZOH%RIRE % BG83 IR O E HAL
~ie e A 72, read through RNA 25 RIG-T 25 L L TW 2 2 A L7z SO RNA XY — % —



A2 SEREBIG L TWA 72, v v THEEZ 2. Db 4 v ARG TIlE 7 £ )V A8
ORIE, HFEOA ML ARETEXLZ L, TRH5DOBIZICHES T RIG-I 25F N5 OGO
HoNbT s, TLTHYANARERFEINSLZEVPHLNE 25T,

We have been studying on antiviral innate immunity, particularly on the mechanism of type I interferon
(IFN) gene regulation. More than 10 years ago, we identified viral RNA sensors, collectively termed as RIG-
I-Like receptor. We have been focusing on the mechanism how RLR discriminates non-self RNA from self
RNA. We also investigate how viral replication within the cells is sensed and triggers signals to activate
antiviral program, by live cell imaging. We study different viruses including Influenza A, SFTS, hepatitis B

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

1) Leader-Containing Uncapped Viral Transcript Activates RIG-I in Antiviral Stress Granules.

RIG-I triggers antiviral responses by recognizing viral RNA (VRNA) in the cytoplasm. However, the
spatio-temporal dynamics of VRNA sensing and signal transduction remain elusive. We investigated the time
course of events in cells infected with Newcastle disease virus (NDV), a non-segmented negative-strand
RNA virus. RIG-I was recruited to viral replication complexes (VRC) and triggered minimal primary type I
interferon (IFN) production. RIG-I subsequently localized to antiviral stress granules (avSG) induced after
vRC formation. The inhibition of avSG attenuated secondary IFN production, suggesting avSG as a platform
for efficient VRNA detection. avSG selectively captured positive-strand vVRNA, and poly (A)* RNA induced
IFN production. Further investigations suggested that uncapped vRNA derived from read-through
transcription was sensed by RIG-I in avSG. These results highlight how viral infections stimulate host stress
responses, thereby selectively recruiting uncapped vRNA to avSG, in which RIG-I and other components

cooperate in an efficient antiviral program.
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FTeomfzEEiZe rL ha A VATHS e b THIRAMR Y £ v A 1 4 (human T-cell leukemia
virus type 1: HTLV-1) Ot M dEAR4 7 £ )L A (human immunodeficiency virus: HIV) OHFZE% 17 -
T\Wbo HTLV-1 (3 A THIFEE MG (adult T-cell leukemia: ATL) Ak 4 7 SIETER B O KK & 72
D, HIV IZIEROBIIC L ) BRERERSRE (=4 X) 271&KRIF, Thbe bl buy
ANADOWZEZ B LT “DA " “HIE"“ A4 NVA " DR EITH LI, 205kt BI L 7-0F%
ML TV 5D,

1) HTLV-1 &GN O R & o P T8 BLEEBE O fR bt

HTLV-1 1%, CD4 Btk CD25 Bt T 1) > /8BRS Td % ATL.HTLV-1 B #5E R HTLV-1
RENVERE VS T2 FIEWRBDFERE 25 L E YA VATH S, HTLV-1 7H 7 £ )L AL,
ZFDT T ABHIZ tax. <A F ASHIZ HTLV-1 bZIP factor (HBZ) % 32— ¥ L. HTLV-1 O % K U5 )5
PICHEELZE LRI LTWDE, THE TOMHNTA 5. Tax 1Z HTLV-1 OB E AR R EIE 2 228
TH ). HBZ FIEPE RN BT 2 EYHIa 0 7 1 — FOVIGE, RIE. AN EE 8% R/
TEEZTW5D, HTLV-1 RS CTIE7r EH A4 v LT ¥ —Th b CCRADVERBLTED, A
PR E LTEETH S, CCRE ZEBUTHEDHEIT & L T HBZ 25 [T GATA3 OiFE % 4 L T
CCR4 DHEEZ#{EMWALT 5 Z & 2 BRI L72o HBZ-Tg ¥ ™7 A D CD4 Btk T Mifid CCR4 % i < 583
35 L EIEEIC, MIEH~ — & — Ki67 Bath. CD103 Btk Cd - 720 FEBZD ATL FEBNC BT 5 17 )H
WA W CTHEENT 21T 5728 25, ATL O FRBEORETH 5 R — MY hUMES AT
% ATL Mifg 745 CCR4 K UF CD103 Z 7Bl L. AR Kio7 FtETdH 5 2 L 23HB L7z, CD103 )
WY R TdHBE- /1 FANY) VIR EEZMETREHT L2 L5 N TH Y, HBZ & CCR4 JEH
ZHET D I & TGN KON ATL Ml iR 2 RAE L. £ 512 CCR4 & CDI03 12K 5T
FNEANLTHIZ T ST R ATLRAOREREZ RN T 5 & E 2 b, R
Cancer Research &2 567 L 720 — 75 HBZ HM R IIHIE 2 254K T-cell immunoreceptor with Ig and ITIM
domains (TIGIT) Z#FE T2 L2 MML, ATLARTHEEHL TB L MR L. TR
TIGIT I3iEVAL T ML THBL L, £ OB 2 P 3 % & [ARE PRI o> CD155 232k L IL-10
D FEAE T RAE L ZIn S 2 9 5o HAM JEBI OfFENT CTld Tax F55AY CTL 25 TIGIT PUiRLEIc X
DIEHEALT 5 2 & 2 /I L7ze 25 O WIS EGLMINE 10> TIGIT 2578 TRED S O ELEIZH S L



TWB I EZRKE L7z, & 612, HBZ I T AN IZHF I FHEBL T % thymocyte selection associated
(THEMIS) (#5695 2 LT, ZORELEEL SHBLEICE L. TIGIT. PD1 %A L 7-HFa s
W7 FvaelETLIELWL2ICR 72 (Fig. 1)e NS OF A S, HBZ X TIGIT OFH %
LT mERELIHIT 24T, BRI 7 v e HE L, BijE & A4
ZHANIL TR EEZ NIz, ZOWFZE R PLoS Pathogens sk IZFEE L 72,
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Fig. 1. Schema of HBZ mediated inhibition of inhibitory signaling from co-inhibitory receptors

2) HTLV-1 X9 % IR Ot & IGHE I

HBZ 134T OGS BT 5 72D AU OWEHEEN T 2 DB DMLV, S s 13
MRS, Tax XIEFICHVIUREEZ A LT b, T4 ORFFEE CIIRGHINE O A RN B REAS HTLV-1
G L FRL T AV THIBE I 4 v A 1 B (simian T-cell leukemia virus type 1: STLV-1)
G =R VP& T, EERIEISE O LU HBZ (STLV-1 D34 SBZ). Tax (STLV-1 D
G sTax) 727 F Y ORFEEIT-> T b, LUl L CCRA PUKRE A L) X~ 7 % STLV-1 [&EGe=7k ~
PITHE$ 5 Lt O STLV-1 GBS $ 5 2 L 28 L7225, €O 1 ED EICbh7:
DGR ST b 2 2R L7z, ZORKE LTESN Y XL~ TH 5 STLV-1 &G
=R P TIE STLV-1 HiuJil (sTax & SBZ) (Zxf9 % CDS Bk T MifAEMEAL L T b 2 & A%H
St lotz, BT BN LY AR TIHERD ATL BEMKREZ R 25, EREMZHEREL
TV —HOHERTIE HTLV-1 P (Tax & HBZ) (2H5 % THIFLICEDSIEHAL L TW A 2 & )
L7z DLEORRDP ST A VAT 2 REIEIHRER P TFRICHEL WL EEZOHNS,
Z OWFFER AR T Scientific Reports s (2 ity L 72

3) HIV-1 i REHEE 7OVAIIE 2 H O 2206 PEALREE & Pl HIV SRR 2 IRz P b
HIV EHBH BT 5 7 A Vv A EROFFRLH) 2 MHI A RE & 7% o Z2BUHEIZB W T EIRIEGGH
TADHFFEZ L o Ty VANV A2 MBS SEEITHERRT 5 2 I3 L ve € 2T BRGSO



WEFEL K{ENT T 272012, FOhsy » 287 (BFP) Z%H9 5 HIV-1 BEMnfru—r %t

N T MIBEAR Jurkat AR IZEA L, BRAAGEBGEIC X ) HIV-1 I IRIEG e 2 B L7z S o
5. EHIRETIZEBFP I TH ) A5, TNF-a FILIC X D ZORBHR  FHE SN, o0&y
A NAKTFOEAZFIERIT 70— 0 2RO, BRI S O BRGE AR % T L
720 ZOFEF, BRD4 HERITH 5 JQ-1 12 & 1 THIRREMAL % D 2 W RhRY 7 BFP J83FHE &
TANAEAEDRD BNz, & 51T, JQ-1 TRLH L 7= RIEGSHINE 2> © O &G & A L 72 &Gy
PRIZBOT P HIV IR 2 B2 AR T LT 7ze IEMHALIC X 0 RSG5 2 5o
ANV ADHINB B EG TIRE S N2 & E 2 b, IREASIIE A S DGR IC BT 5 BA R E MR
DEZEWEDBH O L 572,

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.

1) Molecular mechanisms of HTLV-1-induced pathogenesis

HTLV-1 is the etiological retrovirus of ATL, and several inflammatory diseases, such as HTLV-1 associated
myelopathy/tropical spastic paraparesis and uveitis. HTLV-1 provirus encodes two oncogenes fax and
HTLV-1 bZIP factor (HBZ) in its plus and minus strand, respectively. It has been known that a chemokine
receptor, CCR4, is highly expressed on HTLV-1-infected cells. We found that HBZ induces CCR4 expression
through upregulation of GATA3 mRNA. In HBZ-transgenic mice, Ki67 expression was correlated with that of
CCR4, suggesting that CCR4 is involved in proliferation of HBZ-expressing cells. We analyzed CCR4 and
Ki67 expression in skin lesions of ATL patients, and found that CCR4*CD103* ATL cells localized in the
Pautrier's microabscesses, which are observed in ATL patients. Furthermore, those ATL cells also expressed
Ki67, indicating accelerated proliferation. CD103 has been known to interact with E-cadherin, which is
expressed in epidermal cells. In this study, we showed that HBZ-induced CCR4 expression is associated with
infiltration and proliferation of ATL cells. In addition, we found that a co-inhibitory molecule, T cell
immunoglobulin and ITIM domain (7/GIT) was induced by HBZ. Through upregulation of TIGIT, HBZ
induced an immunosuppressive cytokine, IL-10, from not only T cells but also dendritic cells. It is suggested
that TIGIT impairs anti-HTLV-1 immune responses through production of IL-10. These findings show that
HTLV-1 utilizes a co-inhibitory molecule on infected cells to evade the host immune responses. On the other
hand, HBZ suppresses an inhibitory signal through co-inhibitory receptors, and promotes proliferation of
T cells. As a mechanism for this, we found that HBZ interacts with THEMIS, which forms a complex with
Grb2 and SHP-2, and inhibits recruitment of SHP-2 to the inhibitory molecules (Fig. 1). These findings
indicated that HBZ has pleiotropic functions in both proliferation and survival of HTLV-1-infected cells.



2) Analysis of anti-HTLV-1 immunity and development of novel immunotherapies

Recently, a humanized monoclonal antibody against CCR4 (mogamulizumab) has been approved for ATL
treatment. CCR4 is also expressed in a subset of regulatory T cells (Treg), suggesting that mogamulizumab
affects the immune status of the ATL patients. To investigate immune response to the virus after
mogamulizumab-treatment, we used Japanese macaques (JMs) infected with simian T-cell leukemia virus
type 1 (STLV-1) as a nonhuman primate model. We have reported that mogamulizumab dramatically reduced
the number of infected cells in STLV-1-infected JMs. We also found that STLV-1 infected cells were
suppressed over 1 year after the treatment. Mogamulizumab-treated JMs showed activation of CD8* T-cell
response against STLV-1 antigens (sTax and SBZ). Moreover, we found that some ATL patients who
achieved complete remission by mogamulizumab treatment showed enhanced HTLV-1 specific T-cell
response. These results suggest that mogamulizumab suppresses CCR4 expressing STLV-1/HTLV-1-infected
cells and Treg cells and enhances T cell response against STLV-1/HTLV-1 in vivo.

3) Reactivation of HIV-1 from latent infected cells

Although HIV-1 replication is efficiently suppressed in the infected patients by antiviral drugs, complete
eradication has not yet been achieved due to the presence of latently infected cells. In order to gain deeper
insight into their importance, we established latent HIV-1-infected cells, which can produce replication-
competent fluorescent viruses upon reactivation. Among several reported latency-reversing agents, we tested
JQ-1, a BRD4 inhibitor, which efficiently reactivated and induced HIV-1 production from the cells without
inducing global T-cell activation. Moreover, we observed that HIV-1 transmission from reactivated cells to
uninfected target cells was less susceptible to antiviral drugs such as the ones targeting reverse transcription.
These observations indicate that the infection pathway is one of the important factors controlling the

expansion of infection from latent infected cells.
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The researches carried out in our group are focused on animal-derived RNA viruses, especially a negative
strand RNA viruses replicating in the cell nucleus, bornaviruses. Our projects aim to understand the
fundamental mechanisms of the replication and pathogenesis of bornaviruses, including emerging
bornaviruses, such as avian bornaviruses and variegated squirrel bornavirus. In addition, we are investigating
the evolutional significance, as well as function, of endogenous bornaviruses in many mammalian genomes,
including humans. Furthermore, we are conducting the development of a novel RNA virus vector using
bornavirus for regenerative medicine and gene therapies. In 2016, we conducted research on the following

subjects.

1) Sequence Determination of a New Parrot Bornavirus-5 Strain in Japan

In 2008, metagenomic analyses identified new bornaviruses in parrots with proventricular dilatation
disease. Since this discovery, diverse avian bornaviruses have been found in many different orders of pet and
wild birds, including Psittaciformes, Anseriformes, Galiformes, Passeriformes, Accipitriformes and
Charadriiformes. A new classification of the family Bornaviridae defines the genus Bornavirus as five
species. In this study, the genome sequence of a new parrot bornavirus-5 (PaBV-5) detected in Eclectus
roratus was determined. Phylogenetic analysis showed that the genus Bornavirus is divided into three major
clades and that PaBV-5 belongs to clade 2, which contains avian viruses that exhibit infectivity to mammalian
cells. Sequence comparisons of the regions known to interact with host factors indicated that the clade 2 avian
viruses possess sequences intermediate between the clade 1 mammalian viruses and the clade 3 avian viruses,

suggesting that the identified regions might contribute to the differences in virological properties between the
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three clades.

2) Borna Disease Virus Assembles Porous Cage-like Viral Factories in the Nucleus

All viruses seek locations within their host cells in which to safely replicate and assemble. The viral
factories that are assembled after viral infection serve as such sites. The virus-specific intracellular
compartments contain viral replication complexes and play essential roles in the viral life cycle in host cells.
Animal-derived RNA viruses frequently form viral factories called viral inclusion bodies. However, the
details of how RNA viruses build such intracellular structures are poorly understood. In this study, we
examined the structure and formation of the viral factories, called viral speckle of transcripts (vSPOTSs), that
are produced in the nuclei of host cells by Borna disease virus (BDV). Super-resolution microscopic analysis
showed that BDV assembled vSPOTs as intranuclear cage-like structures with pores. The viral nucleoprotein
formed the exoskeletons of vSPOTs, whereas the other viral proteins appeared to be mainly localized within
these structures. Furthermore, another reconstruction microscopy revealed that filamentous structures
resembling viral RNPs appeared to protrude from the outer surfaces of the vSPOTs. These observations
demonstrated that BDV generates viral replication factories whose shape and formation are regulated,

suggesting the mechanism of the integrity of RNA virus persistent infection in the nucleus.

3) An RNA-dependent RNA polymerase gene in bat genomes derived from an ancient negative strand
RNA virus

Endogenous viral elements (EVEs) are virus-derived sequences in the genomes of eukaryotes generated
by the germline integration of entire viral genomes or genome fragments. The best known examples of EVEs
are endogenous retroviruses (ERVs). Retrovirus genomes integrate into the host genomic DNA as part of
their replication cycle, and retroviruses become endogenous when the viruses infect host germline cells.
ERVs are molecular fossils of past retrovirus infection events and provide interesting insights into co-
evolution between retroviruses and their hosts. Interestingly, some genes that originated from ERVs have
allowed the implementation of new biological host features, demonstrating that viral sequences can be
sources of genetic novelty in eukaryotes. Endogenous bornavirus-like L (EBLL) elements are inheritable
sequences derived from ancient bornavirus L genes that encode a viral RNA-dependent RNA polymerase
(RdRp) in many eukaryotic genomes. We demonstrated that bats of the genus Eptesicus have preserved for
more than 11.8 million years an EBLL element, named eEBLL-1, which has an intact open reading frame of
1,718 codons. The eEBLL-1 coding sequence revealed that functional motifs essential for mononegaviral
RdRp activity are well conserved in the EBLL-1 genes. Genetic analyses showed that natural selection
operated on eEBLL-1 during the evolution of Eptesicus. Notably, we detected efficient transcription of

eEBLL-1 in tissues from Eptesicus bats.

4) A novel intranuclear RNA vector system for long-term stem cell modification

Genetically modified stem and progenitor cells have emerged as a promising regenerative platform in the
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treatment of genetic and degenerative disorders, highlighted by their successful therapeutic use in inherent
immunodeficiencies. However, biosafety concerns over insertional mutagenesis resulting from integrating
recombinant viral vectors have overshadowed the widespread clinical applications of genetically modified
stem cells. Here, we report an RNA-based episomal vector system, amenable for long term transgene
expression in stem cells. Specifically, we used a unique intranuclear RNA virus, borna disease virus (BDV),
is the gene transfer vehicle, capable of persistent infections in various cell types. BDV-based vectors allowed
for long-term transgene expression in mesenchymal stem cells (MSCs) without affecting cellular morphology,
cell surface CD105 expression or the adipogenicity of MSCs. Similarly, replication-defective BDV vectors
achieved long-term transduction of human induced pluripotent stem cells, while maintaining the ability to
differentiate into three embryonic germ layers. Thus, the BDV-based vectors offer a genomic modification-

free, episomal RNA delivery system for sustained stem cell transduction.
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AR CTUE. — W77 AV R ER TP CTh BT - MBS 2 Rl 5 2 &
Ty A VINVIZ VT INVARIRT 7 AV AOHMIENBEEREEZ RHT 52 L 2 HIEL T,
T2, TA NV ZAOMBLNBGEREEE 5T LAV TEFT A 2 212X 0, A VAR E LET S50
TANVAEDORER, VA NVABEGE Ty 75 HPUREEOFHFEIZHOIYMA TV S, 2016 4F
X A Y ITNVZ I A NVADT ) ARG - BB R 7 Lt ¥ o8 EHAR (VRNP)
DOIGHIEE AT 2 1T\ B2 785 — 2 @O RNA BN T A 2 2 W2 Lz, 5104
VINIZUYEIANWADT ) AN =T B AT ) AR OMEAERH 2 AT L. HA 4
i & FERICHHEAE T 57 A 0HixRE L7z —H. TRIIANVRAICHALTIZ, X7 L% h
7Y FOFREZRT NP AN v 7 ZADOREEFHT 2TV NP AN v 7 ZO=ZRITEER 5 2 LK
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1) A YINVZVHFIALNVADYT ) MRS - SRR O T
AVITINVIZYHFIALINVADST ) 5 RNA (VRNA) & BF V37 ENPRARY AT —E L L
VAR LAy U7 BEAEMR (VRNP) ZTEH T 5. vRNP I mRNA 1% (f55) B X U cRNA
AR (EBEOE—BRY) %49 A%, RNA S H D vRNP OB L VA S 115 RNA OTEREICEY
LCIE&EL 55> T\, 2016 4E13. RNA G HH O vRNP % 5 7)1 HisE (AFM) 12 &
DIRIT U720 ZOFEE, VRNP 12X 5 RNA BIICIE, W DD Y — U AT H 2 L 5
W7D, TNHADSVRNP IC K BHRE LA K L TV AT REEA R S L7z,

2) A VITNIVFIALINVADT ) o5y r— T v T O

ABIAL Y TNZ VT AL IVADT ) 5 RNAE 8 FEFICHHIL L TB Y. &7 7 A 0HILERD
WCHEALTRI TSR AT NG, 7/ A5HICE Sy r =2 v 7 7 F VS % 4 L 72 BAR
AT HEEZONTVDED, ZORAHZANIZOWTIEYSNIZERTW ARV, &2 THRIE
(X HA 73fiilCE H LT HA 0B RIS EAER T 5 77/ L5087 © N2 DA HAEH #I% O
g %2R A7z HA DDy r—V v 7y ZF VRN ERZBA L7 A VA BRI, Y
MDA DFRD LNz A VA %20 TOERY AV 2O TR AR D R L 7R H, Y
L. F72 o5 b EROEANMHER SNz, ML EOEEZ#E LT, HA 578 L tHEAE
W3 57 7 Kotz FE L7z,
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3) TRFTIALNVARZ VI HT ¥ FOREER

IKRTIANVADT ) 5 RNAIGEEGSTOIANVAY X7 NP LG L ToHEAME (NP
helix) 2T 5o & 512, VP24, VP30, VP35 BLUKRY 25— L A NP helix [ZHEA L. B
X7 VEAATYE (NC) E%oTIANVAKNFNICHMYAENL, A NVAT ) A RNA D -
BHELE NC ETORRRI 5, ZOHEi L 72 5 NP helix DERMEEIZOWTIZHAS IR TV
Vo ZITHRFIE, TARTTAIVANC ORERI - MEFEEEZMIHT 22 2HWE L, 791
7 - WHMEE % I C NP helix O ERINT 217 o 720 € OFEF. F 5 HE T NP helix @ =K ICHE &
RO NIz, ARWFTRIE. MR EEAN K7 BE K7 D Matthias Wolf #EZ3% & O LFIIZETH %,

Virus infections are accompanied by numerous morphological changes in viral and cellular components.
Our laboratory aims to elucidate the replication mechanism of influenza and Ebola viruses from the
ultrastructural point of view, by using different microscopic analytical methods such as electron microscopy
and high-speed atomic force microscopy. In 2016, we observed influenza virus vVRNPs and found that some
different morphological forms exist in VRNPs during RNA synthesis. We also investigated the genome
packaging mechanism of influenza virus in detail. Moreover, we observed the higher-order helical structure

of the nucleoprotein-RNA complex of Ebola virus by cryo-electron microscopy.

1) Transcription and replication mechanisms of the influenza virus genome

Influenza virus ribonucleoprotein (VRNP) is composed of the viral RNA genome (VRNA), the viral
nucleoprotein (NP), and the viral RNA polymerase complex. The VRNA is transcribed to mRNA
(transcription) or cRNA (first step of replication) in the form of VRNP. However, from an ultrastructural
point of view, it remains unknown whether the VRNP changes its helical structure during transcription and
how RNA production proceeds. To reveal the ultrastructure of vRNPs during transcription, we have been
examining in vitro-transcribed vRNPs using high-speed atomic force microscopy (HS-AFM). We observed
some different forms of VRNP-RNA complexes, and the result suggested that the morphological differences
in VRNPs represent the different processes of mRNA and cRNA synthesis.

2) Genome packaging mechanism of influenza virus

Influenza A virus has a genome consisting of eight single-stranded negative-sense RNAs, and each
segment is selectively assembled and packaged into a progeny virion. However, the detailed mechanism of
the interaction between the segments is unknown. In 2016, we tried to determine which vRNA segments
interact with the HA vRNA segment. We introduced mutations into the HA segment and obtained a virus with
a decreased titer. By passaging this virus, the virus titer was restored and some mutations were introduced in

other vVRNA segments, suggesting that the HA vRNA segment interacts with those VRNA segments.
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3) Structural analysis of Ebola virus nucleocapsid

The Ebola virus nucleocapsid (NC) has a helical structure and consists of viral genomic RNA (VRNA),
nucleoprotein (NP), VP24, VP30, VP35 and polymerase L. The NC is responsible for transcription and
replication of VRNA. However, the higher-order structure of the NP helix, which forms the core structure of
the NC, is not determined. To elucidate the morphogenesis of the Ebola virus NC, we examined the structure
of the NP-helix by using cryoelectron microscopy. As a result, we determined the structure of NP-helix at
high resolution. This study was a collaboration with Prof. Matthias Wolf, Okinawa Institute of Science and
Technology Graduate University.
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1) HPV 129 5%

HPV 1, HJE FHMRIC RGeS 20RE Y 4 VA TH Do FFICTEHSEREAE L oM EIZE <, £
FRENRNTEEZONT WS, REEITHPV OFEBEFLVEZFAL T, 74 IV AEETOKE
D LIS, Hiv A NV ABI O EE % 1T - 720

2) Wt #EEE DT

Wt fEEE FEERCHEBIEN L TV A 0WERTH %5, ML, Wnt @ Co-receptor, LRP6 (2
A3 % #HH & LT Keratin associated protein 13 (Krtap13) % W\»72 L. Krtapl3 O 5RiIFEH A, Wnt
FEH 2 IG5 FH 2 W] 5 02 U 7zo BUEHLERAF RV Krtap13 ZHIEH T2 7 X AV 2=y
7= AR HWT, BT TH 5,

The research objects are the biology of human papillomavirus (HPV) and the pathway of Wnt signal. Both

are involved in organ development and tumorigenesis.

1) Differentiation-specific replication of human papillomavirus (HPV)
The infectious target of HPV is the stratified epithelium, and its infection caused a variety of benign
tumors. We are now investigating the biological functions of the viral genes in its replication. We are also

evaluating the antiviral activity of a novel compound with HPV replication platform.
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2) Analysis of Krtap13-Induced Activation of Canonical Wnt Signaling Pathway in vivo.

Keratin associated protein 13 was found to bind to LRP6, a co-receptor for Wnt. Surprisingly, Krtap13
overexpression markedly stimulates Wnt signaling. Krtap13 induces co-clustering of LRP6 and Dvls, thereby
recruiting Axin to the plasma membrane that leads to activation of Wn signaling. Transgenic mice were

generated to analyze effect of Krtap13 overexpression in vivo.

(XHTN—T]
THIZNV—=TTIE.CRBFHET A VA (HCV) %5 BEIFRY A VA (HBV) OWFZE%E HL
ICBZoTWh, HRIANVZADERRZ ST LNVCTHH L, ZOREEZD LITHY 4 L A%
HOBRZEZBIEL T, T2, MBEICEY. LZER e MFHRITS 2 v, oMLy
AW A EGDWFED & FFFEHE 72 & ORI REOFIERIEZ O 0T 27000582 B %>
TWwWab,

1) HCV 2B 2%

INFETIT, HCV BYSHIENIC B W T HCV 7/ 2 OB IRIIEE A AR FR IS — A S i
O WRAE G35 2 2HOPICLTELD, RIEEIZZOEHRIIHT 5 HEH OHLHCV
EHIE L CTOIRBEICDO VTG L7z, —iliASAREREO GRICEZME Db AEE. AT 7YV
CoA THF 27 —XITH§ 2 HEREOH T, FHIIZBAMEZ RO X ) 127 A ¥ &7z MK8245
EBEAFDOHLHCV FH & DHFHNRIZOWTHE L7z 2 A, Hw7fic oFHI T LTHnbd %
VIR YRS S, FEH L LTHHWTRETH 5 2 L bh oz,

2) HBV IZB9 5 HF%

ARAEEEE HBV &G IEH 03 2 15 FHIR N O BRI AE SRR OB G ICOoOW TR 2B I %o
720 HBV D4 J LG8 L K FREEDAT DTV B ML % H T, IR AR BER 0§
% HERAOREZ MG Lze HBV 7/ ATV T NOMERTH AL L b o 72A% kT
AR R A W % O FLEH CHIHI S b 2 L Db ho 7o YERET ON 2 SN BT 5
HBV #F I BRI R O A3 5 & E A S 2T 7% o 72

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

developed originally in our laboratory.
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1) Liver-specific mono-unsaturated fatty acid synthase-1 inhibitor for anti-hepatitis C treatment
Recent studies have shown that stearoyl-CoA desaturase (SCD), an enzyme for long-chain mono-
unsaturated fatty acid synthesis, is a key factor that defines HCV replication efficiency.
Therefore, we investigated liver-specific SCD inhibitors would be suitable agents for HCV infected
patients. MK8245 one of those agents, was evaluated using recombinant HCV culture systems. We
confirmed MK8245’s additive or synergistic anti-HCV effects on current anti-viral agent. The results
suggest that MK8245 is an option for anti-HCV multi-drug therapy with a low risk of emergence of drug-

resistant HCV without significant side effects.

2) Satulated fatty acid plays a role in production of hepatitis B virus particles

We investigated whether fatty acid biosynthesis (FABS) plays a role in HBV proliferation just like as HCV.
We examined the effects of inhibitors of the enzymes in the FABS pathway on the HBV lifecycle by using
recombinant HBV-producing cultured cells and found that the extracellular HBV DNA level, reflecting HBV
particle production, was decreased by treatment with inhibitors suppressed the synthesis of long-chain
saturated fatty acids with little cytotoxicity. This suggests that FABS might be a potent target for anti-HBV

drug with a mode of action different from current HBV therapy.
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ST RBIIHS TR R0, £2TET,
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This laboratory aims to establish the molecular and cellular basis underlying what we call “lipid
immunity”, a collection of multiple immune pathways directed against lipid antigens (Ags). In 2016, we
determined the molecular identity of a lipopeptide Ag-presenting molecule and resolved its X-ray
crystallographic structure. We also addressed how lipid immunity may impact on tissue responses and

discovered a novel role of neutrophils in tuberculosis-associated chronic inflammation.

1) Identification of a molecular and structural basis of lipopeptide Ag presentation

Some viral proteins require N-myristoylation to function. By utilizing the rhesus AIDS model, we have
previously demonstrated that T cells exist with a potential to specifically recognize N-myristoylated Nef
lipopeptides. In order to address how this lipopeptide Ag presentation may occur, we established monoclonal
antibodies (mAbs) that were capable of blocking the lipopeptide-specific T cell response, and revealed that
MHC class I-encoded molecules may mediate lipopeptide Ag presentation. By taking genetic as well as T-cell
immunological approaches, we identified Mamu-B*098 as a novel lipopeptide Ag presenting molecule. A
high-resolution X-ray crystallographic analysis revealed that Mamu-B*098 possessed 6 pockets (A through

F) in its Ag binding structure that were comparable to those for other known MHC class I alleles; however,
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the large, hydrophobic B pocket and the small, hydrophilic F pocket uniquely accommodated the myristate
moiety and the C-terminal serine residue, respectively (Fig. 1). As these anchor components are commonly
found in N-myristoylated viral proteins, lipopeptide-specific T cell responses may be mounted in various viral

infections.

2) A novel function of neutrophils and the S100A9 protein in chronic inflammation

As a result of persistent interactions between mycobacteria and host immunity, globular aggregations of
macrophages, termed granulomas, are constructed in tuberculosis. In order to gain insight into how this tissue
response may be regulated, we established an array of granuloma-specific mAbs and extensively analyzed
their reactivity to granuloma cells, resulting in identification of a cluster of S100A9-expressing neutrophils at
the core of granulomas. The S100A9 inhibiting anti-cancer drug candidate, tasquinimod, potently suppressed
the granuloma formation, underscoring a critical role of neutrophils and the ST00A9 protein in granuloma
formation. Given that local recruitment of macrophages and neutrophils is also noted in cancer

histopathology, the neutrophil ST00A9 protein may also regulate cancer-associated chronic inflammation.
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Fig. 1. Specialized HSC niche cells control lymphopoiesis
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1) Hematopoietic stem cell niches produce lineage-instructive signals to control multipotent progenitor
differentiation

Hematopoietic stem cells (HSCs) self-renew in bone marrow niches formed by mesenchymal progenitors
and endothelial cells expressing the chemokine CXCL12, but whether a separate niche instructs multipotent
progenitor (MPP) differentiation remains unclear. We show that MPPs encounter lineage-instructive
differentiation signals in HSC niches. Conditional deletion of the chemokine receptor CXCR4 in MPPs
reduced differentiation into common lymphoid progenitors (CLPs), which decreased lymphopoiesis. CXCR4
was required for CLP positioning near IL-7" cells. IL-7* cells expressed CXCL12 and the cytokine SCF,
were mesenchymal progenitors capable of differentiation into osteoblasts and adipocytes, and comprised a
minor subset of sinusoidal endothelial cells. Conditional IL-7 deletion in mesenchymal progenitors reduced
B-lineage committed CLPs, whereas IL-7 deletion in endothelial cells specifically reduced proB and preB
cells. Moreover, conditional CXCL12 or SCF deletion in IL-7" cells reduced HSC and MPP numbers. Thus,
HSC maintenance and multilineage differentiation are distinct cell lineage decisions that are both controlled

by HSC niches.
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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.

1) Identification of N4bp1 as a novel nuclear endoribonuclease critical for immune regulation

The immune responses against pathogens need to cease to maintain immune homeostasis. Immune cells
control production of inflammatory cytokines and effector molecules by the transcriptional and post-
transcriptional regulations. Recent studies revealed the importance of cytoplasmic post-transcriptional
regulation in cytokine production via analysis of proteins such as TTP, Roquin and Regnase-1. However, it
was not clear if post-transcriptional regulation functions in the nucleus. Here, we identified Nedd4 binding
protein 1 (N4bpl) as a novel RNase localized in the nucleus. N4bp1 harbors N-terminal KH domains and a
C-terminal RNase domain. Interestingly, N4bpl '~ mice spontaneously developed glomerulonephritis,
infiltration of lymphocytes in several tissues, and produced auto-antibodies. Toll-like receptor-mediated
expression of cytokine mRNAs such as 116 was enhanced in N4bpl~’~ macrophages compared with wild-type
controls. Further, the expression of nascent pre-mRNAs encoding proinflammatory cytokines, in addition to
mature mRNAs, was increased in N4bpl~'~ macrophages. Nevertheless, activation of transcription factors,

NF-«B and AP-1, was unaffected by N4bp1 deficiency, suggesting that N4bp1 controls target mRNAs at the
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posttranscriptional levels. Reporter analysis of 7/6 and ///12h mRNAs harboring introns in HEK293 cells
revealed that N4bpl specifically degrades cytokine pre-mRNAs. Thus, our study demonstrates that

proinflammatory cytokine mRNAs undergo regulations not only in the cytoplasm, but also in the nucleus.

2) Role of Regnase-1 in the maintenance of iron homeostasis

Gene expression is tightly controlled through multiple regulatory layers, including post-transcriptional
regulation. We have previously identified a ribonuclease Regnase-1 (otherwise known as Mcpipl or
Zc3h12a) as an essential negative regulator of inflammation. We have shown that Regnase-1 destabilizes a set
of inflammation-related mRNAs such as 116, 1/12b, Icos and c-Rel, thereby controlling both innate and
acquired arms of the immune system.

The expression of Regnase-1 is not restricted to immune cells, giving rise to the question whether
Regnase-1 has a role in non-immune cells. Interestingly, Regnase-1~'~ mice suffer from severe anemia as
well as autoimmune disease. However, the mechanisms by which mice with Regnase-1 deficiency develops
anemia have remained obscure. In this study, we investigated the role of Regnase-1 in the development of
anemia. We found that genetic ablation of Regnase-1 in the whole body or in the intestinal epithelial cells
leads to iron deficiency anemia, suggesting that Regnase-1 participates in the regulation of iron metabolism in
the intestinal epithelium. Moreover, intraperitoneal iron administration to Regnase-1~'~ mice reversed the
iron deficiency anemia, suggesting a defect in intestinal iron uptake. These findings motivated us to
investigate the role of Regnase-1 in the duodenum, where dietary iron uptake mainly takes place.
Transcriptome analysis of the duodenum revealed a novel target of Regnase-1 associated with the regulation
of dietary iron uptake - Eg/n3 mRNA. Indeed, the expression of EgIn3-regulated iron transporter genes were
impaired in Regnase-1~'~ duodenum. Abrogation of Egln3 activity in Regnase-1~'~ mice ameliorates the
anemia and iron deficiency, suggesting that Regnase-1-mediated Eg/n3 mRNA decay is essential for the
regulation of dietary iron uptake. Taken together, these findings uncover a novel role of Regnase-1 in the

maintenance of iron homeostasis, as well as in the regulation of inflammation.
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This laboratory consists of three independent research groups.

1) Protein quality control mechanism (Hosokawa G)

In the living organisms, newly synthesized proteins obtain their native conformations by the assistance of
chaperone proteins and folding enzymes to function properly. During this process, misfolded proteins that
failed to obtain their native conformations are normally degraded intracellularly. Terminally misfolded
proteins in the endoplasmic reticulum (ER) are retrotranslocated to the cytosol and degraded by the cytosolic
proteasome, a mechanism known as ER-associated protein degradation (ERAD). HRD1-SELI1L ubiquitin
ligase complex in the ER membrane plays a central role in ERAD. We have recently clarified the importance
of SEL1L transmembrane region for the stability of SELIL protein, as well as the regulation of ERAD
substrates (Fig. 1). We are now analyzing the mechanism of SELI1L degradation and that of HRD1-SELI1L
complex formation.

Most of the proteins that are synthesized in the ER are N-glycosylated, and EDEM proteins enhance the
ERAD of misfolded glycoproteins. We are analyzing the molecular mechanisms of EDEM proteins, as well
as the structural analysis of chaperone proteins, novel functions of ER proteins, and the intracellular transport

mechanism of ER cargo.

2) Functional analyses of Drosophila GAF by RNA aptamers (Hirayoshi G)

In eukaryotic cell, genes are packed into chromatin structure. After this structure is disturbed, general
transcription factors and RNA polymerase bind to DNA and transcription begins. On Drosophila HSP70
gene, RNA polymerase is paused at the promoter proximal region, suggesting that there is a mechanism to
regulate transcription elongation process. One of regulatory factors involved in HSP70 gene expression is
GAF, which binds to GAGA elements and recruits chromatin remodeling factors. Our analyses with GAF-
specific RNA aptamers found that, on GAF-dependent promoter such as HSP70 gene promoter or Actin gene
promoter, GAF was incorporated into transcription apparatus after transcription initiation even if GAGA
elements were mutated, implying a role of GAF in a transition from initiation to elongation (Fig. 2). These
results will lead to clarify the overall picture of eukaryotic transcription mechanism including chromatin

remodeling, PIC formation, transcription initiation, and elongation.

3) Analysis of non-canonical Terb V (D) J recombination (Fujimoto G)

Analysis of illegitimate V (D) J recombination, which occurs at a very low frequency within T cell receptor
S chain gene, during normal T cell development in relation to tumorigenicity. V(D) J recombination of 7er
starts with cutting between gene segments and their following recombination signal sequences (RSSs). After
the cleavage, the end of the gene segment is named “coding end (CE) ", and that of the RSS “signal end (SE)".
During normal V (D) J recombination two CEs join together (coding joining (CJ)) and simultaneously two
SEs join together (signal joining (SJ)). We had shown that rare hybrid joining (HJ) between a CE and a

SE occurs at a very low frequency on the process of D2-J2.1 recombination in normal thymus last year. In
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this case, aberrant cutting between 5’ 12RSS and D2, instead of canonical cutting between D2 and 3’ 23RSS,
produced a SE at the D2 side, and then the SE joined to the J2.1 CE. We have examined the fate of the other
5" 12RSS(D2) CE and have found that at lease a part of 5’ 12RSS(D2) CEs are joined to V14 CE (Fig. 3),
indicating that legitimate recombination followed the non-canonical cutting. Further analysis is now in

progress.
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The main objective of our department is to investigate and develop methods, procedures, and technologies
which are applicable to basic and clinical medicines as well as basic researches of biology and medicine from
the viewpoint of material sciences. The materials to use in the body and to contact biological substances, like
proteins and cells, are defined as biomedical materials and biomaterials. In our department, various types of
biodegradable and non-biodegradable biomaterials of polymers, metals, ceramics, and their composites, are

being designed and created aiming at their clinical applications as well as the development of experimental
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tools necessary for basic researches of medicine and biology which scientifically support clinical medicine.
We are actively proceeding research and development (R & D) of biomaterials to assist reconstructive surgery
and apply to drug delivery systems (DDS) for improved therapeutic efficacy. However, it is often difficult for
patients to improve their Quality of Life (QOL) only by the therapeutic procedure of reconstructive surgery
because the biomaterials applied are of poor biocompatibility and functional substitutability. For organ
transplantation, there are several problems to be resolved, such as the lack of donor tissue and organ or the
adverse effects of immunosuppressive agents. The two advanced medical therapies currently available are
clinically limited in terms of the therapeutic procedure and potential. More detailed explanation about every

project is described.

1) Biomaterials for Regeneration Therapy

We are designing and creating 3-dimensional and porous constructs of biodegradability as cell scaffolds of
an artificial ECM which supply the local environment of cells proliferation and differentiation. As another
technology to promote the proliferation and differentiation of cells, the biodegradable carriers for the
controlled release of growth factors and genes are being designed and prepared from gelatin and its
derivatives. A new therapy to naturally induce tissue and organ regeneration by the controlled release of
various biologically active growth factors has been achieved, and the therapeutic potentials have been
scientifically demonstrated through animal experiments. Among the tissue regeneration trials, clinical
experiments of angiogenic and bone regeneration therapies have been started by the controlled release
technology of basic fibroblast growth factor (bFGF), insulin-like growth factor (IGF) -1, and platelet-rich
plasma (PRP) to demonstrate the good therapeutic efficacy. In addition, the systems of drug targeting and the
local release with polymers of an organ affinity are being designed and prepared to achieve the regeneration

therapy for chronic disease based on the natural healing potential of patients.

2) Biomaterials for Stem Cells Technology and Regeneration Research of Cell Biology and Drug
discovery

The technology and methodology of cell culture with various biomaterials and bioreactors have been
explored to efficiently isolate, proliferate, and differentiate stem cells, precursors, and blastic cells. A series of
this study not only aims at the preparation of cells suitable for the therapy of regenerative medicine, but also
research and development (R&D) of materials, technologies, and methodologies for basic medicine and
biology. They are also applicable for the research of drugs discovery to evaluate their metabolism and
toxicity. In addition, non-viral vectors for low-molecular weight compounds, peptides, proteins, and nucleic
acids (siRNA and decoy DNA) have been investigated to design the DDS system for gene transfection which
can biologically analyze the functions of stem cells and genetically engineer cells to activate the biological
functions for cell therapy.

The minimum unit of body is cell, but that of biological function is the cell aggregate. The cell culture with

cell aggregates has been noted for the basic biological and medical research of cells and drug discovery (the
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drug development and the toxicity evaluation) . However when the size of cell aggregates becomes larger, the
cells in the aggregates tend to die because of the lack of nutrients and oxygen. As one trial to break through

the problem, microspheres incorporation enabled cells to improve their function even in the cell aggregate.

3) Biomaterials for DDS

Generally there are few drugs which have a specific selectivity for the site of action. Therefore, the high-
dose administration of drugs is necessary to achieve their in vivo therapeutic efficacy, while this often causes
the adverse effects of drugs. DDS is a biomaterial-technology which allows a drug to act at the right time the
right site of action at the necessary concentration. The objective of DDS includes the controlled release of
drug, the prolongation of drug life-time, the acceleration of drug permeation and absorption, and the drug
targeting. Various biomaterials are inevitably required to achieve every DDS objective. The drugs applicable
for DDS include therapeutic drug and gene, diagnostic and preventive drugs, cosmetics, or health care
substances etc. The basic idea of DDS is to efficiently enhance the biological functions of such drugs by their
combination with biomaterials. Other than the therapeutic drug and gene, the DDS technology and
methodology can be applied to enhance the in vivo efficacy of vaccination and diagnosis, such as magnetic
resonance imaging (MRI) , ultrasound diagnosis or molecular imaging. In addition, we are investigating DDS
technology and methodology which are applicable to the research and development of cosmetics and health

care sciences.

4) Biomaterials for Surgical and Physical Therapies
We molecularly design and creates biomaterials and the related technology mainly from biodegradable
polymers aiming at the development of assistant materials and medical devices in surgical and physical

therapies.
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We are interested in molecular and cellular mechanisms of organ development and regeneration, especially
from an aspect of tissue stem cells and cell-cell interactions required for cellular proliferation and
differentiation.

Many membrane proteins are subjected to the ectodomain shedding, limited proteolysis at the
juxtamembrane region. Shedding ectodomains of transmembrane ligands and receptors such as Notch and its
ligands contribute to the progression of downstream signaling pathways, while shedding those of cell
adhesion molecules such as cadherins causes loss of cell-cell contacts. Although such post-translational
modifications are critical for proper cell-cell interactions during development or regeneration, we still need to
clarify whether the ectodomain shedding plays instructive roles in regulation of intercellular signaling

pathways or whether it solely acts as permissive roles to allow signaling to go forward.
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Our group takes different kinds of approaches to this question. In this annual report, we introduce our
recent work on ectodomain shedding of signaling molecule Neuregulin (NRG1), glial growth factor.
Neuregulinl (NRG1) plays diverse developmental roles and is likely involved in several neurological
disorders including schizophrenia. The transmembrane NRG1 protein is proteolytically cleaved and released
as a soluble ligand for ErbB receptors. Such post-translational processing, referred to as ‘ectodomain
shedding’ is thought to be crucial for NRG1 function. However, little is known regarding the regulatory
mechanism of NRG1 cleavage in vivo. Here, we developed a fluorescent probe, NRG1 Cleavage Indicating
SenSOR (N-CISSOR), by fusing mCherry and GFP to the extracellular and intracellular domains of NRG1,
respectively. N-CISSOR mimicked the subcellular localization and biochemical properties of NRG1
including cleavage dynamics and ErbB phosphorylation in HEK293T cells. mCherry/GFP ratio imaging of
phorbol-12-myristate-13-acetate-stimulated, N-CISSOR-expressing cells enabled to monitor rapid
ectodomain shedding of NRGI1 at the subcellular level. Utilizing N-CISSOR in zebrafish embryos revealed
preferential axonal NRG1 ectodomain shedding in developing motor neurons, demonstrating that NRG1
ectodomain shedding is spatially regulated at the subcellular level. Thus, N-CISSOR will be a valuable tool
for elucidating the spatiotemporal regulation of NRG1 ectodomain shedding, both in vitro and in vivo.

(Kamezaki A., et al, Scientific Rep., 201 6).
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Fig. 1 Conversion of T cells to B cells by inactivation of
polycomb-mediated epigenetic suppression of B lineage
program.
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HEXE20DEE2 5N5, imparts potent tumor antigen-specific cytotoxicity
program.

The major aim of our laboratory is to elucidate the molecular mechanisms that regulate cell fate decisions
in the process of lineage restriction from multipotent hematopoietic stem cells to unipotent progenitors.
Among various events occurring during hematopoiesis, we are mainly focusing on the process towards the
production of T cells. We are also studying developmental process of thymic epithelial cells. In parallel with
these basic subjects, we are also committed to the research to apply culture method for clinical settings,
where we focus on the regeneration of immune cells that are potentially useful in immune cell therapy against

cancer.
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1) T cell lineage commitment status of T cell progenitors is maintained by polycomb-mediated
epigenetic suppression of Pax5

In general, cell fate is primarily determined by transcription factors, followed by epigenetic mechanisms
fixing the status. While the importance of transcription factors controlling cell fate has been well
characterized, epigenetic regulation of cell fate maintenance remains to be elucidated. We have provided an
obvious fate-conversion case, where the inactivation of polycomb-medicated epigenetic regulation results in
conversion of T lineage progenitors to the B cell fate. In T cell-specific Ringl A/B deficient mice, T cell
development was severely blocked at an immature stage (Genes & Development, 2016) . We found that these
developmentally arrested T cell precursors gave rise to functional B cells upon transfer to immunodeficient
mice. We further demonstrated that the arrest was almost completely canceled by additional deletion of Pax5
(Fig. 1). These results indicate that the maintenance of T cell fate critically requires epigenetic suppression

of the B lineage gene program.

2) A novel method to regenerate CD8af type T cells with potent tumor antigen-specific cytotoxic
activity from T cell-derived iPSCs

Whereas cytotoxic T lymphocytes (CTLs) represent the most promising therapeutic avenue in cancer
immunotherapy, adaptive transfer of antigen-specific CTLs has faced difficulty in efficient expansion of
CTLs from patients in ex vivo culture. To solve this issue, we have proposed that the induced pluripotent
stem cell (iPSC) technology can be applied for the expansion of antigen-specific CTLs: when iPSCs are
produced from antigen-specific CTLs and CTLs are induced from these iPSCs, all regenerated CTLs express
the same TCR as original CTLs. Based on this idea, we have succeeded in regenerating melanoma antigen
MART1 specific CTLs (Cell Stem Cell, 2013) . However, one critical issue has remained to be solved. With
the conventional methods, the regenerated CTLs are mostly of the CD8aa™ innate type and have less antigen-
specific cytotoxic activity than primary CTLs. Thus, we have developed a novel method; by stimulating
purified iPSC-derived CD4/CDS8 double positive (DP) cells with anti-CD3 antibody, T cells expressing
CD8ap were generated and they exhibited improved antigen specific cytotoxicity compared with CD8ao™
CTLs (Cancer Research, 2016). Applying this method to regenerate WT1 tumor antigen-specific CTLs, we
showed that they prolonged survival of mice bearing WT1-expressing leukemic cells (Fig. 2) . This new

method provides a convincing rationale for application of this strategy in clinical settings.
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Figure 1. Strategy for in vitro sarcoma generation using PSCs
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Figure 2. Neofunction of Activin-A through FOP type
mutant ALK2

The objectives of our department are to disclose the pathology of disorders in mesenchymal tissues at the

molecular level and to develop new therapeutic modalities by understanding physiological growth and

differentiation of mesenchymal cells. Following projects are currently undertaken.

_83_



1. Researches on mesenchymal stem cells

Mesenchymal stem cells (MSC), which exist in bone marrow stromal tissues, have a potential to
differentiate to cells of various types in mesenchymal tissues. Many fundamental features of MSCs, however,
are still unknown, which are crucial for the development of regeneration therapy using MSCs as the evidence
based medicine. In collaboration with the Department of Orthopaedic Surgery in Kyoto University Hospital,
we have analyzed the growth and differentiation potential of primary human MSCs. As for the growth
regulation, we found that increased expression of the p16 gene, which is a key regulator of cell cycle, was the
main cause inducing the senescence and growth arrest of MSC. We also found that the hypoxic culture
condition inhibited the upregulation of the p16 gene, and retained MSCs in the senescence-free state with
multidirectional differentiation properties. We also found that hypoxia down-regulated the activity of ERK,
which, at least in part, involved in the down-regulation of the pl16 gene. We are currently investigating the

effects of nutrients in the culture media.

2. Researches on mesenchymal tissues using pluripotent stem cells
Human iPS cells, which were established by Prof. Shinya Yamanaka on November 2007, are pluripotent
stem cells with unlimited growth potential, and promising materials to apply for a variety of medical fields.

We have been engaging following projects on mesenchymal tissues using iPS cells.

1) Investigation for the cell-of-origin in sarcomas using pluripotent stem cells

Sarcomas are malignant tumors developed in mesenchymal tissues and consisted of tumors with a variety
of clinical and pathological features. By recent advances in the genome analyses, driver mutations, which are
strongly involved in the development of each type of tumors, have in has been discovered in a number of
tumors. Cell-of-origins of each tumor, however, are still missing in most of cases. Even tumors with same
driver mutations, important signals related to growth and stage of differentiation are different, which may be
caused by the cell-of-origin of each tumor. Using iPSCs with drug-inducible driver mutations, we analyze the
effect of mutations in different stages of differentiation (Figure 1). This approach may help to explain the
heterogeneity of tumors and also provide information for personalized medicine. We are now analyzing two

driver mutations, IDH1/2 genes in chonddrosarcomas and SS18-SSX fusion gene in synovial sarcoma.

2) Approaches for intractable musculoskeletal diseases using disease-specific iPS cells

In most of cases, the pathophysiology in hereditary musculoskeletal diseases are still to be investigated and
no effective treatments are available. Using the advantage that iPS cells can be established from particular
individuals, a number of disease-specific iPS cells have been established and used to understand the disease
and discover the drugs. Since 2012, we have been involving the project “Researches for intractable
musculoskeletal diseases using disease-specific iPSCs, which is one of the projects in the Network Program
for Realizing Regenerative Medicine”. Recently we have discovered novel molecular mechanisms and

obtained the key for drug discovery in one of such diseases, fibrodysplasia ossificance progressive. The
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disease is caused by the mutation of ALK2, one of type I receptors of BMP, although the precise mechanism
of BMP signal transduction in FOP has not been elucidated. We have discovered that Acitivin-A, which is an
inducer of TGF-/ signal in normal cells, transmits erroneously the BMP signal via FOP-type mutant ACVR1/
ALK2 (Figure 2). Based on this result, high-throughput screening has been done to identify the drug for this

disease.
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[Nakamura Group]
In situ Tissue Engineering: We have devised a new approach to the development of artificial organs. The

main procedure using tissue engineering for tissues and internal organs involves the removal of the cell
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component from auto- or allo-organs to obtain only the extracellular matrix, so-called refined extracellular
matrix (ECM) and reconstitutes the solid structure from the extracted collagen. This ECM or reconstituted
structure is then employed as scaffolding, which after implantation into the patients is used for the
regeneration or re-differentiation of tissue. Organs made of self-cells thus regenerate. Organs that regenerate
in this manner not only possess highly differentiated tissue structures, but also show functional recovery,
because all the cells are derived from the patients themselves. Whether or not our new method is practicable
will depend mainly on the intrinsic regeneration capacity of each tissue. Up to now, in higher mammals
including man, it has been believed that highly differentiated organs lose their ability to regenerate. We
consider that mammals do not, in fact, lose this potential, and that the potential is hidden by excessively rapid
wound healing around the failing tissues. In this sense, if we can provide good conditions using refined ECM,
we can induce this hidden potential even in higher mammals. We have already carried out successful trials at
regenerating peripheral nerves, the esophagus, the trachea, and blood vessels with this method. A similar
method is also applicable to other soft tissue organs such as the liver, heart, and lung, as well as the spinal
cord. These results will be welcomed by patients who are dependent on palliative life-support systems, or
transplantation candidates who are waiting for suitable donors. An additional benefit is that patients will be
freed from the side effects of immunosuppressive drugs. The judgment of the brain death can then be
discussed separately from the issue of transplantation, and will become a personal problem. Furthermore, this
new approach helps to reduce ever-expanding medical costs, which are in danger of destroying our health

insurance system in the near future.

ECM Method

To obtain the purified extracellular matrix, cell components are completely removed from homo or allo-
organs. The solid structure is reconstituted from the ECM and extracted collagen. Growth factors are then
applied to facilitate cell proliferation. Then this ECM-collagen-growth factor composite is implanted into the
living body as temporary scaffolding for new organ regeneration. Besides this, bioabsorbable materials will
also be applied instead of purified ECM as a bulk structure for organ regeneration. Both extracted collagen
and growth factors are should facilitate cell proliferation and cell dedifferentiation, leading to regeneration of

organs completely composed of cells derived from patients.

in situ Tissue Engineering and Field theory
Cells (or living tissues) of patients are complexed (mixed) with purified ECM or bioabsorbable material.
Using this complex, reconstruction of the failing tissues or organs will be attempted. Mesenchymal stem cell

(MSC) obtained from the bone marrow is now applied to this method.
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[Sumi Group]

Our final goal is to establish regenerative medicine for endocrine metabolic diseases including diabetes
mellitus. The goal should be a safe and effective therapy available whenever and wherever required for a
growing number of diabetes patients world-wide. Major fields of our research are studies on bioartificial
pancreas toward clinical application, search for novel cell sources applicable to diabetes therapy utilizing
wide range of cells including various stem cells, and developmental research upon technologies to
accomplish these studies. Recently, we utilize innovative 3-D culture methods not only for islet cell studies

but also for hepatocyte studies toward regenerative medicine and drug discovery research.

Studies on macro-encapsulation

Encapsulating islets in immune-isolating gel enables islet transplantation without immune suppression.
Micro-encapsulation used to be studied mainly. However, micro-capsules are not retrievable and fibrous
membrane formation due to foreign body reaction hampers their long-term function. Our group made bags
with EVOH membrane (provided by Kuraray) that was proved to cause minimal foreign body reaction and
islets suspended in chitosan solution that gelates in temperature-sensitive manner are packed in a EVOH bag.
This macro-capsule will be transplanted into subcutaneous site prepared with neovascularization induction.
This method under validation will enable allo- and xeno-transplantation without immune suppression or cell
leakage. So, the similar methods can be applied not only for islets but widely for other endocrine-metabolic

tissues derived from undifferentiated cells with risks of tumor-formation and others.

Other studies

We have developed culture surface that enables easy and efficient formation of high quality cell spheres
and the device is commercially available with a trade name of Elplasia MP500 etc (Kuraray). Methods of
efficient cell sphere formation is one of the essential factors to promote future regenerative medicine. So, our
group is studying application of this culture surface to a new device that can make huge amount of cell

spheres more efficiently in automated cell culture system.
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[Tada Group]

Aims of researches in our laboratory are understand of molecular mechanism of somatic reprogramming
into induced pluripotent stem (iPS) cell, and effect of ADIPONECTIN (ADIPO) on survival of iPS cells.
In 2016, we succeeded to establish intermediately reprogrammed stem (iRS) cells as stable cell lines, pausing
at the middle of the reprogramming process. iRS cells possessed unique property that reprogramming was
reproducibly and efficiently resumed toward iPS cell generation. Furthermore, genome-editing technology
that was feasibly applied to iRS cells, realized GFP-mediated visualization of the endogenous OCT4 gene
activity in living reprogramming cells. Another research subject, ADIPO is an anti-aging cytokine. Stem cell
functions in maintaining homeostasis by chronologic replacement of old tissues with new tissues. We are

exploring relationship between the two anti-aging players.

1) Molecular mechanisms in iRS cell reprogramming to iPS cell

iRS cells were stably maintained for passages under a culture condition at low cell density, while resumed
reprogramming into iPS cells by high cell density culture. iRS cells converted to iPS cells on similar
molecular processes among colonies within a week. Furthermore, feasibility of single cell cloning of iRS cell
contributed to efficient generation of genetic modification-applied iPS cells with the modern genome-editing
technology. OG-iRS cell, in which fluorescence marker GFP gene was knocked-in downstream of the
endogenous OCT4 gene, realized visualization of the activity of OCT4 in living cells on the reprogramming.
Conversion of OG-iRS cells into OG-iPS cells revealed that 1) up-regulation of endogenous OCT4 occurred
reciprocally with the silencing of exogenous reprogramming factors, 2) activation of endogenous OCT4
preceded to entry to MET (Mesenchymal-Epithelial Transition), and 3) OCT4 expression was unstable in

pre-matured iPS cell colonies soon after entry to MET.

2) Human ADIPONECTIN and stem cell

ADIPO functioning in anti-inflamation of the blood vessel and muscle is known as an anti-aging cytokine,
which is mainly secreted from adipocytes, and circulated on blood flow. Stem cell is also an important anti-
aging player for keeping body young by replacement of aging tissues with newly generated tissues. We found
that extracellular stimuli by exposure to ADIPO inhibited apoptotic cell death of iPS cells, demonstrating

functional relationship between two anti-aging players.
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Genome inheritance in the stem cell-germline developmental cycle
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[Chuma Group]

The germline is the cell lineage that gives rise to full ontogenesis of individuals and transmits genetic
information to next generations. During the differentiation of germ cells, intriguing biological processes take
place, such as epigenetic reprogramming, establishment of pluripotency and genetic DNA recombination. Our
current research focuses on the molecular characterization of germinal granules/nuage, i.e. germline-specific
ribonucleoprotein (RNP) assemblies in the cytoplasm. More specifically, we are working on tudor-domain
containing (Tdrd) genes, which encode for specific components of mammalian germinal granules/nuage.
Gene-targeted disruption of Tdrdl, 6, 7 and 9 all led to male-specific sterility due to postnatal defects in
spermatogenesis. Among these, TDRD1 and TDRD9 cooperate with piwi proteins, MILI and MIWI2,

respectively, and function non-redundantly in retrotransposon silencing at RNA and epigenetic levels to
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protect the germline genome and epigenome. In contrast, Tdrd6 and 7 function in haploid spermiogenesis.
Tdrd6 and 7 mutants show abnormal spermatid differentiation with aberrant chromatoid body architectures.
Chromatoid bodies, a specialized form of germinal granules/nuage in spermatids, share some of their
components with somatic processing bodies (p bodies), a form of RNP implicated in the degradation or
translational control of mRNA. Of note, Tdrd7 suppresses retrotransposons independently of the piRNA

biogenesis, indicating that distinct Tdrd pathways act against retrotransposons in the germline.
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Human ES cell lines are considered to have great potential of ES cells in medical research and application
such as cell transplantation therapy and drug discovery. We established human ES cell lines at a high
efficiency and analyzed their characters in detail. The hESC lines have been distributed to over 50 research
projects in Japan. We are also performing researches on molecular mechanisms of self-renewal and
differentiation of human ES cells, and developing techniques for genetic manipulation of hES cells. In
addition, we possess a Cell Processing Facility (CPF) to develop core technologies to generate and supply
clinical grade human embryonic stem (hES) cell lines. We have set up standard operation procedures (SOPs)
to produce clinical grade hES cell lines to establish a clinical grade hES cell bank in the near future, aiming to

supply them to researchers in the fields of regenerative medicine

1) Establishment and analysis of human ES cell lines aiming clinical application

Embryonic stem (ES) cell lines are pluripotent stem cell lines which can be propagated indefinitely in
culture retaining their differentiation potency into every cell types of tissues in the body. Since establishment
of human ES cell lines were reported, clinical use of functional tissues and cells from human ES cells are
expected. In Japan, there have been many demands for use of human ES cells on basic and pre-clinical
researches. We started to establish human ES cell lines using donated frozen embryos in January 2003 and

successfully established 5 human ES cell lines. We have distributed these cell lines to over 50 researches.
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2) Cell processing facility for banking of clinical grade human ES cell lines.

For clinical application of hES cells, several issues remain to be solved such as development of complete-
defined culture medium and feeder-cell free substrates. To verify these factors we should establish a
standardthat reaches international levels. To achieve that purpose we have been working as a member of
working groups of the International Stem Cell Forum (ISCF) and banking group of ISCBI (International
Stem Cell Banking Initiative) . Recently the ISCBI established “Consensus Guidance for Banking and Supply
of Human Embryonic Stem Cell Lines for Research Purposes” as a first fruit, and we are working to establish

guidelines for clinical use of human ES cells.
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This laboratory aims to understand the mammalian fertilization process and the molecular and cellular
mechanisms underlying how immune tolerance is maintained and self-reactive T cells attack our body. In
2016, we found a key interaction between self-reactive T helper cells and gut commensal bacteria in

autoimmune arthritis.

1) Molecular mechanism of mammalian fertilization

Mammalian sperm undergo multiple maturation steps after leaving testis to be competent for fertilization.
Serial important changes occur in the female reproductive tract on sperm, although the molecular
mechanisms underlying these processes remain unclear. To investigate the sperm membrane remodeling upon
sperm maturation, we developed transgenic mouse lines carrying glycosylphosphatidylinositol (GPI)
-anchored enhanced green fluorescent protein (EGFP-GPI) and traced the fate of this fluorescent protein
during the fertility acquiring sperm process in vitro and in vivo. When the green-fluorescent sperm were
treated with compounds for promoting acrosome reaction, EGFP-GPI was released from the sperm surface
cross-linked with characteristic relocation of a lipid raft marker ganglioside GM1. Here we compared these
molecular fates between two inbred mouse strains, such as C57BL/6 and BALB/c, finding significant

differences associated with sperm fertilization ability.

2) Molecular and cellular basis of immune tolerance and T helper functions

Immunological self-tolerance is a key immune system and regulates the activation of self-reactive T helper
cells. Breakdown of self-tolerance leads to allergic, inflammatory, and autoimmune diseases mediated by
aberrant activation of effector immune cells. We found that commensal bacteria were not involved in the
thymic selection of arthritogenic T cells, but significantly contributed to the initiation and severity of
autoimmune arthritis. Furthermore, the reconstitution of germ-free SKG mice with feces from rheumatoid
arthritis (RA) patients revealed dysbiosis present in the patients exacerbated the arthritis development.
Collectively, our results indicate that intervention of gut dysbiosis involved in the activation of autoimmune T
cells and the pathway of the inflammatory cellular cascade at inflamed synovium can be a therapeutic means

for preventing and treating RA.
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This department studies: (i) the cellular and molecular basis of immunologic self-tolerance, in particular

the roles of regulatory T (Treg) cells; (ii) the strategy for eliciting effective immune responses to autologous
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tumor cells, or inducing immunologic tolerance to organ transplants, by manipulating the mechanism of
immunologic self-tolerance; and (iii) the cause and pathogenetic mechanism of systemic autoimmune
diseases, such as rheumatoid arthritis, by utilizing an animal model established in our laboratory.

Treg cells, which specifically express the transcription factor Foxp3, are actively engaged in the
maintenance of immunological self-tolerance and homeostasis. The majority of them develop in the thymus
as a functionally distinct and mature T-cell subpopulation, with their stable Foxp3 expression chiefly
maintained by Treg-specific DNA demethylation. It is poorly understood, however, how Treg-specific
transcriptional and epigenetic changes are initiated and coordinated to determine the Treg cell lineage in the
thymus. Here, with recently demonstrated associations of super-enhancers with cell type-specific gene
regulation and lineage determination in various cell types, we first identified Treg cell-specific super-
enhancers (Treg-SEs), many of which were associated with the Treg signature genes, such as Foxp3, Ctla4
and //2ra. The establishment of Treg-SEs developmentally began in Treg progenitor cells before Foxp3
transcription and Treg-specific DNA demethylation, facilitating early induction of the associated genes. It
required the genome organizer Satbl, which bound to Treg-SEs before their activation and extended its
binding sites within the SEs along Treg cell differentiation. T cell-specific deletion of Satb! impaired Treg-SE
formation in Treg precursor cells, hindering both Treg-specific DNA demethylation and the transcription of
Treg-SE-associated genes including Foxp3. The consequent arrest of Treg cell differentiation at the precursor
stage resulted in spontaneous development of severe autoimmunity and IgE hyperproduction. Our results thus
demonstrate how Satbl-dependent Treg-SE establishment and subsequent transcriptional and epigenetic
changes control Treg cell linage specification in the thymus, and how molecular anomaly in this process

causes autoimmune and other immunological diseases via affecting Treg cell development.
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BB T A ERHEEHORE THIRRAEIHREI L 2 e 2 ML TWwWab, Sex 23KE
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We are aiming at the elucidation of the molecular and cellular mechanisms underlying the formation and

regeneration of cartilage, bone, teeth, tendons and ligaments.

Molecular mechanisms underlying the establishment between skeletal tissues and tendons/ligaments.
Tendons connect muscles to the bone and function as the mechanical force transmitters, while ligaments

bind bones together to stabilize joints. Each musculoskeletal primordium initially develops as independent

components, but tendons and ligaments subsequently integrate each component into a single functional

locomotive unit. At the early stages of development, Scleraxis (Scx), a basic helix-loop-helix transcription
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Decreased expression of Tnmd in tendons and ligaments of Scx“““knock-in (KI) mice.
(A, B) Double immunostaining of Chmd (red) and Tnmd (green) was performed in Scx“* (A)
and Scx“““* (B) Frozen sagittal sections of knee joint in KI neonates are shown. Tnmd was detected
in tendons and ligaments of Scx“”* (A), whereas those of Scx“““* were negative for Tnmd (B).
Arrows and arrowheads in (A) and (B) indicate tendons and ligaments, respectively. acl, anterior
cruciate ligament; fe, femur; pa, patella; pcl, posterior cruciate ligament; pl, patella ligament; qft,
quadriceps femoris tendon; ti, tibia. Scale bars, 200 ym.

Sexcrecre 2 vy Z DR A ICBT 5 Tnmd OFEBK T
(A, B) Chmd (%) & Tnmd (k%) OHHREGME Scx@* (A) R Sexcce (B) ) v 74
v (KD FiEF= Y ATiio 72, BB QSR  O R RWiH %779 Tnmd & Sex@* =77 A
DM O TRIB S N B A5, SexCCe =7 A TR S NGV, (A) & (B) OXRHIE KHIX.
TNZENREE WA 2T o acl, B T8 ; fe, K 5 pa, BS54 5 pel, BT W37 ; pl, W
5 qft, KERPUSARE ; 6, 895 . A — v 38— 200 um.

factor, is induced and persistently expressed in the tendon/ligament primordia. Tenomodulin, a type II
transmembrane glycoprotein, is then expressed in mature tendons and ligament at a high level. During the
postnatal growth, hyaline cartilage in the chondrotendinous/chondroligamentous junction is gradually
replaced by bone and fibrocartilage to generate the fibrocartilaginous enthesis in the osteotendinous/
osteoligamentous junction. Through the lineage tracing studies, we found that Scx+/Sox9+ cells contribute to
the establishment of the chondrotendinous/chondroligamentous junction. Conditional inactivation of Sox9 in
Scx*/Sox9* cells resulted in defective formation of the tendon/ligament attachment site into the cartilaginous
bone primordium. Recently, we generated a novel Scx“ knock-in (KI) allele, by in-frame replacement of
most of Scx exon 1 with Cre recombinase, to drive Cre expression using Scx promoter and to inactivate the
endogenous Scx. Reflecting the intensity and duration of endogenous Scx expression, Cre-mediated excision
occurs in tendinous and ligamentous tissues persistently expressing Scx. Expression of tenomodulin was

almost absent in tendons and ligaments with Scx¢</cr

KI mice lacking Scx to indicate defective maturation. In
homozygotes, the transiently Scx-expressing entheseal regions such as the rib cage, patella cartilage, and

sesamoid bones were small and defective and cartilaginous tuberosity was missing. Decreased Sox9
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expression and phosphorylation of Smad1/5 and Smad3 were also observed in the developing patella,
entheseal cartilage, and deltoid tuberosity of Scx“ KI mice. These results highlighted the functional
importance of both transient and persistent Scx expression domains for proper integration of the

musculoskeletal components.
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Fig. 1. Differentiation of the tenogenic, ligamentogenic and chondrogenic
cell lineages along the Scx/Sox9 axis.
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The proper growth and differentiation signaling from the surrounding extracellular environment regulates
tissue formation and its functions. We are aiming at the elucidation of molecular interactions and signaling
networks underlying vascularization of mesenchymal tissues and formation of skeletal tissues such as

cartilage, bone and tendon/ligaments. Our current research efforts are focused on the following studies.

1. Analysis of Scx+/Sox9+ progenitors during establishment of the junction between cartilage and
tendon/ligament

In vertebrates, coordinated body movement is ensured by a close functional and physical association of
bones, muscles, tendons and ligaments. Tendons connect muscles to the skeletal components and function as
force transmitters, whereas ligaments bind bones together to stabilize joints. During the early stages of
musculoskeletal development, cartilage, muscle, tendon and ligament primordia initially develop as an
individual unit, but subsequently they are integrated with each other by an unknown mechanism.

SRY-box containing gene 9 (Sox9) and scleraxis (Scx) regulate cartilage and tendon formation, respectively.
At the early stages of musculoskeletal development, both Sox9 and Scx are detected in the subpopulation of
tendon/ligament progenitors and chondroprogenitors. Lineage analysis crossing ScxCre transgenic mice with
reporter mice revealed that Sex™ chondroprogenitors differentiate into chondrocytes near the chondro-
tendinous/ligamentous junction during development.

Sox9 lineage tracing in the Scx™ domain revealed that Scx™ progenitors can be subdivided into two distinct
populations with regard to their Sox9 expression history: Scx*/Sox9* and Scx™ */Sox9~ progenitors. Tenocytes
are derived from Scx*/Sox9* and Scx*/Sox9~ progenitors. The closer the tendon is to the cartilaginous
primordium, the more tenocytes arise from Scx*/Sox9* progenitors. Ligamentocytes as well as the annulus
fibrosus cells of the intervertebral discs are descendants of Scx*/Sox9* progenitors. Conditional inactivation
of Sox9 in Sex*/Sox9* cells causes defective formation in the attachment sites of tendons/ligaments into the
cartilage, and in the annulus fibrosus of the intervertebral discs. Thus, the Scx*/Sox9* progenitor pool is a
unique multipotent cell population that gives rise to tenocytes, ligamentocytes and chondrocytes during the

establishment of the chondro-tendinous/ligamentous junction (Fig. 1).
2. Inhibitory action of Pax1 on chondrocyte maturation.

Paired box gene 1 (Pax1) indirectly promotes the early stages of chondrogenic differentiation through

induction and transactivation of Nk3 homeobox 2 (Nkx3.2), a transcriptional repressor. We demonstrate that
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Pax1 acts as a negative regulator of chondrocyte maturation, independently of Nkx3.2. Upon cartilage
formation, Pax/ expression in the ventral sclerotome was gradually decreased except for the perichondrial
region of the vertebral bodies and the intervertebral region, both of which express SRY-box containing gene 9
(Sox9) . Forced expression of Pax/ in the chick forelimb resulted in the formation of shortened skeletal
elements with a significant reduction of proteoglycan accumulation in cartilage as well as a lack of the
cortical bone formation and vascular invasion into primary ossification center. Pax/-misexpressing
chondrocytes exhibited aberrant cell morphology with marked downregulation of Aggrecan (Agcl). Cultured
Pax1-misexpressing chondrocytes failed to accumulate cartilaginous proteoglycans and became fibroblastic,
in association with the marked downregulation of the expression of Sox9, Nkx3.2, Indian hedgehog, type 11
collagen, Chondromodulin-1 as well as Agcl. In cultured chondrocytes, reduced accumulation of
cartilaginous proteoglycans induced by the forced expression of Pax/ was partially rescued by Sox9
overexpression, but further promoted by Nkx3.2 overexpression. Thus, the chondrogenic action of Sox9 was

antagonized by Pax1, which is downregulated during chondrogenic differentiation.

3. Materials engineering approaches to control cellular function
1) Modification of cell surface with biomolecules for manipulating cell function

We developed modification of cell surface with proteins using specific binding of tag sequence in
recombinant proteins to ligand introduced on the cell surface. Modification of cell surface with cadherin
enabled us to induce cadherin-mediated cell-cell attachment and to modulate structure of multicellular

aggregates. Our method provides new approach to engineer cell-cell interaction.

2) Uniform production of islet-like cell aggregates from iPS cells

Cell aggregates were prepared from human iPS cells using agarose microwell plates and differentiated into
pancreatic endocrine cells. Culture of iPS cells in the microwell allowed us to prepare aggregates with
uniform size. Differentiated aggregates exhibited an ability to release C-peptide in a glucose dependent

manncr.

3) Subcutaneous islet transplantation without administration of immunosuppressive drugs

We aimed at establishment of less-invasive and efficient islet transplantation together with the avoidance of
immunosuppressive drugs for the treatment of type 1 diabetes. Drug-loaded hydrogels were implanted into
subcutaneous site in order to induce a vascular network. After removal of hydrogels, islets were transplanted
into the prevascularized site. This method demonstrated long-term survival and function of transplanted islets

without administrating immunosuppressive drugs.
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Paradigm shift of the concept of the plasma membrane structure

The plasma membrane has been considered to be a two dimensional liquid, with their constituent
molecules, membrane proteins and lipids, diffusing freely in the plasma membrane, the Singer-Nicolson
model widely accepted for these 30 years. However, we found that the plasma membrane is partitioned into
many small compartments, and both membrane lipids and proteins undergo short-term confined diffusion
within a compartment, and long-term hop diffusion between the compartments. These membrane
compartments are delimited by the membrane skeleton and the transmembrane proteins anchored to the

membrane skeleton (Fujiwara et al., 2002; Murase et al., 2004; Kusumi et al., 2005; Morone et al., 2006).
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This entails a paradigm shift for the concept of the plasma membrane, from the continuous 2-dimensional
fluid to the compartmentalized, structured system. This could be found because we have developed high time
resolution (25 microseconds) single-molecule tracking techniques (Kusumi et al., 2005) . If more than one
molecule is observed at the same time, the single hop event would be masked by averaging over all the
molecules under observations. Without high-time resolutions, the residency time within a compartment for 1

ms to 1 s could not be detected.

Single-molecule force microscope

An ultra-sensitive, single-molecule optical force scanning probe microscope was developed that uses a
single membrane molecule as a probe. This microscope measures the interaction force between the
membrane-molecule probe with the membrane skeleton mesh in live cells, and, by mapping the force, images
of the membrane skeleton that interact with the membrane molecule were obtained (Ritchie et al., in
preparation) . A theoretical framework was developed to understand/predict the behavior of single membrane

molecules being dragged by the optical trap (Ritchie et al. in preparation).

Detection of transient interactions of two species of molecules in living cells
Two species of molecules were laballed in different colors, and a method to detect their colocalization at

the level of single molecules was developed for the first time (Koyama et al., 2005).

Single-molecules FRET imaging of H-Ras activation in living cells

The activation of H-Ras, a GTP-binding protein involved in the signaling pathways for cell proliferation
and reorganization of the cytoskeleton, was visualized at the level of individual molecules using a technique
called single-molecule fluorescence resonance energy transfer (single-molecule FRET; Murakoshi et al.,
2004; Kusumi and Murakoshi, 2005). Activation of H-Ras takes place only temporarily (<2 s), and is
accompanied by transient immobilization, which is likely due to the transient formation of an activated-Ras

signaling complex with scaffolding proteins.
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Fig. 2. Multicellular dynamics simulation suggests that the combination of cell elongation, apical constriction and

cell movement is mechanically sufficient to accomplish neural tube closure in Xenopus.

This laboratory aims at clarifying the self-organized regulation mechanism of a diversity of biological
phenomena through an interdisciplinary approach, including mechanics, life science, and medical science. In
2016, we revealed an adaptive tension-sensory mechanism of a-catenin molecule under intercellular tension.
We also clarified a mechanical role of cell activities in neural tube formation using mathematical modeling

and simulation of multicellular dynamics in collaboration with experiments.

1) Adaptive mechano-sensory mechanism of a-catenin under tension
The tensile forces in individual cells drive tissue deformation in morphogenesis. In the process, a-catenin
molecule acts as a tension sensor at cadherin-based adherens junctions (AJs), accelerating the positive

feedback of intercellular tension. Under tension, a-catenin is activated to recruit vinculin, which recruits actin
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filaments to AJs. In this study, we revealed how a-catenin retains its activated state while avoiding unfolding
under tension. Based on nano-tensile testing using atomic force microscopy (AFM), as shown in Fig. 1a, we
found that mechanically activated a-catenin fragment exhibited higher mechanical stability than a non-
activated fragment (Fig. 1b). The results of our experiments using mutated and segmented fragments showed
that the key intramolecular interactions acted as a conformational switch. We also found that the
conformation of a-catenin was reinforced by vinculin binding. We demonstrate that a-catenin adaptively
changes its conformation under tension to a stable intermediate state, binds to vinculin, and finally settles into
a more stable state reinforced by vinculin binding. Our data suggest that the plastic characteristics of
a-catenin, revealed in response to both mechanical and biochemical cues, enable the functional-structural

dynamics at the cellular and tissue levels.

2) Mechanical roles of apical constriction, cell elongation, and cell migration during neural tube
formation in Xenopus.

Neural tube closure is an important and necessary process during the development of the central nervous
system. The formation of the neural tube structure from a flat sheet of neural epithelium requires several cell
morphogenetic events and tissue dynamics to account for the mechanics of tissue deformation. Cell
elongation changes cuboidal cells into columnar cells, and apical constriction then causes them to adopt
apically narrow, wedge-like shapes. In addition, the neural plate in Xenopus is stratified, and the non-neural
cells in the deep layer (deep cells) pull the overlying superficial cells, eventually bringing the two layers of
cells to the midline. Thus, neural tube closure appears to be a complex event in which these three physical
events are considered to play key mechanical roles. To test whether these three physical events are
mechanically sufficient to drive neural tube formation, we employed a three-dimensional vertex model and
used it to simulate the process of neural tube closure (Fig. 2) . The results suggest that apical constriction cued
the bending of the neural plate by pursing the circumference of the apical surface of the neural cells. Neural
cell elongation in concert with apical constriction further narrowed the apical surface of the cells and drove
the rapid folding of the neural plate, but was insufficient for complete neural tube closure. Migration of the
deep cells provided the additional tissue deformation necessary for closure. To validate the model, apical
constriction and cell elongation were inhibited in Xenopus laevis embryos. The resulting cell and tissue

shapes resembled the corresponding simulation results.
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AIFFERE L, RIEFE T ANV AFZOMEL L DEGBLOMHZHNE L THIZEZ DTV 5,
2016 4FICid. b PEMBEEZ A T2 " MU A " ETVEHWTIA XDEK 7 A VA HIV Ot
OB ELBRE OB - AT EEBRICID MAZZ, o LY FIANVABREDIHIZLTER
ZFNOEEICHEIS L CEXLOPZW LT 572010, 55 THEbs: & FEER 7 A )V 2220 B E A i
JERIEB L. LT 74NV A ZFHEOEWEILH S I OISR 5 MR 21572, BAHE
TR 28 4E 1 A VBRI w I se 2 2 RE) L7z EHME LR 28 48 3 A2 E Rk 7e R HE
TR ZIE T L. M RFPRFFIHES L7ze FHIIRINE T 28 4F 6 HIZRIGFRFPICHRE) L 72,

1) e MYy REFVERHOVIZIA X7 4V Z#EISEL X 7 = X 5O

HE B G BAT3000 TAZBZHIZEDNR YT v 7 25| &R Lz HIV-L X, —#o5 1%
BRI 22 5 F 228 ¥ =D A )V A SIVepz 2589 100 FEFTIC . MMIHER(AHE - #nEL L 22 &
IDAEFNZEHEMSN TS (Keele et al, Science, 2006) o L2*L A5, SIVepz BRED L H 2k
FADOBISELZ BT, XTIy 7 HIV-I NEH L7200, ZOFMIZH 52 Tld v, AiisE
TlE. SIVepz D& bAOERHEL A S = A L2 FHH - HZHNE LT, 7S 73 v 7 HIV-1 I
b o & k% SIVepz MB897 ¥k % %) Tld 7\ SIVepz 2 ¥k, 782 73 v 7 HIV-1 BRZ Rl &
v MEx o 2ETFN (b MEMEHRER< Y Z) 2o TRl L7z, ZORREEMTIE, &
SIVepz DIEGMEB L KT A VAT Uo7 BOFEBMIER IR o o720 —TF e ME~
7 ZAETIVTIE BREW T 12, 2827 3 v 7 HIV-1 B O 72\ SIVepz 12X, STVepz MB897
FROBIEME L EPEIZ W T ND /Y F I v 7 HIV-l ODZFNSICE DD THBLL Tz, MLEoK R
I, b bAOBELEDED - 72 SIVepz BSABERITR AL, /82573 v 7 HIV-1 N &
BRI LARBE S NIz,

2) 4 %2 APOBEC3Z3 #{n DS KL FIV &2k & DBIRYE

t & a3 LA, 18 EHIE R T (restriction factor) @ 4 W X NS (intrinsic immunity)
ENFEND A VAFEAESY XV BE2HB L Twbd, — oA VAL £ O EHIE K%
T 55 R He EALOBBETHEE L TE LI LDBRLEWHLDIT R > TE 2 BEHBEK O
REFE LTI ANV ZAOEREZ RIAH T ML 7Y VBT I LBETH S
APOBEC3 (A3) 77 IV =¥ UV EBETH L, —F. Ly F 74NV A, viral infectivity factor
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(Vif) 2V ¥ 2% a—FLTC, 28X F v/ 757V — AREEHEIL LT, A3 24558
IR L. EED ALK 27 A VAEH 2RIt SETw 5,

LYFIANVAD—FETH DA IRBEALETAL VA (FIV) b VIFZI—FLTEBY, [FETH
HAIATADAI Y VT EERGRTHILETEOITA NV ARE MK T %0 Wil £ TH 3T 4373
BIEFICEBD %L S TODERPEAET S I LG SN AR TIE, £ %3 4373 &5
TOLRDOPLT A N ATEER FIV O VIf IS T 522 RET 5L LI, IhH0LRO5T
WAL 2175720 TTATARTAIZZID S FHO A F U PIEDOERZZIFTVWAEHI L, &
TD A3Z3 %1%, vif R FIV I L CRBEDOI Y A V AENZ RS —FH, L0 EDODELR
NTaF A4 75) 1 FIV O Vif O FFEICRT L CTIRPUEZ RT 2 L d%b i o7z, A3Z3 £4 Mo T
I BOWEBMHEIIC L ) IEOBRIRZZIT T2 65 FHDT I BRH VIF 120§ 5 Mg 12/
AT HRETHEZ NG Do7ze DLEDOHERERID, £ A T2OMLOBFEIZB VT, £ 30,000 4
AHCHBL L 7T 0y £ 7513 KD FIV R Ui 7 A4 )V AT LTI TH - 72729,
HIAAMBIRENTE DT RV EEZ DN S,

3) 7 B APOBEC3Z3 £ 7 ¥ L v F %7 £ )V ADEALWEIEBE G D25+ 7 4 IV A0 P
FTATHGED S 7 VR (tribe Bovini) OFMMFLIZIZ, A3Z3 L WIHPL Y F 74 VATERZH T 5 A3
PHEHLTWDLZ DD oTwhb, LT, ZVRIE, 73 REREYAIVA (BIV) £V
YTITFHIANVA (IDV) LW, Rkt - EEE - IO AIRELS R L L L U F A VAN
AMHENTVS, KHFZETIE, Y VEO AZHEIZFEZREL, TNHE 2007 YL Y FIA VA
(BIV,JDV) O Vif O EAEH %517 4 WV AFFERIC I > THREEL ., 7 VIEBi E L v F 7 4 v
ZOMACEIL SR EZ M T2 2 2 HE L

TP, VUBROTRTOEYE (v, ¥¥a—, F—au SNV NYF U HFIN, T
AV ANV 2 X 7) ORTE - HfkE HRENOBWE» S ATF L. 2047/ A DNA %*5 PCR
FICE DK VRO TR T O A3 B\ T ORI EHRE LTz, 4O N72Em T S EB
AWV AR & 0 R 2 R L. AV e v VRO A3Z3 25, IDV Vif 12 &
BRI ER RT Lo Tze ST, AV A3Z3 @ JIDV Vif #PitEiE. 1o HKER
ZITTV5 62 REFHOT I JBIBEL Tz, BIREWZ L2, Ay VoB-RBIIR T ¥
TRETHZ2OIZH L, IDVIEA ¥ FAYTOME NVE, AR NIELZE) TORIHE - FE
ENTIANVATHEI NS, BEOT IV E IDV OG54 P EBIZ R V. LA LEAES,
WEFIZED SBEEE - SBE e o TWAA ¥ FA Y 7HIE, B (7 4RI~ 175
AERT) 12X [A Y% 2 F (Sundaland) | &V BEITH 722 ERHLNIIL->TVE, TH
DZEMS, HIIVEIDV (HEWIEZOMIET AV A) (3N RHAMENTH ), Zhh
TIURET TV Y F AN ADIEAL - AL FEILFEF OB & o Tz Z AR RIRE
72 (Fig. 1)o ARFZEIZ. 55 T2 & FEBR 4 VR F 2 BE L =Bt ARch ., 797 Kb
WBWTIEAEE L v F 74 VADOHELWEIBE S 2T b N T 2 & &l <RIBS 2 7R R
THhbo
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B Gaur habital at present

W Islands JDV isolated

Il “Sundaland” during
the glacial maxima
of the Pleistocene

Fig. 1. Biogeographical insight into the acquisition of resistance to JDV Vif-mediated degradation in gaur A3Z3.
The Asian area boxed in the world map (left) is enlarged to the right. (Right) The land at present is shown in light
beige. The current habitat of gaur (red), while the islands in Southeastern Asia, where JDV is detected (Bali,
Borneo, Java, and Sumatra), is shown in green. “Sundaland”, where gaur may have been exposed during the
glacial maxima of the Pleistocene, is shown in light blue.

Our laboratory aims to understand the dynamics of virology from multiple scientific viewpoints. In 2016,
we recapitulated the evolutionary dynamics of the emergence of human immunodeficiency virus (HIV) using
“humanized mouse”, which possesses human leukopoiesis. We also investigated the evolutionary arms race of
lentiviruses and mammals through the combinational approaches of experimental virology and molecular
evolution. Hirotaka Ebina moved to BIKEN and Shuhei Ueda graduated in Master course of Graduate School

of Biostudies. Rokusuke Yoshikawa moved to Nagasaki University.

1) Gain-of-function evolution of SIVcpz in humanized mouse model

HIV-1 has emerged through cross-species transmission of SIVcpz from chimpanzees to humans around
100 years ago (Keele et al, Science, 2006) . However, it is unclear how SIVcpz has evolved as pandemic HIV-
1 in humans. To address this question, we inoculated 3 SIVcpz strains (MB897, EK505, and MT145) and 4
HIV-1 group M strains into human hematopoietic-stem cell-transplanted humanized mice. We revealed that
the viral pathogenicity was significantly correlated to the level of peak viral load during the acute phase of
infection. Interestingly, the peak viral load of MB897, which is phylogenetically similar to HIV-1 group M,
was comparable to that of HIV-1 group M and was significantly higher than those of the other SIVcpz strains.
Moreover, by sequencing viral RNA in the plasma of infected humanized mice, we identified a non-
synonymous mutation augmenting viral replication capacity in both in vitro and in vivo. Taken together, this
is the first investigation experimentally demonstrating the dynamics of cross-species adaptive evolution of

SIVcpz into humans using an animal model.

2) A naturally occurring domestic cat APOBEC3 variant confers resistance to FIV infection

APOBEC3 (A3) DNA cytosine deaminases can be incorporated into progeny virions and inhibit lentiviral
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replication. On the other hand, viral infectivity factor (Vif) of lentiviruses antagonizes A3-mediated antiviral
activities by degrading A3 proteins. It is known that domestic cat (Felis catus) APOBEC3Z3 (A3Z3), the
ortholog of human APOBEC3H, potently suppresses the infectivity of vif-defective feline immunodeficiency
virus (FIV). Although a recent report has shown that domestic cat encodes 7 haplotypes (hap I to VII) of
A3Z3, the relevance of A3Z3 polymorphism in domestic cats with FIV Vif has not yet been addressed. In this
study, we demonstrated that these feline A3Z3 variants suppress vif-defective FIV infectivity. We also
revealed that codon 65 of feline A3Z3 is a positively selected site and that A3Z3 hap V is subject to positive
selection during evolution. It is particularly noteworthy that feline A3Z3 hap V is resistant to FIV Vif-
mediated degradation and still inhibits vif-proficient viral infection. Moreover, the side chain size, but not the
hydrophobicity, of the amino acid at position 65 determines the resistance to FIV Vif-mediated degradation.
Taken together, these findings suggest that feline A3Z3 hap V may have been selected for escape from an
ancestral FIV. This is the first evidence for an evolutionary “arms race” between the domestic cat and its

cognate lentivirus.

3) Evolutionary arms race between bovine lentiviruses and bovine APOBEC3Z3

Mammals have co-evolved with lentiviruses for a long time. As evidence, viral infectivity factor (Vif),
encoded by lentiviruses, antagonizes the anti-viral action of cellular APOBEC3 of their hosts. Here, we
address the co-evolutionary dynamics of bovine APOBEC3 and the following two bovine lentiviruses: bovine
immunodeficiency virus (BIV) and Jembrana disease virus (JDV). We determined the sequences of three
APOBEC3 genes of bovids belonging to the genera Bos and Bison and showed that bovine APOBEC3Z3 is
under a strong positive selection. We found that APOBEC3Z3 of gaur, a bovid in the genus Bos, acquired
resistance to JDV Vif-mediated degradation after diverging from the other bovids through conversion of the
structural composition of the loop 1 domain. Interestingly, the resistance of gaur APOBEC3Z3 can be
attributed to the positive selection of residue 62. This study provides the first evidence, suggesting that a co-

evolutionary arms race between bovids and lentiviruses occurred in Asia.
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AEClE, MR OB & Lol x BHis L <. 200 FiiEL#H-> T b, oLk
Eo MR HCERE LoD, —a—uy, TAMO¥ A b, FYTFL RuH A L&
VI 3 OMIE R AT, WAEMEER - AN v 7 A - V=T - A1) v 7 X (bHLH) HTTH
% Ascll/Mashl, Hesl, Olig2 iZ. #hFN=—2—a ¥, TAPO¥A b, FYITFY Fad A boik
MEZIT) & EDHIT, WIN D MR OBEICE . T4 T4 X =T Y TTORR. Th
5 3 FHO N T ORI CIIRE) % 2 & Eaypt @R IR IEN 2 | FEEHOK T 0%
BISHZ TRt 36 2 & 2D L7z RIS, Fr7zIZB%E L 7GRN I X 5 T Ascll D
BHAFELZE A, Ascll OFBARE) T 2 & MR O BRI ATE AL S . Ascll DFEHLA
Fiid b —a—0a bR 5 2 L 2355720 512, Hesl X Ascll I2X o THlfI S 5
Notch ') 4> | Delta-likel (DII1) OFE3L S Afkepfliie CHRB) L TH 0 . & O FEBIRE) 23Rl
OWIERHEFRICEHETH 5 2 LW o 720

1) Delta-likel D FEBLIRE) AT REIE WA %

Notch ¥ 7 Fvid HiFg A AR 28 U ORI Z Hl#4 %. Notch ¥ 7 F VDL T =7 & —
Td % Hesl X Hes7 OFEBUIIRE) L. TN LIRS LR AREITEK & v o 7258484 2 Hl i 5 .
Notch ') 7~ F ® Delta-likel (DIl1) mRNA OFEBL D IRE)§ %25, DIl ¥ ¥ 37 HOFEHBHREITA
BT, IREI L2 LTDZFORFBIILLS Do T RD o7z, RUFZETIEADIN ¥ Y32 HED T A
T ARXA=T 7 REMIEL, MRS RS TRIREEICB VT DI ¥ 287 HOFEBIRE)$
52 LEEML7 DIl BEFEELSHEVIEELTAHZ LT Z2NEN DI DXL INHELLD S
WIBEL S E72 & 2 A, DI OFEJIRE B L. @ EIIEI Wz (Fig. 1)o 72, Hesl X
Hes7 OFBIREIDETF V. EHEHITE D Wz, TOMR KEOBAEAEZ ) | RETH R O HMHE
ThHrHETFCET b RAE L (Fig. o & 512 AW O TN O BEFE G S e, il
FEALDMAE U720 1, SEE R T T DI OFBIRE % FE 3 5 & Miisiilie o825
PlLsNTze SNHSOREREPLIEL WS £ I 27 TO DIl OFBPIEBIRE A v b7 =212k 5
TRHETHLZ L, MEHOIRENAH EA/EHPTEEIERIZE s TERETHL I EFHL NI -
725
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A

ara DIl1 gene(8.2kb) srop
control  Hi—HI——HI—IH{ e | ]
ATG STOP o
Type 1 GITR-OTY FLuc | |
IUTR
o sron Dil1 gene(8.2kb) e
Type 2
FUTR IUTR
B a b c d Fig. 1. The phenotypes of DII1 type
1 om 3 Hes7 1 Lig wr i 1 and type 2 mutant mice. (A)
somite EAN §| -\ f-\ .t | § /\/\/ . & Structures of control, and Type 1-
4 — e é""""""f;’_f = and Type 2-mutant DII1 genes. (B)
- =t | o dweimmin (| o e \\1/ e In both type 1 and type 2 mutants,
oscillatory expression of DIl1, Hes7,
(4 and Lfng is dampened, resulting in

severe fusion of vertebrae and ribs.
(C) In both type 1 and type 2
mutants, oscillatory expression of
DIll and Hesl is dampened,
resulting in microcephaly.

2) R ZRHEE LR -ICHNT 2B ET NV

HRE R R R A H IR ZERIIL Cld, 2N F N Hesl BL W HesT AT T4 77 14— KN » 712
Lo THEMICHEBIREE 25 X239, X512, Hesl R Hes7 I & o THEIMICHIHI S L Z &1
X 5T DI OFBLIRENT 5. DI IZBEEHINLO Hesl X Hes7 DFHLZFET HZ & H5.DIlII @
FEBIRE O WML R 5 (Fig. 2Aa) o Z OfER, kel LA A RA-Eid Ik
TN XA CTIRB§ % 2%, @R 2IREEBIC L LD00EF L bhroT0Rv, TO%H
A v b7 — 2713, BEESHILH T Hes S¥II Ldd 9 ¥ TV AT T4 77 4 — FoXNw 7 )b —F I
WAL T& % (Fig. 2Ab)o BILE TN 2 HESE L7202 (Fig. 2Ac) M I HIENZ 2220 B IEI] ¢, 12 & 5
Ty IREDSHNAC e 5 720 L RAHIC 2 5720 HDWIEEILL D 2 2 LS 2% - 72 (Fig.
2B),

m n
Ki LS =rX(t)

s
d ftypet) . ftype2) M ftype2)
Delta-Noteh at TR K- K Xa-Ta) - T2
@ @ d Kr K3 T T —
= Xylt)= ¥ - =X, death oscillation death oscillation death

dr K" + Xalr—1))" K3+ X\ (r—1,)"

Fig. 2. Mathematical modeling for different oscillatory dynamics.
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This laboratory aims to understand the mechanism of proliferation and differentiation of neural stem cells.
Multipotent neural stem cells undergo self-renewal while giving rise to three cell lineages, neurons,
astrocytes, and oligodendrocytes. It has been shown that the basic-helix-loop-helix (bHLH) transcription
factors Ascll/Mashl, Hesl, and Olig2 regulate not only the fate choice of neurons, astrocytes, and
oligodendrocytes, respectively, but also the proliferation of neural stem cells. Live imaging analysis revealed
that these factors are expressed in an oscillatory manner by neural stem cells, whereas one of the factors
becomes dominant and sustained in each differentiation lineage. Our new optogenetic approach to control
expression of Ascll showed that oscillatory Ascll expression maintains proliferating neural stem cells,
whereas sustained Ascll expression promotes neuronal fate determination. We also found that the Notch
ligand Delta-likel (DII1) expression, which is controlled by Hes1 and Ascll, oscillates in neural stem cells,

and that DII1 oscillation is important for maintenance and proliferation of these cells.

1) Oscillatory control of Delta-likel in cell interactions regulates dynamic gene expression and tissue
morphogenesis

Notch signaling regulates tissue morphogenesis through cell-cell interactions. The Notch effectors Hesl
and Hes7 are expressed in an oscillatory manner and regulate developmental processes such as neurogenesis
and somitogenesis, respectively. Expression of the mRNA for the mouse Notch ligand Delta-likel (DII1) is
also oscillatory. However, the dynamics of DII1 protein expression are controversial, and their functional
significance is unknown. Here, we developed a live-imaging system and found that DII1 protein expression
oscillated in neural progenitors and presomitic mesoderm cells. Notably, when DII1 expression was
accelerated or delayed by shortening or elongating the DII1 gene, DII1 oscillations became severely
dampened or quenched at intermediate levels, as modeled mathematically. Under this condition, Hes/ and
Hes?7 oscillations were also dampened. In the presomitic mesoderm, steady DII1 expression led to severe
fusion of somites and their derivatives, such as vertebrae and ribs. In the developing brain, steady DII1
expression inhibited proliferation of neural progenitors and accelerated neurogenesis, whereas optogenetic
induction of DII1 oscillation efficiently maintained neural progenitors. These results indicate that the
appropriate timing of DII1 expression is critical for the oscillatory networks and suggest the functional

significance of oscillatory cell-cell interactions in tissue morphogenesis.

2) Mathematical modeling for different oscillatory dynamics

Hesl and Hes7 are expressed in an oscillatory manner in neural stem cells and presomitic mesoderm
(PSM) cells, respectively. Hesl and Hes7 oscillations periodically repress DIl1 expression, thereby driving
DII1 oscillation. Because DII1 up-regulates Hes1 and Hes7 expression in neighboring cells, the information of
DIII oscillation may be transmitted between neighboring cells (Fig. 2Aa). As a result, neighboring neural
stem cells and PSM cells exhibit anti-phase and in-phase oscillations, respectively, but the mechanism of such
different oscillatory dynamics is not known. These regulatory pathways can be simplified as double negative

feedback loops (Fig. 2Ab) . Mathematical modeling (Fig. 2Ac) suggests that gene oscillations are anti-phase,
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in-phase, or dampened, depending on the delay required for intercellular regulation (12 in Fig. 2B).
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We develop novel computational methods in order to understand the biological function of proteins
involved in immune responses. In 2016, we made progress in several areas: 3D modeling of immune
repertoires, miRNA integration with gene expression data and a new feature in the MAFFT multiple sequence

alignment algorithm.

1) Structural modeling of immune repertoires

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

Clonal family Coarse-grained

3D model DNA docking* X-ray crystal structure

Error in model < 0.5 A

Figurel. From deep-sequencing data to a novel antibody-antigen complex structure.
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2) Integration of immune gene expression and microRNA data sets

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

in the literature.

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

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

2. Immune-related genes are more circulating miRNA-specific than other genes

These two hypotheses can be compared against publically available data using previously defined immune-
related genes sets for humans and mice along with established target prediction methods. To this end, we

constructed a consensus-based predictor.

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

Using the consensus method, we confirmed that human circulating miRNAs have an immune-specificity of

0.89 compared with non-circulating miRNAs (0.54), a relationship that was highly significant (p-value <
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0.001). Moreover, the same relationship was observed in mice (0.74 for circulating vs. 0.23 for non-
circulating miRNAs). Next we confirmed the second hypothesis, that immune-related genes are more
circulating miRNA-specific than other genes. The specificity of human immune-related genes to be targeted
by circulating miRNAs was 0.34 compared to non-immune genes 0.24). Again, the results were highly
significant (p-value < 0.001) and were observed across species (Nosirov, B. et al Adv Appl Bioinform Chem.
2017).

3) A new feature to prevent over alignment

Multiple sequence alignment algorithms usually assume that the input consists of homologous sequences.
But even homologous sequences can contain regions of low similarity, either due to insertions of intrinsically
disordered domains or sequencing errors. We developed a new feature of the MAFFT multiple alignment
program to avoid aligning unrelated segments. The new method utilizes a variable scoring matrix for different
pairs of sequences (or groups) in a single multiple sequence alignment, based on the global similarity of each
pair. The resulting alignments contain significantly fewer mis-aligned regions in both real and simulated
data.The approach is based on sound biological reasoning and should be compatible with many methods
based on dynamic programming for multiple sequence alignment, in addition to its implementation in

MAFFT (Katoh and Standley Bioinformatics, 2016).
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Fig.1 Model of 25S non-functional rRNA decay (NRD)

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

quality control mechanisms of eukaryotic ribosome particles.

1) Dendritic Transport Element of human arc mRNA confers RNA degradation activity in a
translation-dependent manner

Localization of mRNA in neuronal cells is a critical process for spatiotemporal regulation of gene
expression. Cytoplasmic localization of mRNA is often conferred by transport elements in 3' untranslated
region (UTR). Activity-regulated cytoskeleton-associated protein (arc) mRNA is one of the localizing
mRNAs in neuronal cells, and its localization is mediated by dendritic targeting element (DTE). Since arc
mRNA has introns in its 3'UTR, it was thought that arc mRNA is a natural target of nonsense-mediated
mRNA decay (NMD). Here we show that DTE in human arc 3'UTR has destabilizing activity of RNA
independent of NMD pathway. DTE alone was able to cause instability of the reporter mRNA and this
degradation was dependent on translation. Our results indicate that DTE has dual activity in mRNA transport
and degradation, which suggests the novel spatiotemporal regulation mechanism of activity-dependent
degradation of the mRNA.

2) Abridge that links an E3 ubiquitin ligase complex and nonfunctional 60S ribosomal particles
The eukaryotic ribosomes are composed of 4 rRNAs and 80 ribosomal proteins. We and others previously
reported that the defective ribosomal subunits containing mutations in their 25S rRNAs are selectively

eliminated from the cytoplasm by ubiquitin-proteasome system (nonfunctional rRNA decay, NRD).

—160 -



However, the molecular mechanism defining the selective ubiquitination of the nonfunctional ribosomes has
remained elusive. Here we show a 60S-associating protein, which we name Betl (bridge to E3 complex),
essential for the degradation of mutant 25S rRNAs. Importantly, Betl is also physically associated with the
E3 ubiquitin ligase involved in 25S NRD, indicating that this protein is a bridge between defective 60S and
the E3 complex. Biochemical analyses revealed that Betl is selectively enriched on the 60S particle
containing a nonfunctional mutant 25S rRNA, suggesting a central role of this bridge protein in the functional
inspection of the 60S subunits. Possible mechanisms for the release of the factor from the normal 60S

subunits will be discussed.
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The research projects carried out in this group are concerned with dynamic aspects of cell surface proteins
in bacteria including Escherichia coli and Vibrio Alginolyticus. Specifically, processes of protein folding,
protein translocation across and integration into the membrane, membrane protein proteolysis and
extracytoplasmic stress responses are studied by combined molecular genetic, biochemical, biophysical and
structural approaches. In 2016, we analyzed the substrate interaction of RseP, an E. coli S2P family
intramembrane protease and showed the presence of a novel substrate interaction site in RseP. We also
reported how SRP (signal recognition particle) interacts with E. coli heat shock factor ¢°2 to regulate the heat

shock response.

1) Involvement of a conserved GFG motif region in substrate binding by RseP, an Escherichia coli S2P
protease

RseP, an E. coli S2P family intramembrane cleaving protease, is involved in regulation of the
extracytoplasmic stress response and membrane quality control through specific cleavage of substrates.
Recent research suggested that the PDZ domains and the MRE f-loop are involved in substrate
discrimination; the former would serve to prevent cleavage of substrates with a large periplasmic domain,
whereas the latter would directly interact with the substrate’s transmembrane segment and induce its
conformational change. However, the mechanisms underlying specific substrate recognition and cleavage by
RseP are not fully understood. Here, we investigated the roles of the N-terminal part of the first cytoplasmic
loop region (CIN) of RseP that contains a highly conserved GFG motif. A Cys modifiability assay suggested
that CIN is partly membrane-inserted like the MRE S-loop. Pro, but not Cys, substitutions in the GFG motif
region compromised the proteolytic function of RseP, suggesting the importance of a higher order structure of
this motif region. Several lines of evidence indicated that the GFG motif region directly interacts with the
substrate and also aids the function of the MRE f-loop, thus contributing to substrate recognition by RseP.

These findings provide insights into substrate recognition mechanism by S2P proteases (Fig. 1).

2) Interaction between heat shock transcription factor 632 and signal recognition particle

Heat shock response (HSR) generally plays a major role in sustaining protein homeostasis. In Escherichia
coli, the activity and amount of the dedicated transcription factor ¢ transiently increase upon heat shock. The
initial induction is followed by chaperone-mediated negative feedback to inactivate and degrade 2. Previous
work reported that signal recognition particle (SRP)-dependent targeting of ¢°? to the membrane is essential
for feedback control, (Fig. 2) though how SRP recognizes ¢°2 remained unknown. Extensive in vivo photo-
and disulfide cross-linking studies now reveal that the highly conserved regulatory region of ¢°* that lacks a
consecutive hydrophobic stretch interacts with the signal peptide — binding site of Ffh (the protein subunit of
SRP) . Importantly, the ¢°2-Ffh interaction observed was significantly affected by mutations in this region that
compromise the feedback regulation. Homeostatic regulation of HSR thus requires a novel type of substrate

recognition mechanism by SRP.
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This laboratory aims to elucidate the molecular and cellular basis underlying stem cell fate determination
and tissue homeostasis through symmetric and asymmetric cell division. In 2016, we found the dormant
pluripotent cells emerging during differentiation of mouse embryonic stem (ES) cells and identified FoxO3
as a key regulator for maintenance of pluripotency in the dormant ES cells. We also addressed how cell-
extracellular matrix adhesion geometry governs the orientation of the cell division axis by using theoretical

and experimental approaches.

1) Identification of dormant pluripotent cells emerging during mouse ES cell differentiation.

One major concern for clinical applications of ES cell-derived cells is residual undifferentiated cells
potentiating latent tumorigenicity. Despite intensive methodological approaches to eliminate residual
undifferentiated cells, properties of these cells remain elusive. Here, we show that in a serum-free neural
differentiation condition, residual undifferentiated cells markedly delay their cell cycle progression without

compromising their pluripotency. This dormant pluripotency was maintained during reculture of the cells in a
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serum-free condition, whereas upon serum stimulation, the cells exit the dormant state, and restart
proliferation and differentiation into all three germ layers. Microarray analysis revealed a set of genes that are
significantly upregulated in the dormant ESCs compared with proliferating ESCs. Among them, we identified
the transcription factor forkhead box O3 (FoxO3) as an essential regulator for maintenance of pluripotency
in the dormant ESCs. Our study demonstrates that transition into the dormant state endows residual
undifferentiated cells with FoxO3-dependent and leukemia inhibitory factor/serum-independent pluripotency.

(Mol. Cell. Biol. pii: MCB.00417-16., 2016)

2) Interphase adhesion geometry is transmitted to a spindle orientation regulator via caveolin-1
Despite theoretical and physical studies implying that cell-extracellular matrix adhesion geometry governs
the orientation of the cell division axis, the molecular mechanisms that translate interphase adhesion
geometry to the mitotic spindle orientation remain elusive. Here, we show that the cellular edge retraction
during mitotic cell rounding correlates with the spindle axis. At the onset of mitotic cell rounding, caveolin-1
is targeted to the retracting cortical region at the proximal end of retraction fibres, where ganglioside GM1-
enriched membrane domains with clusters of caveola-like structures are formed in an integrin and RhoA-
dependent manner. Furthermore, Gail-LGN-NuMA, a well-known regulatory complex of spindle orientation,
is targeted to the caveolin-1-enriched cortical region to guide the spindle axis toward the cellular edge
retraction. We propose that retraction-induced cortical heterogeneity of caveolin-1 during mitotic cell

rounding sets the spindle orientation in the context of adhesion geometry. (Nat. Commun. 7, 11857, 2016)
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We study 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 and energy metabolism, as well
as immune response. We revealed that Txnip forms high order complexes in cancer cells. We also identified
small molecular compounds regulating glucose-induced expression of Txnip. We analyzed the molecular
targets of one of the compounds by chemical biological approaches. 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. As a member of
redox life innovation committee of Japan Society of the Promotion of Science, we contribute to the

development of the research field of redox signaling.

1) High order complex formation of Txnip in cancer cells

Txnip expression is silenced in HTLV-I transformed cells and many cancer tissues. Its gene is mutated in
bladder cancer. We showed that Txnip acts as a cancer suppressor. To investigate the molecular mechanism of
the pleiotropic functions of Txnip, we examined native Txnip condition using blue native PAGE in Dul45,
PC-3 prostate cancer cells and 293 cells. We showed that endogenous Txnip is involved in several forms of
high molecular weight complexes. Treatment with bortezomib, a proteasome inhibitor, induced the formation
of the high order complexes. Txnip has conserved PPXY motifs which are thought to interact with WW
domains containing NEDD family ubiquitin ligases. These results collectively provide a model that Txnip
exerts its actions through forming transient high order complexes to regulate the breakdown of signaling
regulators. We are now analyzing the components of the complexes by tandem affinity purification and

proteomics analyzes.

2) Chemical biology using small molecular compounds regulating glucose-induced expression of Txnip

Txnip plays an important role in the regulation of energy metabolism. Txnip expression is induced by
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glucose at both transcriptional and protein levels. Txnip suppresses insulin secretion from pancreatic beta
cells and insulin sensitivity in muscle. In collaboration with graduate school of pharmaceutical sciences, we
identified 11 small molecular hit compounds which regulate glucose-induced expression of Txnip. These
compounds improved glucose metabolism. Using various inhibitors, we revealed the signal pathway through
which these compounds exerts their functions. We biotinylated one of the compound and affinity purified
target proteins from C2C12 mouse muscle cells using streptavidin magnetic beads. We identified candidates
of the target molecule by proteomics. The identification may open a possibility to not only elucidate the
upstream signal pathways regulating glucose-induced Txnip expression but also provide approaches to

control various diseases including metabolic disorders.
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1) HRIBEHITE CCRS FRITEY IV / & MRIEAET 4 IV RRY T B 7 VAT A S Wzl ) IR
AEAINES

JAE B MRIERE Y A VA (HIV-1) U7 F 22 X IR RIRE 2 FFo PRk (bNAbs) D
ESHF N, BWETNCTOASIEES N TS, FVREREY A )V A2 HIV-1Eny BIET %
MMARATZT NV /& PRIEALET A VA (SHIV) &, PLHIV-1 HAIPiAZ M c& 2 L s h
%o FAIE I FE TIT CXCR4 FEIAIME SHIV-KS661 (KS661) % % L 72 CCR5 510 E SHIV-MK 1
(MK1) %7 717 VAL S &, Fifeged 5 A uE (Tier2 #H24) CCRS $81AI1E SHIV-MK38
(MK38) %137z AWFFETIE, FFHEPUEE CCRS FRIMME SHIV G VI FHE X 1 5 Juik o ihAl g
AT A2 L2 HWE L7ze MK38 OMIRZ i d S L 72 SHIV-MK38#818 (#818) 7 10— v % 3
DT B ENVAZHRE L7288, 1HEIZBWTEWY 4 VAR TG L. &g L o &
Y 27 HLEDIMAE T, #818 A AI X N7ze ¥ HIZJEYe 41 HLEDIMAE TIE, BIO Tier2 BRIZH L
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T OREREINC R FIREDS B3 L7z, $hti&de L7z 1 BHOMAE TD & Tier2 M4 D 7 £ )V A HIFEATTE
HDHNIZZ ENS, PRIPUEFEEE T IVICIZFHRER T2 7 A VAPRETH L LEZ N, &
72\ &Gk 41 B ULRE I FRAIRE SR IBAL LUK O AR S 7= 2 L 6, SHIV-MK38/ 7 71 7% )
EGE T IR AIPUROFEE T VIR D RL b0 L HIfF Sz,

2) RAHEHIEDD CCRS FRINEEDH B HIV-1mt D

HIV-1/AIDS ERHEEFVORFIZIANT, CNFEFTHELDF Y LY VAL VADPHELEINTE
72o ZOWTUEAE, VIVAIRLICAAE S %P0 HIV-1 112 & 23000 %2 5 5. HOVIgIm Y HIV-1
(HIV-1mt) @ MN4/LSDQgtu 25 S 7z LA LARAS. % L O HIV-1 FRSEEFRAY CCR5 (R5)
FRIMETH 5 DIk L. MN4/LSDQgtu 1d CXCR4 (X4) fRMMETH 5. —H. RIFERZ IV TIE
HATEHTPE 2D RS RIAIPEOFr#L SHIV-MK384818 DS SN TV 5, ZZTHA T Ny 7 K=V
|2 MN4/LSDQgtu % JH\>, env $HISE 7 7 7 H OV ICHHE L 72 MK38#818 O env \[CHIHLZ 5 2 & T,
FIHEHUEE OIZ CCRS $RIAIMETH V) o 7 4 77 VIR N T O Fife EGe A3 AR T & 2 3B HIV-1mt D
HESE % HI8 L 720 MN4/LSDQgtu @ 5 K (#) 6.8kb) . 3" K (# 1.7kb). MK38#818 @ env FHIS
(£ 2.7kb) ZZFNZFNPCRIEIZE > THWIREL, 3 20OWH 214720 T 5 % co-transfection L. #ll
FEPIAAI IR 2 A2 K > TR Z 7 A VA B 72, MR Z IS X > TR O Af VAR Y —F =
v AfEMT U 72 7% SimPlot THCHIMHEL L 72 & 2 A, HIFFE ) env BIR T OB RATIEA 5 gpdl CT
WOEH (tat WO rev BIRTH 2 TF Y YERBEE) £ THEMKISISHK TH o720 2O
A VA% [HIV-Imt AK818] &% L7zo AKSI8 IZFFFIE / 7 10— F IV Pk KD-247 (ZxF L CHIAI
&2 D SHIV-KS661 & Wit L 5 f5t WikPitt 2 /R L7ze F -2 oz ik, wHEKETH %
MK384818 L HHBLL 72720, BROHAIKYIMEZ T KL Cwb EEZ Nz, a7 ¥ —
RIS DWW T, X4 BHEH] AMD3100 THIf S g, RS BHEH] TAK-779 THIfl S h7-2 & 25
RSRINMETH 5 2 E DR SN0 VB TORREEE, X 512 VRN T 0 &G4 5l o fiifa
IZOWTHHEMT 2 FETH 50

Our laboratory aims to elucidate the pathogenicity and develop therapeutic and prophylactic methods for
viral infectious diseases and comprehensively analyzes the infection of retroviruses (HIV, SIV, SHIV) and
Flavivirus (DENV) at the molecular level, cultured cell level and infected individual level (Fig. 1).

Representative research progress in 2016 will be described below.

1) Deveropment of broad and potent neutralizing antibody in rhesus monkey infected with
neutralization resistant CCRS tropic SHIV

In recent years, the induction of broad neutralizing antibodies (bNAbs) by HIV-1 vaccine is desired, and
evaluation in an animal model is expected. Simian / human immunodeficiency virus (SHIV), which
incorporated the HIV-1 Env gene into simian immunodeficiency virus, is expected to be able to evaluate anti-

HIV-1 neutralizing antibodies. We have acclimatized CCRS-tropic SHIV-MK1 (MK1), which has been
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modified CXCR4-tropic SHIV-KS661 (KS661), to rhesus monkeys and obtained persistently infecting
neutralization resistant (Tier 2 equivalent) CCRS tropic SHIV-MK38 (MK 38). In this study, we aimed to
evaluate neutralizing ability of antibodies induced by neutralization resistant CCRS5 tropic SHIV infected
monkeys. Three rhesus macaques were inoculated with SHIV-MK38#818 (#818) clone, which most reflects
the properties of MK38 strain, resulting in persistent infection with high viral load in one monkey. #818 was
neutralized by the plasma of persistently infected monkey after 27 weeks of infection. Furthermore,
neutralizing ability in plasma after 41 weeks of infection increased with time against other Tier 2 strains.
Because the virus neutralizing ability equivalent to Tier 2 level was observed only in one persistently infected
monkey plasma, it was considered that a persistently infecting virus is necessary for the neutralizing antibody
induction model. In addition, since the neutralizing ability broadened and the maturation of the antibody was
suggested after 41 weeks of infection, it was expected that SHIV-MK38/rhesus monkey infection model

could be an induction model of broad-spectrum neutralizing antibody.

2) Construction of novel HIV-1mt with neutralization resistance and CCR5 tropism

To develop the HIV-1/AIDS primate model, numerous challenge viruses have been constructed so far.
Among them, monkey tropic HIV-1 (HIV-1mt) MN4/LSDQgtu, which avoids suppression by anti-HIV-1
factor present in monkey cells, has recently been constructed. However, while many HIV-1 clinical isolates
are CCR5 (R5) tropic, MN4 / LSDQgtu is CXCR4 (X4) tropic. On the other hand, in this laboratory, a novel
SHIV-MK38#818, which is RS tropic and resistant to neutralizing antibody, has been constructed. Therefore,
we aimed to construct a new HIV-Imt, which is CCRS5 tropic and neutralization resistant, and expected to
develop persistent infection in rhesus monkeys using MN4/LSDQgtu as the backbone and recombined the
env region with that of MK38#818 inoculated into rhesus monkey. The 5' end (about 6.8 kb) and the 3' end
(about 1.7 kb) of MN4 / LSDQgtu, and the env region (about 2.7 kb) of MK38#818 were amplified by PCR.
These three fragments were co-transfectioned, and recombinant viruses were obtained by intracellular
homologous recombination. Sequence analysis of the virus by SimPlot revealed that the region from the start
point of the env gene to the middle of the gp41 region (the second exon boundary point of fat and rev gene)
was derived from MK38#818 as expected. This virus was named "HIV-1mt AK818". AK818 showed nearly 5
times resistance as compared with neutralizing susceptible SHIV-KS661 against neutralizing monoclonal
antibody KD-247. Its behavior was similar to that of neutralization resistant parental strain, MK38#818.
Regarding co-receptor tropism, it was confirmed that AK818 was R5 tropic because it was not suppressed by
the X4 inhibitor AMD3100 and was suppressed by the R5 inhibitor TAK-779. We plan to evaluate the

proliferative properties in monkey cells and the infection properties in monkey.
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VTR, B MREAEY A VA (HIV) R CHIFRY A VA (HCV) SRt 4 v 26t
HEfToTVD, TNHDTANRITIE, ORVEFIZESFHREEORICHIEICES, OFFED
FIERERE 2 TP I Al 2 FE 0. GFFWITHR GEIRMZ) ISR LZ RS, 2 EodbHn
b, COFEFEMELE VI BMBEICHY A, CNFETIITA NV ZADOWUEREEDBIENET RIS
EBE N LI EBHASREEZ AR ET VAL L2, SOETVEIYZ AT,
TANVADE FORNTHI R T4 ZHECHBEEZI L2, S HICHBIERER T 7 F ¥
DOBFBIZCHEMLTVWEZWEEZ TV,

1. REHE 72 Wiz HIV BRYSERRE O 720 O L%

ART #FEOWIIM RIS X ) HIV IBGHE X SR BEREO DD L5720 L L HIV &
P, MR E L THRLEDOY A7 ITREEIN TV D, TSP, HIV EGHE O BIH RPTY
AWV AGIZIS BTN Z TR 2 HIV $IHIBEREIC X 2 AR o8B Fi ke % 7 4 v ATl & 512
BIRILL 72 A VAT AOBRFIZE B HIV IBGGEDRIGD RO b b, € 2 TARBIETIE, Fi7:
72 HIV Hill#17EAE N B X OV ORI O 72 0 O IR ERNT 2 G 1L T 5 2 L1 X ) VHIV &
YIEDOMGZ B L 722U Re 20 HIV k& 2 B4 2 2 L 2 HIW E T 50 AWFZRIZH W T HIV-1
BB RERERBEET V2O CHEYLT A5 2 Rz, SOEFVTIR, A= 27 4 FVICTE
WHBIE T HIV 3 RIEG % ROL T 2 FHAHETH 50 F 7 RGNS B v T ESR R R RS
A XD HIV AR S, 2400 L T2 I X ) HIV IS IR s s 2 &, 3561
TthfliiEDS HIV &G D & 2 > T b 2 L 2R AR 21572 DLEORRIE, HIV B EILAS
WHEZR ) = N =M OIS L O O R AL RN E L BRI 2 FgEATk & HE L
720 BFIT. V) VORI Th 5% REREIICHENT S 5 2 & T HIV EYeE TON AGRERASH EE 72 HIV )
P N—H f ZOEMR DL o722 L0 5. 5#1E shock & kill # ik DRI IR proof-of-
concept A 2 HIYICHEAE L T PETH %o

2. 908 C RIS 7 F 2 ICBI9 % BT %R

CHRIFRTANVA (HCV) (ZEMIFZE7IERI L, BFHERHEORRKNE 2574 VAL LT
HHINT W5 AR HCV O % FLE$ 2 IHEEH BIHL Y £ )V 23 (Direct Acting Antivirals; DAAs)
PSS, C HUEMEIF D ERRIZBIN IS E L7zs L2 L DAAs % I\ 72 R0 A /e R 2
DIDH 0 ERE D HEREO Y A7 L L, W TIES D & BIER LENB W TRGLR A
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BNAZEND, Y - SHETFHASREZR HCV 7 7 F Y OBFEMIRE LTRD LN TWE, L
L. BURTIEHCV 7 27 F VIZERMLICE > Ty, HCV DLy Ru—7 % Y7 e i b
LTHWAETZF 0, 9 A, EVEY b, FUNRYI—FEDOEFNVIZBWTHYiAZ HET
ELIENHESINTEY., BUCE—MHEBIRRABI fTbNTn5b, F/2HCVIUREZRHI S &5 Y
ANVARY & =227 75 Tid, MilEREOFEDHREIN TS, L LEG: - BET
FIICBiE SN TW S, RIS X OSHIIBERIEDOM ) 2 FIFICHETE 27 7 F VIdRFE S h
T\, TR TR, MEFEE L (ENEASEMZERT) & OLFEEICB W THR) %
HCV 7 7 F » OFEMEZ HED T E 720 COMRATHILHCV KA ZHBLT 223 2 M Th 5 K3-
SPG £ L I/ EERET VN THAIE Y —Fty MIEML-E A, EYBHIFICAR 2 h
APotR & MR SRIEOM T 2 F B FETE L L2 MO THL NI Lz, HERI L2, AN
1L HCV k. T+ K3-SPG BECHE S N A HRPUKIZ, 727 F v & LT L2857 2a 7217 T4
D BIZTFELD HCV D IEGMEZ HIE L 720 2B . WIThOEMEEICBWTH 7 7 F 02T V2
NV M BHEEFZIIFEDON LD o720 D EOEBHERI Y, RIHL HCV KT % 500 2 Bl
TYaNY M ThDHK3SPG EEBITHEMTAZEIZE VAP ORELRHCV IV F v LTH
PThoHILAIRENTZ, Gtk NHILHCV KT ORKESEEM LT 7 F Y70 b I VO
BALZE LT, B HCV 77 F rEMEE HIEL 72w,

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 investigating the mechanisms for
the viral persistency and pathogenesis of intractable viruses, including human immunodeficiency virus (HIV)
and hepatitis C virus (HCV), by employing novel non-human primate models for the viral infection. We also

seek to contribute to the development of new therapeutics and antiviral vaccines.

1. Basic and applied study toward the cure of HIV-1 infection

Recent advance of antiretroviral therapy may result in infectious diseases caused by HIV-1 infection to be
controllable. However, it is not possible to eliminate HIV-1 from the body and thus the infected carriers must
take medicine through life with the risks of adverse drug reactions, emergence of drug-resistant virus, and
viral reactivation under the immunocompromised status. A number of studies for HIV-1 cure have been
conducted to date, however, the clinical application awaits further breakthrough by extensive investigations.
Here we present a novel macaque model of HIV-1 latency suitable for the basic and preclinical studies for the
cure. Experimental infection of cynomolgus macaques with a modified HIV-1, which can replicate in
macaques, developed a substantial level of plasma viremia in the acute phase, however, followed by long-
term latency without detectable viremia for more than 3 years. Our recent study demonstrates that transient
elimination of CD8+ T lymphocytes led to reappearance of HIV-1 in the blood, indicating the presence of
reservoir cells that are potentially able to produce infectious HIV-1. Further analyses showed that HIV-

positive cells were mainly reserved in follicular helper T lymphocytes in the germinal center of lymph nodes.
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Taken together, latent HIV-1 infection of macaques will be highly useful for further understanding the
molecular and immunological mechanisms by which HIV-1 can be hided in the germinal center, ‘the secure

shelter’, and also for evaluating the efficacy and safety of new therapeutics for the cure of HIV-1 infection.

2. Development of new vaccine for HCV infection

Although hepatitis C virus (HCV) is a major cause of chronic liver disease worldwide, there is currently
no prophylactic vaccine for this virus. Thus, the development of an HCV vaccine that can induce both
humoral and cellular immunity is urgently needed. In the current study, to create an effective HCV vaccine,
we evaluated neutralizing antibody induction and cellular immune responses following the immunization of a
non-human primate model with cell culture-generated HCV. To accomplish this, ten common marmosets
were immunized with purified, inactivated HCV in combination with two different adjuvants: the classically
used aluminum hydroxide (Alum) and the recently established adjuvant: CpG ODN wrapped by
schizophyllan (K3-SPG) . The co-administration of HCV with K3-SPG efficiently induced immune responses
against HCV, as demonstrated by the production of antibodies with specific neutralizing activity against
chimeric HCV with structural proteins from multiple HCV genotypes (la, 1b, 2a and 3a). The induction of
cellular immunity was also demonstrated by the production of interferon-y mRNA in spleen cells following
stimulation with the HCV core protein. These changes were not observed following immunization with HCV/
Alum preparation. No vaccination-related abnormalities were detected in any of the immunized animals. In
conclusion, the current preclinical study demonstrated that a vaccine included both HCV and K3-SPG
induced humoral and cellular immunity in marmosets. Vaccination with this combination resulted in the
production of antibodies exhibiting cross-neutralizing activity against multiple HCV genotypes. Based on
these findings, the vaccine created in this study represents a promising, potent and safe prophylactic option

against HCV.
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TA VAL BERE R SR T REAR] & LTRSS, RIENIES N TE72, Lol
MBOIRED T ) DEFEMOFFEIZ LY . AERNRLEREFIZIIWE ZITREED 7 4V 255 <
fAIEL, ZOIEEALEIMENETH L ZENGDoTETe 7200 TANVADLENITIIEEDE
FEMIRE D 7 7 B A IAAT [WEEAE] L. WIE L L 727 A VADSHT L WigiE2 02 L S )
W% o T& 720 AGBHIERAMDOTANAZERET L L L BT NEEY A VA2 X LA HEAL
HEZHOSPICTEIEZHME LTV,

1) BABFNVHEDY VT 4 —3I =7 4 VA% DD TR

PN 7+ —3I—=TA VA (SFV) EL ba v A VAO—FTHY, EINTVELTRTOH IV
HICHET b0 S NVEEHKRD SFV 2 W72 P2 FYU T DNADD DL EAHBELT
WA ENSH, SFEVOIA VAT MIFFICZELTEY, BIEL WL IVH &L L T
WhHEEZEZONL, AIZ 2014 FITARMIHEL T 2 =R U6 SFV 250HEL. £ 2777 —
YRZTEH % FH L7 RGBT 21T 5 720 =R VIO SEVIZZ A T VLD SFV &b ik
wTH O [l L] PEBEIITDON TR HEIVRIE SN, 41X, BABICHERT Y
7 VYIS SFV R 0HEL . RBHRNT 21T 5720 ZOKE. XY 7 <YL O SFV IiZ=F v
WEDSEZATUHFNIZEDEHRTHLFHIIRIN, ERDOI M B 7 DNA EHHB L 2wk
REVRBDONTze T2V 7 I FUVHEKSFV IO 7T V7 MG OH IV H X D B R Tk L C
Wiz TOHEPL, X7 I NVET VT (WED SHIEEEE) ISREIHMA L Twiz Lo Rk
TH 5 W FetEATRIE S L7z,

2) FHIVUAEIE T TO R IENEY 7 4 )L A DFki &G

AIENVEY T IVA (FeMV) X, 2012 FFICHFED A A A0SR EINIZHET L VA TH
D, EBEEAELOBEIREIN TS, FeMV IZEENICHD TEHETH ) LEET DR
BHRATIC L > CTA R LD 2 DOBEENI I NS, FeMV IXBIICERERG L, B EA O IR
A HRRBERICHEN SN2 Z EMONTB Y . R T B 3Rt G A 2 e e B & 72
FTEEZOLNTWA, LAL, T1FE TFeMV I T 2 0EINE L EEFAEOED Y IZOWTIE
AHTH o720 £ THA X, FeMV xS 2 hFIERERE 2 Fr 72 1S Ly RGHIRARIC B0 2 btk
IS & RR720 FeMV IZRHBHRENT Tl o OB I N D 5, REFHGREBROEH 5
FeMV OI{ERNE—DTH B EE 2 bz, F/z. FeMV IZxd 5 R R PiRicE 2 <7 & 2
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BB EDBBEZ 47 HHIZD72 o T FeMV H3FRI&S: L 728K B\ THUMI O b 57255280
b7ze AMFETHR S N7ZHIE. FeMV DRl Ge & i MEFEBERE (2§ 2 HE L TA0 0 &
bl EHFEIN D,

Most viruses have been discovered as pathogens which induce a variety of diseases in the hosts. By virtue
of the development of sequencing analyses, we noticed that there are still many unidentified viruses, and most
of them are nonpathogenic. Furthermore, retroviruses infected germline cells in the past and became
endogenous retroviruses (ERVs) which have physiological functions. This laboratory aims to identify novel

viruses, and to revel the mechanism of mammalian evolution by endogenous viruses.

1) Phylogenetic analysis of simian foamy virus isolated from Yakushima macaques (Macaca fuscata
yakui)

Simian foamy virus (SFV) is found virtually in all non-human primates (NHPs) throughout the world.
Phylogenetic analyses of SFV correlated with mitochondria DNA (mtDNA), indicating that they are co-
speciated in respective NHPs. Recently, we reported the first isolation of SFV from Japanese macaques
inhabit in mainland Japan. Phylogenetic analysis showed that the SFVs are most closely related with those of
Taiwanese macaques than any other NHPs, supporting the “co-speciation” phenomenon. Yakushima
macaques are a subspecies of Japanese macaques inhabit in Yakushima Island. Phylogenetic study using
SFVs from Yakushima macaques showed that they are closer to those of Taiwanese macaques than to
Japanese macaques. Further analysis of SFV genome indicated that they are not only dissimilar with Japanese
macaques, but also from the rest of the Asian macaques, branching off at the very beginning of speciation.
Our result indicates the possibility that Yakushima macaques may be originated from the ancestor of Asian

macaques living in East Asia, which were somehow neglected from the phylogenetic analysis using mtDNA.

2) Persistent infection of feline morbillivirus under the presence of neutralizing antibodies

Feline morbillivirus (FeMV) was recently discovered from domestic cats in Hong Kong, and it has been
potentially associated with chronic kidney diseases (CKD). FeMV is genetically divergent, and the virus
strains have been classified into two genotypes based on the phylogenetic analysis of the large (L) gene. A
correlation between the pathogenesis and immune responses against FeMV is still not clearly understood. In
the present study, we established a neutralization assay against FeMV and examined the neutralizing antibody
responses in cats infected with FeMV. The cross-neutralization results indicated that there is only one FeMV
serotype despite the presence of two different FeMV genotypes. To further study the neutralizing activities in
cats infected with FeMV, we obtained follow-up samples and examined the long-term responses of
neutralizing antibody. Our data revealed that cats infected with FeMV have elevated levels of antibody titers
over approximately 4 months. The result may provide a clue to reveal the mechanisms of viral persistence

and disease progression.
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Reproductive Engineering Team

sk E  #H ¥ Technical Specialist  Hitoshi Miyachi
ek 5 JL¥ S > %  Technical Staff Satsuki Kitano

% AERITARF — A3 EBRBRE RO T T AZHINOFRERAZ I LD PN TF v AV 2
v IITA (Tg) /v 2777 b7 A (KO) OERLZEEZITT->T0b, Tz, A LA
RV, AL sy 230 = —odk, wEY T AERL IRA WIS O SR 5P HE i 20
ICSI (BHAMIZAE) . I BAIZ &b FEMEHETH %o il Tld CRISPR/Cas9 ¥ A 7 & & v /zi#fx
T~ ADER L ERL TWb, Bl OWTIER =2 R=VE TBMN7272& 720 http:/
www.virus.kyoto-u.ac. jp/Lab/tgkoivf/index.htm #7: 3 FFEH O FEFKIZ TELOHED TH %,

1) D SHRRAF

2014 4 194 3% 85,005
2015 4 146 5% 40,165 1
2016 4 187 it 34,679 1

2) FIUVATY = v e ADER

HHERL IR 5 Tg FEATFE
2014 4 37 18,236 142 (0.8%)
2015 4F 35 17,122 139 (0.8%)
2016 4F 44 18,232 113 (0.6%)

3) AT ZADOIER
7 a— ¥ i IR 5% EEEE R

2014 4F 23 2,442 82 (3.6%)
2015 4F 22 2,249 107 (4.8%)
2016 4F 18 1,872 71 (3.8%)
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4) Fofh
CRISPR/Cas9 ¥ AT A2 X B Enf e~ 7 A DS

AR R B FwE~ Y 2K
2014 4 32 14,839 47
2015 4 15 5,906 17
2016 4 23 8,980 66
ZHGIN DA TR

AR i IR %L B~ A%
2015 4 88 8,236 412
2016 4 101 10,774 510

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

2014 194 strains 85,005 embryos
2015 146 strains 40,165 embryos
2016 187 strains 34,679 embryos

2) Transgenic mouse production with cloned DNAs

No of constructs  No of embryos  No of transgenic

injected pups obtained
2014 37 18,236 142 (0.8%)
2015 35 17,122 139 (0.8%)
2016 44 18,232 113 (0.6%)

3) Production of chimeric mouse

No of ES clones  No of embryos No of coatcolor

injected chimera obtained
2014 23 2,442 82 (3.6%)
2015 22 2,249 107 (4.8%)
2016 18 1,872 71 (3.8%)
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4) CRISPR/Cas9

No of constructs

2014 32
2015 15
2016 23
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Dev. 30, 102-116.
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WD AL, AR 20 FOBIZTHE - 7/ A~ 7 AOERIZHED - 72,

Experimental animals, such as mouse, rat and others, are housed in our Laboratory under strict regulation
of animal experimental committee and institutional guidelines for animal welfare. Moreover, we have been
considered for long time: how to make gene-manipulated mice more rapidly and conveniently. Recently,
genome engineering methods have been established using TALEN or CRISPR-Cas9 systems. We have
searched for many methods and finally developed our own protocol making such mice more easily and

reproducibly. We newly developed 20 gene-manipulated mouse strains in this year.
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WO FRFHEO 3 HR/BE TN 5T HEWFFZBRIEM, B X OB EBBANY— 2 25t L
TWbo ARWFZEAT LAN 12, LINUX —N—=JR O £ ¥ 7 A% —\Ex2 T, (B &#
P - BREeE - etz T — AR A E I, BT ANV -WEB: 774V TR
P N—Z2EH L TW5,

LAEREIE Y A OV ARFZET & FHAERBHEFZET O S (10 H) 25 0 HiigEii O 72 DI A 7 1
Y=Y X EFH L72#H WEB Y4 MEREZHEHD SENE L7z WFZE0 5078 B ORI 3
RLECMS Zflio 7z A4 MEEZ RS — NS GRHFEHZEOT A b OFHRE] 2 L X872, £
TeA—=IWERARAT 4 YT H =R HEHE A — V7 F LA S H#EMIZIZIZE T L, RE
FEDSEM 2 BT 50 WEB: BT A — VLSO H — 38— 12D W T TE MBS 1 & Ak LG
L7z, SRAEEELIREIC A v P — 7 B2 BORECEZTOLETHTH %,

X2V T A DOBEPSIE. TRETODOMRFT THIBISENDY D > 72FREF 29 7 14 K
T ERFMEE %2, PH 27 SFICYUE SN2 KPR OER_FIE ORI I b THIE L7z, #r
WRFTOEFE 2RI A Y b T — 7 EHESRO— B2 ER L. BIEQBRREZ - HT 7 & AR
4 ¥ N OBEFKG Z &, EHL 1) 7 4 MRS BRH S 2 2 1

e A v b7 — 7 EHITMA T IARIZRIA Y =7 Y —DF = S T 2175 T\ b, 44E
FEZL PRI A NVADY =7y MY =4 YA, denovo ¥ —47 YA, RNA=seq &, & MU=
A RNA-seq EHTICHED ), LI OZL ALY FOIEY 2 271 v 7 GREBHIEOWREZ HED
F—<IZLTWh,

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 our institute has merged with the Institute for Frontier Medical Sciences, and the Institute for
Frontier Life and Medical Sciences was launched out to explore advanced researches. We got a network

domain for new institute and built new WEB site and mail server on the university hosting service systems.
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The security policy settings for new institute had to be revised because two institutes (virus and frontier) had
implemented different security policies before their integration took place. Now we have the list of Wi-Fi
routers which are used in each laboratory at the institute and an emergency communication flow for the
accidents of network. Even though the security policy settings are correctly equipped, a few accidents have
occurred in this year. All network users are supposed to get certifications of training of e-learning course
which is provided by Institute for Information Management and Communication of Kyoto University.

In addition to the administration of network, Takemoto have studied the epigenetic regulation of mouse
endogenous retroviruses during cell differentiation. Conditional knockdown mice of histone
methyltransferase ESET, and/or DNA de novo methyltransferase Dnmt1 have been analyzed with RNA-seq
and ChIP-seq.
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O HE  TRRFREBER AR a JE& #d%
O®AEERAU eI LR 7e S R A #d%. i Vs dkEdx
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AT, 7 ACBWT, K 2 — AREEIES Bmil 2= v FHlld (MAEFHHA b o —< i)
BRI F 723l S &, = v FHloON - B b ¥ r 7 224k, S 512 m
AR REN DB O NI TE3DTH S, TNE T Lepr-Cre T T, = v FMilld (%
JAB A bu—<Hild) 45 Bmil" & Rosa26Stop™Bmil <7 AZAEE L, = v FHEIIC Bmil
R O ICEFFEBL S 2 TNETOMITIZE W TIX, Bmil OBFFEHTIIFFIZRKILRO
ZALEERED LN T Wiy, LA LAD S, Bmil ORI AZBWTHETHICEH RO IR LA #%:
ENTHBY RN ZBIEZToTwd, 3615, =y FMICBIF S E 7 ) 228 L% ChIP-
sequencing {Z & A & & M AMEH OMFENIFNT & & 12 RNA sequencing (2 & % i {nF-FEBLEFM % 4 A
EOETT) TETH %o
OWf7e R D83

Ty FE L F ) REBLFEMTERILE LTHET ST E,

[Pax1 (C & B HERIIRTL X #48 DAZAA]
OMFERER TR BRF KRB o5 IR A= 7
O LR =M geF R sE s AR T
ORFZE#%# K OWFFE B4

Paired box gene 1 (Pax1) (&, FAEOMMRIEERICHE 2 &EH 2 ) WMER T Th 5. ARILFBFZET
(. HERIBGHIAZIZ 381 % Paxl OEFNIDWTHENT L. Pax1 1Z X % Aggrecan (Agel) OFEHL & HEH
BOER DRI DN T T OB % 1572,

D Paxl D/ v 7 ¥ 2% B Agel DFEBL LS

Pax1 AV5EBLT % Mk HIBGRAERR 13, Agcl 70 & OMRYE 2 I L HENRAET % MRS E oMK TH %,
Z v b OHEMIR A & 53 BERE 72 U 7o HEBIAGRAE AR IZ, pellet culture & & V) #kE ML ASFEE S
s (K1),

WFgeEH 51 2 F T2, Pax] OMFIEBD TG ML O A Z IHIT 2 2 L 2 #wE L TE 7228
(Exp Cell Res 319: 3128-3139, 2013) Pax! O FEHUK T 25k & #ld 73b 2 ki B (R - o 8Bl &
DI BEBEEG 2 DODEAWHTH o7 Z2T T v M ORBHED S 5HE L 7= RIARK G H
WZBWC Paxl =2/ v 7 57 ¥ L, SEMIBTCFHERRIZIH T 5 Paxl OFHEIZ MG L72o shRNA
EREBT DL F AR % G S T MEAGRAE A2 © pellet Z R L, F5ER HPC 38

fam Ak Bz
BB thEl Bz

DT
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IR 2 2 L0 X ) ikE b 2 3 E
L7z TR, Paxi @/ v 757 v L7z
pellet TiE, I ¥ b=V EHKLTAER
Agel DFEJ EADBEDOOLN, TV T VT
V—oRt kb BEFIC LA LTV, —F
: T, HRE IS B HOERE N T TH 5
- brnﬁﬂiﬁ%ﬁmlﬂﬂ@ Sox9 ROTRE ML CH L 1A a5 —# v
(A) HERIBIRLER (IVD) 25 outgrowth S7zfhyhy  (Col2al) \=2\WTH Paxl 07 v 7 57
wRMEEHIE . (B) K ML 2 3555 L 72 pellet DB WX BEAEATEOON L2572 LD
WU BT E 7V 27 YT —TRELTY g g, paxt 3 FIAGRMERATLC 5 C
% - Seale bars, 100 ym. Agel % R ORI 5 T O B
IS TWDEZ EARBENT2,

@ Agel =N W — (endgel) \ZBIT % Paxl DFEE & 4EE T O F %

BItE T K ¥ 258 10 kb EFEICHFFET 5 359 bp @ endgel &, kML GALIC EE RGN T C
H 5 L-Sox5. Sox6. MU Sox9 DFEATMLZA LT 5 (Mol Cell Biol 28: 4099-5013, 2008) o 5t
RFEH H1E, Paxl 2% endgel @ 55bp @ DNA BLHNZH AT 5 2 E 2SI L TW2D T, HERK
AL 2 o 7 b= F CRIELREEIZ K D endgel I2B1F 5 Paxl DFFEIZOWTHITL, 7
V7 T v EAIZX Y Paxl OFEEE % [FE L7z

5 M HERBGEAE R A SR L7227 o~ F > L3 Paxl HURIC X BB ICBWT, #
FZHE SN TS Agel (Mol Cell Biol 28: 4099-5013, 2008) . Col2al (Mol Cell Biol 17: 2336-2346,
1997). M U" Nkx3.2 (Development 130: 473-482, 2003) OFEHHIMHIFHIK % PCR (2 X Y fi##T L72. €
DGR HEFIBHAEERIIZN Tld endgel (2 Paxl 2SEEISH G L TWA I EBHL IR - 72,
B2 Pax] DFFEDHEE SN TV 2 Nkx3.2 OFEBUHIHI IR Tl M BBGHE ML IC BT Paxd
DREEDMER I NI —H . Col2al DFEBLRIEHFIRIZ BTl Sox9 DFEEIIMERE S L7273, Paxl
DFEE IR SN h o 720

endgel W2 BT % Paxl DA AL 2 FET 5720, Paxl 2545 H 3 % 55 bp O DNA bl £ %
MALZAY IDNA ZER L. VY7 8T v b A2 X ) ESIETEZ AT L7z, 14 Mo Z8 BRl
1) I DNA % W TRNT L7452 endgel @ 3 fINZAFAES % 18 bp @ DNA FL412S Pax1 DFEA IS
VETH DI LWLk o7 AILFNFZEIC X ) FE S 7z Paxl OFEEIRALIZ. Sox9 DFEH
AL & —EBEME L CTHB Y endgel 128 5 Paxl DIEADS Sox9 DFEA % Bi AW HE S 2w gEMEDs
RSN,
(3 Platinum TALEN (2 X % 77 Lfiide % FH\ 72 Pax] O Pax9 8151 /R I~ 7 2 OFEH & M BIAGH

MR BT 5 Pax1 OFE| DA

MHERIMDIZE - KEFFIZ BT 5 Paxl B EMAE D4 %E in vivo THRAEL TW < 728 121&. Loss of
function FEERASLZH & 72 B o RENIZ BT 2 WHEG M OHERIA O RRHEHR 121 Paxl & 2850 7 Th S
Pax9 5B L. Pax9 & Pax1 DEREZ Hi5ET 5 2 E A SN TS (Development 126: 5399-5408,
1999) o ASL[AIFZ7E Tl HERIAIC BT % Paxl D in vivo TORE % RN % 72612, Platinum TALEN

e
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(A) Pax1-TALEN

GCGATGGAGCAGACGTACGGCGAAGTGAACCAACTTGGTGGCGTGTTCGTCAACGGCCGTCCC
CTGCCCAATGCCATCCGCCTACGAATCGTGGAGCTAGCACAGCTGGGTATCCGACCCTGTG...

GCGATGGAGC*****************************************************

*******************************************TGGGTATCCGACCCTGTG"'

GCGATGGAGCAGACGTACGGCGAAGTAAAC****TTGGTGGCGTGTTCGTCAACGGCCGTCCC
CTGCCCAATGCCATCCGCCTACGAATCGTGGAGCTAG

GCGATGGAGCAGACGTACGGCGAAGTGAAC*AACTTGGTGGCGTGTTCGTCAACGGCCGTCCC
CTGCCCAATGCCATCCGCCTACGAATCGTGGAGCTAG

GCGATGGAGCATAC* **¥**xxxxxx x **x ¥ CAACTTGGTGGCGTGTTCGTCAACGGCCGTCCC
CTGCCCAATGCCATCCGCCTACGAATCGTGGAGCTAG

Wild type

Deletion-1

Deletion-2

Deletion-3

Deletion-4

(B) Pax9-TALEN

GCAATGGAGCCAGCCTTCGGGGAGGTGAACCAGCTGGGAGGAGTGTTCGTGAACGGAAGGCCG
CTGCCCAACGCCATTCGGCTTCGCATCGTGGAATTAGCCCAACTGGGCATCCGACCTTGTG...

Deletion-1 | GCAATGGAGCCAGC****GGGGAGGTGA

GCAATGGAGCCAGC* ¥ ¥k kX ¥ Xk kX X ¥ ¥ ¥ X * X * *TGGGAGGAGTGTTCGTGAACGGAAGGCCG
CTGCCCAACGCCATTCGGCTTCGCATCGTGGAATTAGCCCAACTGGGCATCCGACCTTGTGA

Deletion-3 | GCAATGGAGCCAGC*TTCGGGGAGGTGA

Wild type

Deletion-2

2. Platinum TALEN % Fl\WCPEH L7z PaxI J2 OF Pax9 R~ 7 A @ DNA Ki¥l
BHAG 2 F Y AHE 124 e D Paxl (A) KU Pax9 (B) @ DNA BdHll, Bt Fv &k, #ika V28, &
WULAERZE, RRLEZEREZTAY Y A7 TR Lz frameshift IC& ) 7 I ML 95 DNA idh %
fkTm L7z DNA ¥ A 81 CTd % Paired domain 2 2 — F9 5 ¥R IC TF# 2 L7z Pax1-TALEN O
Deletion-1 (. frameshift Z D%\ 96 bp DRKTH L% Paxl /7 v 777 MO ALK DT =) 54T
PHEINTWS,

= H\TC Paxl & Pax9 #8151 O LRI ZEHE L, frameshift I2 X > TI NS OEETHRET
BRI AN L7z ZOKR, TNE TIZ4MBED Paxl RES 7 AW 3 FID Pax9 RIK<
ADFMAEML LT (2),

Pax] RE= 7 A % SR & WAL B TRENT L 7245 38 G 2R 101 C Lk AR A b A i o0 o 37
IR ATEIEE S 7228, AEBR O EIE - THEHER ORI BEZE & 2 2@l Sh
720 F72. Paxl RI< 7 ZAOMHERIRCTIE, 1R aT—7 VSO - 837 I8 T 5B ETHBIL AN
VO TN AEED B, BUTE, B4 GRBIEF ORI OV TR 2@ 2 DTV 5, #
DIEIZBWT, Paxl/Pax9 ¥ 7NV 7 v 7 77 b= A TSRO R &), HER
WHEET 2 Z EAHE SN TV AR, JHEMICB T AHEBKOEKIZOWTIZHRE S L Tn v,
Lt%, Paxl K OF Pax9 Wi OBIE T2 /RKETHI T ARIZBWTH, HEBROEEGERE 2 T3 5
FETH 5o
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of tenomodulin, a marker of tendons and ligaments that integrate musculoskeletal components. Jap.

Dent. Sci. Rev. in press. (Invited review).
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HAGR# A ES O “P274E 7 H 23-25 H

(BIERIZDEERFE 3 RITrIRLET A < B MHRBIEGREDRRE]
OW7efiER  BERE SR AT 1A A=Y ¥ 7%t v ¥ —

HAR S F—2)—F—

OFAERAUIZEar LR E AR ey |l R2 %
OWFFe#E s e OWF 78R

EAIEE O BAE R IE. FR OB Ol & UL LETH 5. AWIFETIL, B
REE 3 WoT I BULHEA & FEAETO b DR TR - 2 70 — TVEREAN 2 e, mEH A &
% BB A & Z O ERREE 3 Yoo LS 2 %3 %,

EEIRRER R A X =Y ¥ 7 (%4 71 MRI) (2 & 2 I8 H LR 0 72 0 OB %S & i
b LT, ROFEFER LTz B3 2ch 77 A XA RT LA A VEZEHIA NV TH A28 RF 73V
AW OB E TR T Ve D720, R OWBEA BT 572012, ¥ v 7 SIMIZ X
DA —EOMIE, B X OFHI SRR BT 5 RF 23V 2 DOREALER M L2 72, &
AL LT, b EEDE MRS EW ) By — 28 EH 2 KA 7225, EUREZ o5 b
B CIIESRENECLZHIHH L2, 200, b7 V7 I ViEERIOEER 2 HWT, &
W O IMAE N ERZ I L7z,

ETNVEY & 72 FEREER Y RO X ) IZFENE L 7z, HIAPERHESS BRI T bFGF % &= L
72X TF oA Far e ABME TANMAT LI X ), MEHELFEL 72, mAEHE
FHiEh, BERMGEREIEEA A —Y Y7 (4 270 MRD) 2 HCREFICHB/NILAE O#Rig %
1572 (77 A7, FLASH %), ZOfEH, FHE S50 I 70 X O =WotlfRic T Mg A % i
SN Y e R e %) R B

S, MEBED 5 VI AZ ORIZAT ) MBBRRREOMRIZE 2 5 IOV T, K
ZLHREIE D O THE LT FETH S S HIC, MBI ZEEE R & OMEREEZFES 5
72O DOEELRNTTH Do RFEFIL, MBRFARFROMETAEZTHILL T FETH S,
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1. Murayama S, Jo J, Arai K, Nishikido F, Bakalova R, Yamaya T, Saga T, Kato M, Aoki [. y-PARCEL.:
Control of Molecular Release Using y-Rays. Anal Chem. 2015 Dec 1;87 (23): 11625-9. doi: 10.1021/
acs.analchem.5b03030. Epub 2015 Nov 16.

CasR)

1 BEAGYE. SHSMRICEBMIE N7 v R > 7oA 70 X=V 7 55 14 I H AR
I, Y v RTYT A - A A=V Y THERIRNT , 28 7 4 3Rk, 2015.3.19

2. HARPHFE., [ZRIL~A 704 A= 78| (2B 55 MRI OFE | 55 2 8] ST 5
A4 7% A 2 AGHNEA B 3 A MET o, BBk BRSO IR | 2015.4.24

3. HEARPHE. B EBEEO b~ T ) AT 4 7 A, VURI I AL RS AT T
DDS OEEAIH 72 538 LWillii , 2% 31 Bl H AR DDS 4243, #ifg. 2015.7.3

4, HEARMHIFE. MRI A &~V F =¥ VR EHMPEGESFICD 2530, AT Y RY
7 L TRl <~V F = FVEHIDE AN, 94 =0 R ], HARZATEE. KBRS
2016.1.25

5. Ichio Aoki, Functional and theranostic contrast agents for preclinical MR imaging, Joint AMED-DFG
Japan-German Workshop on Functional Metabolic Imaging, Tubingen, Germany, 2016.3.21-22

6. Ichio Aoki, Functional and theranostic MRI contrast agents, Ground Round, The university of Arizona,
2016.1.19

[REMZNRREFOREHEEHIC K S OEFERRBHEOBR]
OWf7efFEHE P RFERFBRE LR Ke = dEER
OREER A 7er L M 7e s AARAE2 8 AR Mk 2%
ONF7E#E 8 [z O 78 ER

AW T poly (ethylene glycol) (PEG) % 2 7 I L7 hyaluronic acid (HA) (PEG-g-HA) %
Hwice Far Ve L, 2O PEG 77 7 MUIZ X Z I EEEI~ D8, WU & uhs, K
WM OBIMEILZ HIG L7z PEG 227 77 METAHZ LT, HA &I 7 utintd 5 2 & 3Bk D
MEPSHLN Lo TEY, £ YR YAPEG F XA Y NGET 5 2 & TRUNHIE AT 7E T
LZEDBHLNT > T 0D, AIFETIIZOFEIEZFH L. BEKR T Td 2 35 H %825/
(bFGF) OBURHIENZ #H L MR 0 scaffold & L TOWREPEIZ DV T in vitro X T in vivo &
D BGET L7z,

HA23 (Mn: 230 kDa) & a-Methyl-w-aminopropoxy polyoxyethylene (PEG-NHz, M 5,200) & ZffK
WS, MGHGFETICTRRICTHEL, COL &, S PEGERILZEZHE L, EHC
X A58, PEG 779 7 DRSS LU 63wt% D DD PEG-g-HA (P5gHA23. P63gHA23) % 1%72,
%572 PEG-g-HA % & 52K 7 I /L PEG & MARICHIAIG T % 2 & T, P5gHA23 © VB
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XU P63gHA23 X V372, EBE 5D Fusr v EHoe Farivtdh ), HKRIZ 5% EE
4% CTh o720 WRHIREEDOZVIZ, FVFLEL YAV FF T T H— b (FITC) FXXMLL 7
bFGF ZM L T 1 HE S, ¥V Ry 3 v EfkdA B AfK (DPBS) WlICIRE S &, @Y
YT YT ERATVHEOERENIEIC X ) FITC {L bFGF O B F 4/ H L7z 2hbe Fasr
A5 @ bFGF 21X PEG 75 7 MEED63% D & 2D L. 20l & /N & < 7% 2 E 1)
RRONTe —TJ5. PEG 7T 7 PRI 5% D& Xk, BUHEEIH AL, BHED % L 4 A HEE)H
A BTz, FITC 7 NALBFGF 1Z PEG & HA OKYEZJE 5 #ER 2B\ T PEG AHAGEL & 4 1)
ARENZZ ENS, PEG 7T 7 MUIZHES T PEG NGBS N/ZAERTH 5 LRIBE I N7z,
SHIC, INHE FaTvh 5O bFGEF RIALIC X B~ 7 ATEEEE T I BT % MAEHEIZDOWT
Al L7z~ AR THLA 1 A BONEZ O v EEZERLZE 2 A, MEHAIE PEG 7
77 MEIZ X o THREICHA L., M2 a2 © b MEH 2R S 7z, DLEd 5. PEG-g-HA
? PEG 77 7 MHEODE L, bFGF O HIENC X 5 MEH EOHEIL 2 HEET L 7-0DOKE RE
Wb EATRENTz, GiRIE. 84 ORARZEIZ T RE 7 bFGF B3 EE - o & Bk b L.
e N7 Vo5 - KIS WTHE L 3 2 3G OBGEHII OV T HIEE L Tw <,
OWFZE A A3
(F&Fam L)
1. Ari. YAMAMOTO, Masaya. YAMAMOTO, Yasuhiko TABATA, Tooru, OOYA, Controlled Release of
Basic Fibroblast Growth Factor By Poly (ethylene glycol)-gtaft-Hyaluronic Acid Hydrogels for

Angiogenesis, in preparation.
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1. IARRE KRG F,“WERTEMHEERT 2724 7 ay 7 ILEAEKOFE " 5 63 [0
BOTAERKES, LEE. 201445 H 30 H .

2. JUARPTHE KA = UMEEILE ANV KRFIREEHET LR 2 —DA) VHEPUETEFE " 45 60
& EgEse e (Al) . AT, 20144F7 H 24 H .

3. IR R4 MBI L AL Lo aA% ) YRR < —I12 X B AR B S
WoOT7TFa—F " 36 MHANA <7 7RSS iR, 20144511 H 18 H .

4, IUARPTHE KA A8 VHPLR ) < — O LRSS X A M B R R A o 7
PR v ¥y — T 70 v 7 14 724 2014, #lF , 20154 12 H 24 H .

5. WARBTHE kKA =, AN VERLRY) v — %2 R E R sV OVEEL T 5 64 b
B AERK S, ALIR. 20154E 5 H27 H .

6. IWARFHE K& F BOFIIVEAS) VEBRY) < — &G bR BT
VT 5 64 IS o TFafaa. i, 20154E9 H 17 H .

7. WARBTHE KA 5, e 7ova YRE AW HEAEE NGOy O RBERIEIEA~0 7 7
O—F " 37 BHARNA F<F) 7T ISA, HHER. 201545 11 H 10 H .
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8. Kft ., "eT7AurBRERVIFLYT)A-NERAGDELZTOTA VTN =0
WREME " B T FE NI T + —F b ~\E 0 TR L RIRF O 7 5~ REAR, 2016 4F 1
HI18H.

(RENHRITER - AEBHES R 3P HlRBAEEEICE T2 REFHETLOZ FEMFD
)
OWrFeEH A LER R PR FRRESIZERE EIT B REEh#

O EERHADIZEF L FIT7e S M EM R 2T F% Hin ¥
OWFFeke & OWF7E R 5

BAED 7V —TTi&, BT Iy ZRE (BE) OBRIZ X2 1 BRERBHHRICEL, 2
ﬁﬂ%@i%fﬁi%ﬁhb#ﬁm%“&t%ﬁofwé %@¢T,%ﬁN7%FMK%§U
NA KRBT NVTNA R % TICHEA LSS EZFEL-BRICOREEEBA L 25, Sz
AP35 LR KHRET v FolbEEE RPFIEFILTE 222/ L-(M 1D, ToZ L
1, SEK 12X o TH F~OIMEF EFHE L MR RIZEEA I TER S, BALL 72 E D H0IE K
I E o THMEIND 2L ABF LI EEZRIBL TV S, RIFEEAIRM OIS HIELE T H
B (Treg) 2SR5 LCTwW5AEE X, SEK &HNA N7 VT34 AMAREE X OREBMEZOR T
FHARRATAET B Treg 72,

SEK100 ug # HFF 727 —A0 v F (K 25mm, EFf4mm) ZHERKACI T v O
B FEALICHEA L 10 Hi%, 2R OIME TR S N7z EALIZIRE L 72 2 fiie % AT L 72, SEK
e EhwnwTa— 20y FMEHREE T Foxp3'CD4'T ML (Treg) OEIEHE L, —HEHIZ
FI£R3 % CDS'T Ml o & A 13K v
c Lol (M2). Bk ¥ SEKIBH AO-28 K
SISV CRIIBFAES  7AD-R0V K ] e

SIBIE
ZIR NP7 INEDOREE — r%}iﬁf > g— Hﬁs‘%%’ﬁ‘

G, 4BV T 7 ¢ *\h%ﬁ} iﬁ

SEK 37 /5 4 2 & #LA L 7=
D HTORIEERFEHRIZ S N % 1. B PO RO BN

720
I, BFNHEBEBMLSHB 401 50
FU30 Hglo BV ORMEIICER 2301 %@ 40f
(6]
H 5 eIt TOII L £ g0t S+ 30f
+ LL <
720 B30 HISDT) Treg ol L% 01 5Q 200
AEEC COSTHRIEREE RO |, TE
MEFFL T (B3). B 30 H °7 2 7 10 14 R
e ) A AT M LT REE i
N SR | 13 X 2. SEK $HF§ 754 A ZMAL X 3. AR E IS 1T
WeEFZHN B MERTHIZILE 7S AN BT B Treg % Treg DHE ORI
Hi 30 H 121235\ TR R B R~ DEE ORMEAL 21k
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D Treg DIFFHBBILE I N72A%, CDS T HINLORFIZR S d o 72,

bz &5, SEK HFFF /N4 ZDM A X o TR MRS Treg 28R L, £ 0%l e

WKLo TRBHMEESEMEINS Z LR KCAEBF LI EXHLNIT LI ENTE

OWFZE R DR FE

1. HFIH 2015-82847, SRIEEATERAIE A ) OSSR Z BN A OG5 5 14 ] A R, seli4, EO
FLE, PRI (WEHH :2015.4.14)

2. Long-term functioning of allogeneic islets in subcutaneous tissue pretreated with a novel cyclic peptide
in the absence of immunosuppressive medication. Rei Kuwabara, Masahide Hamaguchi, Takuya
Fukuda, Hiroki Sakai, Makoto Inui, Simon Sakaguchi, Hiroo Iwata. (American Journal of
Transplantation |45 #Efif )

[(BEFIIYT7 - TN Y—bF5 Y TEEeRV-HERITIFHROFERE & #EENAZRA]
OmfzeftFEH  EL@EEFMEsr JIE #— #9%

OFEERHAVIZERT I FEMFZEE A2 58 W S 5%
OWF7E#E 8 Sz OWF 78 B

AKFRIZBWTIN EIZ, 7974 v vaz W@z NIy T -2 oy — 17 v 7k
XD, MR E ZORBOL R ML Z W EAL L. HrBlowifRM L o 6 2 2 pikE ml % o i
WMzfTo TEERZ AN L, P - RRAFERAESC BT 2 e o [, #Eaed % H
e LT &7, LRI, FEMaothy z MK -LEER . 777 —XYof & 2 H
DL TELFERZED L, FRROSCHREESIHAE THLEH T b 2 oGtz HiFL
720 AP L2126 €T T 74 v ¥ 2DEHELETH SO ML %2 ZH3 5 Schwann
ML C Gald 25T 554 Y E T, €D T ¥ ARV VA ErbB2 #{nT-PIZH A L ErbB2 i
EZTFERELTWLZE, P IUVARAT LT T4y Y 2aDKRE2BIRIZE W T Schwann flfL
B MEHFORBERB L, 5D T VAT 22w 774 v Y22 R L CRERD
FFEIZBIF D EDB 7T ) I ORE, FICMbE=a—L ) UTA VT A= LD R Y
BT AW2E 21T o 700 T 720 AEHIIRICIR - TREY - 4Mb$ 5 270 THIlBZ THILL, —=2—1
7)) Y—EbB Y7 F) VIO AR TE e B, 2=V 7)) T AV 74— LG
WBIaT /v o277 b 74y a%zlERL, ThxiEBLE D L LTwd GasC#did) .
—Ji. MEFE (PN BTG4 2RI LN T VATV 2w 274y v aDEl % Tholz
A Z OB TIEH RO MR L TE, TOBEEZRRLZ LICL-T, WK T
Za—L 27 Y Ob BRI O L - B A ) = X2 BT B H 7 kEE R 2 e
T&7, MRSl EAIE, 5 113, MR O MR BRI S A S B BBy, 45 2 12, Al
FERTERAIRE 235528 U CIER M o w2 s 2R A BERECH 5o 45 1 BERETlE, FGF, Wat, Notch
DT F VO  EDH LI ENT WL DN 5 2 BeBE o fiE i BRI 2 St & AT A 8
FIZOWTIE, 2D &) REGEGALY 7 F VBSENE ) I BN T o fze £ 2 TARIZE
Tl&y ErbB ¥ 7 FIVIZHEH L. ErbB ¥ 7 F VSt O EA 2 &0 X 5 IZHIE L T b 26, Aif
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BIEDOBEBENBRZ T T 2701287774 v ¥ 2 08BZHFHBWOMDOET VR E LT
BET U720 & U TR L 7z it et i CTHF R IYIC Gald 258895 7 4 Y 2 VT, — o
MRS H 23 2 A AT BRI, - 2016 L 72 fhi e 2 w8 E L. ErbB PHEAIALILER, BHEAIFRER
DY A NG T AT, MHREETERMIE 2 S R 2 E A S M A \IEZ L 2 12X - T,
ErbB4- =2 —L 27 ¥ 1 54 717 FIVH, fhEEarbkiiia 2 S mieiia oA IC 555 2 &
e R L7z,

ROMEIL, NSOBRICHE T2 22—V 7)) YOREEPED L) IZHES N TS, &
EICLTHD, =a—L 7)) rid TOMISF AL V37077 —EO@ &I &) YIMrs Tk L
ENDIENFHONT VD, RFAMEHEIZZDL) B TOT T —E¥D—HTHS ADAM IZHT 5
WRERED DL D0, BRI LT, 22—V 7)) Y237 TieEe e, ¥ F 7 A
ZEZBWT, EO X IZUWTEMEL, o r 7 —EIZX ) YRiEEILI s 0. €O
BHEIEDLS b0, 2BAREPTH S,

OWFFERER DA%

(FEFs0)

Neuregulin 1 type II-ErbB signaling promotes cell divisions generating neurons from neural progenitor cells
in the developing zebrafish brain. Sato, T., Sato, F., Kamezaki, A., Sakaguchi, K., Tanigome, R.,
Kawakami, K., and Sehara-Fujisawa, A. PLoS One, May 22;10 (5):e0127360 (2015)

High-resolution live imaging reveals axon-glia interactions during peripheral nerve injury and repair
in zebrafish. Xiao Y, Faucherre A, Pola-Morell L, Heddleston JM, Liu TL, Chew TL, Sato F, Sehara-
Fujisawa A, Kawakami K, Lopez-Schier H. Dis Model Mech. 2015 Jun;8 (6): 553-64.

(CERRH)

Sato F, Nishimura D, Hori S, Arai H, Hiramuki Y, Sogabe M, Kuriki M, Choi M, Wang Z, Kawahara A,

Kawakami K, Sehara-Fujisawa A 48" Annual meeting of the Japanese Society of Developmental
Biologists (55 48 Ml HAFEA A F43). 201546 H 5 H () 2 JIFEBESHES CGRIIE> <
(1)

Sato F, Nishimura D, Hori S, Arai H, Hiramuki Y, Sogabe M, Kuriki M, Choi M, Wang Z, Kawahara A,
Kawakami K, Sehara-Fujisawa A. 48" Annual meeting of the Japanese Society of Developmental
Biologists (5% 48 [nl H AFEEEWF22), 20154E 6 H 3 H (4) S IFEBRESHY (Ko<
i)

e, EESCH. BIGEY. WIOMR, KRR, REME, KBRS N EfE—, WEET.
BMB2015 (%5 38 [n| H AT AW AR ES - 4 88 A H AL LFEA KRS GRKE). 20154F 12
H4H (&) MR- E7HR7IV (FETH)

(RS ROFIEE T #a0 iPS OERL)
Omr7efEE BBV RFERFEREZZER 1L DNads #dx
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O EER AW e LM 7EE  HARESEDE WA % #d%
OWFFE#E# S OWFFE R

BAEOGEMHIRE I G OREZIHI L T L ) 2OICEE RIERIERTKET DY A7 3D
o HARIZE o THFF L < W IR RUG 2 ARSI PR3 2 212, BhvIEE, HORRERE, 7
LV — 7 8IS 2 DR R Y 72 SRR E AL T 5 o PUEE SR Ze H 1% T #iEC X 2
P23 E DIFFRED—> L Z 2. [k, PSALT 2 FH THMLBEICH RIS L. 15 ROPUER R
RIEFHEICHTE 50T, EE R, WAER & ®EANIEZ Fia L 72,

T T Mk, =7 AR POERMO CDAT U ¥ 738kD 5-10% % 15 2 HEF T, HOHIE,
WG, 7 LIV —, BARERIE, 18VEIE 7% SRk 4 R RIERUS 2 P55 HREE L. WOEL
FAZO T 1999-2002 4E\ZHllEIME: T M FE ASHESS se 2 0 12 B84 4 35 (Shimizu, Yamazaki, Sakaguchi. J
Immunol 1999; Ko, Yamazaki et al. J Exp Med 2005). GITR 2% il f81 ¥ T il fd o #% € % Hl # 3~ 2 F
(Yamazaki et al. Nat Immunol 2002) % W.HL7z. X 512, BHEKMIAE %2 56 7 L 72 Rockefeller X Ralph
Steinman ##% & 12, BRI X 2 PUEHOR THURSE R 2 HEE T Mils 2 B8 T & 5 9i%
/RL T &7 (Yamazaki et al. J Exp Med 2003; Yamazaki et al. PNAS 2006; Yamazaki et al. Blood* 2007
*Corresponding author 5 | F[M1%X 129; Yamazaki et al. J Immunol* 2008 *Corresponding author) o

INHDORRIET T A% T TW7z23 & b T AR DM N THUR R A s T M
DFHENPTE LWL D ) 4, ZOEBROME.ZAT o720 B AD PBMC @ CD14+
HER HH SR A TR % SRS N © GM-CSF, IL4 IS T3 5 R % £y 7 v 7 L7z, CDI14+ Hizkiy
RBPRMALIZ LPS R A M A A YA 7 TV ENZ A Z & T immature 721K & mature 72 IREEIZFH
BCTXLHOMRL 7o KM H RO S HBHIRMIZ Y 72 » b b Flow cytometer {2 THRINT 5
A L7225, sorting I X ABIKMEAD F XA =TI L Y REL, MRS Do 72720,
CD14+ HUER HH R IRMI NG O 68 I A% 40 & Iy L 720 H#0E T M2 & PBMC & 1) CD4, CD25,
CD45SRA p && < —H— & LCHET 5 Z L12 L7z BRRHINEIC X 2 BUs$R Tl T Mo
A TENT S A 720, MO, M. H iR &% FuiiI2 55T % Flow cytometer (2 CTAT - 72,
HIEHE T MO B 7% <L iPSALZ T 235613, HlEME THO X 0%  OBlsLETH 572
O, EEROX Y b7y TR 2 E L ODBUED FEERE R TW b,

BEGHIIEC & 2 PUlsifton 2 BROE L C. HUEAF A 2 BB T IS 2 B45R55 L. WRE 2 A5 FEAY 1
W3 2 H ik, EEBRIYELBTOY A7 2HMTE 5, S HITIFRMIZiPSILE T 55T,
By 2 BPE R O R RAS T E UL BRRISHZ P2 IC 25D TIE, %2 %,

OBFFEBER DR
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Gunawan M, Venkatesan N, Loh JT, Wong JF, Berger H, Neo WH, Li LY, Win MK, Yau YH, Guo T, See PC,
Yamazaki S, Chin KC, Gingras AR, Shochat SG, Ng LG, Sze SK, Ginhoux F, Su IH.
Histone methyltransferase Ezh2 controls cell adhesion and migration through direct methylation of Talin

Nat Immunol 2015;16:505-16. Do1:10.1038/nl1.3125.

Kubo R, Muramatsu S, Sagawa Y, Saito C, Kasuya S, Nishioka A, Nishida E, Yamazaki S, Morita A
Bath-PUVA therapy improves impaired resting regulatory T cells and increases activated regulatory T
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cells in psoriasis (Submitted)
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LC2015, 14th International Workshop on Langerhans Cells
Ultraviolet B-expanded Thymus-derived Foxp3* Regulatory T Cells Interact with Dendritic Cells in The
Skin

Sayuri Yamazaki', Akiko Nishioka?, Saori Kasuya?, Naganari Ohkura**, Hiroaki Hemmi®>*¢, Tsuneyasu

Kaisho>¢, Osamu Taguchi?, Shimon Sakaguchi®, Akimichi Morita?
! Department of Immunology, Nagoya City University Graduate School of Medical Sciences,
2 Department of Geriatric and Environmental Dermatology, Nagoya City University Graduate School of

Medical Sciences

LC2015, 14th International Workshop on Langerhans Cells
Analysis of C5a receptor expression on the various subsets of dendritic cells

Kohei Tsujimura', Rieko Ohta?, Masaki Imai', Sayuri Yamazaki'

! Department of Immunology, Nagoya City University Graduate School of Medical Sciences

? Division of Immunology, Aichi Cancer Center Research Institute

LC2015, 14th International Workshop on Langerhans Cells
Phenotype analysis of Foxp3 * CD4 * regulatory T cells and dendritic cells in the skin after
Ultraviolet B exposure

Mizuyu Odanaka', Sayuri Yamazaki', Akiko Nishioka?, Saori Kasuya?, Syoryu Takayama', Masaki

Imai', Akimichi Morita?
! Department of Immunology, Nagoya City University Graduate School of Medical Sciences
2 Department of Geriatric and Environmental Dermatology, Nagoya City University Graduate School of
Medical Sciences
55 44 0l H ARSuIE AR PR &
Foxp3"CD4* Regulatory T Cells with Decreased Motility Accumulate in Aged Lymphoid Tissue
Sayuri Yamazaki', Masaki Imai', Akiko Nishioka?, Saori Kasuya?, Mizuyu Odanaka', Osamu Taguchi?,
Akimichi Morita?

! Department of Immunology, Nagoya City University Graduate School of Medical Sciences,
2 Department of Geriatric and Environmental Dermatology, Nagoya City University Graduate School of
Medical Sciences
% 44 M H ARG RPN RS
Phenotype analysis of Foxp3*CD4" regulatory T cells in the skin after Ultraviolet B exposure
Mizuyu ODANAKA', Sayuri YAMAZAKI', Akiko NISHIOKA?, Saori KASUYA?, Shoryu
TAKAYAMA!, Masaki IMAI', Osamu TAGUCHI?, Akimichi MORITA?
! Department of Immunology, Nagoya City University Graduate School of Medical Sciences,
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2 Department of Geriatric and Environmental Dermatology, Nagoya City University Graduate School of

Medical Sciences

55 44 0l H RS P R &
Differential roles of complement anaphylatoxin C5a and CS5adesArg
TAKAYAMA Shoryu!, ODANAKA Mizuyu!, Ohta Rieko!?, IMAI Masaki!, YAMAZAKI Sayuri'

! Department of Immunology, Nagoya City University Graduate School of Medical Sciences, *Division

of Immunology, Aichi Cancer Center Research Institute

55 40 IR ZER M FE22 &
Ultraviolet B (UVB) Exposure Expands Thymus-derived Foxp3 * CD4 * Regulatory T Cells with
Distinctive Phenotype in The Skin
Sayuri Yamazaki', Mizuyu Odanaka', Akiko Nishioka?, Saori Kasuya?, Shoryu Takayama', Masaki Imai

!, Osamu Taguchi?, Akimichi Morita?
! Department of Immunology, Nagoya City University Graduate School of Medical Sciences,
? Department of Geriatric and Environmental Dermatology, Nagoya City University Graduate School of

Medical Sciences
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THAEL TV LHMETH 5. BEMIELRELS % & BENWIES & 72 ). — 5 CTHEORRED B
FELL A VR VPR B LRI AR TIET b0 BEIRMBEHEORHFL LT, BB L D
BEOEANOHMYP D v v ) HTHREBMAI TN TWw A, HRIZBW T tE s %
Wiz, LD EVREBEOEEFRERPZINTEY), BEMREZMESES. &5\ IdEEMEOM
FEx IS B HEHPHER SN TV 5,

Fald. T E THEERITS o 72 PHLDA3 BIn 2% p53 Ik o TFE SN L BEZFTH L H
W72 L, PHLDA3 28 p53 (12 X % Akt ¥l 40 9 HE L BIZ T CThH 2 2 HFTHD TH L I
L7z (Cell, Vol. 136, pp. 535-550, 2009) . PHLDA3 i1z 1%, MBI HFAET A4 7 ¥ b= VR
B (PIPs) L OKEIH PH FAAL Y OARAPLIEINE Y VXV 23— FLTWwb, —7,
Akt b PH A A Y &2FEO 7 YN HTH ) IHEALITIE PH F A A Y &4 L CHIRREEICRTES % 5
MIHTH o PHLDA3 1. Akt DWDIZWNFENIZFHEI T % dominant negative /& & L THERE L. Akt
& PIPs L OEGHHEBEMET 5, ZOME, Akt OMBEZEIHE SN, FTROELEY 7 FIVid
frEs v (Fig. 1)

DAPHNC BT IERITHR O DS AL RE 2 150 Akt OTEMEZ BT 2 FHIZ L THEETH 5,
FZBRIZ PHLDA3 D58 2 ¥ L 7-MHe Tld Akt O BH G LA S s & & B I HIs A A
b UEGIERAEEOBGRE % ) LT\ AR S 1, PHLDA3 XS AHIHIRE R 9 % AR &
N7zo & 51T, & Ml B OEN 55N 55
(235 T PHLDA3 E{Z - OB %= K growth _
AT N0 SH S OFAMETI factor Q
1EH #LR%E & I L C PHLDA3 O 58 B
T & Akt EM O LA »FE D S R,
PHLDA3 23 53 UA 55 0 70 A e A= ;
TELTHELTYS EE2 b, i Qk’

—J7°C PHLDA3 A B 5N 00 ¢ ‘“5
A BIE T TH 2 L v b b, > [ (€D
PHLDAS A3 75 A > H i 2 Fig. 1 p53 IC X - T PHLDA3 %5 & 15 &, PHLDA3 i
TADTERA LG ZBGEE LD T AL 10> PIPs & 856 L. R E LT, Akt (RIS
Wb, THE TICHEE g R OMN e LAsESI N S,
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PR RIN MIfE. [EH BRI 2 v, B g MZIC 3BT PHLDA3 ASHiIfu3dsE & Akt i 2 $i) L
TWEHLHL N L7,
E 5121& PHLDA3 RIHY 7 A B W THEEOMIE AR 51 TH ), PHLDA3 IS D
B gl 2 W9 % AR Sz (Fig. 2)o
INE T —ERUEEIZ & OIFEFRRIC & - T DB E D S5 FEEMILZ H v (Fig. 3).
PHLDA3 2SI BV TR OHIH, 7 R b — 2 AFFEICHEET 2 F2HS M Lz,
% 72, PHLDA3 RIE~ 7 A & Fl\V CEEBRMIC IR 2 5| S 2§ & PHLDA3 RIE~Y 7 A T
ZEF AR 22, B I IEEHE O b
AP OENTVLHIVREN (Fig. 4). <
2 Z AR BT b PHLDAS A5 Bl "D Rl e
O, TR — Y A& HET 5 FHHRE -
nize R | RS . LS
L5 S 5 I BFEEIC PHLDA3 2880 X | Ak
S BID B DI % > 2 BT RIS Loy @
E5E, BERBARZ GO AR D AN e o 9 B A & 0 I LR O I

FHLDA3 -/- Pancreas

RETH D, & 5I12I1d PHLDA3 BERE % #0] L PHLDA3 K~ 7 A TRIFBSERBIIKE WV,
TeBEEEED L. FAREO SIS

TlenweEEZTW5D,

OWF e R D 285

(F& 2 0)

1. Naitoh T, Morikawa T, Tanaka N, Aoki T,
Ohtsuka H, Okada T, Sakata N, Ohnuma S,
Nakagawa K, Hayashi H, Musha H,
Yoshida H, Motoi F, Katayose Y, Unno M. Fig. 3 770 L 7= rat IR

Early experience of robotic surgery for type

I congenital dilatation of the bile duct. J .
WT or KO mice Seonescutve daya analyze
Robot Surg. 2015;9:143-8. 5 ofSTZtreatment — 3
(10-20w) 2 month HbA1c value
(50 ma/kg)

2. Hata T, Ishida M, Motoi F, Sakata N,
Yoshimatsu G, Naitoh T, Katayose Y,

Egawa S, Unno M. Clinical Characteristics (p=0.074)

and Risk Factors for the Development of

Postoperative Hepatic Steatosis After Total
Pancreatectomy. Pancreas. 2016;45:362-9.

HbA1c value

3. Tsuchiya H, Sakata N, Yoshimatsu G,

WwT KO
Fukase M, Aoki T, Ishida M, Katayose Y, (6) (5)
Egawa S, Unno M. Extracellular Matrix Fig. 4 PHLDA3 KO < 7 A Tl&. STZ A7k e liih 23
iEhs,
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(& b SieERMREROEE OHAREZ AW DRABHFEHRD in vitro BIHE]
OWf7efiEE"  BIRFESRMER B < 8%
OFAERAUIZEAT LR ZE S e se o Kk W dEsdz
OWF7eiE s S OWF7E R £ -

t M ES Ml 50 LEEE L7220, BAE T OERIIh b 5 R— A X —Iifllila 7z & Dk
PR & AR S M- BRE 5 IR W THE) T 5.0 %) - DB 7 & OVEELTAY. BRI IZHR
LTS, L2d, INHOHEIE, MEFET LT8R 5, 4. & FOLBIE. RO &
VESE L. Zhenas, IEMRAYNEL O, TOREDL—ETHS, €2 T, Zietkiil
Nz AbFE L CTTE B KMY 75 4 TG ORI L7 EH O NS, XR—=2 X —flllad X N0
ML L2 TR L, o 2MAEbEL 2 EI0L - T AMRUEOHEIET VO
WS % Hig L7z,

FITCY—N—BIETORBEEHNGY VX7 IZX o T L L, ~—h — @&z T 23883 5
fa % BIRMIZ 3 HT & % & b ES Mfakk o 37 2 57z BRI, (1) =22 X — A HlifaIc B
LT, Y= —@IETTH5HHCNA £ F ¥ F ¥ 2 IVOFEH%Z CFP H 5\ L GFP T, (2) LZE Ml
FaIZ DWW T, MLC2v {5 T- D5 % mCherry (12X 0 BIRMIZHITE S b ES Mgtk 72
B L7z,

VT, KHOGSY 87 M AR T 200l Z Ly —F —I12 X o T, L%
fgt L7zo s fbisEs 2 » HEIZBWT, GFP (HCN4) BptEfiiid, ~— 2 X — 7 fifi by o ek
%7~ Ly mCherry (MLC2v) FpPEifaid, OEmfilafEttz /R Lze £720 HCN4 FpPEfiig X, HL1
DAL L BRI ATE . 202 HIHTE A2 L HLNIIT LI EATE 2, A,
WA O 3 ALFEE R © /I L 72 GFP (HCN4) BpiEfiiizid. & osmii % kily 5 & mCherry
DHENEFET H T LDV hoTze TIUE. HCNA FpPEMIRE s, OEHAMENE 2512535 2
EXRIRLTWT, HCN4 2%, DIEFEAEIIZE, DiE7ey = —fifio~x—Hh—Thbsr I L &
—H T 5. 720 AW T, BIFE L 2LaFE S 2 iPS e o L /b~ & IBH L. LQT1 i
BEREDWA - IRREMEI 21T - 72,

OWF e R D 285
(F& 2w 30)
Sogo T, Morikawa K, Kurata Y, Li P, Ichinose T, Yuasa S, Nozaki D, Miake J, Ninomiya H, Shimizu W,

Fukuda K, Yamamoto K, Shirayoshi Y, Hisatome 1. Electrophysiological properties of iPS cell-derived
cardiomyocytes from a patient with long QT syndrome type 1 harboring the novel mutation M437V of
KCNQI. Regenerative Therapy, in press (2016).

(BhERARDIEE Z RET B R BHIEERR]

ORf7EfFEE  WER¥ETA Y b=Tat >y ¥ — fE M B

O AERA eI A IEE  siia s LHlEE o I B #dg
O 7e i K O FERE A
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AWFFE T, MR EZHEL TWE Y 2 A7 1 7 AL O AR (R I B
k) 3% SZRES 2 Reta i 2 S W3 C B HWTH %,

CO72DIZF Y ES ML Z w2 NE AR 2 v T, BN YT AMEROMR
Wiz ilarze MRRSEIZ L > TEEZ L X b BT % H3K4me3, H3K27me3 Jifh & v TRER
72 ChIP-sequence f#HT. J2 U8 mRNA FEBUFNT 217\ WiE 2 & BN LI E S 2 4 D DIRE
[N Gata2, Flil, Sox7, Sox18 A # V) AA7Z. Z D 4 DDOWFIZPERO EE LR HRE W Etv2 OHITTE
HAREALTLALDOTH Y, PIEEESH Tld H3IK27me3 BHilC & > TZORBPHIH SN TV B
EVHILADOE A P MBI D NS — Y B o Tz 2D A4DDORTEIMLELT ) v 7 ¥y T
i, ZTNEThD ) v 75y TOHNEMUEHESINID, 408 TE /v 7 ¥y v LB
PIBZ 3L I B BP0 S 7z

DEDME L0 ALRIC B W TR 2 FE AT e Ve X b YB3 — VIR 2 a5 %
Z & T. master regulator DFAIHEII L, O IIBEGR LA T TH %

— 7T Bt ARSLARMERE (2B 2 MR 2 AT ChIA-PET %2179 121d, BUED LR TIEMINEEL
P ELMERID Y ML TW5De BRI L Twa e MmsIkNEHIE (HUVEC) (2
BT, PEOMBE T L S F—% 21T 2 FHEOMG L, Blo gtk G (Hi-C)
BRAATVDRPTTHDL, INOHTERICLY, DEOMBE THN TS 2 HLH L TIE, MENEE
MR TEERZIT) TETDH S,

OBFFEBER DR
(Pehri i)
[ Dynamics of transcriptome and histone modifications reveal a master transcription factor network necessary

for endothelial cell differentiation ]

Yasuharu Kanki, Ryo Nakaki, Teppei Shimamura, Taichi Matsunaga, Kohei Yamamizu, Shiori
Katayama, Jun-ichi Suehiro, Tsuyoshi Osawa, Hiroyuki Aburatani, Tatsuhiko Kodama, Youichiro Wada,
Jun K Yamashita, Takashi Minami

(7 LRERBEAA A=V THERERMEL /=) AFABETORE X H = X L#FH]
OWrFeER A ZER R FRFRRESZER S ORHE  flgh  #0%
OMAEER AU e L mase s HAERE R Lk 2 %

OWFFERE 8 K OWFFE i

RNIEEHEI &5 OMBLIZ)A < fiib > TE D M4 R AEBEREOHNY XA EHY X24) OfilfH
WS LTWwaEEZLNTW S, RNREEHIKAEBICER S NS 2 26N TWw A, —7F T,
NGB F CRNBEE IR S BEH Y XA S NEUEDRDH LDh, 5o Twi
Vo TNFETHA I, KRHRETOFA TS L B L (PNAS, 2010). ES filie e & o F55 Ll
B TlEkE &4 e ARNISEHIHI A 1 = X AN TV B E RS LT X7 (PNAS, 2014 72 &),
ARIFFETIE, BETERT ) AUEHEMZIDHT 5 2 & T, BABRCHRIRMEREZ ED X9
WAL, Thad Eo0 X5 LEIET 5 05, 1200V THRE % 1T- 72,
S h ARG : ES Ml & 5 101
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AL OBEH ) X 2 ORI BUR THICH 2R X B TH D, —H T, DI E A Lol
WRNIREEE DS B 2 L 03905 T b S HIT, A ITHMEESFME 2 RSB T O R L L
AR FRRDRAREET DM D> TV B Z L ZHLAIZLTWA (Yagita & |, Science, 2001) Z D
ME— DB ARG & v o 72 [AGEME] TH 0 ARNEEEFO ) X A28 SNz, gl
HIFEHEEFIIEBLTBY, #HY X2 HHIZBAATH 0o T, S 512, 2
RLHMYIIEIZ) ZLAHRR LNV EPMEINTWD, ZHITIA T, BOLHEH . ES M=
iPS Ml & vy o 7 L Re PRI IR NIRRT OB S S e v 2 L 258 M L7z (Yagita & , PNAS,
2010)0 S 512, ES/iPS Mild % in vitro THALFHRT 2 &\ 50ALICHE - THlK B AR 24 R
WOBNIEEIATER E NG Z L 2oL, [BEHREFHIA L L BEICHET 5] L)
BESAEL IO LHRZ A THOTHRA L7 (Yagita 5 , PNAS, 2010; Umemura & , PLoS One,
2013), 51T, KA T, DNA X FIOVILEEFR KR BS Ml 22 & CTHRNIEEHE R A RE L TV %
CEERB L7z 2o OMFED RNA-seq (2 & % HE5E R E a1 I8N 2> 5 Ml LI B % K1
PR RTOFAIC S VHTH Y. NSO XL > THM SN 2R O#EE A v b7 —2
B EETH S &2 A LA (Unemura 5 , PNAS, 2014) 6

— T4 1%, BSAlNE & &4 ne MRl C IR I IR IR T 2 #9095 [ Active Suppression |
Bl CCTn5 2 & 26202 L, S a5 A I B B TR RS [ 72728 ] @
TE%L TR0 LMHIRE] 1I2H D L vyl ziRt Lz Ehdh).
<7 AFAE TR K 2 HRNIREHE A & = A 2 b

F7z, HAEMERIFZEIZ X D invivo TO qy-;ﬁi@g{%@%@gﬁfﬁ?ﬁg} "
RARERHZ I 2 71 = X 22D W TG % 3 o ERE SRR
Do TDRMT, EELEIZ & OILFEBFEIC s G —
X0 KWL K — % — O mPER2:Luc / v s ) =
74 = ADZREIIIZ CRISPR/Cas9 12 Y = @

o THET XM EAT SN ET = 22 S |
mPER2:Luc / MeCP2 K~ 7 A % fifi ff |2 1k

L, SNETHEETD > 7ATE L NIV & 5T LNV & D 7 CHRNIREEH#NTIZHZ) L 72 (Tsuchiya
5 , Genes Cells, 2015) . MeCP2 KIE~ ™7 A1 Rett FEMERET T IV E LTHHISNTE Y, Rett SEfERE
TEUT HIRIRFEED X 7 = X 2B DR BB E o720

ST, SNOORPICT L, RIEFEFZE T HFLEO A ML TARNBRI AN S b 2
AN EZFOREYFNER LT AFET L7 N % T invivo TREZHRNL T
Wi, TNETO—HEDMIETY A 7 v 7 LTWB5EEMOEMELEIZ L O T, JE8A
BT ARNERETDE AWM THIE L <OV OSSR ICoWTHRE L TWwWbs L2 ATH 5,

O e R D A3
(*Corresponding author)
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1. JUKHAIEA : [ Circadian clock development: From basic to translational |, £ 93 [0l H A4 P Ko
3V RTY A AL, Mar 23. 2016
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(MAEHEREA LRV ES/IPS #IFa0) S EEtEFIEMES DO AZIR)
OWfgefizE  REBSZERRFEST L 82 #dR
O AEERHADIZEAT L RT7eE  FAEEREI R G =X #i%
OWFFefE & OWFZE R 3

TxOWRETIX, B2T by 7EEHWT, ¥ 7 R ES MR L etk R B b 2 HirBlEoz
FE2HERLTE 7z REFEHZETIZ. ZOHD 1 D TH HEREEARA D zine finger protein (2% L T,
CRISPR/Cas9 ¥ AT LI K B~ 7 AN CTORMEFHEEZEH L. 3 RMOBRFHHEE~ 7 X
AL L7z BUE. SNOHOY T ZOREITL Y, FEERAEKOERZED TV, ML XL T
DBIZTHERET DT o THB Y . ABIZF DO FETLEIR ES MaR. AEF 2Bl X272 ES
ML 2 . 4 OMNLREENTEE L7z, ZOME. AR DSHRERNO L2 RAET 2 & DA
Ao TBN, FELREY 7 A2 H WKL NV TORBBFNTORET— 2 125 L%
A TWhb,

OWFZE R DR F

RKFEFHR

(£ BHBPOBHROWMMEE - KBOFA TA A=V IFEOBREXA D) TR
LB HEE]
OWFgefzE  MILRFRFABEE R E AR AGUER L 38 #d%
OFAEERAZEITILFIZE S N4 F A h =7 AWFIEME 2% R’k #i%
OWFgekE & OWFZE R 3

TS L — 9 — BRI BAMMSE FLUOVIEW FVI200MPE (Olympus) % H\WC =7 + ) IREHZE
TWOFHMERDOBREZAT o 720 RUFZETIE A IV ¥ 7 2861 /RIE Fluo-8AM (AAT Bioquest) % F\ 72
SRITLEA LT TAAL A=V V7T, HEREEOLTGEME., BEviEins S ICHEEEO AV T
AF T V=g yEREDT. ARSRIIL T & B L 7ok R Zhgsa e & Heik U <Rl Ml <.
MIRBN A VS 7 B4 F O FABEIERBISEEZ R L7z RISEMBLO K > TR 7 v
VIEAF D EAFENEAT B AN Z AL ERRWAT L7212, SRk L 72w s e vk
MLO-Y4 Z &R HY I [BUN L | Bl e B s f s D FE BIZE AL % real-time PCR (2 X Y Ml L 72, RMIRH
FEfg L7oRECIIMIIMIE B LR L L, aAF Py B3 BICIRMI T —7 35D mRNA 3
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EPEREICEA LTV, SNODOHRP LB TIZZDOHRIII S THNV T T AL F VIRE,
IAF T 43 OFBHICHE S I, BTN A RS AR 5 2 & T AKILO#EIT L 72
R E AR OB BEE O SN TV B I REEAIVRIE S N7z, SRS/ A v v 7 —27 0=t
WIAT I OSBARF I BUBNT 2 & . THHIZE O F IR R I 2L, BB AL E S I LT L T
WEWEEZTna,

OWFFE R DA%

RIEF

%7 4V ARRYWE - A Bk 0 S A W L I Fe L
2015 AEREIL M WFZE R GE R IR (WFZE10IY : 2015 454 H~ 2016 43 H)

O K P3 Ry IR

ERBPIEBE LT 10 o2 B o7 GERBEIREREOMZE 1 £ 7V 4
AV ADTE 1 IEARLE T A VA (SIV R O VIR HIV) (S A58 6 4. BV T #l
WP Ifss = 4 v A OF3E 1 4, vl a4 LR 58 (SRVS) OFZE 1 1F).

(VERJ)—LZzHALEREZKIEET 7 F O3]

OWfgefEE  iERFRFBEIEFERE gk i FF

Ow A Vv AWZEaT LRI ZE S #i% MH B2

OFERIRM

Je i R e - AR E L ) R — 2B LYIRE 7 7 F >~ o BFIzow
TOMREIT 720 TNETOWMIERS, 7 H 7 HFIVITBWWT BCG HMIZ X 1) B3 2 GMM 4F 5
B THIRDEZFETELILEZWLNICLTERD, GMM ) R Y — AEMIZ L 5 GMM FRET
T AR EOFLIIRENTH D, THEHFEIHRB T2 RO LPEHLEZON, £2T
PRE AR5 CD1 i TR 2 BT A~ —h — T OB Z R A7z BRI o —<Hill
LG ORERG O NTZZHOPT A7V VRERYUR T — v h 5, GMM R 81 Tl 2 & LR H
FEPEHY T M 2 RS A D B RS 12 et 3 B Pk 7 0 — o TE-1 28956 2 LTI L7z (R3
#)o

[$5EREG NI A XETNICHITS CTL BEICHT %]
OWfgefts  ENLRGIEM 7T = f A%t >y 5 — kv —K R¥F P
O A4 v AWFZEp e Fpises  dEFds =il 217, BB KH &K
OFERIRM

E L IRGSIENT e = A AWfset v ¥ — - BEEEIE O ¥ —REMBEEGE V4 ZET VBT
% CTL BB AH9E 21T o 720 SIV G WA BT 5 RGBT 7 — 4 2 M T H L &
IS HERIERATR & LT RRBIFEHRHCIRIN L 22 E RO ) Y RERICSBIT 2 7 4 v ARER
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1 T RURE SO R 2 S L7z F 720 SIVIRIRIC K 57 A W AT ) NSO EAL % T L. (54K
X o TCMHC-I BFI#ARPERT A L2 WM L7ze —T. SIVIEG VE T VIZEIT 5 iPS MilaH
3k CDS Btk T Mg 0B AFER D —Ee Ry & LC. YIVERMIM & 1 508 L 72 D8 Batt T Mg 2 &8
L7z iPS MR & b LT, FEFFEY CDS Ptk T Mild % 4 57 L7z.  (PLoS Pathog. 2015 1)

[ERFETNICE S HIV BEERAD/-HOERHAR]

OWfgeftFEH R RFRREEZEN 2% W #X

Ow A Vv AWgEaT L RInTse s dEd =il 31T

ORI

RURRR S5 T ZE T - I 72 3% L BRBEE T VIC X % HIV BYWERGICE T 219852 17 -
720 =7 A FNAO HIV FEBEG, RINZIED > 4 )V 2 RNA 2l S wIiZb b 5
T NG R AT APV FR. ) S oSEICBIF A T T £V A DNA BB O, X5
\ZPL CD8 PUikF 512 & % HIV FEMHAL AV R S N7z DLE X D HIV &S =27 4 g ) =3 —
MBS BIFRIERGRRECH 5 Z e DS DL o720 HIV IEYh = 7 4 PIVIE, HIV HIRIE
BTN E LT H— =MD RN i 2SR TE DN, HIV EGSEE OG0T 725 BLG
DOFIFHMEMEICKRE L FGTHLDEMEFXI NS, (Sci. Rep. 2015 i)

(VI A XEFNICE T ZRREOFESBIZDMEA]

OWf7efiEEE  RBARPI A XEpiget > 4 — Bhi# B &K

O A4 v Abrger ik marses  dEEdx =il 217

OERCIRDE

REAKRFITA ZEMGE L v 7 — - ZFHERPIFE VA4 ZETFNVIZBT 2 hIPUARO FEE A
DRI T A% %47 5720 BNAb DFEA A= XL %2 HESNITH720, 6HDOT B 7KL
\Z SIVsmH635FC #k % Hehd L . HAIPUARD o0 & EARFIT 217 5 720 BGet2 12 H D) V3 HEir b
FTATI)ERMER L, IV MM617 X 0 1 FiRE, MM618 205 4 FiJHO ., DIRi i S -2 & 1k
B2 B, FBoOBHPUEZ oBEL 720 (RIER)

(A ITNI I N AOERFELET NV EAV-HE]

OWF7efEE  BOLRFPERAIZER  #d% Wk 2

O A Vv AWkgeaT 3L FF7E 4

i M g, Freddz e B dEEdR =W BT

B H B % BaiE kKH &K

OFERIRM

WRUR A ERH AR ST - IR EIR e 4 ¥ 7 VI U FOERHIBREE T VBT 25 %2 1T -
720 FIREMEHSNTL BA Y IV VI A VA%, 70V VHEEB I ORERDETH 5785 - B4
BGATh =7 4 WIVICERE L. BB O IEBIHGET 217 - 720 SIS, WP 58 & B 12,
- L% Al EOBRIERITEED SN do 7z T7MHFICB T ORI RIZBWTDH,
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G- HEOMIZHE 22RO SN h o720 Atk SISO 7 AV ATl WA 72 & 247
9o (RFER)

[BCG/Im8 ATV ZTHEEMIA XTI F U RDIEE]
OWfgefiEE iR B R TR ZERT  ZFEUEE &l 56
Ow A Vv AWgeat L mnTse s dEd =il 31T
OFERARDL

el B R B AR TR AT ZE T - BHEANZ HE&IZ L BCG/m8 AT 7 ¥ =T HEWIZA X7 7
F U RIROMEE T BFE R AT 5 720 SIVEIETIHRBBCG T 74 A/ 727 =7 m8 Ak7T— A
MEIZ X 20TV 9 B (SAEOARILFNIZET 3 B, #@ED Y A WV AWFERT TOILFBFFET 2 §H,
KE L OILFFFFET 480) xS L 108 GHZEO T AV ABSERT COILFAIZE T 6 81, KE &
DOILFEFFET 4 BH) 1S, SIVmac251 % BUREHE L7z dfIId vy L7225, S i 1 BHC%
BePitHl, 1B CIRBEOBIEZ O/, £, REHENEEOY -7 ROV VAEIZZENETH
1.0E+7 & 79E+7 2 ¥ — /ml TH Y, setpoint TIX 42E+5 & 1.0E+7 ¥ — /ml TH o720 CRFEF)

(ZHF5HIERVT= HIV-1 OEFRERERS - KEERIREEOBIT]
OMf2eftFE  MBERFERFEBEAN AN, T4 4 0 ARG #Hig Ry Wk
Ow A Vv AWgeaT LR E  dEde =il 31T
ORI

FE SRR PR 3= TEER - LR REIZ & 7 A 79V & HI 72 HIV-1 ORI RS -
I PSS BB \C B9 A 9E 2 1T o 720 A2 L 72 6 FlEH O CCRS 8 HIV-1rmt @ 7 4 7 IV K
MM EAZHINE (PBMC) (2351) % HigHRe & LLBMT L 72 & 2 A i1 % S O D, MN4/LSDQgtu
EHBED L VIEZNL RICRER HE S 5 CCRS $8 M HIV-Irmt 7 0 — Y SR S 7z
(gtutAdY1)o F 7z, IBEHRMIIL CTO 7 £ v ABEGERERHIM > X 7 2 OFEEEIZ AT, 7 7 7K IVIEE
HERRA B © OFMBERIL: 2 37 L7z (J. Med. Invest. 2015)

(chilfifF & ALz HIV BRREED [HEEiaR] 2 THRGEREOAR (EREETNVCSHIT
% POC if8%)]
OWf7efiEEE  RBARPI A X3EsEt > 2 — B3k BT B=
O A4 v Abrge ik Fprses  dEEdx =il 17
OFFERIRM

REAKFITA ZEMGEY v ¥ — - T =802 & b RpuR % F v 7z HIV EYYED [ BRI
O STHHGHRLOME (EREETIVICEBIT S POC AR ICHTAM%EE2IT-72, ERETE
TV THW B A CCRS $EMMED SHIV X, HHIPURICIEZETH D . PRIPUARICHBUNE: HIV BRR
SrEERE & X R DR A, F 4 1, SHIV-KS661 % H VA TEIfL L. 7 10— > fb L 7z SHIV-MK38
W THET L. HIV ORFRGEERRICR 515 tier 2 T 72 3 1ZUEES 2 KSR CTH 5 2 & A3
L7z 8510, ERNERE CREEEIS O, 450 SHIV BEERFHETVE L TRID L
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%2 5N b, (J. Gen. Virol. 2016 1th)

(Y T HIRREMAE 71 IVA 1 BRBR R FIIVEE S /=B ET IO ERIR]
OWfgefiEE KPR REEMET % R B
Ow A NV AWZEAT L RINTZEE i RRR HEE. SRR 2ok f—AR
OE AR

FOM R SR BT ZEAT - B2z &3V TR 7 A )V A 1 BUEGe =k UV % flio 72
BhW)E 7V DML & T ICBE 3 98 % 4T o 720 STLV-1 B & ONHTLV-1 23K 0 Be#h T Ml % FE 1Y
&5 BB E PNAS IS L7ze S OFFRIE HTLV-1 25RASIIL T V) > 788k Z R & L, Hefkmicss
WANGEL B2 RTDIDTH D, $720 THXFIN, =R HFNWIZ Tax B XU HBZ & 5838
AT =T IANAZE ML, Tax, HBZ FERMIZISE ZHET 52 LA TE 72, AKRIX
HTLV-1 &SR 2 BRI E I B2 5 L £ 2 55, (Proc. Natl. Acad. Sci. USA. 2015)

[ZFRHMICHITBY L bOILIVA 58 (SRV5) DEEERIT]
OWrFeEH  FWMKRFEREVZEIT #d% WA Fi
O A Vv AWZEr L RNIZE s 8% &R #3E
ORI

B R BRI AR SHEIRE =R VBTS2 ML bay LA 58 (SRVS) @
FRIEVEICB T 2982 4T - 720 R B IR O VBl ERE T =& ¥ WU 25l IMORAE %2 £ L TRET
THHBADVD 5720 ZOM/IIRDIED T V&7 4 VA5 HER T 7284 25 SRV-5 D308 T &
720 T @ SRV-5 srdiEkk (BpZERR) 7 6 IR ERTF 7 u— VKO A VA ENEN 2 H
(MERESS 1 5H) O=F Y FNICER L 72o 2RO BEO 2 P 1 AN/ INURAME 2 385E L. 2k
k-7 2WDH) b 1B (BYMEIET 70— Y Ef) Ol/MOIDERIIBRETH -7 (KRFER)

@ <= A P3 XYL ILER
T AP3RYEEE L CEI 2 oM Bk o7 (B MREALET A VA (HIV) D% 1
fh, BRI 7 F TV aNy OB 1)

(& METIRZAVE HIV- BRBEETVOREL)
OWfgeffFEH IR RFEEZER M - EENEE % =i %L
Ow A Vv AWgEar L RiZEsE  #d% A &k
ORI

TR R) - BT #dz & v MEb~ 7 2 & w7z HIV-1 3 RIEGE 7V O IC RIS
BLIfGE " AT 5 720 SIV-Vpx DEAIZ X 1) SAMHDL @/ v 7 %7 ¥ %47\» DuoFLuo HIV % J&# & &
720w T MR O G E TN U 72 25 IR RGN O AR B9 A VI3 ZBAE A3 e 2 5 720 Vpx %
BALRL LD 3-4%D 7 4 v APEEEYe, 1-3% 13 & OFRIBGS R SNz ZOB BHo
FEBEFET 12 2 > 72 DuoFLuo HIV (RGH : R7/GFP-EF1 a -mCherry) (& =FED M4 > 737 [ THIFH
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M Z AR D 2 LG hoizizd, #NEHOHMAGDOEEZME L. mKO &HZ H\W7z#i/z%
DuoFluo HIV (OGH: Orange/Green/HIV) ZA{E# L ZDOBE)ZMEH Th b, (RIEE)

(DI 5/ LEEW/INTG V) IAMNAZAW-SEEITIF 7Y 13 PORE]
OW7efiER AR RPRFPBEE RIERE AR Y A VA5 fE#d% AL 52

Ow AV AWZEaT L RIT e S #i%  9IR %E

OFERIRM

JR B R R B R e e PR AT JE b - AVLGRHERIR E DI 7 WEAMRT I 794 VA%
WeEHRET 2 F VT V2N MO T AW5EE AT o 720 ARILFEFZETIX, ERCZED 720
DV MG K OB EZBRHM OB A2 E—HIE L < BRRLKETRIEIL L7z DI EAM: Sev &
TV a2y MRIREPHE E N T WS poly (:C) % #EHEAE L 7B My 1 2 IFN F53EM 0 g, A~
WA Y INZ 2T 7 F 0 LTREBR L 22O T Y 282 MR Z G L AL Sev A
poly (I:C) & [RIFLEED IFN FHEM K OT ¥V any MEAZHEHOZ LR TE 2, (%)

QFET - MLV D 4 VA - EFHEA%

AV A - RFE e 2 17 AT o 72 (U AV AIZB L Tl&, HTLV-1 OF%E 2 . HIV O
. AVFIALNADIGE L, TR I A VADWZE L, ¥ 774 Vv ADZE 1 fR»
W9 4 WV ADIRGE 1 e 7 A4 NV AMFZED IR & 7 B A RHAICE L Cid. HERGREOIFZE 3 1.
RNA A7 T4 2 ¥ 72§ H0%8 1 R, BR - 7EBLARETRERE (B 2 00098 2 1, MW 7' a7 7 —
YB3 HHF%E 2 1 OIS SR8t - RIZET VT AT AT 50982 1)

[KIBEZAV-HEE s2P FEOJT DXERR & EIRMHEEDIREE]

OWfgefRFEH MR LR BEE B SR E 3 HRBHERY] Iz & RAl

O A Vv AWkgear 3L mF7E 4

OFRIRD #dz il 5, ReEbi¥ 8fE 7

RS T VK A e I B AR B B2 IR 2R 51 - RIEFNUEREZ & KT & - 72 M B S2P ok
TR OREFEH & AR OMALIZEH T 578217 5720 RseP EZDFET ZIZOWT, Hidh
ALIZTNT 72 BB AR S & % RGN ) A 72, F 72, T ANENITEER & O LFBFIE DS
By RseP DIENIZ B -~ATEUN—=T2EFTLZL2TFHL. f-~"TEV—=T2EE L DER
W 7ZAEEICBD B RENED D 5 2 & A FEEBRIITIR T Z LI L7ze S OMFZERCRIE, =2 Atk
MR DRFEPETH Y 54 v VX —F IV Tdh b elife s L Tim LIEK N7z (eLife 2015)

[(KIRE 707 7—+t BepA ICEDAES N BDEA K EBORIR]

Off7eERE MR EBdR Wl B —RE

O A v AER st RMZES Bz il 7k, KREabedk KT FBES

OE BRI

RER R KR AR - B — RRHE AR & R W 710 77 — ¥ BepA (2 X ALY ¥ /87 D4
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BASRECBT AIFE % 4T 5 720 BepA-TPR F XA Y& % —4"y + & LT, #FEN 2 SR04 S in
vivo WAUGEFHERZ AT\ £ O CHRMEED 2L L7z SO OZGEY % K3 U B 50 &
CA L7054 Y ZIZX VT L7282 A, LptD X° BAM HAKOHERK 7 > /3 7 B H 2 [ g
M ZHBEASTPR FA A ¥ %4 LT BepA AR T 5 2 & 2%k <R S 7z, (J. Bacteriol. 2015
tiy)

[BEFHRETIAZA: HAM RIEHE ORI L R EDRS]
OWf7eER NIFERRAMAEY Y B ik 1k
O A4 v AWrze L Farses i 2k M. #0% B HEkE
OFERRI

NIRFEERF R A B8R - A% & AR T~ 7 A & H\ 72 HAM JEIE iR O i & iBliG
FEORRICHE T 25827 o720 7V Tg ¥ A (Tax-2D2-Tg ¥ 721& HBZ-2D2-Tg ¥ 7 A) O
— &A%, 7 ~ 8 il T HAM B T O FR 2 HARFEE L 720 I BLALAR AT T, R
P OAMBEIC2T Ty { BBETHED SFMIEIT D725 RA) L REROIZITIEAWNFEDRE % B
720 FERER 7 ATIE, RFERE< 7 A & I L T4 CXCLI0 IREDAE R LA 27z, Zox
7 A1, HAM OFHIREE TV~ ZEMiE Z 2 515, (J. Neurovirol. 2015 i)

[BIWF 24 N ADTEEEREEFDARA]
OwrgetEE BB RFILFERE S FREBh# I BAT
O A W AWZEAr L sE S 2% 9k B
ORI

HE B R S SE [ BRPE 280 - VL ELATRME B B & RV F 7 4 L A %5 FIeE 7 oM+ %
WH2e 24T 720 BRI BOWTEMRLF 7 A4 LV ADFEERMEEZMF L2 2 A T 4KV
F ANV 4 (PaBV-4) (5 HRMIILICIZIEG T X 2 25 FLEN Y RIS T & e o 7272
B, PaBV-4 DI FHRAMEZBET 2 74 VA BIZ T OWRRE T o7, MA OHNTIZE D, i EH/M
FANDOHA RBACHEGTEIMB L GEET TIER L YAV ADOEEES v 737 A (VRNP)
DOREBLHT-A% PaBV-4 OFF EARIMEZ BE L TW5H Z L AVRE S N7z, (J. Vet. Med. Sci. 2016 1ib)

[RNA 2#38¥% Regnase-1 & UBIESF B HlRIEEEICEH T HIREIDERIR]
OWrefiE&E  BALAiE mabmZRAfEt >y — s v—7711 2% —
S i

Ow A v ZAWtseprdtaitse s 2d% N B
OFERRN

PLA e O A R R 7 2 o & — - BRI AT E IR & RNA 77 f# 3% Regnase-1 @ Bz
FRREIZ BT X EOMFNTICBY 3 598 %2 4T - 720 Regnase-1 @ B fllfEIZ 3BT % in vivo 12 BT % 1%H]
T 572912, Regnase-1 ® BRI T4 v a v/ v o7 by A &2ERL7,
Z LT, BlifaFEY Regnase-1 KIE~ 7 2BV, BAEMALORE 2O, BMIIZBIT
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% Regnase-1 12 X % RNA ffill##Ifil O EENEA Do 720 (RFEFE)

[H3K9 X FIV{LEEFH ESET NDIERIETINIZE]
OWf7efize MERFREERAMEL Y ¥ — HiZ ik 3
Ow A W AWZEAr LA sE S 2% 9k B
OE AR

SRR BRI TE 2 v & — - SLAEHEIR & H3K9 X FVAILEEF ESET OEEMRELYI OFRZE I
B9 2% %417 > 720 Anh-Cre K5 4 /N—I1Z X 5 TEset 2+t )V b ) HIIE TR IZKIE S 72, Eset
RIEDENV P IME2 OS2 RNA Z v, kY —7r Y 2% 772 oM7) — FiZ»o
WTv v ¥V 72T\, Eset KIETHE I NS ERV OFEBUZDOWTHNT L 720 in silico FFHT DREHE,
ERV ® 9 HTERVI (7 A 1) ERVK (7 7 A 2) THIPHIIHEE TWD 2 L2955 h 572 (Genesis
2015 1)

[EMERFERIRT THIEY NHEEEICEH TS Pathogenic R8N/ N— T MRS IS DARAA]
OWr7efEs  TRERPRFBREEIZERRER Y B il BE
O A4 v Atge ik mprses #ix AWl F—
OZERRN

T-HERFRFEZ e - PILBEERR L EBERERE T COIE) v lEICBI 2
Pathogenic L&V 78— T MRLAERAEAE OB § 2098 217 o 720 RCIEAN IV S — T Ml o K
53A8 iBALT WC IL-7 FEAERING & 825 L. IL-7 2% iBALT W COREEANN 28— T ML OMEFF I JH T
HbHZLrERLIZ F7o, IL-7 EAMAEAYIL-33. CCL21. CCLI19 % &% {ES Thy-1 Btk ) >3
ENRMITH S Z LRI L7z X512, & b OMFERERVEIE R S 5 0 SAERRE T D ko
IL-7 FEAEMINE % [/ %€ L7z (Proc. Natl. Acad. Sci. USA. 2016)

(ZRF71 N ADRFEEDE( X T = X LORZA]
OffF7eiEE  HGERFESAE B il &
Ow A v AfrZep sk mftses  #dz AW &k, B ik &
OERAR

WK - IR #E E TR T 7 A NV ADREEDHEL X = X 2 OFHIZE S 5058 %
To720 ZHASINTVEETOT7 40T A4NVADT ) ARH] b L IF#EEFERYZIUEL, #Iz
T TEIZEEN 2T, SRR EVIO NI L2, ZORMBRICED S, #LIZT I/ RDS
ZALLR VYA b (EOMWIK), & LIRZEL BT A b (AOEK) 25722 T 5, £0
)BT I BRENBENENEDRRREET — 7 ITHEL, 28D L) BV KNEETH L D0 %
RS AN TR L DBRET L. 25 oy SmER & OMEMEN 2 Fll§ 5. IR Tk
Foy &2 e L, R 23R 7 X VBRSO B b 2 R TV 5, (R%EFR)
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[Develop a selectable anti-HIV-1 gene therapy vector using CRISPR/CAS9 system]
OmF7efi# UCLA AIDS institute, UCLA School of Nursing Associate Professor  An, Dang Sung
O A v AfFZEp kRt sEs 2% AW #&k B B 1l
OERAR

AIDS institute, UCLA School of Nursing, Associate professor Dr. Dong Sung An & CRIPSR/CAS9 Vector
DOFTHA VBT BHFFE% 1T > 72. We have identified 2 functional guide RNA (gRNA) agasint human
HPRT gene and 1 functional gRNA against human CCRS5 genes. These gRNAs were co-expressed with Cas9
and GFP from a lentiviral vector. HPRT gRNA transduced human K562 cells were positively selected in vitro
with 6TG chemoselection. CCR5 gRNA transduced human CCR5 MT-4 cells showed efficient CCR5 knock
out. However, the vector titer was significantly affected by the co-experssion of 3 transgenes. It was too low
to transduce primaryT cells and CD34+ cells. We have reconstructed a lentiviral vector to express gRNA and
Cas9 separately. The vector titer has improved for efficient primary cell transduction. We are currently

optimizing a transient Cas9 delivery system. (FFE%%)

[ELMO % /N7 BHOMI1 W ABAREGEICH T HETINDMRIF)
OWfgefEH  HREMBIFAHEMRERER N 94 = 0 AW5eR da#BdZ maE KER
Ow A Vv AWgear L mises ¥ N B
OFERIRM

25 BUBRHAEAM KBRS A4 T 2 AFZeRE - A& KEREdZ & ELMO % ¥ /3 7 B obt
T ANV HRRIZISE BT B KENCET 20982170720 7/ AMEEIC K ) ELMOD2 KR~ 7
077 — Vlifakk L R~ 2R 2B LT 2175728 2A A VA RNA KT A 184 V& —
T2 UREIEWETA A A T OREEDED L TWB Z & %2 H72 L, ELMOD2 23T HAAIEIL A
B S-35 2 EAVRR I NIz, S HICFEL {MT L72& 2 A ELMOD2 &7 £ )V AGEEKIZEE b
% HRIEZ RO T b Toll-like receptor 3 & i3 % HARIZILE 25WMA L TV 5 A% 1572,
(RFEF)

(VO EMIRZIFOV I ADER]
OWr7eds B RFERAZER A RER 2RI dE#dZ R JIERER
Ow A Vv AWgeaT L mnTse s dEd =il 1T
OFERIRM

TUER R SRS Fe Rl - IR R AR HEBIR & -V DB 2 5o~ A OVEELZ M 2 if%e %
15720 5-10 A DT A XN OF 2RI L . JESEERIC X ) SRR E 5B L7z, 53
WA 4mL/ B O 5508 L 725 BEHUZERNIC CD34 FrtkE i igHile (CD34+HSC) 4% 0.5-2.0 X 1075
FENTVWDLILENDbho72, TOFHMPEZLERE NOG ¥ 7 A GEHNICB L2 A, &
SHCRBME 7 HH T Tla~ 7 ZARMIMAIZY )V CD45 PRI S S v, SV 24225 L T v
b ENRER SNz, (RFER)
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[mRNA FiBEFD SHiEH DIRIK RNA B TEHH 514 4]
OWfgefis  BHRMER AR PR EER TR %% [l B
Ow A Vv AWgear LRz B 40—/ ¥ K¥F BEA
OFERARDL

i PRl A K A B R B E 78 AT - B EHIEEZ & mRNA BibRAAD 5 B REH 5 BRIK RNA 25T &

B AR AT AL EIT 5 720 ciRS-7T DA Z AT 5720, 7 F Ly A4+ ) TR
7 VFF FEMWTRS-7BIRILICHG T2 L BbNb AT T4 A% HET 5 EBREZEITL
720 ZOREFE, HHIKRNAOH AT T4 2 712K 5 TciRS-7THEBRRILTHARH A B E L7
CiRS-7 =7V VWi D A >~ + 1 v ¢, KRS SINE O—FETdH % MIR FLyl % 4 L 72 ik 4 28

L) WHEATTA LU 7RISR LT EBRIRILAFR 5172, (Biochim. Biophys. Acta
2016 fii1)

(V71 VRICE DI REEBORAZ BIE L 7-FIELFHRENHE]
OWr7eds  HEREBRFRFPEE AR AW 7ERHEE 7 4 v R &SR sE L >~ ¥ —
% il EfE

O A4 Vv AWrgep e mmises  dE#ix +h W
OFERIRM

HE VR S KPR A BEE B 2P 5 T 7E ) - M IEAEEEZ & 7 4 0V 2 X 2 IS o i 2 B L
TeAFEALIFHIAR DA FE 2 1T o 720 WEEH O DFIH L 724 ke MFfilatk 2 v HCV & HBV
DIEGEERE B o 720 AREBRBEIIRO SNk otz —H LR E DML L 724581
v IR IC HBV 284K NTCP Z [HE I S - Mgtk 287 L7-& 2 A, HBV Di&G:%
HETHME7 a— Y 287, ZOMBIEARE#ET 52 E THCVISHT 2 BREL A L. 4
#%.HBVDNA %38 A L720)  HCV 7/ A %8 A L CHIFFHEIC D 2RI % 17 9 ¥l 25T & 72,
(RFEF)

(7= ME#HIZ LB non-coding RNA H19 NG HI{H#EDAREA)
OWfgefREH  FuUR TREF KB T e b4 dy T2 BUE vy bAL 0 i
R RE ORIk

Ow A Vv AWZEaT LRI 7S %% &85 XF
ORI

HRRUR TR R B TAAmigele - R L # Iz & 77 = Y WEHFHIZ X % non-coding RNA H19 D
BHIEERE O HIZB§ 20782 1T 5 720 H19 BT ORERGHE T ICHFET A7 7= v F
fiy) =&t ) I X7 LA F Nid, invitro TG4 2T A 2 &3 0h o7z 720 T D G4 KL
X, HI19 OB EZ KT 2MEHNH 2 L EZHOL NI L7z, 512, G4 F Y K&~ A ES #illg
WIS % &, ESAIEOEIZHE S H19 OFEBIASHE I S iz o Z a6, HI9 #Eix
T OWGFHIERME T2 G4 2R L. BIEFRHULHE T 2 Z L3 o7z. CRFER)
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(XA T Hilgam®RY) »/NEN0/QF) T 1. 714 NABEFRRCREFHFROMBIT]
OWfgefiEHT AR KRRKRFESTRHEY 8% KB F—

Ow A NV AWZEAT LRSS i RRR HEdE. AT 2ok fi—AR

ORI

ANHRRKFPEAT - KEF—HZERA THRANRE) > & o7 aF) 74, 74 )V A#EIET
FEHL L IR O IRNT B3 A %8 2 47 o 720 ATL MAKRD 7 05 1) 7 4 2T LT ) v /88
WWEICBWT, 70— v HoMma it Lz, BIER 22 LTz FELT\wb, F72.HBZ
NG VAV 2Z 9 IRIAEA YT —T20 VA9 I TIbIIZARKRLT, VY RED
FAEBE AT L. A Y5 =720y WP eve ) YNERIESAZEICHH S D 2 L 2 [l
L 725 (PLoS Pathog. 2015)

(1 28=7 0 FBERT I 714 VAR TFOEEEREIT)

OWF7efiEEE KIREFIR AT Ritt SRR A 3 i 8K —

O A4 v AWrge L Farses iz I Fk

OZERIRI

KBRER KRR EER - SR —ilili e 4 > ¥ — 7 20 YFEWH T ¥ 7 4V AW T DR EEIAAT
\ZBI3 W98 %17 > 720 RyDEN (Cl190rf66) M5Bz MgIZBWTT ¥ 77 4 VA (DENV)
DIEGATx L CTHIHIIICE S & 2%b o720 £/ RyDEN 134 v ¥ — 7 = u ViFEEWRTTH D |
A0 =720 XTI A4 NVARBOMEIIIB W TERELEHER-LTWELZ L8
RENTz, E HIZ RyDEN I ZM MR F- E EEREZEHR T 5 2 LI2K > T, DENV O Y Y87
EHEPEZET 5 2 EAVRR S 7z, (PLoS Pathog. 2016)

(BARBELEICE T SEFEFAMOERA]
OWf7efizE IR FEAWAALFHE Iz R R
O A4 v Atzeir ik Fprses Hix N B
OFERRIL

IR FRABEIEFGERE - BN EIR & BIRIZRIS B BT G RE O B 2 4
Txitolz0 SNFEFTLEFATH Dol u 7 7 — T % iz g BERE A EL 0o Bl I &
% translationally active mRNA 23J51E3 % polysome 73 D53 WU L. FBlEIHE 0 2 v 7 7
7+ (KO) O~z a7 57— %7z polysome 75 DY A ~ 51 4 >~ mRNA OFFHTIC & Fril
HRTFEHA A4 Dy 287 BEERZ I 5 2 LA 7h o720 (Cell 2015 1)

—224 -



2016 AEEE LM ZE i E — B

FHEBRS: - PR BRHE D S il £ 169 36 R F JE L 25T

. B[RRI ZER .
Whoeft s ﬁé&%ﬁ%%ﬂ? o 2 4
BRI KT B 2 5 s e
N B H T ik DU L ARSI
LB N AR T RS B AR 7 T 72 M ISR Rl 0 125 P S

2 Bl B R R
i e B

B #hE Bd%

HoOfRE

BURHRE 748 AR 2T
A A=V T Y 5 —
HA P F—ay -y -

RS p e
HM % #ig

PG & S L OV T RS 2 W G 1%
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