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Regulation of coupling delay for cell-cell interactions is important for oscillatory networks and precise progress of
development. Mathematical modeling suggests that Hes! expression exhibits various patterns (in-phase oscillation,
out-of-phase oscillation, oscillation death), depending on the value of time delay for cell-cell coupling (rz) . Alteration
of time delay for cell-cell interactions caused by DII1 mutations led to dampened oscillations and defects in
somitogenesis and vertebral formation.
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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
DR OMI, 4 > & —7 20 VIRE 2 PHT 2 EROHER, SAEEFE L A HRko —H
SHRNA I X P07 4 WV RIRE DD R 2 VW2 RS %o

1) HHRO “HHE RNA X IRA V¥ —T7 20V EEE a7 b — Y AROMBEDFHEIC L -
TIFWERRD T A NV A EEP 2 H38 3 5, HEARB K DT85 — >~ (pathogen-associated
molecular patterns) % A3 A2 %MRIITE EORIEIRE 2 ER T 5, T E TITERILIR % V72 90%
EHALD RIS ORAIATONTE 2D, Bk -Lele Lo MEIREI N Twi, E41x2
DOMEZTEIRT XL, Kl E T b KK HEH RNA (rice bran double stranded RNA: rb-dsRNA)
W7 O REME 2 WA U720 Z DR, th-dsRNA 2~ 7 A kR 5-5 5 Llilifa~ 7
077 —=VIC&kB 18 =720 EAPBRCHFESIN, SHICEA Y TINVZIFATA VA
% EOWREHERTIANVADF v L ¥ VI L THWHRIEIRE 2[RI T L 2B L. 2o
P RS IE TRIF ROFMDAS D/ v 7 77 b7 A TRBISBREIN 05722 L5 5, 1tb-dsRNA A3
ANVAE s —TH5 TLR3 LU MDAS /- L CTHRIEZFEL 2 DEEZ LNz, 18IS V& —
7 20 YZEERRIY T ATIIRIERENFEINLZ L, ZLTEORFEINEIIH AN—E 1D
FHERPR G L > THE L2 LA LA A= iiE§ 5 IL-18 DRI, ZD ¥ 7 F VIS
LTWhdrole TOH A= 1 OIEEALIZIE TRIF 25535 2 &, ZO#E% LDH i % £ -
72¥a 7 b= AOMBAEIR X, PL7A NVAIREFEICHG L TWAEZ EAVRENT, 72, 1b-
dsRNA OFFERPFGIMIZBIT 254 F 3 v 7 RREMBOANED Y ISR E TnD 2 EBIEES



N7zo FHICHINL~ 7 17 7 — V1% rb-dsRNA LI L ZMifesEIc & - TEHNZHA§ 2 2%, BH %
WIEFEOBM, BEL Wz, $4bb, 1b-dsRNA OFERBEG T 18 A >~ 5 — 7 o kAN - JE
KERDOPLT 4 NV A B2 B ERT LI LI THTOBN AREREEZFELTVD
CEDBHLNE Lo TNOHDOKRITEWH RO KRILRNA & 72008558 & 2 ORKRISH O
it ZRTEOTH S,

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. In 2017, we reported that a plant-derived

double stranded RNA protected mice from respiratory virus infection. Below is the summary of our report.

1) A Plant-Derived Nucleic Acid Reconciles Type I IFN and a Pyroptotic-like Event in Immunity
against Respiratory Viruses. Nucleic acids carrying pathogen-associated molecular patterns trigger innate
immune responses and are used to activate host immunity. Although synthetic nucleic acids have been used
for that purpose, they have shown limitations for in vivo and clinical applications. To address this issue, we
tested a naturally occurring dsRNA extracted from rice bran (rb-dsRNA) and characterized it as a potent
ligand of TLR3 and MDAJS. In this study, intranasal administration of rb-dsRNA induced production of type I
IFNs by alveolar macrophages and protected mice from morbidity and mortality resulting from respiratory
virus infection, such as influenza A virus. This protection was completely absent in mice lacking both TRIF
and MDAJS, indicating the essential role of TLR3- and MDAS5-dependent pathways. Interestingly, [FNAR1-
deficient mice retained residual antiviral protection, which was abolished by pharmacological inhibition of
caspase 1, but not IL-1b signaling. In fact, rb-dsRNA activated caspase 1 via TRIF, resulting in the release of
IL-1b and LDH. In addition to the direct antiviral activity, rb-dsSRNA modulated the immune cell population
in the lungs by repopulating virus-depleted alveolar macrophages. Our data demonstrate that rb-dsRNA
orchestrates [FN-dependent and -independent direct antiviral protection and that it is a potent immune
stimulator modulating antiviral immunity in the lungs. These findings open doors to a range of precise

immune-modulating studies and therapeutic options.
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FTAOFEEIZe L ba Y4 VA THSHE b THIRLHME Y A VA 1 (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 IZRIEROBIEIC L ) BRERIEASIRE (=4 X) 25|&EEZT, Thborv bl b
7AWV ZNIIG ARG FIIE & M Ui &G 2 LT A% MR e LTHERKEEZERT %,
F 413 HTLV-1, HIV OWfZEZ2 8 U T “ A " HIE " 74 VA " O 2479 & 31T, 208
S L 7R O A HEAE L Tw 5,

1) HTLV-1 OFheiR G bERE & J8 03 A BT O iRt

HTLV-1 i3 EC CD4 B PET V) 28 ERICIEG L CTEB . ATL J O° HTLV-1 B H 865 (HTLV-1-
associated myelopathy: HAM) > HTLV-1 5 &9 gk & v o 72 SREMR B O JEA & 7% 5 HTLV-1 D%
BARIIRE A RIS A7V a—A NS Y AR—=%—, GLUT-1 TH V. CD4 Btk T Mg LIyt
ORI B EG L 9 o HAM B, HTLV-1 F 1 ) 7 OKMIM L ) CD4 Bk T #ild. CDS Bk T
M. BAfE. ek, HUERZBEL T RIT — 7 U —Z2 H W T HTLV-1 7o £V ZO#
AIARIBAL DR E % ATV BRGSO 7 0 —F 1) 7 4 N L7ze SO OMBIZILE L CTHAET
B M AR BRI S A, LRI O & MEEHIE A~ HTLV-1 JEGARIE S iz [F—BH O 1 4E
BOMHIRO 7 0 —F ) F AT, LAERIICH SN b D & [H—7 1 — Y 2l L, HTLV-1 ©
TE AN O FEE G AN IE I S 7z, HAM BE X ) BBk % 508 L TRERAIIRA~ L 3¢ 5 & 8
BURG A FE T 2 2 EANEH S Nze TNOHORER LD HTLV-1 B MM~ &G L. HTLV-1
JEGe S ML SRR 2 ZRMIE~NME T % 2 & T AR~ OFBLIEG:, EAHRE OMERICBE S L C
WhHZEDIREINTz. T OGRS IE PLoS Pathogens aEIZFEF L 72,

HTLV-1 YO ARHAN TOAELF, BHICIE HTLV-1 707 4 VAD 75 AL < 4 F A§HIC
K% 32— F&N 5 Tax & HTLV-1 bZIP factor (HBZ) 2SE 2% % K723, Tax iX HTLV-1 DiEE5
ZEMAL L. YAV AOBE, EARBEHFICLHTSH 5. —F HBZ IZEGAML D 7 1 — F v i
WCEEREEZRI-TLEEZONDL, Tax I TEN LAY VN7 HTHLH. ATLATORBL
NUDBFFEFITRNZ DD, BPALBITEEFRIEIWHS 2 Th2 o7, ATL Mgtk MT-1 & KK-1
DL —EBOKNL (0.05-3%) 25 Tax Z I LT 5B L 2 B L7z, Tax B5A% ER! EGFP (A2EGFP)



RFHETHLUR—F —HIEMTIGFP 28 L7 4 45 T AN 2475728 2 A, Tax 3% L DA
—EICHERT L EDBHLN IR o572 (Fig. Do Tax D/ v 7 57 VIZHERPICT R =3 2%
FHELZ b, I oM ERE T 5 Tax 25 MT-1 OFEFICUHTH L EEZE 2 BN
720 Tax 1 3MkA G A MLV ATTHEINZ D0, —BHED Tax FBHIZ A b L A2 X SH15E5E R
BZDVEHT A EATRBENT, ¥ v Z VL IVER PCR OfEH. Tax ZEBIMINL TIZ A 12 NF-«B
REBHEER R T7 R P — Y AR FAERBLTB Y, Tax IERBMBBOHFIHT A M=
BT ORI CHIEE E BERH LA LT AMBESRAEL TWize SRODFTRNS,
MT-1 1 Tax DFEHAHL L7220, TORRPFHRT 52 EICL VTR b= AEZAHMR L.
FRE L CHEMOMRFEZWREICL T  EEZ b, AMEFICEL T FlEETFVvET v Ea—
F—YIalb—Ya L AMGEERAT, EBRTHIZ S N7z Tax OFSHBHRE & MM 2 HH T &
LHZENPHLNE R ST,

Tax (ZREFEEDI R B ERIEOELENTH Y. FAEEN R Tax BIHIL. PABETHENE
DML EAL % FET 5o HTLV-1 JEYGHINEIE Tax OFEHZ R/NRICEIZ 5 2 & CTHRiE % [l L&Y
ML 7 R M= AZWHIT 225 AP VARET T Tax ZFHEL 7 A VABEBEOTEMALIZ L S
SO R 2 MAET S L v ) HTLV-1 OIS 75 A4 Z 5% 0 B AT & A2 7% - 726

(hour)
FA R AR -
16
24
A small number of ATL cells On/Off of Tax expression
express Tax

Figure 1. Transient Tax expression in a part of ATL cells

2) HTLV-1 X9 % IR IR DT & iR T

HAM B3 Tld Tax LU HBZ (285 2 IZISEDTLHE L TV 525 ATL BETIEFERHIKT LT
W5, PUCCRAPUEREAN L) A= T2 X B iH#ERD L IZ@E Mtz o ATL BE BT 50
EINERMBH L2 2 A, BAEMEMHITF L TV A —HOREFATIEIINS DY 4V AHEIZHT 5
THIBISEAEMAL L TV D 2 DAL 720 BLEDRERD S 7 A4V 2128 5 B n & 130k g
ROFHICHEL TS LEZ ONL, Fx OUIFEE TILEASHIE O ERNEEDS HTLV-1 & GH
EFPL TV BV THIRRHAINH Y 4 )V A 1 (simian T-cell leukemia virus type 1: STLV-1) &4t =
RPNV %EFWT, HTLV-1 7 7 F Y D5 % 1T > T b,



3) HIV-1 RIEGE 7 VMR 2 TV 72 FRGPEAL SR & bt HIV SR1T0 3 % IR M o ff i

HIV EBRE BT 5274 VAEROFRN T~ b u — U ASEEEDT HIV SEIC X D g s o 72
A, ERIRGHIE AR PN A LBE T B BR 0 . #AEICD 722 IREDSLETH 5. 2 O IRIEGS
RN DHEBR T 2 7212, BUERR 4 e FEAET ST 205, RIZISHRN % 7 I KM T
Hbo I TEHRBEISHILOMERE X 0 %R HFST 572012, FHEEALIIBICES-3 28085170
fRAT %47 > 720 BRD4 FHEHITH 5 JQ-1 (&, HIV-1 5LTR ® R #HIEH & D5 % ¥+ 5 R FH
B, AR E ZUTHED T A4 VAREEDTED BT, —T5 . ElETE I R R b B
FREANL, JQ-1 TRI L 72 PG LB R GSHNE 2> © O I G & /i L 72 ALK IT B W T
BRGARERRDIIEZ D E R Lz, T o 0GR, HIREGE 7 VHIIIC BT 2 IS LR O
LD R 2B O & & D IT, RN 2 PG TALEEE QMO %235 EMfF S B, BUTE,
BRD4 DA DR EG D FRETEALICBE S 5 5 F IOV T O ET 2 #O T %,

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 viruses.

1) Mechanisms for persistent infection with HTLV-1 and malignant transformation of infected cells
HTLV-1 infects mainly CD4* T cells, and induces a fatal malignancy, ATL, and several inflammatory
diseases, such as HTLV-1 associated myelopathy (HAM) and uveitis. The receptor of HTLV-1 is a glucose
transporter, GLUT-1. Since GLUT-1 ubiquitously expresses on variety of cells, HTLV-1 can infect many
types of blood cells. To explore the possibility that HTLV-1 infects hematopoietic stem cells (HSCs), we
analyzed integration sites of HTLV-1 provirus in various lineages of hematopoietic cells in patients with
HAM and a HTLV-1 carrier using the high-throughput sequencing method. Identical integration sites were
detected in neutrophils, monocytes, B cells, CD8" T cells and CD4" T cells, indicating that HTLV-1 infects
HSCs in vivo. Dendritic cells differentiated from infected monocytes caused de novo infection to T cells.
These data indicate that infection of HSCs can contribute to the persistence and spread of HTLV-1 in vivo.
HTLV-1 provirus encodes two oncogenic factors tax and HTLV-1 bZIP factor (HBZ) in its plus and minus
strand, respectively. Tax is a potent activator of viral replication and many signaling pathways involved in
cancer development. Tax expression is generally suppressed in infected cells to evade host immune system.
Therefore, its precise roles in pathogenesis remained unclear. Live-cell imaging revealed that a small fraction
of HTLV-1-induced leukemic cells expresses Tax at a given time, and its expression level is drastically
changing in each cell (Fig. 1). Experimental data of single-cell analysis and computer simulation show that a
small number of Tax-expressing cells are needed for the maintenance of leukemia. Tax is inducible in

response to various stresses. This limited Tax expression is required to maintain the whole cell population



through inhibition of apoptosis. These results suggest that Tax efficiently protects cells from cell death and
enhances virus production under stressful conditions. It is an elaborated strategy of HTLV-1 to evade host

immunity and enable persistence in vivo.

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

Immune response against HTLV-1 antigens such as Tax is generally suppressed in ATL patients. We found
enhanced T-cell response against Tax and HBZ in some ATL patients who achieved complete remission by
treatment with mogamulizumab, which is a humanized monoclonal antibody against CCR4, or HPSC
transplantation. These results suggest recovery of immune reaction is associated with efficacy of the
treatments and prognosis. We are now developing new vaccine against Tax and HBZ using Japanese

macaques infected with simian T-cell leukemia virus type 1 (STLV-1) as a nonhuman primate model.

3) Reactivation of HIV-1 from latent infected cells

Replication of HIV-1 in infected patients is well controlled by several potent antivirals, but complete
eradication cannot be achieved yet due to the presence of latently infected cells, thus requiring life-long
therapy. Although several strategies have been proposed to expel the latently infected cells from the patients,
none have been successfully established. In order to better understand the latently infected reservoir cells, we
are analyzing the target molecules associated with reactivation. Among several molecules, bromodomain
protein BRD4 is important for the maintenance of latency. Inhibition of BRD4 by JQ-1, induced transcription
from the R region of the 5" LTR, resulting in production of progeny viruses. On the other hand, during the
analysis of the inhibitory activity of antivirals against viral expansion from reactivated latently infected cells,
we found that potent non-nucleoside reverse transcriptase inhibitors efficiently abrogated the capacity to
transmit the infection to surrounding cells. These results will help to uncover the detailed reactivation

process, and consequently, to establish effective reactivation strategies.
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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 2017, we conducted research on the following

subjects.

1) Antiviral activity of Favipiravir (T-705) against mammalian and avian bornaviruses
Previous studies have shown that ribavirin has a potent antiviral effect on infections with a mammalian
bornavirus, Borna disease virus (BoDV), as well as avian bornaviruses. However, ribavirin-based treatment

does not eliminate bornaviruses from persistently infected cells and viral replication resumes after treatment
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cessation. Therefore, to identify agents which can eliminate bornavirus infection from the infected cells, we
screened nucleoside/nucleotide mimetics for agents with anti-bornavirus activity. We used Vero cells infected
with recombinant BoDV carrying Gaussia luciferase to monitor BoDV replication and found that favipiravir
(T-705) is a potent inhibitor of BoDV replication. T-705 suppressed BoDV replication in a dose- and time-
dependent manner during the observation period of 4 weeks. Notably, no increase in luciferase activity or in
the number of BoDV-positive cells was detected in the at least 4 weeks following T-705 removal. Our

findings provide a novel and effective option for treating persistent bornavirus infection.

2) Dual function of the nuclear export signal of the Borna disease virus nucleoprotein in nuclear export
activity and binding to viral phosphoprotein

The nuclear export signal (NES) of BoDV nucleoprotein (N) consisting of leucine at positions 128 and
131 and isoleucine at positions 133 and 136 overlaps with one of two predicted binding sites for the viral
phosphoprotein (P). A previous study demonstrated that higher expression of BoDV-P inhibits nuclear export
of N. However, the function of N NES in the interaction with P remains unclear. In this study, we examined
the subcellular localization, viral polymerase activity, and P-binding ability of BoDV-N NES mutants. We
also characterized a recombinant BoDV (rBoDV) harboring an NES mutation of N. BoDV-N with four
alanine-substitutions in the leucine and isoleucine residues of the NES impaired its cytoplasmic localization
and abolished polymerase activity and P-binding ability. Although an alanine-substitution at position 131
markedly enhanced viral polymerase activity as determined by a minigenome assay, rBoDV harboring this
mutation showed expression of viral RNAs and proteins relative to that of wild-type rBoDV. These results
demonstrate that BoDV-N NES has a dual function in BoDV replication, including nuclear export of N and an

interaction with P, affecting viral polymerase activity in the nucleus.

3) Linkage between the leader sequence and leader RNA production in Borna disease virus-infected
cells

The non-segmented, negative-strand (NNS) RNA viruses are known to use the 3'-untranslated region
(UTR) of the genomes as a template to synthesize leader RNAs (IeRNAs) with unknown functions. BoDV
is unique because it establishes a persistent infection and replicates in the nucleus. No report has yet
demonstrated the presence of leRNAs during BoDV infection. In this study, we report that BoDV synthesizes
leRNAs from the 3’-UTR of the genome. They started at position 5 in the 3’-UTR and ended by the
transcription start signal of the nucleoprotein gene. The level of leRNA production is not correlated with the

levels of viral replication and transcription. This finding adds a novel viral transcript to the BoDV life cycle.

4) Generation of a non-transmissive Borna disease virus vector lacking both matrix and glycoprotein
Unique among animal RNA viruses, BoDV transcribes and replicates non-cytopathically in the cell
nucleus, leading to establishment of long-lasting persistent infection. This striking feature of BoDV indicates

its potential as an RNA virus vector system. In this study, a novel nontransmissive rBoDV, rBoDV dMG,
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which lacks both matrix (M) and envelope glycoprotein (G) genes in the genome, is reported. rBoDV dMG
expressing GFP, rBoDV dMG-GFP, was efficiently generated in Vero/MG cells stably expressing both BoDV
M and G proteins. Infection with rBoDV dMG-GFP was persistently maintained in the parent Vero cells
without propagation within cell culture. The optimal ratio of M and G for efficient viral particle production by
transient transfection of M and G expression plasmids into cells persistently infected with rBoDV dMG-GFP
was also demonstrated. These findings indicate that the rBoDV dMG-based BoDV vector may provide an

extremely safe virus vector system.
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VA% HET P07 A4 VAEORSER, YA VAR 70y 7§ 5PREEORISICHID
HMATWS, 201741, A V7 NVIZ VI AL NVADY ) AEE - HEIZBIT A ) KX 7 L ¥ o8
7 EEER (VRNP) DN 24Ty VRNP 23835 RNA & A Y IV VI AL VAT V878
COMEERE RVIELT S5 A VINZYHFILNADE ) ANy r—I v 7I2BT A7
J DI OB 2T L. MR ICHEO R WA S DbED T ) 2 RNA BAHEAEH % £ 5
WL7ze = TXRFIANVAICELTIE, X2 LA A7y FOBRER L A NP-RNA #athkot
T 2 ATV T ORESREREE 25 2 LI L7,

1) A YINVZVFIALNVADYT ) MRS - SRR O T

AVTINVIZYHIALIVADT ) 5 RNA (VRNA) & BF V87 ENPRARY AT —E L LB
VAR LAy U7 BHAEMR (VRNP) ZTEHT 5. vRNP I mRNA 1% (f55) B X U cRNA
AR (BB OE—BRE) 25 Twb, REIZ VRNP 12X o THIK E LA )LV — 7 IRD RNA 7% vRNA
& cRNA 22515 AR RNA THAHZ EZWHOLNIIL, EHIA VTNV UHFIALIVAREY VI8
ENSI DSZ DK RNA &R 28D L) BRI THETE 5 2 L 251 B 2 v 72815 h
BRWZL. ZARERNAIGHARREZSI IR T 77278 LTHONTWEN, £ TV
IYHYAINVAIENSI ¥ Y7 TOAPRNA 28 2 LI X o> TIHEORIEISEL Sk T
2 W REEDSRIE S 7z,

2) A YTINIYFTIALNADF I Koxy ir—3 v TR DO IRBi

ABIAL Y TNZ VT AL IVADT ) 5 RNA T 8 FEFHICHHIL L TB Y. &7 7 A 0HILERD
WWHEEG L TR IS ATNG, 77 258Ny r—2 2 73 7 FVEH & 4 L7 EAE
AT HEEZONTVDED, ZORAAZANIZOWTIEPISNIZER TV ARV, &2 THRIE
X, 7/ A RNA HHHESER A Y N7 =2 OEHZWHLNICT L2 L ZHME LT, Gel Shift Assay
XY SHDT ) & RNA PSR EZ T T 2HAGDEEZHEE L1z, TOMKE. 4F ClcHlio
W K DHAEDE T/ A RNA MM EAEH RIS, &2TOr 7 A RNA BERD T/ A
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RNA EHEAEH T A REERH 5 Z E DL E o 72,

3) TKRFTIAL VAR Z VI HT ¥ FOREERN

IRTIANVADT ) L RNA B BEEGTDOIANVAY V7 NP LS L THEAME (NP
helix) 2T 5o & 512, VP24, VP30, VP35 BLUKRY 25— L A NP helix [ZHEA L. B
X7 VEAATYER (NC) Lo TIANVAKTHNICIYAENS, 74 VAT ) A RNA O -
HEIINC ETORRI 55, ZOFMEE L 72 % NP helix D5 FHEHEICOWTIEHLAIZENTW
B\, EITARIE, KT T4 VANC OG- MRS LT L2 HMEL, 75
A BB % IV C NP helix OREERNT 21T 5 720 Z OFER. B0 #HE T NP helix © =R
DR 5, NP helix (23517 5 NP-RNA K&, BEBid 5 NP-NP # 6. 5 AS{H O NP-NP Ki&
Waio 7 I BB L OEOFM LA RRDSH S0 L e o 700 RBITRIE. MMRHAEAN K BER
27 Matthias Wolf #EH % & D IR TH %,

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 2017, we found that one of the influenza virus proteins interacts
with a double-stranded RNA produced by vRNPs. We also investigated the genome packaging mechanism of
influenza virus and discovered many vRNA-vRNA interactions that have not been reported until now.
Moreover, we could find 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 vVRNP. In this year, we demonstrated that a
looped RNA produced by vVRNP in vitro was a double-stranded RNA (dsRNA) and that the dsRNA is
composed of VRNA and cRNA. Furthermore, we found that influenza virus NS1 protein could bind to the
entirety of the dsSRNA. This suggests the possibility that influenza virus evades the immune system by
masking the dsSRNA with NS1.

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 2017, we comprehensively searched the pairs of vVRNA-

vRNA interaction by gel-shift assay and found many interactions which have not been reported until now.
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This result suggests the possibility that all influenza A virus VRNA could interact with multiple vVRNA

segments.

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 known. In this year, we examined the higher-order helical structure of the NP-helix by using
cryo-electron microscopy to elucidate the morphogenesis of the Ebola virus NC. As a result, we elucidated
the structure of NP-RNA binding in NP helix and NP-NP interaction of neighboring NPs. Moreover, we also
determined the amino acids responsible for NP-NP binding between NP-RNA helices. This study was a
collaboration with Prof. Matthias Wolf, Okinawa Institute of Science and Technology Graduate University.
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Ya—<o A VA EFBBADERE %2 BRFRIANVAE CRIFRIANVATH D,

GEHIN—7)

WH - BN 7V —=F1Z L a4 VAMEICEE )., BEREEHF2P e hsvo—<7 4 L R
(HPV). WA Wat B DI ZE 21T o CT\\b, FoMAMERER L), AHESI ADERMBI & LT
ZIMLT\W5b,

1) HPV 129 5%

HPV 1, HJE FAHMR IR 2RE Y 4 VA TH Do FFICTEHSERERE L OBEEIZE <, £
FREHNRNTEEZONT WD, REEITHPV OFEBEFLVEZFAL T, 74 IV AERTOKE
D LT, Hiv A 0V AR O EE % 1T - 720

2) Wnt #EEE DT

Wt #EEE 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
IR 2 G 2 H 2 W S I Lo MRRAFRIIC Krtap13 Z KB TAH P VAV 22y I v
7 A% TN L. Lymphoma Z 5583 2 AW LT L7z, BELHNZH#HD TV 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
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evaluating the antiviral activity of a novel compound with HPV replication platform.

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 overexpression of Flag-tagged Krtap in vivo.

(XFTN—T]

TH 7NV —=TTIE CRBFHET A VA (HCV) %6 BRIFRY A VA (HBV) DOWFZE%E Hl
ICBZoTWh, HRIANVZADERRZ ST LVNVCHH L, ZOREEZD LITHY 4 )V A%
HOPFEEHIEL TWb, T2, MEICE. LZIER e MIFHEMIESE 2 v <. bR ir&
AW A EGDWFED & FFFEHE 72 & ORI REOFIEREZ O 02T 270002 B %>
TWwab,

1) HCV 129 5%

HARIZBWTEZER CRFLRY A4 VA (HCV) TH 5 #EE TR 1b ® HCV (HCVIb) FHFFHAA
EOBBRAE NI ETHONT WD, LALARDS, BAR HCVID BRI R 72 ICHE S
TV, €2 THAERMHCV OEESEBZFRIZOWTHERICZR 5 Z L 2%hiE S 7z SEC14L2
SHAE A L. B4R HCVID OMIBRZ R A VA DEERDOHFEE B 2o 72,

¥ 9 SECI4L2 OHF AR 2T WAL 7 0 — U 255 5, 2 OMIlgic4es 7 4K HCVIb RNA
REALEZ A, BHEERTIC 107 copies/ml @ HCV RNA 25 &L, 2 @ HCV O &G A HERE
SNTze Gy HCV G X B FHS AR Z 5 0223 2720 OB A R HCVIb L IEAAMINL &
DM EALEH DN A T % ifgey — v & L COFFPIEF S N7z,

2) HBV IZB9 5 HF%

INFETIZFKA 1L HBV AEBRICE S35 m K1 & LT, IRBIEEZE &kl (FABS) 75 HBV
ORFPEEBFICEGTHZ L2 AL Twa, RIEEIZZOFM L0 FRIEICHE L TR EZ B2
7o o720 HBV BEAMNE % IENIEE A A% (FAS) OFHESE (FASH) e F. kEHE (0 R
fIRBOR % 11 MHE ORI (C4:0. C6:0. C8:0. C10:0. C12:0. C14:0. C16:0. C18:1, C18:2.
C18:3, C20:4) THLELL., HBV EAICGZ AR EZFML72E 2 A, FASILEIZ X > TIRT 5
Mgt HBV DNA (&, C12:0 2*5 C18:1 £ TORMBOILMHTREEIZV A F 2 —3 Nz, 723
Fa > B 7 ORI beta BRALOHEFEANE Z OBRIZESEEG LW &b hrolze 2O Ep
5 FABS 7 5 A S N5 JENERAS HBV BEAEICBI S35 C LRI S iz, BIfE. 215 ORI
A HBV A 2 5 BIZOWT, S5 ET 20 Tw b,
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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.

1) Development of recombinant HCV gt1b culture systemhepatitis C treatment

Genotype 1b (gtlb) is a major genotype of hepatitis C virus (HCV) in Japan and known to be closely
related with hepatocellular carcinogenesis. The cell culture system for wild type HCV gtlb, however, has not
been developed yet. And we attempted to develop such a system by using a cell line expressing constitutively
exogenous SEC14L2 gene that was reported to support the proliferation of all genotypes of HCV. After
establishment of cell lines producing SEC14L2 highly, the full length RNA genome of HCV gtlb was
introduced into the cells. We observed the production of HCV RNA in the culture medium at high level and
confirmed the infectivity of the produced HCV. This recombinant HCV gt1b production system was expected
to be an important tool for study of interaction between wild type HCV gtlb and non-cancer cells to reveal

the molecular mechanism of hepatocellular carcinogenesis caused by HCV infection.

2) Fatty acids with certain carbon chain length can support hepatitis B virus production

We previously identified that fatty acid biosynthesis (FABS) is related with hepatitis B virus (HBV)
lifecycle, especially in the step of viral production. We investigated precise requirement of fatty acids for
HBYV production by examining the suppressive effects of various saturated and unsaturated fatty acids with
various carbon chain lengths on fatty acid synthase inhibitor (FASi) using HBV producing cells. And we
found that the reduced level of extracellular HBV DNA by FASi treatment, was rescued by co-treatment with
C12:0, C14:0 or C18:1 as C16:0 shown in previous our report, but not with C4:0, C6:0 and C8:0. Moreover,
we also observed an inhibitor of mitochondrial fatty acid beta-oxidation was not contributed in this
phenomenon. These results suggested that fatty acids newly synthesized by FABS could directly contribute to
the HBV production in the cells.
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AT REEIR RN E L2 LRy A7 AL $4bb [REGE] 200 H0e L
Ty BEBHER D AL 7 LIV X —IRRE ORI & il %2 o S U 2 HEAE L T 5. 2017 SFEI2B VT
& BAEEOIREILRTF F () RXRTFF) PERRGFOREICTI EHE, 2 D) KT F
FHURIR S F 2 W8 L CZ D X #f g 2 I 5 2 LI Lze 72 MR IERIC KD
P INDENE Y MEWERIEIGEIZB W T, HFHIRHE S100A9 & 87 Es~w a7 7 — Ttk
PEALZ HIET 2 E WA RHEEOMAZ ML LT, Iha X 51358287 5720 S100A9 Eimf/ v
777 b= AOEMEITV, R E D72,

1) Bi7z% ) RRTF FRORS T-OE

TANWARY 8T BITIE, £O N KRR (I ) AF UR) Bz 52 X D EERE
TELTHETLDDONHELET b ROH TR TATX NI, ZEFNVEEH LR D & 12,
IYRF VBN Nef & 87 BIZHRE T 51 BT F WK (C14-GGAIS; Cl4nef5) % $FHLIY1C
T ARG EE TS 52 L S HITHBYMHAC 7 7 A 1 7))V Tdh % Mamu-B*098
BYRXRTF Fakhia L. THRICHERRT 52 BT F FHBER RS T LTHRET A 2 L %
B 5 A2 LT & 720 Mamu-B*098:C14nef5 #i AR X #fs S S AT O 45 F. Mamu-B*098 43 1-1%
PERMENTWIZMHC 7 T A 1 5T EHBL7ZZ26 DDOKRTr v b (A~F) 5% 5PUEM GG
EALTWD, BUKMEOKREL B AR v P EBKED/NS L F RS v PARBNTHY, e e
NINVAFUBEX) 7 0 h—FRELIENT 5 IR G OMETESH S 2 L % - 72 (Fig. 1,
o IVAFVHREYR) VEREIE IV AT VBB ZZ TS5 7 AV AEARICHKBOR T TH
B2 lnb, ) RRTF FRERRIZINEDS D7 A4 IV AEGHEIZ B TR % 1 REMEDE 2
b7z,

fis 5. MHC & polymorphic T& % 23 2 12, Mamu-B*098 25ME— D V) KRR T F FHIRT VIV TH
% EFE 21T v EEEL C14-GGAT (Cldnefd) ZHFRIICFERT 5 T Mfatk 287 L. T odhi)i
RO T & LCHi/2% MHC 7 5 A 1 7V )V (LP2) %A% L72. LP2:Cldnefd HAEMERD X
K AR RS EAT 2> 51 LP2 1& Mamu-B*098 & [FARBUKTED KR E 2 B ARy & L. 7 ¥ IVEH %2 Ui
LCTWwW7e —H. LP2DF K7 v bOH A ZXiE Mamu-B*098 £ ) K& <, bulky 27 I /B TH 5
A8 AL T UPT A —FRIEE L THERET A 2 b o7 (Fig 1, F). DL Loz, MHC ~
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Classical
MHC class |

Fig. 1. Identification of two lipopeptide-presenting MHC class I alleles,
Mamu-B*098 and LP2, that differentially bind N-myristoylated S-mer
and 4-mer lipopeptides, respectively, and present them to T lymphocytes.

FANGFIZ@ERTF PR 72y P EURXRTF FIORY 71 v MRS % W HelE % i <R
Ry %,

2) S100A9 / v 777 b= ZADR.

KR & 18 EIEROFHRM BB O R E LT, I 2~ o0 7 7 — VT2 b B
FHEHTE S NS o WFIEDOTEHEET OfF T AE 2R O B & H D CTEETH 555 €D
G f AR EHE T R o 72 BENVE Y MERET NV ZIEH L7245 TORFOMEL S,
PRI DERIZIE S100 7 7 2 ) =00 A9 Z W HEBL L 72 ERDAAE T 5 2 & £ 722 D fE0
WCRHOEMAEEZHFRTOIM YA 7O 707 7 —IPERTHILEZRWE L, &6
S100A9 F¢ MY FHEH tasquinimod % #%5- L 728 BV Cld. WEEY A4 X%/ 35 & & 12,
WIFEEREH OO M2 v 27 87 7 — VB ESHESN S 2 L 2 A Lz, D EofRIZ. onE
TAMREICBWTEELRBEHZH) L EZ SN TV RIS, SI00A9 Z/H L TM2 <271
77—V bR HE L, BURIEOHE Y= F - FERB L TWAWRELEZ R L2, 22
T CORIEHRREZ T ZIZBWTHBL, E5ICZ00Fimz WIS L 5720, 44 S100A9
v 77 b= AOVEM %175 720 CRISPR/Cas9 Hiflix VT2 v 777 MR A B L., &
L2 BT S100A9 7 ¥ X7 EFHR Kb TWDE Z &, F 2B ERIC B VT S100A9 ¥ ~
NI BOFBEbNTWE Z L 2R L7 (Fig. 2)o

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. In 2017, we identified
the novel lipopeptide-presenting molecule, LP2, that was capable of binding N-myristoylated 4-mer
lipopeptides, and determined its X-ray crystallographic structure. We also addressed how lipid immunity may

impact on tissue responses and discovered a novel role of neutrophils and their SI00A9 protein in
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Fig. 2. Loss of S100A9 protein expression in the bone marrow (A) and splenic
neutrophils (B) of S1I00A9 knockout mice.

tuberculosis-associated chronic inflammation. In order to facilitate this study, we have suscessfully

established ST00A9 knockout mice by the use of the CRISPR/Cas9 technology.

1) Identification of a novel lipopeptide-presenting molecule

Some viral proteins require N-myristoylation to function. By utilizing the rhesus AIDS model, we have
previously demonstrated that T cells existed with the potential to specifically recognize N-myristoylated Nef
lipopeptides. Furthermore, we identified the MHC class I allele, Mamu-B*098, as a restriction element
controlling the presentation of N-myristoylated 5-mer lipopeptides to T cells (Fig. 1, left). Nevertheless,
because of the high level of polymorphism noted for MHC molecules, we predicted that Mamu-B*098 may
not be the sole allele capable of mediating lipopeptide presentation. Indeed, we showed this year that another
classical MHC class I allele, termed LP2, was able to bind N-myristoylated 4-mer lipopeptides and present
them to T cells. An X-ray crystallographic analysis of LP2 revealed the large, hydrophobic B pocket and the
unique F pocket, which accommodated the myristate moiety and the C-terminal isoleucine residue,
respectively (Fig. 1, right). Taken together, these observations indicate that the acquired immunity has

evolved two functionally separate MHC class I subsets, one mediating peptide presentation and the other

mediating lipopeptide presentation.

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. Using the guinea pig model of human

tuberculosis, we detected a cluster of S100A9-expressing neutrophils at the core of granulomas, which was
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surrounded by M2 type macrophages. The S100A9 inhibitor, tasquinimod, potently suppressed the granuloma
formation and the M2 polarization. To extend these observations further, we successfully established SI00A9
knockout mice, in which the expression of the SI00A9 protein was shown to be abrogated in the bone

marrow and in splenic neutrophils (Fig. 2).
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AROrEFClE, w2 & ORIE RN ORI /LD 75 FHE . B X ORIZINE Ol %
RS2 L 2@ 0, MRMEOE BN ZFEHEEZHESNIT LI L EZHIBLTWSD, FEI2, 1~
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1) ZVvaanFaf FIZks IL-7R O3EHE T MRG0 HlH

HWWRIE RV E VL > THEROEFEEZHIBE L T LA, RIERICHEEEZL52 52 L0
BNTW5S, ZVIINF a4 F (GC) FRIBERZENHELE SN REHHINEZ DDA T A
FRVEYTHD, F4lZ, THIICBWTZ VaaLvFaf FZEMAK (GR) 2% IL-7Ra EIET D
IONYH—ICHE L TEHEELEM LT A2 2R L TE7, L, RN GC A IL-TR OFE
HeflHlL w2005 0, Fi2. ZOREFNLZERIAHNOFTETCHL, ZOMELH S
12§ 272012, IL-TRa BIZTZ N H—O GRIEGETFT — TITHERERZEAL 72, IL-7R-
GRm ¥ A ZEB LN L7zo =7 ADIMH O GC EEIZRICH L BITK Y, 3 EH~YTAT
MR TL-7R ZEBL L~V I < BITR W HINZES) 2 7R L7225, IL-7R-GRm ¥ 7 A TiZ Z OZH)
MHE LTz, F 72, CD4Cre GRCKO ¥ 7 A TH AOFEREZ R L7zs BT, IEH~Y T AT
Wi o> T AN ELASBENS BN LB A3 % — 5 BRI Tl 8 im L cmd L7z, 2h
WL, FRlo LRy A TIE THRBO HAEE SR oN kol 720 IEH~Y T R
TIZMEAND & — 3 ¥ ZIZWE R CXCR4 DFEHLL NXOUHYIL-TR & kRO H A B 2R L72h5 —
FEOER < A TR ZOEF?HERLL T ze LR S.GC I IL-TR & CXCR4 DFEH %
FHETLHZ LT, THIROENEEZHE L TSI EATRSI NI,
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1) Glucocorticoids drive diurnal changes in T cell distribution via IL-7R expression

The immune system is affected by steroid hormones. Glucocorticoids are a group of steroid hormones with
strong immunosuppressive effects and widely used in clinical practice. However, whether glucocorticoids
physiologically control homeostasis and response of the immune system remains unclear. To investigate
whether glucocorticoids regulate T cell homeostasis and function by regulating IL-7R expression, we
analyzed IL-7Ra enhancer GRE mutant and T cell-specific GR-deficient mice. We found that glucocorticoid
receptor upregulated IL-7R expression in T cells by binding to the enhancer of the IL-7R locus, and the
induction followed circadian rhythm consistent with circadian change of glucocorticoid production. The
circadian regulation of IL-7R supported T cell redistribution between spleen and blood by controlling the
expression of a chemokine receptor, CXCR4. CXCR4 upregulation induced T cell migration to CXCL12-
positive area in spleen. Our results reveal immunoenhancing role of glucocorticoids in controlling the

distribution of T cells, and provide insights how the immune function is influenced by circadian rhythm.
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Regnase-1 £ Roquin [ZfE511C Th1 /3L ZHlI L, OIKICI0T % 0 & fHEL Z2 i3 %
HERRIEMIETH 2 THORE 2IGTHLIE, HORIERBZ EOFRIEIIO BB LI Enb, £
DI, S FSE LB THBEICHB SN TS, hThH, SREMliEEticEbE 5 V37 H
32— F9 % mRNA ORI, LOHSMRICE Y EEFEICHE SN, THROEHLZHE L w5, i
PERNL DOTEPEALIZ BT 5 mRNA 40 %2 S fi 9 5 & HE & L T Regnase-1 & Roquin 28[[E 3 h, Z
NS DIF-1Z & B GPEHIE O 731 HEAE 25T 178 S T & 720 Regnase-1 131 ¥ —0f ¥ 6%
RO & LSRR B M 550 F % 32— N9 % mRNA 2 53# 3 % RNA 3FBEETHY, X7 A
IZBWTHUSRIERBIEOMFNCEETH S, ZHIIH L, Roquin i, D RNA 3 REEETG
PR 720 A, T 7= VLR L AT 5 2 LT, ARRICHRIEIREIZBI D 5 mRNA & 53 # L,
REIREZIH L THhBZEDBHALENTWE, 707 7 =T EDHRTLEMILTIE, Regnase-1
& Roquin &, HKIAEIZPID B ILH DO mRNA 2 R 28 CTHOM L, REZMEH TS5, LarL, THM
HaiZB1F % Regnase-1 & Roquin O FERMEIIAHTH - 72
AWFZETIE, THINZIZIH T Regnase-1 & Roquin # KIET 5~ 7 A& E#, 4562 LT,
Regnase-1 & Roquin (Z & % T Ml DG HEALPIHIRERE 2 fbT L 720 T HIH1Z 3> T Regnase-1 & Roquin
DM B2 KIET S (DKO) ¥ 7 A, Regnase-1 X Roquin DZENZFN% HMMIZKIET L~ X
EREELT, L) EELEGVEOREE 2 L, BSOS B % v KL HHEL % F89E L 720 DKO
YT ATIHDEICBNT, 37 =7 ¥ EOBGELIZBE S 2 # (21, Thl v—=7—ThHrA
Y—7x0y yBETORBNT Yy bu— VL L T LA LTz, DKO ¥ AT, M
THIFZIZBWTD, Th2 R Th17 Mg & i L C, Thl MREASEBHIZH ML TH Y, Regnase-1 &
Roquin %% Th1 73L& ¥4 2 Z & TUEO %0 2 i L T 5 2 & 2URIE S L7z, Transcriptome fif
Fric&k, DKOMIITIEA ¥ —7 20> o @IEF21h0 & T 5 Thl BIZFFHBIATCHST S &
W 5202 L7z Regnase-1 & Roquin i&, Thl B#E(Z T OHT, Furin R l12rb] %2 E% 23— F§
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% mRNA O fREZFELTBY, THIZLD Thl b2 T 5 2 L2 s h/z, & b THik
¥R Td 5 Jurkat Hild T CRISPR/Cas9 ¥ A 7 A& % F\\»"C Regnase-1 & Roquin DM E{n - Z RIS ¥ 72
WA d, FURINR ILI2BRI, 4 ¥ ¥ —7 0¥ 5 BEFRBOBMEZ#ED,  MIBWTH
Regnase-1 & Roquin {338 O mRNA Z il OB CTHIHI L T 5 2 L2VRIRE N7z, T E
T, Regnase-1 2H& % 2 — F 3% mRNA ZEE1 & LCTH# L, Regnase-1 H 5 O & FE FE3 % il i)
LTWAZEDPRHMBNT WS, £ T, Regnase-1 & Roquin [ OAHHIPH| O W] FEYEIC D W -THRET L
720 TDRER, Regnase-1 1% Roquin mRNA % 77 L, Regnase-1 KH T Tl Roquin DFEH A L3
528, L2LZOMIZRD R VE VS —HIHORIEBRICH 2 ZENHLNE R oT, 2D
DiAEFIL, Regnase-1 & Roquin & 9 RNA #E & HE 2 U mRNA 2 E5 O THET 5 2 &
T, THIRREELZHIE L, FEERL NV TEEZZESEZIHIL TWAZ 2R T,

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.

Regnase-1 and Roquin non-redundantly regulate Th1 differentiation causing cardiac inflammation and
fibrosis

Post-transcriptional regulation is critical for the control of both innate and adaptive immunity. Many
immune-related mRNAs have short half-lives because of conserved cis-elements, including AU-rich elements
and stem-loop structures in their 3’ untranslated regions (3* UTRs). Regnase-1 (also known as MCPIP1 and
Zc3h12a) and Roquin-1/-2 (known as Rc3h1/2) are RNA binding proteins that are important for degradation
of inflammatory mRNAs by recognizing stem-loop structures and maintenance of immune homeostasis.

Although deficiency of either of the proteins leads to enhanced T cell activation, their functional
relationship in T cells has yet to be clarified due to lethality upon mutation of both Regnase-1 and Roquin. By
using a Regnase-1 conditional allele, we here show that mutations of both Regnase-1 and Roquin in T cells
leads to massive lymphocyte activation. In contrast, mutation of either Regnase-1 or Roquin affected T cell
activation to a lesser extent than the double mutation, indicating that Regnase-1 and Roquin function non-
redundantly in T cells. Interestingly, Regnase-1 and Roquin double mutant mice suffered from severe
inflammation and early formation of fibrosis, especially in the heart along with the increased expression of
Ifng, but not 114 or 1/17a. Consistently, mutation of both Regnase-1 and Roquin leads to a huge increase in the
Th1, but not Th2 or Th17 population in spleens compared to T cells with either a single Regnase-1 or Roquin
deficiency. Regnase-1 and Roquin are capable of repressing the expression of a group of mRNAs encoding
factors involved in Thl differentiation, such as Furin and I112rb1 via their 3* UTRs. Moreover, Regnase-1 is
capable of repressing Roquin mRNA. This cross-regulation may contribute to the synergistic control of T cell

activation/polarization. Collectively, our results demonstrate that Regnase-1 and Roquin maintain T cell
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immune homeostasis and regulate Thl polarization synergistically
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A S NS Thbb T 7 Ay PEMBZ N TRV D 27 X Y PAEHMTV &7
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1. DI-J B OFRESIZHEV, 23RSS(D1) signalend (SE) & Jcoding end (CE) [ CIEIEFENY 72 A3
ZHEWTH D HI B EN S, 2. RAG complex (2 & & F 572 12RSSJ) #Y23RSS(V14) % #7212
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i1 °C coding joint (CJ) DSENZNAEL %, ZORE. CI & H L&KL HI & ST
FHEAIC Y IR TLE ), BEREWS &1, HI DY X D BHEICAE T 5 ATM RABHIRIC B W
TiE. SO S ORI T A% > Tz,
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D1GE 23RSS(D1) SE

12RSS(J2.6) SE

|
' \
<
\
'
'
'

2cJ

"HJ formation Recapture, and 28J! and 2CJ formation | )

Fig. 3. HJ formation, then recapture, and normal SJ and CJ formation

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. SDF2 and its homologue SDF2L1 are ER resident proteins of about
25 kDa in size. SDF2 is constitutively expressed, whereas the expression of SDF2L1 is greatly up-regulated
by the ER stress, however, their functions remain elusive. We have found that both SDF2 and SDF2L1 make
a stoichiometric complex with ERdj3 (Fig. 1). BiP is the major chaperone protein in the ER, assisting and
regulating the protein quality control. ERd;j3 is a co-chaperone of BiP that regulates the BiP chaperone cycle
by transferring unfolded proteins and enhancing the ATPase activity of BiP. We have found that SDF2 and
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SDF2L1 assist the substrate transfer from ERdj3 to BiP, and prevent the aggregation of misfolded proteins in
the ER (Fig. 1). We are analyzing the crystal structures of SDF2 and SDF2L1, and performing other
researches on the molecular mechanisms of EDEM proteins that enhance the ERAD of misfolded
glycoproteins, HRD1-SEL1L membrane complex that regulates the ER-associated degradation, novel

functions of ER proteins, and the intracellular transport mechanism of proteins.

2) Our research aims are (D the investigation of eukaryotic gene expression mechanisms and (2) the
functional analysis of collagen molecules using RNA aptamers, artificial RNA molecules selected from

random RNA pools, as target-specific inhibitors. (Hirayoshi G)

(D The investigation of eukaryotic gene expression mechanisms

Transcription is a core process of various biological phenomena. Transcription is closely regulated by a
variety of factors including general transcription factors and the chromatin-related factors, which cooperate
with each other. To clarify how these factors interact with and regulate the function of other factors in the
transcription apparatus will lead to a deeper understanding of biological phenomena at a molecular level.

We tried to select RNA aptamers against Drosophila GAF and succeeded in obtaining several kinds of
domain-specific inhibitor. Using aptamers, we got new insights into transcription regulation mechanisms.
GAF, even on naked DNA template, plays important roles in transcription, which consist of two kinds of
mechanism; one, at the initiation process, is dependent on the GAGA element of the promoter region and the
other, after the initiation, is GAGA element independent manner. As shown above RNA aptamers are
powerful tools to probe the function of transcription factors. We will step forward to identify factors that

interact with GAF in transcriptional machinery and clarify the mechanisms of eukaryotic gene expression.

(2) The functional analysis of collagen molecules

Collagen molecules are fiber-protein and have several functions such as the contribution of structural
integrity of organisms or scaffolds of various biological reactions. The specific inhibitors such as antibodies
are necessary to probe these function, but, because collagens are highly conservative between species so that
the immunogenicity is very low, it is difficult to get such kinds of inhibitory molecules.

We now try to sort RNA aptamers which binds specifically to collages. The selection of RNA aptamers for
the fiber-protein has not been reported so far. If we are succeed in getting the collagen specific inhibitors,

they would be extremely useful as a functional analytical tools of collagen molecules in the living body.

3) Analysis of illegitimate V (D)J recombination, which occurs at a very low frequency within T cell

receptor /3 chain gene, during normal T cell development in relation to tumorigenicity (Fujimoto G).

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

Terb assembly is distinctively ordered; D to J recombination precedes rearranging V gene segments. Hence
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free D segment is not supposed to combine with V, nevertheless structurally possible. Interestingly enough,
we found an illegitimate construct in which D1 is directly connected to V14 from normal thymocytes when
analyzing hybrid joints (HJs) between V14 and D1J. The construct can be explained as follows: 1. A non-
canonical hybrid joint is formed between 23RSS (D1) signal end (SE) and J coding end (CE) in association
with D1-J rearrangement. 2. RAG complex still holding 12RSS (J) recaptures 23RSS (V14). 3. Then signal
joint (SJ) between 12RSS(J) SE and 23RSS(V14) SE, and coding joint (CJ) between D1 CE and V14
CE are normally formed (Fig. 3). As a result, the CJ stays in the locus but the DNA fragment from
23RSS(D1) to 23RSS(V14), which contains the HJ and the SJ, is excised out from the chromosome.
Unexpectedly, the same CJ is detected less in ATM-deficient thymocytes where hybrid joining occurs more
frequently.
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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

tools necessary for basic researches of medicine and biology which scientifically support clinical medicine.
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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

drug development and the toxicity evaluation) . However when the size of cell aggregates becomes larger, the
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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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FRBEL 2 2 A 700, I EEREZHEVICET 2T 5X910% %, TD72D, ISSHT
IARFE EHIWC LED I Z R E L. EOIWCKM T2 OBHEEIT) 2 & IC ko THEMN R BT 2%
ELTW5, ISS- i hay bu—vE &b @MmICiimZ g L. St v GEB)HHE - &
BErilE L, E8jomE 2Lz, TORR. ¥77 74 v v ald@uediti/iz/R L, 1SS
WAEBHZICIE oy ba— v E XD 25138 LRI SRR I NI, B
Tl ko Yy b=V ICHE LT, kA, HE L D ICHEER AR LT, EEEIZIX
BACDS W DS L e o720 LA L. dEINZ AN 5 2SEY I O FENT > 5 H_1 T o LB H 23
FHTIIBRIN LD, EKEBICEN LB ET L2 e 2RI L 72

ZLTC FHEESHHOEXY T T 74 v a7V zllE L. HiEmoaELHH7z, £
DAER KEAWE T T 7 4 v ¥ 2128V T S HEMOMELR S L, FRTE W OF R O S HZE
THAHMENERD ZOBEPS, KTIBEGY T 714y vabBEor MLl FE0ERE)
KA 2 RS 2 i 2 TV B 2 e Db h otz TR FDAA AL R EDI I B DT
59 0o FHEANN - TEBT 2 BIZTF2LHEER SN, D% IO THIREVFERE 2 75
DDTH o7z, Hijabk U7z BEHIVER 250 2 Bkt L -8l € 79 74 v 28O s v A7)
Thr=2 LIS T L BT, HOLHZRTHEETDEHANINALZ L6, FAIZEHAME
MEM ISP L 2B M CTIE e EHRESINL, /20 TN TEEHEEIC L > TRIHEVZILT
52 EHE SN TV LEMETFOPICIIH Fi&Ek 2 HEICHBRORHLZH A ON2b05 H
D BUE. FTEHEAAR - B IREBOBER TR T 7 7 4 VEFBHICHEK - RETLTws LA
THhbo

CZEFTOERFEEZ, HZ—2ORELMENEZATY S, UL, FHEALIIBIT 2ME
NBREE & PRI OB Z X L TEETE TV ARWVE W) T TH D, 2F 0. 2014 FI2FENE L
7287574y v a2 RIFEHEEAEERY S5O N, e =MENREE] il P
e L [FHEA=MENERESE + FEHRGHR] OB L w) T Lilh b, FFE, FHEALICLS
FHBGHRIEL 205 E L2 OMERESNTEY . ERICRITT A REERRE I LT
Lo BHMEMNRE L2FHERIE, FHIEEIC X 2HBMAERIC L > THEFICHH S L Z &
bHY. &) LTOMENREORELTLIGER SIS ETH S, Lol KEHRER & NEHDS
INETITHBRL 722 L O WERMIFHEMAICE LT, FHBEHROZEDEH I RE 20 TH
%o T T, FHWALIELR “Zebrafish Muscle” % fifit L 72 = y MRS B % FhtE L 720 Z OFS
R WM 28 L CHBICRBZTT 285 F08% W oh, SIS X 5 BBAB#EIET & [H
OB ET 2 R T BIZ T DL HRER S N7z X0 FE 2T 2 6D 5 7201213, FPHIBGHRO%
BN WIE N BRBE ST L 0 B 05, FHIGHR OB % AL L7238 P CRM OME ) 3R % 3%

_66_



ETHZLIFBRETIIATREE 2o TWD, L L, FHBEHRICE LI BEIN TV LR
WTFTALWIGEREZEY T LI2XD, #ftﬂmﬁiﬁﬁﬂ%mﬁﬂ’mﬁiﬁéﬁ PR 2 LI RE
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FTH WA X 2 EHBHEMIEBIL Mo N, SR EHBRWRZET —~< L BbI T b A, %
EZDADZALEIRIEHATH b, e Z LIV —=TIZEXT T 74 v v ar HniF
HIMAEERZEET 5 E DO THELRER 2, COFHBAEEBRICELTE AR H 2w
PPVTERRIS, 2O B LTEFORLE LIV, RFRIZEICRIEOBK (15H05938
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When we have to immobilize a broken bone in a cast or need to be on extended bed rest, we experience a
rapid decrease in the mass and strength of skeletal muscle. This type of muscle wasting, called as disuse
muscle atrophy, is reversed in daily life, and promoted by exercise. In contrast, gradual and generalized loss
of skeletal muscle mass and function in sarcopenia, an age-related syndrome, and in disease-related cachexia
seriously affects quality of life because it is irreversible to date. The severe muscle atrophy is also caused by
neurogenic diseases and injuries such as amyotrophic lateral sclerosis and spinal cord injury because the
command center or the neural circuit of exercise is affected in these cases. We carried out a project named
“Zebrafish Muscle”. A key question of this project is whether skeletal muscle atrophy also occurs in adult
zebrafish, tropical fresh water fish, under microgravity. Young adult zebrafish were launched successfully to
the International Space Station for 5 weeks. As a result, we found skeletal muscle atrophy of fish during
staying in space. We will elucidate mechanisms for muscle atrophy in space for the first time by comparing

transcriptome data of skeletal muscle during stay in space and after return to the earth with those on the earth.
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1) iPS Mg & FA: U723 L€ NK R A | & 2 300 5o Dl & Z ok o B3

FAEERSECTIE, B, BORWiPSHIEZ D o TENEL K OBFIMED &\ ) ikl (iPS
ML A by 7 353) 3PS Milaiset » ¥ — 2 IC L TH#ED SN TS, HIMIRDIMEE TH %
HLA &fxT-%. XHHEERFHED 2 £y MZDOWTlH— (HLA- &E€) TH 5 A5 5 iPS i
AT E, FAEZORCEY FEFOAN (HLA-~TT) ICHAE LB B L 2285612,
EAEFOEAMEZ DI WEBfFF SN S, o TIPS A b v 7 HETIX, HLA- FED iPS MLk D
FGA YTy TOMENHD ST WD, HIEHLANT T 7 £ TORED L WIHIZ HLA- R EHKAH 2
FEHEA SN TBY, CO2METHRAD 24%03Hh/N—T& %, 7272L, TOXHIIHKE-~T
UBHMOBAETH, RERICLAIEMICEEEICH#ETL2OEH L VWEEZ SN D, RIEFHM
RN O H LT, FHiE, NK (FF2I90F7—) fMREIES L ARERISIZDOVT
720 NKMildiZ. HLA O D HLA-C W) 2l LT nilllaz &5 3 5 & v ) Fitkz
FoTHD., HLA-C I, HLA-C1 &, HLA-C2 B 2 BZH3T Bt b,

A ORFFE T, I DOAEMING & LT, HLA- 58€ T HLA-C 75 C1/C1 o iPS Ml A 5 T il
HBHIIIMAEN ML Z FE Lz, IEOEZE LT, HLA-~NT U 5D Cl AL 2 O D
HLA-C Z A9 A2 S NK A Z RN L, BEMBEZRE T 2089 2a2dix7z, fiRke L
T NKABAHAEMBZBRET 2 EBHLNho72 (M), 2F 0. ZOMAE LT THRAL
A1) &L MRS Z A uREE A R LT b NK IRIE. FAMEAY C2 o HLA-C ZH L
TN EZBAMLTHEL Tz, 22°C HAMEA C2 8o HLA-C Z I3 X 9 12 iPS Az

_70_



CBIETREEMATz. ThHE, NKAMIC X 2BEIRZ 5L ol

NK HIIC X 2B D 9 HHlAE DI, iPSHIBIARIC K o TR S5, iPS A by 7 H¥E
THRETALLI%DOHETRIZLFUTE, TENOLOFr—ATIE, BHRZICL ) EERVRE
BIPUELEZ ONL, $72 HLA %238 AT 5 Hik&, iPS Ml % v 72 AR R O T
209 ZBAR QMR % B S E 2 OO L HIfFTE 5,

Putative donor Putative recipient
HLA-homo iPS cells HLA-HLA-hetero volunteer

HLA-C: C1/C1 type HLA-C: C1/C2 type
Regenerated vascular
endothelial cells NK cells

Y
[1
Transduction
with C2 gene

HLA-C: C1/C1+C2

Regenerated vascular
endothelial cells

— ) 1—@%% —

®¢ %0 o Ni.\( killed

NK cells

Fig. 1 NK cells from a KIR-ligand mismatched HLA-hetero person exerted
cytotoxicity against regenerated tissue derived from HLA haplotype-
homozygous iPS cells based on missing-self recognition, but such
cytotoxicity was cancelled when missing HLA-C2 gene was over-
expressed in the regenerated cells.

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.

In 2017, we published one paper that concerns an issue whether regenerated cells are successfully grafted

or not in allogeneic transplantation setting, focusing on NK cell-mediated immune reaction.
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1) Clinical consideration in transplantation of regenerated tissue derived from HLA haplotype-
homozygous iPS cells: NK cell alloreactivity against KIR ligand-mismatched HLA-haploidentical
tissue

HLA haplotype-homozygous (HLA-homo) iPSCs are being prepared, to be used for allogeneic
transplantation of regenerated tissue into recipients carrying an identical haplotype in one of the alleles
(HLA-hetero). However, it remains unaddressed whether NK cells respond to these regenerated cells.
HLA-C allotypes, known to serve as major ligands for inhibitory receptors of NK cells, can be classified into
group I (C1) and group 2 (C2), based on their binding specificities. We found that the T cells and vascular
endothelial cells regenerated from HLA-homo-C1/C1 iPSCs were killed by specific NK cell subsets from a
putative HLA-hetero-C1/C2 recipient. Such cytotoxicity was cancelled when target cells were regenerated
from iPSCs transduced with the C2 gene identical to the recipient. These results clarify that NK cells can kill
regenerated cells by sensing the lack of HLA-C expression, and further provide basis for a novel approach to

prevent such NK cell-mediated rejection responses.
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BEORNEWEAT 2 £ & b ics MHAlILE Fig. 1. iPSCs without (left) or with (right) expression of
BEOFISICHT T AWMl e 2 L& Hig SS18-SSX fusion and fluorescent protein. Note the

cell morphology change by SS18-SSX expression.
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Fig. 2. Immunostaining with phalloidin and DAPI

The objectives of our laboratory 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.

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 MSC as the evidence
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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.

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. Using PSCs with drug-
inducible driver mutations, we analyze the effect of mutations in different stages of differentiation. 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 chondrosarcomas and SS18-SSX

fusion gene (Fig. 1) in synovial sarcoma.

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

In most of cases, the pathophysiology in hereditary musculoskeletal diseases is 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. We have discovered novel molecular mechanisms and obtained the key for drug
discovery in one of such diseases, fibrodysplasia ossificans progressive. We have discovered that Acitivin-A,
which is an inducer of TGF-f signal in normal cells, transmits erroneously the BMP signal via FOP-type
mutant ACVR1/ALK2. Furthermore, high through put screening identified an mTOR inhibitor, rapamycin, as
a candidate treatment for FOP. Multicenter double-blinded investigator-initiated clinical trial of rapamycin for
FOP has started from September 2017.

We started new AMED project “Development and Application of Innovative Drug-screening Technology
Using Patient Derived iPS Cells for Intractable Bone and Cartilage Diseases” from this year. Using a newly
developed stable and rapid protocol for engineering oseteo-lineage cells from iPSCs, we are now
investigating the pathogenesis of intractable bone and cartilage diseases, including Osteogenesis Imperfecta,
aiming drug discovery. Furthermore, we have succeeded three-dimensional visualization of the bone-like
nodule formation by the collaboration with Prof. Adachi of Infront (Fig. 2), which will help us to understand
how osteogenc lineage cells such as osteoblasts and osteocytes develop and also to investigate the pathology

of bone-forming diseases.
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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]

The final goal of our research group 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.
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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 factor 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-inflammation 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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The genome integrity of pluripotent stem cells, which give rise to all the cell lineages including the

germline, is of fundamental importance to both basic biology as well as biomedical application. However, it
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remains largely unclear whether and how the genetic stability of pluripotent stem cells and germline stem
cells is properly coordinated with their cellular proliferation and differentiation programs. To better
understand these issues, we are carrying out systematic and detailed characterization of DNA damage
responses in mouse embryonic stem cells, germline stem cells and their differentiated progenies. Our research
aims to understand the developmental stage and/or cellular context dependent control (s) of genome stability

and diversification in the germline stem cell cycle.
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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.

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-
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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
2017, we found that the relationship between GM1 movement and in vitro fertilization ability was confirmed
in multiple mouse strains, suggesting that lipid raft movement is one of the important steps for completing the
sperm maturation process. Moreover, we found that administration of adeno-associated vector 8 encoding
sIL-23R was an effective immunotherapy for an animal model of multiple sclerosis. We also identified a
molecular mechanism underlying Satb1-dependent epigenetic modifications of regulatory T precursor cells

during differentiation in the thymus.

1) Lipid raft movement linked to sperm competency for fertilization in mice

Mammalian sperm acquires fertilization ability after several maturation processes, particularly within the
female reproductive tract. Here, we show that lipid raft movement is fundamental for sperm to be competent
for fertilization by comparing the sperm maturation process of two mouse inbred strains, C57BL/6 and
BALB/c. We found that ganglioside GM1 movement was exclusively reduced in BALB/c compared with
C57BL/6 among other examined sperm maturation parameters, such as glycosylphosphatidylinositol (GPI)
-anchored protein (GPI-AP) release, sperm migration to the oviduct, cholesterol efflux, protein tyrosine
phosphorylation and acrosome reaction, and was strongly linked to sperm fertility phenotype. The
relationship between GM1 movement and in vitro fertilization ability was confirmed in other mouse strains,
suggesting that lipid raft movement is one of the important steps for completing the sperm maturation

process.

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 developed a genetherapy targeting the cytokine IL-23 which is a key factor to drive the effector
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function of autoimmune Th17 cells and is implicated in the pathogenesis of autoimmune diseases in humans.
Clinical trials using anti-IL-23 antibody showed a promising efficacy in treating patients with psoriasis. We
found that a single injection of adeno-asociated virus 8 encoding sIL-23R ameliorated the clinical scores of
experimental autoimmune encephalomyelitis with significant inhibition of STAT3 phosphorylation. These
results indicate that clinical interventions, which specifically interfere an interaction between 1L-23 and IL-
23R, may be a potential therapeutic strategy for the treatment of autoimmune diseases.

We elucidated a novel molecular mechanism underlying Satbl-dependent epigenetic modifications of
regulatory T precursor cells during differentiation in the thymus. Regulatory T cells play a key role in
maintaining immune homeostasis and inhibiting multiple immunological responses. We identified that the
genome organizer Satb1 was important for regulatory T cell-specific super-enhancer activation and signature
gene expression in the thymus, which in turn led to the development of functional regulatory T cells. These
results suggest that the impairment of Satb1 function may cause autoimmune diseases in humans due to the

loss of regulatory T cells.
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This laboratory 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
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 autoimmune diseases, in
particular, rheumatoid arthritis.

In 2017, we studied how humoral immune responses are controlled by Treg cells. It has been well
established that T-follicular helper (Tfh) cells have a critical role in the formation and maintenance of
germinal center (GC) reactions responsible for the production of high quality antibodies. T-follicular

regulatory (Tfr) cells, a subset of Foxp3 expressing Treg cells, have a critical role in the control of antibody
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responses. While Tregs express CD25 and are dependent on IL-2, Tfr also express the transcription factor
BCLG6 that in Tth cells is inhibited by IL-2. We found that mature Tfr cells in the germinal centers or
circulating in human blood down-regulated CD25 and gained a transcriptional signature mixed between Tth
and Tregs while retaining their regulatory function. These cells represented an IL-2 independent branch of
effector Tregs losing CD25 expression but gaining increased expression of Tth related markers such as BCL6
and CXCRS in both mice and humans. The results are instrumental in targeting Tfr cells to control
physiological and pathological humoral immune responses (Wing et al., PNAS, 2017).

By utilizing an animal model of autoimmune arthritis (SKG mice) established in our laboratory, we are
also studying how chronic autoimmune disease is initiated and maintained. In 2017, we particularly
addressed how Th17 cells controlled other inflammatory cells in autoimmune tissue damage. With SKG mice
that spontaneously develop Th17 cell-mediated autoimmune arthritis, we showed that arthritogenic Th17 cells
stimulated fibroblast-like synoviocytes (FLS) via IL-17 to secrete GM-CSF and also expanded synovial
resident innate lymphoid cells (ILCs) in inflamed joints. Activated synovial ILCs, which expressed CD25,
IL-33Ra, and TLRY, produced abundant GM-CSF upon stimulation by IL-2, IL-33, or CpG DNA. Loss of
GM-CSF production by either ILCs or radio-resistant stromal cells such as FLS prevented Th17 cell-
mediated arthritis. GM-CSF production by Th17 cells augmented chronic inflammation, but was not
mandatory for the initiation of arthritis. Together with the presence of GM-CSF-producing ILCs in inflamed
joints of rheumatoid arthritis patients, these results indicate that a cellular cascade of autoimmune Th17, ILCs
and non-lymphoid stromal cells, via IL-17 and GM-CSF, mediates chronic joint inflammation and can be a

target for therapeutic intervention (Hirota et al., Immunity, In press).
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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. Transcriptional regulatory mechanism of Tenomodulin, a marker of mature tenocytes and
ligamentocytes

Tenomodulin (Tnmd) is a type II transmembrane glycoprotein predominantly expressed in tendons and
ligaments. We found that scleraxis (Scx), a member of the Twist-family of basic helix-loop-helix
transcription factors, is a transcriptional activator of Tnmd expression in tenocytes. During embryonic
development, Scx expression precedes that of Tnmd. Tnmd expression is nearly absent in tendons and
ligaments of Scx-deficient mice generated by transcription activator-like effector nucleases-mediated gene
disruption. Scx silencing by small interfering RNA significantly suppressed endogenous Tnmd mRNA levels
in tenocytes. Mouse Tnmd contains five E-box sites in the ~1-kb 5’-flanking region. A 174-base pair genomic
fragment containing a TATA box drives transcription in tenocytes. Enhancer activity was detected in the
upstream region (—1030 to —295) of Tnmd in tenocytes, but not in NIH3T3 and C3H10T1/2 cells.
Preferential binding of both Scx and Twistl as a heterodimer with E12 or E47 to CAGATG or CATCTG and
transactivation of the 5" -flanking region were confirmed by electrophoresis mobility shift and dual luciferase
assays, respectively. Scx directly transactivates Tnmd via these E-boxes to positively regulate tenocyte

differentiation and maturation.

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

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 Scx™ 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 Scx™/
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.
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3. Materials engineering approaches to control cellular function
1) Understanding of cell-cell interactions under molecular crowding condition of cell surface

The surface of cells is known to be crowded with a wide variety of membrane molecules. However, the
role of crowding molecules on cellular interactions is still unclear because it is difficult to quantitate or
control the crowding conditions of cell surface. In order to study the effect of crowding condition on cell-cell
interactions, we prepared a model cell surface crowded with cell surface molecules taking advantages of our
cell surface modification technologies. We found that ligand and its receptor were recruited at cell-cell
interface and that the recruitment was enhanced by co-existence of bulky membrane molecules.
2) Uniform production of islet-like cell aggregates from iPS cells

For cell therapy using iPS-derived cells, it is critical to prepare large amount of cells with required cell
functions. In order to prepare large amount of insulin-producing cells, aggregates of human iPS cells were
formed 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 manner.
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.

List of Publications

Sono, T., Akiyama, H., Miura, S., Min Deng, J., Shukunami, C., Hiraki, Y., Tsushima, Y., Azuma, Y.,
Behringer, RR and Matsuda S. (2017). THRAP3 interacts with and inhibits the transcriptional activity
of SOX9 during chondrogenesis. J Bone Miner Metab. doi: 10.1007/s00774-017-0855-2

Arimura, H., Shukunami, C., Tokunaga, T., Karasugi, T., Okamoto, N., Taniwaki, T., Sakamoto, H., Mizuta,
H., Hiraki, Y. (2017). TGF-$1 Improves Biomechanical Strength by Extracellular Matrix Accumulation
Without Increasing the Number of Tenogenic Lineage Cells in a Rat Rotator Cuff Repair Model. Am J
Sports Med. 45, 2394-2404.

Yoshimoto, Y., Takimoto, A., Watanabe, H., Hiraki, Y., Kondoh, G., Shukunami, C. (2017). Scleraxis is
required for maturation of tissue domains for proper integration of the musculoskeletal system. Sci Rep.
7,45010.

Kodama T, Nakai R, Goto K, Shima K, Iwata H (2017). Preparation of an Au-Pt alloy free from artifacts in

magnetic resonance imaging. Magn Reson Imaging. 44, 38-45.

Hirano K, Konagaya S, Turner A, Noda Y, Kitamura S, Kotera H, Iwata H (2017). Closed-channel culture

-116 -



system for efficient and reproducible differentiation of human pluripotent stem cells into islet cells.

Biochem Biophys Res Commun., 487, 344-350.

Kuwabara, R., Hamaguchi, M., Fukuda, T., Sakai, H., Inui, M., Sakaguchi, S., and Iwata, H. (2017). Long-
term Functioning of Allogeneic Islets in Subcutaneous Tissue Pretreated with a Novel Cyclic Peptide

without Immunosuppressive Medication. Transplantation. in press.

HEHN, SHEER (2017) "M AA v —T7 2 —ADOERESH, CSIAL Y L a—24 &
W BN - BIEEDLY: — BRI B HRE B AL B, p84-90

List of Presentations
SIEM, EEEER, WEALY, FEEE, MNER WmAEEARINIZL S Maloy) 7Rk
HEEDR %6 16 Ml H AFAERE 2. it 201743 H 79 H

TARHR, AR, B, IR AR R, IIARE, BMEL mEakE 7 ARER
EHOISHEBHZRIEEIEE T IV 7 ZOER. HART 2 AfREFRE 2 BIKE. K. 2017
F£6H29H

TARHA., AN, BMiE. HEAME  basic helix-loop-helix BUHE 5 [Kf- Scleraxis (XM - #4752 556
DO HIET 5 835 B H A H PR elEs, M, 200747 H 27 H

TN Pax1/9 12 X ZHEFIAK ECM OFEIGIH & HE HEMER: 25 18 MEB) 2R AITZE S, Ry 2017
£9H12H

S EM Paxl MEEI T N — OEALINZE E L FHEEK 4 18 EEE AT ZE S, S, 2017
HF£9HI12H

TR, A PIthTE. TERAIME  Scx/Sox9 Bt i BEHINE LM - B A S ORI EH 51 5
55 59 P RHIEREE - S ar i R &, BEF. 20174E9 H 17 H

TARHRE A, VB, R, AR, IARE, BAthE] AR AL #RE K Scleraxis
AR A R T SRR O A T 5 2017 SEEAMGRFRFRERFERKR S, L,
2017412 H 8 H

Arima, Y., Iwata, H. Recruitment and exclusion of DNA tethered to model cell membrane upon DNA-

mediated cell attachment. The 8" Taiwan-Japan Symposium on Nanomedicine. Taipei, March 16-17,
2017 (invited talk).

Arima, Y., Hirai, Y., Iwata, H. Cell surface engineering for manipulating cell functions. . The 5th China-

Japan Symposium on Nanomedicine. Suzhou, September 16-18, 2017 (invited talk).

Kodama T., Toda M., Arima Y., Ozasa H, Ogawa A, Murayama Y. Development of Stain eluting coils to
enhance neck endothelialization and thrombus organization in the aneurysm cavity. 14th Congress of the

World Federation of Interventional and Therapeutic Neuroradiology. Budapest, October 16-19, 2017.

-117-



Toda M., Ozasa H, Ogawa A, Arima Y., Kodama T., Iwata H. Development and evaluation of a statin-carying
embolization coils. 14th Congress of the World Federation of Interventional and Therapeutic

Neuroradiology. Budapest, October 16-19, 2017.

HE i Ml - N TA RSB X ORI - M oBE SR E8 I 2H4s0lRT BERLES
2017 4E55 1 [l v 7 MR- - REFFES, BB, 2017462 H 17 H (B6a#GE)

Arima, Y., Hirai, Y., Iwata, H. Control of muiticellular aggregate structure using cell surface modification
with recombinant proteins. 11th International Symposium on Nanomedicine (ISNM2017). Sendai,
December 13-15, 2017 (invited talk).

ZEE A, Al R BUIRARTF FHEE TN 212X ) FICER L 72508 ST & 2 OER~
DERBH 25 16 Il HARFERER AR MG 201743 H7-9H

Nakai R, Yamaguchi S, Toda M, Azuma T, Hashimoto H, Takadama H. Evaluation of the susceptibility
artifacts by various materials using MRI. £ 45 [0l H RSB R EA KA, FHE . 2017 £ 9 H
14-16 H

R . FEMHA HEIDNA- KV IZFL U FY) a—)b - JREIC L ARSI ISR
DY OB 66 mlE g TR IS Bl 2017 4E 9 H 20-22 H

B . AR MR BIRAE S A 0 T ASHE RIAH EAE AT T 528 55 39 M H AN A
T~ 7)) TIVEEARES RS, 2017 4F 11 H 20-21 H

-118-



Hefiy ¥ A T ARFEER
Department of Biosystems Science
FINAF Tk A5 H
Laboratory of Nano Bioprocess

B ¥ Wiy BHuA Prof. Akihiro Kusumi
B % LI A Assist. Prof.  Rinshi Kasai

1. ZEE TV 2HIlEfTO 1 55 B8 L BT

HFEIZIE, invitro TO 1 IS L BIESTE BRI TE TV b, LA L, REOH
JEEDOEMI, 1 TS RERZ AT THEIR) 2T, TR - T 1 e et
RIS o 720 BAKIIZIZAEE TR MO 1 50T %. <4 7 0B L XV oK REE. T/
A= PMVLXVOZEBFEETEIRL. S5, ZN505ToEElt (K5) T2 15 THIC
RABFEZRELTCEZ (INSHIEFMATLIEZRADOR), 2, /AR F /5727 /0
V=L OREHIBRE LT, 1 5T/ A Fa Y= 15T & v LW oAl
WIZOBDYDODOH b,

B, LTORRIE, 1 5 TEE2Mfo THO TR -7 D0 TH ), iz EMzhTcos
A =TV TREHG T OFHNTIEIATRETH o725 DIEN ) TH 5,

2. MR IEARR G E . @B Z 5TV T

ML 2 ot oAk GlgefR) LE2 5N TE 7z, Lo L, Ak, (1) Milgliixa > 8=t
Ay MEERTWEZE, (2) THFMBEEICHY AFh-ETosFiLTid<z e, 3) £
O¥EREIX, FEARICIZT 7 F VIEERKICE 25O T, EEKEZ A LBEEN sy v Y
APHEREL LT 2 &, %R Lz UG, Yo ——Sa VY VEFNVICEELRELEE )
BLLOTHY, ROMELBEHIIONT, ERW LT T4 LY T MERZ LEMETH S,

EHITHRIE. BT MNESZ T 74 =2 T, MlEOMBBENRNAET ST 7 F VG
oG %, 3 RICEHMBEICE > T, BRERMICTEALT 5 2 L0k L7z, flalae & L <.
M O NI %2 20k 74 — 7y FHEL 7Y DB L7207 vz, Tl E -
T, BEONMRHOREHEOMHE DOKE EZRDIZE A, ZIH, WOTOERICL > THESN
7oA S—RhAVIFOREELEEY Y E—F L (M12]),

SZEMRE Y TN E 2T % RE L TEE ZEIET 2 b DL 0 (¥ 7 FIVASkAE % #
TRRERET L), L. SAERPEEKICE S = X Y MIZHURAD SN LD, EE
AIHERTHILICE DI e DbhoTze 51T, RS OMBEEIIIIRE 2 bl X 2oL
BEQSHE LAY, b, T2 F VIEEHRE ZZICHAET AIEEMAE Y VS B BICEATHI L
ko TH*REZEZRLT,

-119-



3. YT FIMBEEDIERB RARLAITONWT

VT FMEEL L OYE YT TFVATOT VT A RIHGER L BRI X > THbN S L E
ZAONTE HED, L ORY Y VX7 oS RIE, Thi a4 s, B s Fimos 113,
Y55 Y BEG T AGEICRT o AL TwADTHY, 7 Fupkizs, FROE
RO X I, YT FNVEEZDLDLDTHILEEZOND LIk, Ll FAER. H5
SGTAERLIND L, FNICHEST LR Y VX2 -, TS ThENARICET > TETHES
e T 5L, ZNEDOL R EETIE R L I BUToHFGTHft (R 75, 2Lxld
W72 L7 (Ras-Raf DR, 77 FOMGT5R), $%bb, 10O Y 7PV ETE LI T
B, ZHGTOFHE L TBIESNLIALERA A=V 72X DY 7 FVE IR, Thbor
TRV ARKRD Y 7 FVOHTH Y, ZNEH) ONINSOfHmY F P VESKRTHL L
WRENTz, ThiE, Y7 F VROV AT LE L TCOBE 2T 5720121F, MO TEEZLRA
RT, EbOTEHWNE Y 7 F Vo TFOMMBLIC L 5 Y AT 2BEO—ARATELES 2 b,

Y 52 nm
B
¥V 41 nm
40 I JEM-CT
FRSK I B SPT

N
o
|

% Mesh/Compartment
¢ 3§ 9
|

o
o

100 200 300 400 500

Mesh/Compartment Size (nm)

1. RO ENREIAFEST 2T 7 F Y IREEOMEZ . 3 R
JEFHRE RIS & o T RIS EME L. B IR 21 o 4
BOMHOKREIZRDz. @HORKE SOz, A—T >
IN—TmRTF . RO NRK ML, &2, FRSK Mg, & 51T, Hif
JEb D) VIRE DOVERGEE A HRDIza - b XAV PDOKE
ED5Ai%E, 72 —=ZXFN—=TnRT, MHZ. %4 OHKTE
—HT5, TOLHI, HR I X=XV FDOREEN
RESHRLZ 2HOMMT, ThZh—BBE O L, K1
BT 2 VAL ZNICHE LIEEHER Y YR 280 r v b
EFNVEMHL XTHT S,

-120-



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).
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. 1. (a) A novel AFM-TIRF system. (b) Real-time imaging of vinculin recruitment to stretched
a-catenin under tension.
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This laboratory aims to clarify the regulatory mechanism of self-organization which underlies a diverse
biological phenomena through an interdisciplinary approach, encompassing mechanics, life and medical
sciences. In 2017, we developed a novel system for real time observation of the dynamics of a-catenin and
vinculin molecules simultaneously under tension. In addition, using multicellular dynamics simulations, we
have also clarified a mechanical role for the spatial patterns formed by contractile cells during invagination of

a growing epithelial tissue.

1) Real-time TIRF observation of vinculin recruitment to stretched a-catenin by AFM

Intercellular adherens junctions (AJs) adapt their mechanical strength in response to intercellular tension.
For instance, during development, tension generated by individual cells is integrated to drive multicellular
dynamics of morphogenesis, such as shape change. In particular, a-catenin, a component protein of Als, is
known to function as a tension sensor involved in the recruitment of vinculin to accelerate actin remodeling
under tension. Although many studies have suggested that a-catenin-mediated tension-sensing is a dynamic
molecular process, which involves a conformational change of a-catenin under tension to expose a cryptic
vinculin binding site, there are no suitable experimental methods to directly explore the process. In this study,
we developed a novel system by combining atomic force microscopy (AFM) and total internal reflection
fluorescence (TIRF) . In this system, a-catenin molecules, modified on coverslips, were stretched by AFM and
their recruitment of Alexa-labeled full-length vinculin molecules, dissolved in solution, were observed

simultaneously, in real time, using TIRF (Fig. 1).

2) Mechanical role of the spatial patterns of contractile cells in invagination of growing epithelial tissue

Epithelial invagination is one of the fundamental deformation modes during morphogenesis, and is
essential for deriving the three-dimensional shapes of organs from a flat epithelial sheet. Invagination occurs
in an orderly manner according to the spatial pattern of the contractile cells; however, it remains elusive how
tissue deformation can be caused by cellular activity in the patterned region. In this study, we investigated the
mechanical role of the spatial patterns of the contractile cells in invagination of growing tissue using
multicellular dynamics simulations. We found that cell proliferation and apical constriction were responsible
for expanding the degree of tissue deformation and determining the location of the deformation, respectively.
The direction of invagination depended on the spatial pattern of the contractile cells. Further, comparing the
simulation results of surface and line contractions as possible modes of apical constriction, we found that the
direction of invagination differed between these two modes even if the spatial pattern was the same. These
results indicate that the buckling of the epithelial cell sheet caused by cell proliferation causes the
invagination, with the direction and location determined by the configuration of the wedge-shaped cells given

by the spatial pattern of the contractile cells.
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Six3 OFEBLZ WP 5, T 7285 I bFGF Z i L., [ IC ¥ — X% Hw CRFTIYIC FGF BHE A
VEH T A2HCTRTINICSIX3 ZFETE 52 2O L7z, 72 FGFS & Six3 OFEH % Ak
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The mammalian central nervous system arises from epiblast-derived neural ectoderm, which then forms a
rostral-caudal (R-C) axial pattern that defines the location of the future forebrain, midbrain, hindbrain and
spinal cord.At the cellular and tissue levels, it is thought that the processes of R-C neural axis (neuraxis)
formation involves a number of differentiation and regionalization steps, including epiblast differentiation,

the generation of three germ layers, neuroectoderm (or neural plate, NP) formation, and morphogen gradient-
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Figl Model for self-patterning in ESC culture
(Takata et al., 2017)

dependent specification of the embryonic neuraxis. However, our understanding of the links between these
processes is still lacking, especially with regard to the intrinsic properties of neuroectoderm patterning along
the R-C axis.

The pluripotent epiblast arises from the inner cell mass (or, when cultured in vitro, called embryonic stem
cell [ESC]?) in the mammalian blastocyst. The rostral region of the epiblast becomes ectoderm, one of three
germ layers, which is subsequently resolved into non-neural and neural ectoderm (or neuroectoderm, NE).
The NE is further destined for neural lineage and eventually regionalized along the embryonic axis to form
the R-C patterned NE. Peter Nieuwkoop's “activation-transformation model” is a classical model of
vertebrate R-C NE patterning. In this model, the ectoderm first receives an “activation” signal that neuralizes
the ectoderm and induces its differentiation into forebrain- Then, in the presumptive caudal region, a second
“transforming” signal caudalizes the ectoderm’s regional identity. One challenge to studying the early events
of mouse NE development is analyzing the formation of the patterned R-C NE at an early embryonic stage. It
is difficult to visualize key steps and to isolate specific cell types in quantities large enough for genetic and
chemical manipulation at distinct development stages. Moreover, due to the interplay of intrinsic and
extrinsic signals, the developing embryo is a complex system. However, we have previously reported
efficient methods for generating several parts of the NE in a three-dimensional (3-D) culture of reaggregated
mouse ESCs in vitro. One intriguing observation in the 3-D culture is the spontaneous formation of certain
patterns within an aggregate of cells. Although this culture begins with homogenous stem cell aggregates
floating in a uniform culture environment, the resultant tissues exhibit non-uniform patterns with certain
levels of structural order. Furthermore, these tissues can self-form fairly complex structures, such as the optic
cup, stratified cerebral cortex, and rathke’s pouch (even non-neural tissue). Thus, we believe this ESC 3-D
culture system provides a useful model for investigating the intrinsic properties of early developing NE
tissues and for purifying an essential signaling interplay.

The present study is designed to elucidate how intrinsic mechanisms drive the key processes of R-C NE

patterning during neural tissue development. Here, using the self-organizing properties of ESCs, we show that
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ESC-derived tissue self-generates a Six3* rostral and a Irx3* caudal bipolarized patterning. By live imaging of
multiple color knock-in reporter lines and genome-wide analysis, an initial rostral polarization is governed by
localized Fgf signaling, which then induces Wnt signaling for a caudal polarization at later stage.
Difterentially expressed Wnt antagonists, Dkk1 and Sfrpl perform roles in orchestrating the formation of a
balanced rostral-caudal neural pattern. From our observation, we propose a model for self-patterning of the

R-C NE that depends on sequential and localized activation of Fgf and Wnt signaling.
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KEETTIR Lo BB LEE 2 A L 72 in vitro TOREREIY VAR RERESE  H AW %4
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AIEETIE, YTANVAEPLDOEGHEOMHEZHE LTHZEL DTV 5, 2017 4121,
v MNEIMEEEZAET S MY A7 EFVEHWT HIV-1 DHETA VADIETETHLF I8
T=bt bANOY ANV ZADHEGHECEIEO B - ENTIEERICIUY AT, 720 HIV-I LD X
HZIEED T A NV AHIHKE FI#ES L TE 2022 HL 2T 572012, & MUY AETVE
flio 7z A W ASERT & 7 DAGHBATHAT OB ERIZEZ R L. HIV-1 O#E[LIEH OIS
MR 215720 BRI P 29 48 3 A ICAEmRH A RS LR 218 T L. KRBCORFAME W e 12
Wk L 720

1) & MERYREFNVERVIZZA X7 4V ZEISEAL X F = X 2 O

FrELE R £ OV 2 O M BUEBIE, “off-the-shelf emergence” & “tailor-made adaptation” @ 572212
KA &2 (Homles, “The evolution and emergence of RNA viruses”, 2009) o Ri# (X [ Hig E~D @IS
W2 HEFENTPFOER L T A VADPHMIERR L] &, BB [HE T~ ISz
TEENORARICER - R L] ZLIZENETIWERT 5,

G RIS, N F I v 7 2G| &I L2 HIV-1E, F 82 V=D 4 )V A SIVepz
257 100 FERTICE MCH I EE - @B T 522 LK DB LB I N TS (Gao ef al,
Nature, 1999; Worobey et al, Nature, 2008) o L7 L7455, SIVepz BRED X H IZ LT PADE)SME
L& BT, 28T v 7 HIV-I NEEF L7200 55 Tld e ve RBFZETIE, SIVepz D F
DAL X B = XL B - 552 L2 HME LT, e MEvy 2270 (b Mgl
Bhi~Y X) 272 EBRE T 5720 B E 72 invitro FEEROFRER. % STVepz DEGMEB
KUK TANVAY 87 BOBRIERIIMR I N o720 —F. & MER T AETVE W
in vivo EBROFEF 73 773 v 7 HIV-1 IZHE D 22\ STVepz (2 ARNIZ BT 5 STVepz MB897
PROBFHVE, S NS 73 7 HIV-1 OZ N5 I2E DO TRBLL Tz, BIREWZ &12,
SIVepz MB897 &Gt b MU~ ZIZB W T SR RAIZHE 2T A WA ¥ 2737 B gpl20 12, G413R
DIEFFELRDPTRTOT T AFLHITHASIN TS Z L2 A L7z, 612, FEMlB XUt
MEx T 22 HW72ERICE ). 2D gpl20 G413R ZEED3, in vitro/in vivo \Z BT 5 7 4 )V A %
JCHET % “tailor-made adaptation” Tdh 5 Z & & FiE L 72,

VL E DK ED S SIVepz I EHIYIZ “off-the-shelf emergence” & L Tt M ADHEISHEL A FEIT72 2
& Thbb, ok FAOBEIEED E DO THEW SIVepz 2 MZEHE L. 27X 73 v 7 HIV-1
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NEEF L2 EDTRBREI NI, EHIT, A VAR ZJCHET 5 “tailor-made adaptation” % JE153
HZEIZED, TR L -2 AR SN (Sato et al, J. Virol. 92, €1905-17, 2018) o

Sivepz _(0)_,_ @ @, @ ® P

i & g i ~
.*_ expose take expand adapt . spread
ntra-indi (inter-individual) Human

¥
| “Off-the-shelf” “Tailor-made” . —
(MB897-related) A A ”
Augmentation of Anti-human tetherin

Chimpanzee viral infectivity activity (7)
(e.g., gp120 G413R)

Fig. 1. Possible mechanism of adaptive evolution of SIVcpz to humans.

2) 74 VAHKIEEY (APOBEC3H) DEHRDIREM

t MR, YA VABEEHESY D82 (YA VARIBEET) 2T 5, —H A VAL,
ANV AKER T 2R ET 27 VRV 22— FT52 LT, YA VAHSOBEEZ RS
o TANVARIEAFOREFE LT, & MUERET A VA 1AL (HIV-1) OFEZIH3 2
Fatksy 7Y U7 I 7 ALEEE T % APOBEC3 (A3) 7 7 I =% U2 EBEBR L LML TW5D,
M TlE. A3A, A3B, A3C, A3D, A3F, A3G, A3H L 4TSNz 7HD A3 53T % 32— FLTWwh,
— B HIV-1 i ZH G D7 7 2933 — F§ 5 viral infectivity factor (Vif) ¥ Y287 BEIZL ) . 28X F
| AT T — LAREARANED A3 HRDHFE S NL, T E TUAFFEZEIL. & b D A3D, A3F, A3G
MNe Mb~x 7 ZE TN & W2 invivo DEEBRIZB W TP HIV-1 1EHE 2R3 2 & 285 L7 (Sato e
al, PLOS Pathog, 2014)s L2 L. A3H 2%E/RNIZB W THL HIV-1 {2 RT D, broTni
Nl

ASHIZIZ T ODOBIEFLZRIBH ), TO% 37 EOREMEDE D S, stable, intermediate,
unstable N7 0 ¥ 4 FIZH5HHENDL Z &, F 72, stable A3H A HIV-1 DEEEZWHIT 5 Z 5N
T\ 7z (OhAinle et al, Cell Host Microbe, 2008) o —77, HIV-1 #kIZi&, stable A3H ZH5iHUHETE %
Vif (39F & 48H : hyper-Vif) & FEHURHETE 22w Vif (39V & 48N : hypo-Vif) OFFFENHE X T
W72 (Ooms et al, Cell Host Microbe, 2013) o ZNLH DHIR % b & IIAIFIE TIX, stable ASH /N7 1 ¥
A7 FF—Hkod&imiMigz B L7z~ 7 X (stable A3H & MME~ 7 A) 1T hyper-Vif HIV-1 &
hypo-Vif HIV-1 % JLj@&ge &, Y 6 HEICBW T, EH 5D 4 IV AMPMEMICHEBTEX 200K
A L720 TORHE, stable A3H & ME~ ™7 XA Tl hyper-Vif HIV-1 27 ICHEE S22 L, MA T
hypo-Vif HIV-1 [ZH¥F % ™7 £ )V 2% hyper-Vif BIOFFED 2 7 3 /R H (V39F & N48H) % J#1%
THZLERWELZ, DEORRLD, BEARNTS ASHIZPLHIVIEEZAE L. 512 HIV-1 X
Vif DFFED T I ) BEROERIZ X VA I ASH OPLHIV-1 G2 R L 9 5 2 AR E 7
(Fig. 2) o & DIEJFEBRDOFERITIMZ . 7 — & RX— 2 X 1) 3000 BREL_ LD vif FEF) AT, oY, 7R
D 1000 ALLEDY N7 AEHRD» S A3H SR 247\, FEBEO v MEF O H T HIV-1 23547
PR T IR BT AZH 28 HIV-1 IR L THIFIIICEI W TW5 2 & 2T 2R e /7. A
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gl FEBi 4V 25 L EWIERY. S OIS A SV AT AYA VAR T T
O—FTHY, & MERIZBI S HIV-1 O #ELE— F2MHL L9 L) RAATHSH (Nakano
et al, PLOS Pathog. 13, 1006348, 2017)

Hypo Vif
HIV-1 mutant
(hyper-Vif) P
.@, Co-infection Sacrifice r h Vif Name Ao sud
o~ position
>—’ =" DAfhciee ——: - H Vil 39F  48H
analysis of vif Hyper Vif YRR
Humanized r Hypo Vif 39V 48N
HIV-1 L Hypo Vif  V39F N48H
(hypo-Vif) ("stable A3H”) mutant

Fig. 2. A schematic of hyper/hypo-Vif HIV-1s co-infection into stable A3H humanized mouse.

1) Experimental adaptive evolution of SIVcpz, the precursor of HIV-1, in humanized mouse model

From the mid-20th century, humans are exposed to the menace of viral infectious diseases such as SARS
coronavirus, Ebola virus and Zika virus. These outbreaks of emerging/re-emerging viruses can be triggered
by cross-species viral transmission from wild animals to humans or zoonoses.

HIV-1, the causative agent of AIDS, is originated from SIVcpz, the chimpanzee precursor of the human
virus, approximately 100 years ago. This indicates that HIV-1 has emerged through the cross-species
transmission of SIVcpz from chimpanzees to humans. However, it remains unclear how SIVcpz has evolved
into pandemic HIV-1 in humans. To address this question, we inoculated three STVcpz (MB897, EK505, and
MT145), four pandemic HIV-1 (NL4-3, NLCSFV3, JRCSF and AD8) and 2 non-pandemic HIV-1 (YBF30
and DJOO0131) strains. Humanized mice infected with SIVcpz strain MB897, a virus phylogenetically similar
to pandemic HIV-1, exhibited a comparable peak viral load to that of mice infected with pandemic HIV-1,
while peak viral loads of mice infected with SIVcpz strains EK505 or MT145 as well as non-pandemic HIV-1
strains were significantly lower. These results suggest that SIVcpz strain MB897 is pre-adapted to humans
when compared to the other SIVcpz strains. Moreover, viral RNA sequencing of MB897-infected humanized
mice identified a nonsynonymous mutation in env, G413R substitution in gp120. The infectivity of the gp120
G413R mutant of MB897 was significantly higher than that of parental MB897. Furthermore, we
demonstrated that the gp120 G413R mutant of MB897 augments the capacity for viral replication in both in
vitro cell cultures and humanized mice. Taken together, this is the first experimental investigation to use an
animal model to demonstrate a gain-of-function evolution of SIVcpz into pandemic HIV-1 (Fig. 1) (Sato ez
al, J. Virol. 92, €1905-17, 2018).

2) Impact of endogenous APOBEC3H haplotypes on HIV-1 replication in humanized mouse model

APOBECS3 proteins belong to family of cytosine deaminase and are involved in the mechanism of innate
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defense against viruses including HIV. Human genome codes seven APOBEC3 genes (434, A3B, A3C, A3D,

A3F, A3G, and A3H) . In previous studies, it is indicated that A3D, A3F and A3G can inhibit replication of vif
deleted HIV-1 (HIV-1 delta vif) both in vivo and in vitro, whereas HIV-1 encoded viral infectivity factor (Vif)

protein can degrade these APOBEC3 using a ubiquitin/proteasome pathway. On the other hand, 43H is
polymorphic and can be categorized into seven haplotype phenotypes: stable (II, V, and VII) intermediate
(1), and unstable (IIL, IV, and VI). Moreover, it is indicated that stable A3H is able to restrict replication of
HIV-1 delta vif. However, the anti-viral effect of endogenous A3H in vivo has yet to be examined. Here, we
utilized the humanized mouse model (NOD/SCID /12rg"- (NOG) mouse transplanted with human CD34*
hematopoietic stem cells with stable 43H gene.) and demonstrated that stable A3H haplotypes specifically
affect HIV-1 fitness determined by the two amino acid residues at positions 39 and 48 of HIV-1 Vif. We
performed a 6-week viral replication experiment under stable A3H pressure using stable A3H humanized
mouse and found that stable A3H-resistant HIV-1 was dominant. Moreover, stable A3H-susceptible HIV-1

frequently gains the ability to counteract stable A3H. Taken together, these results suggested that HIV-1

replication were inhibited by endogenous stable A3H in vivo, whereas stable A3H-susceptible HIV-1 can
easily acquire ability to counteract stable A3H (Fig. 2). Subsequent molecular phylogenetic analysis using
more than 3,000 vif sequences including all subtypes obtained from the HIV-1 sequence database and cell
culture experiment using several transmitter/founder HIV-1 Vifs suggest that the A3H polymorphism may
influence the efficacy of HIV-1 dissemination at individual and population levels. (Nakano et al, PLOS
Pathog. 13, €1006348, 2017).
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TRBIRIIEH LT 2 D TE 7z HAEMHE - N v 7 2 - V=T - ANV v 7 X (bHLH)
KT CdH % Hesl, Hes5 R Hes7 I AT T4 77 4 — KNy 712X > CHEEWIZ 2 ~ 3 BT
BI2sHRE) L. Hesl % Hes7 DFEIUREIC X o THBIMICHHI N2 7201020 T Bz T OB D
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6}73‘0 f:o
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Fig. 1. Optogenetic ligand expression in sender cells and bioluminescent reporter expression in receiver cells.
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Time scale of neurogenesis and gliogenesis
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Fig. 2. Abnormal switching of neurogenesis and gliogenesis in Hes5-overexpressing and HesS KO mice.

We found that gene expression oscillates with a period of about 2-3 h in many biological events and try to
elucidate the significance and mechanism of such oscillatory gene expression. Particularly, we have been
focusing on neurogenesis and somitogenesis. The expression of the basic-helix-loop-helix (bHLH)
transcription factors Hesl, Hes5 and Hes7 oscillates autonomously by negative feedback, and these
oscillations drive oscillatory expression of the downstream genes. Recent studies suggested that not only the
amplitude but also the period and phase of oscillatory expression encode various information. We now found
that the oscillatory information is transmitted between cells via the Notch ligand Delta-like1 (DI111), and that

Hes5 oscillations may be important for the timing of neurogenesis and gliogenesis.

1) Optogenetic perturbation and bioluminescence imaging to analyze cell-to-cell transfer of oscillatory
information

Cells communicate with each other to coordinate their gene activities at the population level through
signaling pathways. It has been shown that many gene activities are oscillatory and that the frequency and
phase of oscillatory gene expression encode various types of information. However, whether or how such
oscillatory information is transmitted from cell to cell remains unknown. Here, we developed an integrated
approach that combines optogenetic perturbations and single-cell bioluminescence imaging to visualize and
reconstitute synchronized oscillatory gene expression in signal-sending and signal-receiving processes. We
found that intracellular and intercellular periodic inputs of Notch signaling entrain intrinsic oscillations by

frequency tuning and phase shifting at the single-cell level. In this way, the oscillation dynamics are
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transmitted through Notch signaling, thereby synchronizing the population of oscillators. Thus, this approach
enabled us to control and monitor dynamic cell-to-cell transfer of oscillatory information to coordinate gene

expression patterns at the population level.

2) HesS5 regulates the transition timing of neurogenesis and gliogenesis in mammalian neocortical
development

During mammalian neocortical development, neural stem/progenitor cells (NSCs) sequentially give rise
to deep layer neurons and superficial layer neurons through mid- to late-embryonic stages, shifting to
gliogenic phase at perinatal stages. Previously, we found that the Hes genes inhibit neuronal differentiation
and maintain NSCs. Here, we generated transgenic mice that overexpress Hes5 in NSCs of the central
nervous system, and found that the transition timing from deep to superficial layer neurogenesis was shifted
earlier, while gliogenesis precociously occurred in the developing neocortex of Hes5-overexpressing mice.
By contrast, the transition from deep to superficial layer neurogenesis and the onset of gliogenesis were
delayed in Hes5 knockout (KO) mice. We found that the Hmga genes (Hmgal/2) were downregulated in
the neocortical regions of Hes5-overexpressing brain, whereas they were upregulated in the Hes5 KO brain.
Furthermore, we found that Hes5 expression led to suppression of Hmgal/2 promoter activity. These results
suggest that Hes5 regulates the transition timing between phases for specification of neocortical neurons and
between neurogenesis and gliogenesis, accompanied by alteration in the expression levels of Hgma genes, in

mammalian neocortical development.
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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.
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1) Transport Granules Bound with Nuclear Cap Binding Protein and Exon Junction Complex

RNA transport and regulated local translation play critically important roles in spatially restricting gene
expression in neurons. Heterogeneous population of RNA granules serve as motile units to translocate, store,
translate, and degrade mRNAs in the dendrites contain cis-elements and trans-acting factors such as RNA-
binding proteins and microRNAs to convey stimulus-, transcript-specific local translation. Here we report a
class of mRNA granules in human neuronal processes that are enriched in the nuclear cap-binding protein
complex (CBC) and exon junction complex (EJC) core components, Y14 and eIF4AIIIL These granules are
physically associated with stabilized microtubules and are spatially segregated from elF4E-enriched granules
and P-bodies. The existence of mRNAs retaining both nuclear cap binding protein and EJC in the distal sites
of neuronal processes suggests that some localized mRNAs have not yet undergone the “very first

translation,” which contribute to the spatio-temporal regulation of gene expression.

2) Domains of hnRNP C that are essential for the sorting of RNA pol II transcripts

In eukaryotic cells, various species of RNA are synthesized in the nucleus. Newly transcribed RNA species
are exported to the cytoplasm by their specific nuclear export factors. Accumulating evidence shows that
export factors affect the fate of RNA, such as its functions, stability and/or cytoplasmic localization.
Therefore, it is essential that different RNAs are appropriately classified for export. We have previously
shown that RNA polymerase II transcripts are classified according to their length, and identified
heterogeneous nuclear ribonucleoprotein (hnRNP) C as the key classification factor. HNRNP C binds
preferentially to longer transcripts, thereby sorting RNA polymerase II transcripts into two RNA categories:
long mRNA and short U snRNA. HnRNP C has an inhibitory activity on the recruitment of PHAX, an
adapter protein for U snRNA export, to the long transcripts so that they are committed to mRNA export
pathway. However, the detailed mechanism by which hnRNP C binds longer transcripts and inhibits their
binding to PHAX is still unknown. To further understand the molecular mechanism of the classification, we
systematically analyzed domains of hnRNP C and determined the essential domains for the classification of

RNA polymerase II transcripts. The results will be published in the near future.

3) 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).
However, the molecular mechanism defining the selective ubiquitination of the nonfunctional ribosomes has
remained elusive. We lately showed 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
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inspection of the 60S subunits. This year we revealed Betl binding site on nonfunctional 60S particles by
using UV crosslink mediated RNA pull down and sequencing. Possible mechanisms for the release of the

factor from the normal 60S subunits will be discussed.
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Fig. 1. Roles of BepA in biogenesis of outer membrane proteins
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Fig. 2. Schematic representation of the PiXie method
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The research projects carried out in this laboratory 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 2017, we conducted structural and functional analysis of the TPR domain of BepA,
a periplasmic protein involved in assembly and quality control of outer membrane proteins. We also
developed a new method, named Pixie, which permits high spatiotemporal resolution in vivo analysis of

newly-synthesized protein dynamics.

1) The TPR domain of BepA is required for productive interaction with substrate proteins and the
f-barrel assembly machinery (BAM) complex

BepA is an E. coli periplasmic protein having an N-terminal protease domain and a C-terminal
tetratricopeptide repeat (TPR) domain. We have previously shown that BepA is a dual functional protein with
chaperone-like and proteolytic activities involved in membrane assembly and proteolytic quality control of
LptD, a major component of the outer membrane lipopolysaccharide translocon. Interestingly, BepA can
associate with the BAM complex that mediates membrane assembly of f-barrel outer membrane proteins.
However, the molecular mechanism of BepA function and its association with the BAM complex remains
unknown. We determined the crystal structure of the BepA TPR domain, which revealed the presence of two
subdomains formed by four TPR motifs. Systematic site-directed in vivo photo-cross-linking was used to map
the protein-protein interactions mediated by the BepA TPR domain, indicating that this domain interacts both
with a substrate and with the BAM complex. Mutational analysis showed that these interactions are important
for the BepA functions. These results suggest that the TPR domain plays critical roles in BepA functions
through interactions both with substrates and with the BAM complex and provide insights into the

mechanism of biogenesis and quality control of the outer membrane (Fig. 1).
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2) A photo-cross-linking approach to monitor folding and assembly of newly-synthesized proteins in a
living cell

Many proteins form multimeric complexes that play crucial roles in various cellular processes. Studying
how proteins are correctly folded and assembled into such complexes in a living cell is important to
understand the physiological roles and the qualitative and quantitative regulation of the complex. However,
few methods suitable for analyzing these rapidly occurring processes are available. Site-directed in vivo
photo-cross-linking is an elegant technique that enables analysis of protein—protein interactions in living cells
with high spatial resolution. However, the conventional site-directed in vivo photo-cross-linking method is
unsuitable for analyzing dynamic processes. We thus developed a new method that can analyze the folding
and assembly of a newly-synthesized protein with high spatiotemporal resolution by combining an improved
site-directed in vivo photo-cross-linking technique with a pulse—chase approach. We demonstrate that this
method, named pulse—chase and in vivo photo-cross-linking experiment (PiXie; Fig. 2), enables the kinetic
analysis of the formation of an E. coli periplasmic (soluble) protein complex (PhoA). We also used the PiXie
method to analyze assembly/folding processes of two membrane complexes (SecD/SecF in the inner
membrane and LptD/LptE in the outer membrane), which provided new insights into their biogenesis. Our
new method should permit analysis of the dynamic behavior of various proteins and enables examination of
protein—protein interactions at the level of individual amino acid residues. Our new technique will have

valuable utility for studies of protein dynamics in many organisms.
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1) Epidermal stem cell dvision drives abdominal skin expansion during pregnancy

During pregnancy, tissue stem cells in several organs are activated in response to a physiological alteration
of the maternal body. We identified a highly proliferative interfollicular epidermal (IFE) basal cell population
in the rapidly expanding abdominal skin of pregnant mice. These cells expressed Tbx3 that is necessary for
their propagation to drive skin expansion and accommodate foetal growth. The Tbx3" IFE basal cells were
positive for transit-amplifying cell marker CD71 with reduced expression of IFE stem cell marker Axin2.
Using lineage tracing and division pattern analysis, we found that the IFE stem cells gave rise to the Tbx3*
basal cells through planar-oriented asymmetric or symmetric cell divisions. This biased division of the Axin2*
IFE basal cells was induced by secreted proteins that were expressed in dermal cells. Upon wounding, Tbx3*
IFE basal cells played a pivotal role in tissue repair, which was enhanced by topical administration of the
dermal secretory proteins. Our findings demonstrate a fine-tuned IFE stem cell/progeny organization during

pregnancy and suggests its application in regenerative medicine.

2) A novel mechanism for the regulation of H19 gene transcription by the G-quadruplex structure.
H19 gene is a well-known imprinted gene that encodes a long non-coding RNA. H/9 RNA is widely
expressed in embryonic tissues, but its expression is restricted in only a few tissues after birth. However,
regulation of H/9 gene expression remains poorly understood outside the context of genomic imprinting. We
identified evolutionarily conserved guanine (G)-rich repeated motifs at the 5" end of the H19 coding region
that are consistent with theoretically deduced G-quadruplex sequences. We showed that the G-rich motif,
located immediately downstream of the transcription start site (TSS), forms a G-quadruplex structure in vitro.
We found that the H/9-G-quadruplex regulates H/9 gene expression through association with transcription
factors Spl and E2F1, which either suppress or promote the H/9 transcription, respectively. Moreover, H19

expression during differentiation of mouse embryonic stem cells appears to be regulated by the H/9
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G-quadruplex. These results demonstrate that the G-quadruplex functions as a novel regulatory element for

H19 gene expression.
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This 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
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Flavivirus (DENV) at the molecular level, cultured cell level and infected individual level (Fig. 1).

Representative research progress in 2017 will be described below.

1) Evolution of neutralizing ability in CCR5-tropic simian / human immunodeficiency virus-infected
rhesus monkey plasma

In recent years, the induction of potent and broad neutralizing antibodies 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 previously created a CCR5-tropic SHIV-MK1 (MK1) by introducing five
amino acid mutations in the Env gene of CXCR4 tropic SHIV-KS661 (KS661) with neutralization resistance
level of Tier 1B and acclimatized to rhesus monkeys, obtaining neutralization resistant Tier 2 SHIV-MK38
(MK38) (Fig. 2). In the course of experiments, one of two intravenously inoculated rhesus monkeys with
MK showed persistently infection at more than 10* copies/ml over 2 years. Therefore, the virus neutralizing
ability of the antibody in plasma of MK1 persistently infected monkey was evaluated. Neutralizing ability
was evaluated by a decrease in expression of an indicator (luciferase) gene in viral infection of TZM-bl cells.
In plasma of persistently infected monkeys, neutralizing activity against Tier 1B MK1 was observed after 6
weeks of infection and neutralizing activity against Tier 2 MK38 was observed after 64 weeks of infection.
For other strains, neutralizing activity against Tier 1A virus was observed in plasma after 6 weeks of infection
and neutralizing activity against Tier 2 virus was observed after 36 weeks of infection. Furthermore, after 100
weeks of infection, more than half number of the 9 Tier 2 viruses examined were neutralized. That is, the
ability to neutralize against virus increased from 6 weeks (Tier 1B) to 36 weeks (Tier 2) of infection, and
it was suggested that maturation of the antibody was caused by broadening the neutralizing ability after 100
weeks of infection. From the above, it is considered that the Tier 1B MK 1-infected rhesus macaque model is

useful for elucidating the mechanism of Tier 2 neutralizing antibody induction.

2) Fundamental study for constructing a primate model for dengue virus infection

Dengue virus (DENV) causes a wide range of illnesses in humans, including Dengue fever and Dengue
haemorrhagic fever. Some animal models of DENV infection have been established; however, Old World
monkeys have not yet been used as DENV infection animal models. Bonnet monkeys (Macaca radiata), a
type of Old World monkey, have been used for studies of experimental and natural infections by flaviviruses.
In this study, several DENV strains were evaluated at the replication level using peripheral blood
mononuclear cells. Our findings indicated that DENV-4 (09-48 strain, which was isolated from a traveller
returning from India in 2009, was a highly replicative virus. Three bonnet monkeys were infected with 09-48
strain, and antibody responses were assessed; DENV nonstructural protein 1 antigen was detected, and high
viraemia was observed. Thus, these results indicated that bonnet monkeys and 09-48 strain could be used as a

reliable primate model for the study of DENV.
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1. BREEETFNVZ Wz HIV EYYERTE O 720 O IL I 5E

4-H. HIV-1 EGHE L@ Y) 2 90 HIV #83E (ART) 12X ). AIDSICEZ 2 & HEAN X %5
D REREMERE L o720 LA L, HIV EEE GO RIMEISHE ) Bk 4 7 FR &G & DR
(PEBRAREEE. MRE VR, MERRAIRE, R L) OFIEY A7 A&V L2, B - e
B A7 HIEWITKE W, BIRTIX, WD ART TH HIV Z2HRKAR5BET 5 2 L IIATHETH
Dy ART HHIFIZ X D HIV )N & RO L 2 7208 E D ART IGHEDSLEE 7 ). PREREIC BT
BREFMEH B IEFITKE V, 1o T BEE BIF L2H 7220 MAad KD SN Do WORFEEIC
BT, ART Z#kHE L2 < TH HIV EEZ FHIETRE 2 BEREMOMRIG. S HITHIV U F— " —0D
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FGEZ, REICHZE L HV BREEHE T VO E V) 22— 2 2 ) [ICX b, HIV
JEGLRE OBUEERLA 1A 72 2088 2 2 97X BTERREABR 2 Hhols & U 72 2558 - IR HIFSE & JEHE
LTWh, TNFETIT, S~ EYelt 2 15 L7280 HIV-1 & F W CREIER HIv-1 YR B
EFNEMELTHIEICHMOTIE L2e SOEFATIE, A7 4 FUADT A4 )V AHMEE b
EFRLVARVOEGI T A VA0 — P22 Lz, MR - iR e ommnesic L B
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2. STLV —1 HAREG =K HFIVICEIF % Cohort WL : HIRGERDOERF

AFETIE HTLV-1 F ¥ ) 7138 100 AL S, ZOBEEFRIIH 1% ER>Twb, i, HAE
A OFABRETH L =K VP NIE HTLV-1 ISIEFICEHzR L b a4 VA TH S STLV-1 I[2JE
FICEHVEETRELTVWAZEPMEINTVS, TORKE LT, —HOH IVEMADS STLV-1
TRAENTO D A IV ZEMPHFHFITE VL Vo ZREEDS BT O N5 05 FFAHTH 5, RiFsE
TIX B EHM 7R OB CTHE SN Twb =R Y3V 300 BEHIZOW T, STLV-1 FREPifkB L O°
7 a7 A VA DNA FEPERIL O E RN 2179 & & IS, RN LBy, KPP0
TREMEICDOWTHRE 21T o 720 ZDFEE, STLV-1 JuiRBMERIEH 66% TH O EHIED STLV-1 J&
PRSI Nz PURBETEDMRDIT & AL (95.7%) AR ¥ 738kD 7 17 £ )L A DNA %3
PThH o720 ZOHUKMIR 7 17 4 )V A DNA FBpiEflifasRs X 02 OB /il HTLV-1 ¥ ¥ V) 7
BT AGAELIZIZAEEZRLTEY., AN TO STLV-1 74 VABIFFIZEVWEIZEZ N
ehodze WIT, BEFBfRE STLV-1 &S A Mia L7z & 2 A, B I&eRi3f 30% T 1) . HTLV-1
PR IRGeRE (BALORMIZA T 15-20%) LHRTRREVWHETH o720 T2 KFEGOWHE
PEIZOWTHET L7z E 2 A, 4R TORIERIL 85.7% T 1) K] T HTLV-1 JEYBHEE & [EX
BWDDTH o720 LEDOREREI D, STLV-1 BIEEROFEHIETA VAZDH DDOFEE W) X
DIZT LA Zh U VO SEREIEED CERBEREER DL SI2X 2 b0 Ll S iz, iE- T
STLV-1 FARIEG: =& ¥ HIViE, HTLV-1 B &G R ARFEGo BRI C T 7= A 8 E TN & %
ZbNb,

This laboratory is newly established in 2013 for active and effective collaboration between Institute for
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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 human T-cell leukemia/lymphotropic Virus Type 1 (HTLV-1), 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.
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) Cohort study on Japanese macaque naturally infected with STLV-1

A simian T-cell leukemia/lymphotropic Virus Type 1 (STLV-1) belongs to Genus Deltaretrovirus similar to
HTLV-1. It was reported previously that the prevalence of STLV-1 infection in Japanese macaques (Macaca
fuscata) appeared to be remarkably higher than the cases of other nonhuman primates, whereas it has not
been clarified what causes the high prevalence. It is possible that antibody titers and/or proviral loads (PVLs)
at least in part of the STLV-1-infected macaques could be extremely high or low, which results in efficient
transmission and eventual high prevalence. In order to examine the possibility, we evaluated antibody titers
against STLV-1 and proviral loads in 300 Japanese macaques. It was found that (i) the rate of seroprevalence
for STLV-1 was 66% in average, (ii) the antibody titers and the PVLs among the infected macaques were
comparable to the cases of HTLV-1-infected humans, and (iii) no statistical differences were observed in the
distributions among the five troops of the macaques examined. These results suggest that the high prevalence
may be caused by and social ecology of Japanese macaques but not the individual differences regarding the
viral permissiveness in immunological and virological aspects. The natural STLV-1 infection of Japanese

macaques is useful as a novel animal model for prevention of maternal and horizontal transmission of
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HTLV-1.
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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 germ-line 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) Studies for development of a viral vector using human endogenous retrovirus

Endogenous retroviruses (ERVs) are remnants of exogenous retroviruses that have infected the germ-line
cells, and fixed in the genome during evolution. Some ERVs have been identified in the human genome, and
they compose approximately 8 % of the human genome. Although almost all human ERVs (HERVs) are
replication-incompetent due to mutations, some HERVs still express viral proteins. Whereas, the viral vector
using a feline endogenous retrovirus (RD-114) envelope protein has already been developed. RD-114 utilizes
ASCT?2, an amino acid transporter, as a virus receptor, and the viral vector using RD-114 envelope protein is
able to infect CD34 positive hematopoietic stem cells and transduce a therapeutic gene. We have generated a
pseudotype viral vector using a HERV envelope protein which can rescue human immunodeficiency viral
core in order to develop a new ERV vector. The viral titer of the vector we have generated is comparable to

those of vectors used in gene therapies recently.

2) Experimental infection of simian retrovirus type 5 in Japanese macaques

Recently, a large number of Japanese macaques (Macaca fuscata) died after exhibiting an unknown
hemorrhagic syndrome at the Kyoto University Primate Research Institute (KUPRI) and the National Institute
for Physiological Sciences (NIPS). We previously reported that the causative agent of hemorrhagic syndrome
at KUPRI Japanese macaques was simian retrovirus (SRV) type 4 (SRV-4). Following investigations
suggested that the hemorrhagic disease occurred at the NIPS is associated with SRV type 5 (SRV-5);
however, the etiology still remained unclear. In this study, we conducted experimental infection of SRV-5 in
Japanese macaques and investigated the association between SRV-5 and the hemorrhagic syndrome. We
inoculated the SRV-5 isolate and a molecularly cloned SRV-5 into each two Japanese macaques. As a result,

each one macaque inoculated with the SRV-5 isolate and the clone-derived virus exhibited acute
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thrombocytopenia within one month after inoculation. On the other hand, the remaining two survived as
asymptomatic carriers even after administrating the immunosuppressive agent (Dexamethasone). The
distribution of SRV-5 proviruses in tissues revealed that SRV-5 infected a variety of tissues in Japanese
macaques. We also demonstrated that SRV-5 utilizes a neutral amino acid transporter (ASCT?2) as a functional
receptor. From these results, we conclude that the hemorrhagic syndrome of Japanese macaques occurred at

the NIPS was caused by a single infection of SRV-5.
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Societies 2017), Singapore, July 17-21, 2017.

HIRFERE BRIV A ANV [HCHEFEIA 2] HOEY A 2T 2 H
2017 4F 5 A 8 H (JRfEaE)

HIRFEE WML oy AV EIFFEOIGERAEL 5 58 M H AR A v A £, KW, 2017
5 2728 0 (AfFikiER)

Miyazawa, T. Possible induction of mammalian genome complexity by endogenous retroviruses activated by

the solar wind. Transdisciplinary Mie-Symposium 2017, Mie, June 17-18, 2017.

Miyazawa, T. Possibility of mammalian evolution by retrotransposons activated by the cosmic rays. The 2nd

Japan-Korea International Symposium for Transposable Elements, Tokyo, June 27-28, 2017.

HIRFE LI A VR A2EGOELETHEDOEDY) FHERKFREEGFFSI =T -2
Yavy 7 [ - MR E FE . ER. 20174E 6 H 29 H (R FFaE)
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HRNFEE L MO S ARV EAR - 5E B35 M HAZHEERYS, BEL 201747 A
20-21 H (3R

HIRFE REEICHBML TV AERESXOBE - HReb 374 VA2 BaTBEIRE & L Tl
WCHHLC&2 ] — HARBIREES: 7 &+ —F LAERKE 2017, HIL, 201749 H 15-17 H
(¥ 1)

HIRFSE TYWNHEEL a4V 2O AW EN 55 44 0] 0 AN SR AL R 4
RS, KPR, 2017 4E 11 H 10-11 H ($RFrik)

IR oML L a4 VR 532 Bl H AR R AR B, 2017 4E 12 H
2-3 0 (4AfFaEE)

HIRFERE L hauA VAOREENEEL ba A VAKX AHFEOMEL IR
Fr - RRBDR A EBIZE L = v M gE s (AR, AR, KR, T H — 2% 2t ) ORkE 3§
5. EEB. 20174E5 H 23 H

THEE, IR, SAER, SRFEE WEEL by A VA ZBEE Lz HARENAORCK &
I ADOFHE  HAMEILSRE 19 MKS. B 2017 48 H 24-26 H

Kitao, K., Nakaya, Y., Hoshino, S., Miyazawa, T. A scenario of endogenization process of gammaretroviruses
in the koala genome. H ARAEAL AR5 19 K4y, HIHER. 2017 4F 8 [ 24-26 H

WEARBE, FRRE), A%, ARG, BHIRFE mE LM T 2IEmEEL ba oy 4 v A )
LIRD =R VPN OBENRER  BREMAYRFSAFERSE 2017, =, 2017 48 H 29-31 H

SAMER. IHEEL, AN 2. EIRFESE MR RIGE 2 HH S A M E R 7 4 L A F8701 MR Ky
Yo7 a—rOfE 5 160 ol H ARBREE 2o 2, BEIRS. 2017429 H 13-15 H

A ZL WA FRETET WAL & BRI, BIRFESE XM FA08ICE
FA5ATEIEY T ANV ZAOBBIMERA 4 160 0] H ARBRE S-S50 4, I, 2017 4F
9 H 13-15 H

WA —. AHY z. fuEE T BHEES, KSEW, SRFEE LA 3ELVEY 740 ARGy
FREOMEIRE L OIZISE DN 46 160 [0l H ARBRER S8 dE 25 BEVE 5. 2017 4F 9 H 13-15
H

T, IR, SAER. SIRFEE %L a9 A VAL B4 T34 ) 2RO
fili 2% 160 [0l H ARBREE S 2p i s o, BERE. 201749 H 13-15 H

Hashimoto, A., Yoshikawa, R., Nakagawa, S., Okamoto, M., Miyazawa, T. Dual infection of two simian
foamy virus serotypes in Japanese macaques. The 65th Annual Meeting of the Japanese Society for
Virology, Osaka, October 24-26, 2017.

EHIRFE, GNER, WO —, THBS ENIEBTAI P FYUT7DNAR (4 FF A )
OHIARAEYE 45 10 Ml DNA % &, H e, 2017 4F 11 A 9-10 H
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FTHA S, ERFERE, HIF B2 e b iPS Mgt R EBMIL OB ko MES 2017 SEEEA Gy
B RS ENERAKS, L, 20174 12 H 69 H

SAMER. e, MED 2. EIRFEE L 2HIK 7 A )V A F8701 ¥RD S ZHARMNT : Fri 2%
Ry 7 7NV —T O R 2017 SFEAEGE SRS AMERKS, L, 20174 12 H 6-9 H
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Reproductive Engineering Team

sk E  #H ¥ Technical Specialist  Hitoshi Miyachi
Bl gk e Jt¥ & 2% Technical Specialist  Satsuki Kitano

XY AMERIR T — 23T A VAFYEBREMEZRRO T T 7 AZBI OB RAZ IE L0
NG VAV 2= 2RI R (Tg) /v 2777 b7 (KO) OERZREITToCnb, T2
BT 2 T IV £ 575 290 = e ofide, RE Ty AL A AT 0
PIHEAi R ICST (AMIENT) . IR HEZ: & RGN RETdH S0 Hli Tld CRISPR/Cas9 ¥ A 7 A % ]
WBEE T HREST T ADER S ERL TWw b, il OV TIER—AR=T 2 TSR\ & 72
W http://www.infront kyoto-u.ac.jp/ex_ivr/Lab/tgkoivf/index.htm #7: 3 EM OFKIX TRLOMY) TH
50

1) D EHRRAF

2015 4F 146 Sk 40,165 1
2016 4 187 Sk 34,679 1
2017 4 171 %k 37,763 1

2) FIUVAT = v ADER

R IR 2 Tg FEF 5
2015 4F 35 17,122 139 (0.8%)
2016 4F 44 18,232 113 (0.6%)
2017 4F 43 19,509 135 (0.7%)

3) AT ZADOIER
7 a— i IR % FtF X T}

2015 4 22 2,249 107 (4.8%)
2016 4 18 1,872 71 (3.8%)
2017 4 38 3,474 78 (2.2%)

4) CRISPR/Cas9 ¥ AT A & 5 BIEFHtE~ Y A DfEH
R RS BT WE~ Y A
2015 4E 15 5,906 17 (0.3%)
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2016 4 23
2017 % 30

8,980
11,809

66 (0.7%)
49 (0.4%)

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
2015
2016
2017

146 strains
187 strains

171 strains

2) Transgenic mouse production with cloned DNAs

No of constructs

2015 35
2016 44
2017 43

3) Production of chimeric mouse

No of ES clones
2015 22
2016 18
2017 38

4) CRISPR/Cas9

No of constructs

2015 15

2016 23

2017 30
List of Publications

Ichijo, R., Kobayashi, H., Yoneda, S., lizuka, Y., Kubo, H., Matsumura, S., Kitano, S., Miyachi, H., Honda,

No of embryos
injected
17,122
18,232
19,509

No of embryos
injected
2,249
1,872
3,474

No of embryos
5,906

8,980
11,809
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40,165 embryos
34,679 embryos
37,763 embryos

No of transgenic
pups obtained
139 (0.8%)
113 (0.6%)
135 (0.7%)

No of coatcolor
chimera obtained
107 (4.8%)
71 (3.8%)
78 (2.2%)

No of genome
edited mouse
17 (0.3%)
66 (0.7%)
49 (0.4%)



T., and Toyoshima, F. (2017). Tbx3-dependent amplifying stem cell progeny drives interfollicular

epidermal expansion during pregnancy and regeneration. Nat. Commun. 8, 508-017-00433-7.

Kuroki, S., Okashita, N., Baba, S., Maeda, R., Miyawaki, S., Yano, M., Yamaguchi, M., Kitano, S., Miyachi,
H., Itoh, A., Yoshida, M., and Tachibana, M. (2017). Rescuing the aberrant sex development of H3K9
demethylase Jmjdla-deficient mice by modulating H3K9 methylation balance. PLoS Genet. 13,
¢1007034.

List of Presentations
HH ¥, kB o &, JEwE. AH%— CRISPR/Cas9 # FIH L 728 5 e~ 7 AE I
55 136 [ B TRSEEREI T JE 5. BB, 2017 4E 12 H 1 H

Wi 3, kB o X, PHETEE, AEH%E— CRISPR/Cas9 Y AT ALIZX 5D v 7 A4 =y A
55 35 B AR T ge 2. I, 2017412 H 2 H
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Center for Animal Experiments

Bz - MRk GE¥) R % Prof. Gen Kondoh
dEEdR GiEB) &M EW]  Assoc. Prof. Keiji Hirota
B # EE Assist. Prof. Hitomi Watanabe

WiRETld, PR 27 A X 5 178 B, YW F 536 %, T v b 188 L, = A ;9,000 PEATHE
B e LTI N, SNOOEREYWOHENZEE - EHLEIZ 1 4. #E5Z 1 4. D%
1%, BR324, FEFEEIKE 19 4T > T,

B EBREZAT O 7o TIE, Earfmdl - BiEnkC 0 OB & BB % L CHEMET 5 FHDVKHT
RTHb, ZORAZFM-BIES 5720, BIWEBRICIESET 28513 BIFEEBRICE 3 2 L8 -
WHEL FEERE O N FTEEIZOWTOEFHE B L ONGEE 22l T 5 2 L VERBMF T O
TWho AEDFTNGEE Z 12 MBI L 72,

oML U CEIETWE - 7/ AE~ 7 AOER 2o Twb, A id, B &5
DR S R CEM ORI R " % O#NF T & 7225, JL4E. TALEN % CRISPR-Cas9 7/ A #i 4 i
% H 726 5 2 AR T - BRI A~ 7 ZMERBA2SFZE S 7z, Bk T T b 2w
WCHLD AL, AR 40 DL EOBIETHE - 7/ AftE~ 7 AOERICHED - 72,

Experimental animals, such as mouse, rat and others, are housed in our Center 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 more than 40 gene-manipulated mouse strains in this year.

List of Publications

Miralles M, Eixarch H, Tejero M, Costa C, Hirota K, Castaiio AR, Puig M, Stockinger G, Montalban X,
Bosch A, Espejo C, Chillon M. (2017). Clinical and Histopathological Amelioration of Experimental
Autoimmune Encephalomyelitis by AAV Vectors Expressing a Soluble Interleukin-23 Receptor.
Neurotherapeutics. 4, 1095-1106.

Kitagawa Y, Ohkura N, Kidani Y, Vandenbon A, Hirota K, Kawakami R, Yasuda K, Motooka D, Nakamura
S, Kondo M, Taniuchi I, Kohwi-Shigematsu T, Sakaguchi S. (2017). Guidance of regulatory T cell
development by Satb1-dependent super-enhancer establishment. Nat Immunol. 18, 173-183.
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Yoshimoto, Y., A. Takimoto, H. Watanabe, Y. Hiraki, G. Kondoh, C. Shukunami. Scleraxis is required for
maturation of tissue domains for proper integration of the musculoskeletal system. Scientific Reports

7:45010. doi: 10.1038/srep45010 (2017).

Das, N-R., H. Miyata, H. Hara, K. Uchiyama, J. Chida, M. Yano, H. Watanabe, G. Kondoh, S. Sakaguchi.

Effects of prion protein devoid of the N-terminal residues 25-50 on prion pathogenesis in mice. Arc.
Virol.  doi: 10.1007/500705-017-3295-3 (2017).

Fujihira, H., Y. Masahara-Negishi, M. Tamura, C. Huang, Y. Harada, S. Wakana, D. Takakura, N. Kawasaki,
N. Taniguchi, G. Kondoh, T. Yamashita, Y. Funakoshi, T. Suzuki. Lethality of mice bearing a knockout

of the Nglyi-gene is partially rescued by the additional deletion of the Engase gene. PLoS Genet. https://
doi.org/10.1371/journal.pgen.1006696 (2017).

Watanabe, H., R. Takeda, K. Hirota, G. Kondoh. Lipid raft dynamics linked to sperm competency for

fertilization in mice. Genes to Cells https://www.ncbi.nlm.nih.gov/pubmed/28425215 (2017).

Mochizuki, A-L., A. Katanaya, E. Hayashi, M. Hosokawa, E. Moribe, A. Motegi, M. Ishiai, M. Takata, G.
Kondoh, H. Watanabe, N. Nakatsuji, S. Chuma. PARI regulates stalled replication fork processing to

maintain genome stability upon replication stress in mice. Mol Cell Biol., 37-23, pii: e00117-17,
(2017).

Hara, H., H. Miyata, N-R. Das, J. Cida, T. Yoshimochi, K. Uchiyama, H. Watanabe, G. Kondoh, T.
Yokoyama, S. Sakaguchi. Prion protein devoid of the octapeptide repeat region abrogates BSE
pathogenesis in mice. J. Virol., 92-1, pii: €01368-17, (2017).

Ohashi, M., Y. Umemura, N. Koike, Y. Tsuchiya, Y. Inada, H. Watanabe, T. Tanaka, Y. Minami, O. Ukimura,
T. Miki, T. Tajiri, G. Kondoh, Y. Yamada, K. Yagita. Disruption of circadian clockwork in in vivo

reprogramming-induced mouse kidney tumors. Genes to Cells, in press.

Tsubaki, T., T. Kadonosono, S. Sakurai, T. Shiozawa, T. Goto, S. Sakai, T. Kuchimaru, T. Sakamoto, H.
Watanabe, G. Kondoh, S. Kizaka-Kondoh. Novel Adherent CD11b+ Gr-1+ Tumor-infiltrating Cells

Initiate an Immunosuppressive Tumor Microenvironment. Oncotarget, in press.

Shukunami, C., A. Takimoto, Y. Y. Nishizaki, Y. Yoshimoto, S. Tanaka, S. Miura, H. Watanabe, T. Sakuma,
T. Yamamoto, G. Kondoh, Y. Hiraki. Scleraxis is a transcriptional activator that regulates the expression

of Tenomodulin, a marker of mature tenocytes and ligamentocytes. Scientific Reports, in press.

Morita, M., T. Sato, M. Nomura, Y. Sakamoto, Y. Inoue, R. Tanaka, S. Ito, K. Kurosawa, K. Yamaguchi, Y.
Sugiura, H. Takizaki, Y. Yamashita, R. Katakura, I. Sato, M. Kawai, Y. Okada, H. Watanabe, G.
Kondoh, S. Matsumoto, A. Kishimoto, M. Obata, M. Matsumoto, T. Fukuhara, H. Motohashi, M.
Suematsu, M. Komatsu, K-I. Nakayama, T. Watanabe, T. Soga, H. Shima, M. Maemondo, N. Tanuma.
PKMI1 confers metabolic advantages and promotes cell-autonomous tumor cell growth. Cancer Cell, in

press.

—186 -



List of Presentations
Keiji Hirota: An inflammatory cellular network of autoimmune Th17 cells, GM-CSF-producing ILCs and
synoviocytes in the development of autoimmune arthritis, Keystone symposia, Immune Regulation in

Autoimmunity and Cancer, Whistler, Canada, March 26-30, 2017

Keiko Yasuda, Yohko Kitagawa, Shimon Sakaguchi, Keiji Hirota: Satbl controls the differentiation and
terminal effector function of Th17 cells, 55 46 o] H ARSIEF A HE S IR 2017 4F 12 H 12-14
H

Ryoki Kobayashi, Yohei Watanabe, Noriko M Tsuji, Keiji Hirota, Tomoko Kurita-Ochiai: Characterization of

Innate lymphoid cells in inamed gingiva of mice infected with Porphyromonas gingivalis, &% 46 [0l H
ARBERPMES A, 2017 4F 12 H 12-14 H

Gen Kondoh, Hitomi Watanabe, Rie Takeda, Keiji Hirota Lipid raft dynamics linked to sperm
competency for fertilization in mice. 5% 4 [l EBEAREA Y52, IRHB, 2017 459 H 27-29 H
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AN - BERMERET Ay b T2 VAT A

Computer Network of Institute for Frontier Life and Medical Sciences
B # (ES e Assist. Prof.  Keiko Takemoto

7 AV AWFZET & A ERFE SR OFANC & o TR L72HFZeii ¢, ko) 71 %
HMo—@RELTary¥a—%%y NI —27ORHEZHIEL TW5b, FAIZEATO WEB H 4 Mk A
FA YT —ECAZFHL, CMS 12X 25 AL — XL HEG 2 RIS L. BibF5ei O 72k 3 %
EEBELTWS, —HTHAFAKRGRRAEZO TR VAT AR EEZHENTE TV RVTY A
TAIHLT, i — "=l X 2MERBEMELZ#EDOTVD, A—NVERAT 4 Y 7 —EXZHW»
TP HE T A=V T FLAIKRELZMES < BB LTBY.. S4EEET, IHY AV A%
Aty IHEAEERER ST D A — L — N\ k52 E kb,

LX) T4 OBIEI I T OE5 2 R/RIT Ay b7 — 7 Bhilkiro—BE A2 ER L.
WHLT 72 ABRA P OG22 &0, B F o) 7 4 B PRI 23 2 | AEEEIEEIC X
Ay NT—=2%Fx ) T4 SR L 72,

e A v b7 — 7 EHITMA T IARIZRIEA Y =7 =0 F =S il 217> Twb, B b
BT AR E LENIEEL Va9 A VADI Y Y 2 254 v 7 5B A2 L TB Y.
RNAseq % ChIPseq 7— 7 5 FEME L b 0w A )V 2 O FiH o FIEEERE O 2 B L Tw 5,

Institute for Frontier Life and Medical Sciences LAN system (Infront-LAN) has administrated by the
information security committee consisted of three staffs (Prof. Hiraki, Associate Prof. Inoue and Assist. Prof.
Takemoto) . Infront-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. We got
a network domain for this new institute and built new WEB site and mail server on the university hosting
service systems. The security policy settings was revised because two institutes (ex. virus and ex. 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. 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 Setdbl, and/or DNA de novo methyltransferase Dnmt1 have been analyzed with RNA-seq
and ChIP-seq.
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AR IR, EH¥E—  Setdbl I X AWML b a4 )V 2 OHIHEERE, 45 40 [0l H A
TSRS, AL 20174E 12 H6 H
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JEFwEZE

=i

P2 - PR B oD S v i & 1 SE ) F 22 L pi
2016 AEREEILMIMFZEE S (WFZEIR : 2016 4F 4 H~ 2017453 H)

(A=A FLOBRLEENZRBIT I 7T 2v—ORFREBEEFEADGH]
OWfzetFEH B RFHE T2k M B #d%

O AN - BAERAOIZEAT L RTZE S ML P07 —ik Wil
OWFgE#E# [ OWFZER R

AWFFETIE, Systematic Evolution of Ligands by Exponential Enrichment (SELEX) % M\ C 1%
F—= VICHRNICKAET S RNA T 77 v —OHU % HI5 L 720 SELEX I3AEMICHEA T 4 %R
(RNA) ZBBSIICIEMT 5 HETH Do MOIZT ¥ A %EH] &2 RNA 7 — V% Mk &
L., BERIZHE S L7z RNA Z AL TR 2, S OMIEE72 RNA 2RO T — )V & L, HORER
IAEA X THIL, WIS 5, SNEHRVETIE T, ENICHET S RNA 7 77~ —%ikiid
bo BARMIZIZ 40 5D T ¥ & NI E 22 IO E#IK (79 4 <~ —#ik) 2 D THAZ RNA
T—NVEEFL, EBIREZBILEXEDD8 5% ¥ N SELEX %175 726

8 77 ¥ RO SELEX % # 2 7%, RNA BCHI| Di#a Ok T % W% 728, SELEX HifgD ¥ — 27 L.
AN ZAT V. TV T AFBOR S LR R K Lz ¥ — 27 = v AR OKE R, SELEX Hi OB
W7 — v & B L7 BERECL 97 CICT v 7 LI L 72 40 M2k X D 48\ RNA S£FIAS K I
Mo TWiZ ERNbhorz, BHIOMFEMEICE L Tid, SELEXHITIXT ¥ ¥ A L2 EY TH o
725 DA, SELEX £ Tl 6 ~ 8 HILDIRG I UEHIAS 6 Vv —T RO Nz SRIENE LT
W5IAT =T VIIEBOIE b =T ERIRTEL2ERGGFTH 572D, WD29D TV —TIZIL
WL TWEDIIRYLHERTHALLEZONSL, LA L, BWREETL72 RNA X 0 bV 20-mer 72
EDOLDONIFEAETHED, BT 74 =274 —, BEREEZ LT Ty~ —2 4T 570
WCIETFHED NS A TABRLEEEZ SN5,
OWF e R D 285

BMn L

(4 / LiREHii & AV - BRSO E S M IS 0O RZA]
OWf7efiFEE L RRFERFBEE R R R ER ml e Bd%
OTANVR - BAEERZZETILFEZEE AR sFetyat W the  Bo%

WA g FEBNE
OWF7efE 8 Jz OHF 7R R

Me % kS LRI B 2 58 83 2 HERIAR OB )P 1X. Aggrecan (Acan) D X9 7 us 427
7 YK RS B 2 LI X o TH L % AIL A ZE T3, Transcription activator-like effector nuclease
(TALEN) % H\W724" 7 A4 X V. Paired box gene (Pax) 1 & SRY-Box9 (Sox9) 2 & - “CHil{#
END Acan DUEEHIEIE, (endcan) ZHE L7z A% EH L. endcan DYERE% in vivo THENT
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L7z

ARILFFZETIZ, 9 TALEN 27257 ZREICE D, 359 bp D endcan (A1) IHFET S
Sox9 & Paxl DFEEHM AR E LT, X7 AD7 ) 5 DNA IZESR - REZEA L7z, ZORR,
BEMGBHIIC SR - REAEA SN2 ISTHD T 77 V¥ =T AMPEONIZ, TOHDH, Sox9 [
O Pax1 OFEETA & REMERBZEZER L. £ 1IIRT SHBEO~ Y ARG M. L7,

KU, 5~ 7 ARAO MK E K O JRAME OHERIBGRAER IC BT 5 dcan DFEB L XV E, )TV E
A L PCRIFEIZ X RN L7zo KBIn T (endcan*. endAcan*-n KU enAcan”) @ 3 WO MM~
7 A 3B 4 BHA S i L7z total RNA &, GG 7V 8 4 2 PCRIZ X ) AT L. One-
way analysis of variance 512 & ) A B EMRE X 1T > 720 T ORER. KRIEIELAY 13 bp DR A LY
33bp DRME B Tl Mikd & OHEHIBRAE IR OV B W TH, ZBEETFRIOM T Acan DFEBL
LARWVICHBRANRO NG hrolzs —H. 105bp ZRE L7258 C D endcan” Tl MG
HMEWS D Acan DFEIL XV endcan™ & L TH 16% K F L TWw7z (P<0.01)s L2L. R C
OWRE Tk, FBIETROM T dcan DI L XVIZEITED SN h o7z, F 720 133bp &R

1 GTCCAGAATGGAAGGGACCAAGGTGCCAGGGATGACCAATCCCTCAAGAA
51 TCCCCCTGGAAACTCCTCCCTGGAGACACCCTTCCCCAGAATAGGCAAGG
101 AGGGCTAGAAACACCCACATAAACAGCGCATCCACAAAACCCCACTGTCC
151 CCAGGCTTTCCTCCCTCAGCCCTTGCTATTTTTATCTGGAGAGCAAGAGG
201 GGGTTGCCAGGCAGGGCCACGCCGCTGTTTATGTCTGAAATTTGAAAAGA
251 TGCACAGTGTACTTGGGAGAAGGCGTTGCAGGGAAAGGAATTTCAGAGAA
301 TITCAAACCTGGCAGGGTGRATAGGTGCCTTGTGYTCAGGCTTATGACTC
351 TGGAEAAGCTACTCAACCCATGGCATGAAGAGGGGCCATGGACGGGTGCA
401 AATGCCCACGTGTGAGATTTGGGATAGATGGAGACTCAGTTTACCTGGCT
451 GAGGGGATCAACCGATCTCAGACTGGGGTGCTTTGTGAGGAAGTCCTTCT
501 ACCCCCGAATAACACTTCTCTTTATGGCTTCCACATTGACACTTGAGTAT

l.endcan (FHR) ZE&t~T ADNF 7 AHEBOEH]
TALEN £2IELH) (AR 1. Sox9 FE N (R) & ZDEHED Paxl #E TR ZHLY
P& FEIRICEBET L 7o

F1.TALEN IC X 57 7 AT X VIS S N7z endcan DD RIE< 7 ARk

~ 7 AR UCS I RIEHEE (bp) R L 7RG R AL
A 320-332 13 Sox9
B 320-352 33 Sox9 * Paxl
C 310-414 105 Sox9 * Paxl
D 198-330 133 Sox6 * Sox9
325-532 208 Sox9 - Paxl

f RGSEIIE, X 1 OB O T/RLTW5D,

-192-



L 72%#t D @ endcan” Tldy Acan DFEH L ~XOVIZINERE 1BV THI 34%. Mk RIAGEAER 12 3BT
#28% KT LTz (Wihd P<0.001vs.endcan™) o AR EVERIERUTHIT2SH T L TnZen
RHEIZOVTH, ABONELH#ED, SR ZIT) TETH S

endcan \AZHEE ¥ Sox5. Sox6, MU Sox9 25 A Ly THUT XY Acan OMKREF R FEILA90H
TNTHEEIND Z EDPHL DI o TV 525 (Mol Cell Biol 28, 4999-5013, 2008) . AL [FAFFE D&Y
WS, Sox9 DIEETMNOAE RIEEL T LI2X 5Tl dean DB XVITHEEIZEILL 22
WZ ERHL NI o7z WIZRAREE L. 7/ WEHAM % T 359 bp D endcan &K% R
HI T ARMOVEMICHETFLTEY., T X o Tkg M OHERBGRMER 12 BT 5 endcan D%
L VPR b0 LHIfES NS,

ORFZEIER D 3%

(SFRFEF)

“Regulation of intervertebral disc development by Pax1 and Sox9.” Chisa Shukunami (invited speaker),
Cartilage Biology and Pathology (Gordon Research Conference) . Renaissance Tuscany Il Ciocco Lucca

(Barga), Italy, April4, 2017.

(BERGZBWELANTHRLT 2ESREERRHEA X =2 TEiTORMRE]
OWFZeEE  BUBEFREGWIETT 514 A — ¥ ¥ 7B Wit 7e8

HAR IS F—2) —F—

O AN - BAEERAZE LRSS AR Bl RB2 Bd%
OWFFeE 8 Sz OF e B A

FURR T A 535 2 ® 2R IICAT 9 72D121E, TR 2 BHIEE L OV ORI C =Rt it
BEM OB LETH Do AT T EIREEE W I AV & B 72 5 8 1 5 L 5 T (52 18
(MRI) 2 & % HERARE MRT EAlT & FFADFO b DM TR - - 70— T1EREN % f s
MR, &) b IMmEREE TS 2B 2% T 530 TH S,

BEMRBERTIBA A=V V7 (4 78 MRI) &, BHEO MRIIZKRD 3 DO 22 %
FHCER L7z BOREEME (1 7 A TEBEICHKL TH 7 HEOB S (SNR)), KEIZX D
B4 XM BEHERBEIA N GEEOIA VI L TH 350 SNR), & 5 (24 HH A
DEGTFRERA (BB OFHM, BERBOWMI LY 2 ~ 3 BRED SNR A, B X OME
MANOTRH PP N2 LI X B MERNOT Y T A MHEK),

In vivo TOFEFEFEERIT RO X 9 12 L7z BREKAT (BMP) -2 £ 72135l & 2 2 A Pl
KEEGRLIZETF oA Fazr v SleddY ¥ 7 AR T~EA L, BRFEoS K% #E L
720 B EAL. <A 70 MRI Z W CRFEICEUNMILE O#iR 217> 720 MRI#REIE. 7T Hi
PR$EE  (Bruker Biospin, Avence-III) B LW 2ch 724 A7 LA GHIIA Ve HWT, & &
#1: (MR angiograph, 3D FLASH) (2T, E%. 7. 14, 21 HZRIHRGE L. 2Ok, MEEZ ML
725

FEHE 150 pm S5 VEZS M RAEIC X A MAE R~ A4 7 8 MRL O ¥ X7 A0S S, Bt
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HEEFIVICEMTREE e o lze 72, BT F 4 Fa A/ ViZ Xk b BMP2 HALE TV & PBS %f
WEF VR L/zE 2 A, BMP-2 TIZBHiE 7 HRIZ, 7 VI 2 1M 0S8 EBIE Sz,
BMP-2 TiZBhif 14 HZIZ, IEWITHI K BB ELRIMER (7213w - ) ERNLEHK) 25
JE WIS TSR S 7,

RPN BRI BT 2 MAEH A ORRZILZ in vivo TIHRBEIIZHE T2 FEE LTHH
EER BNz, GRIE. MIICHE SN L MEFED 5 VIR T RIS 2 58 IZDOV T,
FRE AR S Z O THE L TW FETH 5o
OWFFEBER D A3
(FEFas0)

1. Wells JA, Thomas DL, Saga T, Kershaw J, Aoki I. MRI of cerebral micro-vascular flow patterns: A multi-
direction diffusion-weighted ASL approach. J Cereb Blood Flow Metab. 2016 Jul 26. pii:
0271678X16660985. PubMed PMID: 27461904. (= A 7 1 MRI D BIFEERFEIC 51T % k)

(FRIER)

1. HEARMDEE. SfEY MRIIC X AHEE#E ~ 4 204 2= ¥ 7% v SIEHA G, 5

37 B HARRKAE - FHEES S, P 2846 H 16 ~ 17 H. HT#HB
2. HARMPHB. EH MR & BRE M E AN X A /8N in vivo £ A — Y ¥ 7, 45 63 [0l H AFER
W FAERE- IV URIY YA [EEBEY in Vivo 4 X —Y V ZHM O] I 2 —%)IIF,

2016.5.20

3. Ichio Aoki, Functional and Theranostic Contrast Agent, Japanese Society for Magnetic Resonance in
Medicine, JISMRM-KSMRM joint symposium. K=Y =v 7 ¥ 7 4, 2016.9.10

4. Ichio Aoki, Functional and Theranostic Contrast Agents for MRI, The 18th Northeastern Asian

Symposium on Molecular Imaging-based Precision Medicine (A3 Molecular Imaging symposium),
JSPS-NSFC-NRF, Eastern Cloud Hotel, Hangzhou, China. 2016.11.12

5. Ichio Aoki, Approach to Multiscale Imaging using Micro-MRI and Functional Contrast Agents.

International Symposium on Multimodal Medical Engineering (MME), Chiba University, 2017.3.3

(R H )

1o [ EE 2 72 AR B PE Y B O UG PRI 5 25, I OVAR RIS P B 60 B OO i S5 s 25
TV K 2016-092524, AFILERE. BEARGHAI . S — BB, EBEER. E e AR
TRHAEAF7E B TSR, H AR, FFIET 2016-092524

(GLRAFZEED R L7727 e Y = 7 M)

1. XHRIER G - B AL 5 AER. v A VA - FAERRSABIZEE - HIEGR & I TR RETE
T A VHESERIBTEIC X B [~ v Gt MRIFIENTE ] ORI & v EATIE
LIRS 7z,
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(RERRAD-HOBERHE M=/ F 27 ) 7N EAVEEITSDEEDEETIVOBESE]
OWFgefEHE  RILKRFRFPEE R IEFREGURR F% oufp #dz

OvANWVR - BAEERAZEFILFEIIZEE  ARMEEA0E AR HEsk  dEBu%
OWF7e#E 8 e OWF 78R

AT, FELT UTD2 00OMBREHICOWTHEZ1T 5 72,

WFZEE H OREE R S /2N g F <7 ) 7V & v 72585 e % O TR

REERE S NI A7) TV E LT, RSN ATV T okb Ty 7L— %
VEBLL 720 F9°, FIUSEMENAL A <F ) 7V E LT, MiGEEOD N IVE F—VIZRE L
THKIZHT BEREDNZALT A m- T3/ 722V K 0 VU (APBA) BAXTF v 2/ L7z, &
SN7z APBA B AEX T F V2 KICHMA S REDOR L 5 APBAEAY T F VKI5 B
R (G) B L OCHEEHERE (G7) OmEZLZIE Lz, FREICBITS G BLUG DR
DA APBAEAX T F Y KIEWDO 7 IVLIRE 2 HIN L 72 & 25,10, 20, 3 £ 1835 wt% O APBA
BAY T F VKBEDOTIWVLIE X, T2 475,598 BL U643 CTHDLI LB bholze 2
NODOMETEHBET VI NVT 4 ARV =95 APBAEAYITF 2 T52LI12LD, YT
NSRS N T v 7L — bR ERT L 2 e TE 2, RIS SNz 7 v 7L — MIEHIL
BHRAM A2 A S, T2 a5 =7 U7 VICa Lz, prea g%, Sbicyve b=
WML AH, 77— bABREIN, IEFRNERRMEI 2T -7 Y rVNICT v 7L —
N EHPORIRTIEGE ENTWS Z EAbh o7,

WFZETE H Rl 5 105 A 10 EH R~ 9 i i o By 28

R EOTER U727 > 7 L — bl MU A 0 FH RSP e & 30 L OE 3 1 5 P Bz A

MERMRICT T —7 VP IVINICEIE Lz RIS VE b=V E2RINL 7z & 2 A, IEH M PR

i & RIS s O A L RS e 2 2 9 — 7 S VIR G § 5 S L TE 2. — T

FRERHRIELT LR R BN R UEO R D 5 2L bbh ol SHOMIERELE LT,

ez ki L TWLE FETH B

OWFZe R DR FE

O MAWEL AR, RO, HMERE RSN A N O v & B 7z S BRI R A
HEEOVER . HANL AT U TVHEEY VAT L2016 (2016 4E 11 H 21 H, &)

@ WAL IUARHESR. SFESRM. HMERE  BESETENA K a2V % F v 72 2 I AL I A AR
OVER . 16 M HARFAERES®RS (01743 H 7 H. MIH)

(MR EERORIEICE &5 < BEHRD S MRRERANDHEBIED & 1 LT T A#EiH]
ORF7EEE IR FREBE LA7ER R R HEEdR
OTANVA - HARFAZEFIFENES MEBEM A2 A5 i B
ORfF7E i K OB FE R A
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AWFZETIE, HEMEAMHEIEH L, £ERZEEL T BN E 7o 2%, MlsoBitz
AIFE AN BRE L 7z — kel €TV E VT I A AT T AT 2 L T T A2 L %
Hig L7z THICX D MiluoBEER 2 @ mmIc KB L, Mlwd o MakDHESE S 2 B B #t
HAWBRICORT S, ZOT77a—FL LT, L7 b R AEZ Y FETHAR LR ZAFL YD
WMl 7 7 A N—F oo TD7 7 AN RIS G FEBEfb L7000, MzfHEL, &
A 8T TABEMBETHEALED L — -2 LT2e A —E—Z WG+ 12X, 7743 —
FlcEE T MEOMES X OEERE 2 ERfbL 72,

T3, BEHIE T oML LR O 2 KA T FORE, HBL AN AR AR & 34t o
HAER & D EETH 5720, MLF 259 CICiWEERZ R L, B THE 7 7 4 3—1213
EAEEE LM ole FITUBOBETTIX, b b HSkAHEREMFLE HT-1080 % V72,

JEBIL D% < 13 B MARICHR T %, & 2 CLEREERIE (EMT) 25835 &, Mfgmi:
DRI, MIaEE 5T 02 bk EOMBOMEIZKE 2L o, RS %
EICBESZ b, —HIUIZ EMT OFFEIZ X 1) Cadherin KA DM L D75 5 & Integrin 4K
O - Milasb~< ~ ) 7 2 (ECM) BOBENEZILT L EBAOLN TS, 2TOTat X
ZHAEME BRI Z R T 2 A L B OMBTH ) SNEBRT 5 2 21, FAMIED SRk
BEIANERBITL WL 7O R EREWMICFEFOHRIZEHLE SIS, €2 T, 774 13—LETD
Mgl E 70t 2120\ T, MRS %2 8 L 72 Cadherin IRFD b L2 Z A4 L, ML -ECM [
AR L 72 Integrin IKEGFDO D LRI ZIGETED L H1T#EH) 22 IR L 72

Cadherin O 7 7 4 73— EA~OREEILIZIE, 1gG D Fe &8 & E-cadherin (E-cad) %54 S¥72
E-cad-Fc ¥ X7 % X7 & flnize TOXF AT U7 IZBUKEICEAZZ Feifin a3 52 &
5, BUKMEDRE VAR ZAF L ¥ 7% EOMFEE BUKPER BRI X 0 i < WaE L, MOBHERTNIC X E-cad
HSELM A % i 2 CRIEIL E NS Integrin KA D D & TOMALRTFEIZ1, Fibronectin (FN) 21k
T 7 AN=% 7z MDA Z TS 572D 7 7 F Vil &L BT B &7 V8 o R
%247 5 720 B-cad MKAFMEFEAS 1L B-catenin & Geth, Integrin MAFVEREAS X Paxillin 2 44t, 77 F
HRAHE 13 OB S 72 Phalloidin THefh$5 2 & TEIZEL 72,

ZFORRE, FN EOMBLIZEWVEZME X TWEDIR L, E-cad-Fc oM ILWIEIRT
FALTBY, RPN Th b oz, KRIZ, BIEHGS 6 RHIZELMBOR S & #EE 2 I
BIRE L72E 25, FN FoMBBIZRE Ok, Mg e & BRiz# DR L T2 b7z, M
RaST7 2 F Y HEDORD Z BREN IS L CREI T 27 7 A N— L T2 ) LBEIEEL LD L
ZZ6N5b, —)T E-cad-Fc LOMBITHIBOMEERHPLREENZIZEAER SN0 o7,

RIZ FN, E-cad-Fc b M0 7 7 F > il & BB A 2 BRI X W BIE L7z, TOMR, FN
FOMBETIET 7 F DA MV AT 7 A N—DEA S NT22%, E-cad-Fe LOMIZA ML A
T 7AN=DOBIIRSNT, 77 F VIZBREHPICLPFREL T adh ol T2, A
JRAET % 5 v 37 B Tld, FN _EOMBICIEBER % Paxillin ZEBIA & 4, ZEM 1T L T Integrin
A THEEL TV LHERDbP o720 — T, E-cad-Fc EOHMIIEIZ Paxillin DML RSN o 72
ZENG, FEMITH L TOEEI Integrin DF G IV VENEZ HND, 72, B-catenin DHfh
R TIE, E-cad-Fc LOMIBED AT f-catenin DIHRWIEHA A S N/2Z &0 5, FEMITH T 5 E-cad 1K
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EREDVBE, ZNUT L o T B-catenin DAL E 72 EZ 5N D, 25T, ThHOMILDIERE
LAY Ny OFRENL, T T ANAOFHERRIIRE AT LI L b bhroTce 2TET
T, HAEHNEICB T 2855 VRV HOBENI X 2082 WA e TE D, 4k, BEM
Na DL 2 & 0 FEMIEAT L Tw <o

T 72, ML A 2B AT~V T, M B O RIS X 2 MBI DOV TH ME L 72,
MRS MM (HE{DNA —RK) 5L v 7)) a— - REEAEK) 2HW5 2 L CcHilfakin%
HiSH DNA TIBHi4 2 2 & AT & %o M)y OMile A4l DNA T4 5 2 & T, MlBh o5 =5
BB ENTEz, SO, MMRMBEAZFHEST 5501 LT, B DNA DD DIZE- A FA
VMBS B AL 2O T OGS L7z Mld&miz E- 7 A MEfi§ 5 2 & T, A H
DEELXFELMBREZIER TSI E25TE e ZHICED, EdDT7 74 N —-HMigEToAH F
AN BRI Z, Mg —MBETOHN FAY YHHEEN D N LIWICHFETEZ 52 L2390 h o
720 MINLAE M O EZEEFNT D72 DI —E VA X (Hilak) OMEIREZ B I E 2 2 LSBT
B0, GRIGHNIBIT A X & B 5 R85 217 Tw <o
ORFZEIR D 3%
1.  Analysis of cell migration on a single fiber immobilized with Fc-cadherin, R. Hayamizu, S. Suye, T,

Akaike, S. Fujita, 9th International Conference on Fiber and Polymer Biotechnology, Osaka (2016)

2. Fe- 71 BAY YREEAL 7 7 4 83— L TOMBEEESB O, Fok st , K AE—H, /it B,
e HE , 45 65 Il 20 AR FEAKRE A (2016)

3. MREBFEEMEEICBILI NI ) THEDY Y 7V T 7 4 N—% 7@, &
iy, PrN 1 R B, AR 3 | 45 63 o/l H ARE PRS2 | [l (2016)

4. Fe-71 B YEEALT 7 4 83— ETOMBLESEZEB QAT , Bk seit, K E—M, ARt B,
T M, P 28 LB T F A X A FIFFES | fadk (2016) (BEFHR A & —H)

5. A FANYYORREEREICHT S 7 74 N — L TOMIMEEBT, oK S, ARl #es, K8
—W RE R, HAN S 7 U 7RG 5 ILEEG# A TFHIZEE R S Kl (2016)

6. Control of muiticellular aggregate structure using cell surface modification with recombinant proteins. Y.
Arima, Y. Hirai, H. Iwata, 10th Anniversary International Symposium on Nanomedicine (ISNM2016).
Tsukuba (2016)

EEFFFY7 - TN Y= b5y TRERAVO=HiEMER - i E R O#FR]
OmrefiEE  Ear@fzefsedr Nk #— #d%
OY ANV - FARRSAIEI LA IS HARMMRMEES Y W 7w %
ORF7ERE# K OWFFERR

K - KA MRSR OMFMILIE, 4V TF Y Fad g 72 bad A b2y Uik Eo
SRR & & DI 2R - MERF 9 20 T i, HFUISEIRD TRIZF P T v Tk = oy
Y— b T v FHEIZ X SRR O L, KOOI G- 3 2 BInFORBBEA 7 ) —=
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T ERENT AT, RIS IS B E R 36 2 2 T AT REE LDDdH HH5 T E RIS,
BR B BRI BT % 2 6 LRI O E R EH LT b,

Z 2T #MRSREBOZ R MIBER Z T L U, Brl o R 3R siliia o a2 - SCFREHE o it
Z X o TIHESE - MEFF OB - X S I Lz e E 2, iz ~—27 TX 2EEF b
T TTIAL T arAI) ==y T LTC&7 TNOORIRT NI v T 74y azfHLT, £
72, BN Y- 2o Ta T T — Il X AR OB R b 5EA - FAEIZ B B M A EAEH % iEge
LCWAHE V=T L Mf%EE2 T 52 LI2L o Ty 770 7 Z 0oL FHINE & wFHI oA 5
D% LRV CTORIAZERATE T, 2L ) BRAOHFT, ThFE T, HEHEHRD
HH T B HEO MR Z L TX 2 oy H— b T v TR HESLOWFZE (Sato,
T., et al. PLoS One 10, €0127360. (2015)). 7)) 7AW b Eh b oo — T v T2 HW
72 IR ARG SR I C B3 P98 (Xiao, Y., et al. Disease Models & Mechanisms dmm.018184 (2015))
WZOWTHFIFZE 24TV, SNHICE L T3 T2 2015 42 2 DO L SR L 2D 5o

RHFFETIED 57212, BTS2 ODOBR» ORI AT, D&, 7)) THllOBE A
T, 0EDFEZ NI =Ty T TA O ATMNEET & LTRESNZRERF ORE
2R - 725 TH b,

27 7 S oD B Bl - 1 4

9, EEMRECHRILIXFME TS 2 ¥ 27 Lo R - 531t % HliE 3 % 3458 R - %2 v 8L
L. SCHplte & ks o A BAEH OB S A St ot 2 B L7z O, 7
V) 7 RN & SIS EbB U 7Y BT, HUK - RAARGR IS B W T TSR T e AR
N, TOXFMIBE L THEOELZ I ) MLT5 70 THIRIER L, 2h b oBE), HEfE
SAEDREICED D, LA L, ZOMIEKTFOEED. I T VIR ¥ - 7 AR & R [ 1 22 [
BICHIBETE DD, EDX) RARMACIEDONEAHTH D, T T, DX 222 1]
A5, O 7 HGE K - ORR G O A9 22 R PE IS HE D CRIBINC K B o7, 2 e b @i
WTZ) 7T xR ETRRL I ML, 7Y THGERF O Rt 2 H 5 o2, £
ned, O OMIK T, M XA ORI D, WbWwELs N AL Y274 07
22T HIENS, TD X)) HRERERIEA SN OB E) R 5L % R H I 22 9 2RI LT b
D TNSOEEME RIS L, R V— T EHRE LT, 7Y 7EEN ot -7 %
PER L 720

Co7u—7ik, 7Y 7K T OMEYL IR 2 mCherry, MMENFIE A GFP TG L2 b D
T, N-CISSOR & % & N7z. F3. KiaeMilie HEK293T Ml % Hv» T, N-CISSOR DMl K LT
D434 Phorbol-12-myristate-13-acetate (PMA) HFIHIC & 0 iFE S N5 YW, B L OZHEKRTH
% ErbB3 % V) Y BAL S8 % IR 2 & & X, N-CISSOR #3277V 7 345t K1~ O ML K i~ D 557
LYW EAIELS BTS2 2MHA L 2. KIS, AR TONRGI OYIW % 571l 3 % 72 9,
N-CISSOR 2 ¥ 77 7 4 v ¥ a IR THRSHMIIBFRMWICHB I /20 NI =TT T4 0L
LC. CaP BRI RNIC Gald DSRITH DT VAV 2 =9 7 54 ~ Tg (SAIGFF213A) % fif
VL. Fhak, 0 Gald I4KAFE LT NCISSOR 2 %3l5 % F 4 ~ Tg (5 X UAS:N-CISSOR) & 7»\F

-198 -



Hbeb I L2 o T BE—AFHIFLN TO NCISSOR D4 THIREDEISR # FH L, Z DYk %
B - GRS 2 2 10K L7z ZOKE. 7)) 7N X, ESRSI I B W TR X Y
bR CTEENICU IS L, ZLTEDYWIZAY BT BT T —E¥hbWnwidt) Yy Tur
T—E¥DOEDBACEICL DHIFISNTVDE Z Db hoiz, ZOFERIE. 7)) 7THIHEN T2 X %
7)) THRBEOWEEALHEEEO Lo L LT, MR O M N AL V¥ 274 v 7 ORIZE
MG L Cnwb I e ER LD DTHASH (Kamezaki A et al., Sci. Rep., 2016) o

FESR - MAE SRALRIARE S 12 B % 7 72 70 00 R O 1% ]

—77, WD ¥ — 7y P ThH AT L b OREZESE (W) THEIT S 2R/ MICHL
ThrF VARV VAN OBZETFEZFAEL2EZA BERTA2I—-FT5Z b hol, &
DBIZFIZE LTI L7z & 2 A, MO O & 7% & FIME RIS b UHOKRH 2 K725
Z &b h o T E 72, photoconversion BHOE S ¥ 3 7 B CHIRERM A IRV B EDHIET, £
O REEZBET T % & & B I, CRISPR-Cas9 ¥ AT A& VT ZDWBERNTD ) v 77 hET
774y v azfEl L, MR MAE TR - MEFFIZBES-3 2 701 BA - Ml R AH LA 2 S AT o
Thbdo £/, A T4 va TN/ v o777 b7 ZOERICHI) M, ZDEED~ 7 A TR
FENTVL0E) e BHEHE 7 Vv — 7T TR TH 5. 5% I OBEETO/RF L ffkeh - i
EORAMRM ST 22 A ON L Z eI SN D (R
OB FERER DR
(FEFs0)

Visualization of Neuregulin 1 ectodomain shedding reveals its local processing in vitro and in vivo.
Kamezaki A, Sato F, Aoki K, Asakawa K, Kawakami K, Matsuzaki F, Sehara-Fujisawa A. Scientific Rep.
June ; 6:28873. DOI:10/1035/srep28873 (2016)

(FRFHEFR)

(I-158)

Kamezaki, A., Sato, F., Aoki, K., Aoki, K., Asakawa K., Kawakami, K. and Sehara-Fujisawa A. Live cell
imaging and proteomic approaches shed light on novel aspects of ectodomain shedding in developing
neurons. Joint Meeting of the German and Japanese Societies of Developmental Biologists, Kiel,
Germany, 15-18 March 2017, 2017.

Kamezaki, A. Development of a fluorescent probe to monitor NRG1 ectodomain shedding in vitro and in

vivo. JSDB Special Symposium. Tokyo, June 2, 2016.

(FF7F)

3 W WRE T BIEEY. SO FAE IR

W R F UK O KRTE T @ 5315)

FEWLFR - NRG1 YR 70— 7, NRG1 YW 7 u—7% 32— 35K X7 L
47 F. NRG1 QYW 70— 7 OB T ¥ — NRG1 OY)Wie I B sk
&, NRG1 OYIRiH . B X O NRGI UIMBEZOMER DA 7)) —= > 7k
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WA 5« 4% 2016 — 053156
OBE H : 2016 4F (CEE 28 4F) 3 H 16 H

[(BEFRESiEti#HMRE A /-@BEFHRIER U RO A REEBORER]

OWfgeftFE  E AL Y 7 —hdugke & RE EH

O7ANVR - BAEERAUZET L7 A4S HSY FOHE El #d%
OWF7e#E 8 e OWF 78R

RBI1 1T OREAE TR (RB1™) % I & 3 2 i fz P v AR 8 0 2 40 i B 23 ok iPs Al
oo Es & fghr2 Hi & U<, BE MK iPS MIafER L 7 AN 22 & DNZ iPS Mife /N > 7 ~DFF
HO-OOMHBFEZ5 T Lz ABFZEHIHIPIC 3\ T 2 51 ool BRI 350 il o0 B8 35 1L 22
VAR SN IZ BT 2 RBLBIE O /) AR, 7 6 BB O 7 22810 260l 7
LV R R R SRR Lze ZORE, 2D 2610 RBI @z FERIE, Wb BRI T
PR ORI AR SRR 2 7 V-0 7 VERTH L 2 L ASHIH L7z, B iPS MifufEi %
HHBRZZTHED TV 5,

AWFED BT & 5 MM K " RS A S ARG ORI O 25, F 3 2R o0 f8 512
DWCHE T TOMM. 5%, BB, BHFEE KRB AOERNL. NEE O LSRN . 5
TR ZIRDIAFIEDH e, & RB1 IR AT — » DT % 106 51 O R/ 2 0 5 &
LTATolze TORR 7 LAERIIRBL 7V Y EOIFIZEHEBTRO SNz, T -EAKER
FXA B L 2R 2 ERII R SN h o7z, s, JEEEMD 2 idmiid: - FiRo
REIZBWTIE, BT V=AY T NRRATIA Vv IERNL L, EBEENETIEI AV A
/A4 Y7 V=N ERPRRL WHINAVR SN, TR IR - FEREETIIEROIEMTE Wi
BlH LT hriTEENT.

R 85 35 B i T B9 % 451120 W T BB AR 2 W 72 S LRk b 2 et 720 & ONIC
RNA in situ hybridization Z H\TIIT 217> 72, S EH & L CTFLEIC BT 2 IRZEAICBE T 5
43¥ SOX2, Bmil, CRX, OTX1/2, Rhodopsin 252DV THER & 47 5 720 £ D& H, Bmil, CRX, OTX1/2
X, (FIZETOREMIHCEERE R L2, —H, SOX2 IZIFIZFETOREFTIEH S DD, Bk
HRIE S DB T 5 720 TS IRIBREAIIC G — IR SN D EHEN OG5 LA R AR S
7zo % 7z Rhodopsin ZIFEIZHLEDE - QEFHEEICHEML72) MEEO—HICoAREHI R
720 SOICABHIAL CNE THED RV 2 HOFBEN (T XY) OFBPSHZ L2 R L
720 HRICHBEE A LIS S T RO IEERBIIZBBS R 5N wirT X IZ2oW T, RNA %
BY GO BB TR L, MR Z T WHBMES R Oz ZORREE S — 7 v MEHi
T X %272 SHICHTXOEREN RS =7y MERDZD., 7 u~F Vil & kit s —
JI V=KD E), BT 228 AL Z@AFV T VAT 2T7—ETHY, T
= —HBIIG T XDEF -T2 HTAHI LWL E L

Lty il L7-BAEER P OB EHR PS 2 X RIC, BRoZIEETLIVET ) AREICTEHL
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RB1 &{aT null” M2 ER T 5, SO OMBEZBEAMOFEIC XD kD 2 idg~afb L7z
DORE LY =7y MERID T X ORHOFHZ N T 5. S 5 IR Z © IR~ D55
ALF5E & in vitro, in vivo AUN CTHESALRED A M %2 T3 50 BEEALS R SN HE, o X 0
71 A — N ORRED S EFALIIH ORI O W THE 2179 -

OWF e R D 285

BUAE i SCHR HE i v

[R5 BIEEDFHRD AMFLEEF PHLDA3 OHEENHI ZFIA U 7= 1# BB HEREER LiEDOREL)
OWfgefFE  ErBAME Y > & —iF% KK BEY 2=v M E

OT AN - BARRAOIZEAT LR E e - S ERBSHS T A H—8 dEH5dz
OWFFERe# K OWFFE R

WF7ef#% 1X PHLDA3 AR D% — A#HTH S (Cell, Vol. 136, pp. 535-550, 2009 7 &), F7z, —
i AR — BRI IR EIEOHE—~ ANHTH ) . RILFEITEZ 1T 2 & THH OB %82 7@
B O HEETTRE L 22 %0 T2 EBIMOEME TH I HERBE D H5EF — 212 A,
REZHCREBEBMERZIT) . BLVWORESTZELTHT, LIERIGERISHETD L,
FEDZOIFREEREPHOND L EZTBY . S F CICFARRFHAM L EMIE L LTI EN T
WA IF7E % PNAS (CHeHs LB S /2 (PNAS, 111 (23), E2404-E2413,2014) o F 72, ARFSEEREIC
B 2 Hear 2 B U 72 (AR L N2 o515, F#H 2014-107529, PCT/IP2015/064792) o
BEEBMOBEORKOFEIL, RICEROBREREZ F) L3 €50 ICH 5 BUTOREHHED
Tld. BEIROMHLIC X B2EEANORER EICX D 100% OREE ZERT 2 FIIATTRETH 5. I
Z T orHE S 7R SRS AL OB CREMASIRAE & 72 0 IRIMIC S s B, RSB TRIC
EDMLA P L AP ERSNERZRET2HLEOBALOEREOT R — Y AHFES N, 45
MEEL D ZORBIIMA L, 4 YA U HWEEIREL KT T4, 512, BhitE BToHETIE
FIRPIC IR 59 %) 12, MUEERE UG 7% 12 & » TER I NS RAEKSWE - Mo e
BE S H B DS KA IR % 28489 2 FHORMIERM O I ATBhE SN A FIC X 0, BHLL 2B O KRS
BRI Kb S, b IUIMIRNERE S 72RO 60% 23 kb i 532 BERICTHELTH
D (Islets, 1 (1), 26-33,2009). Z® X 9 %BEEONEEEMEIC PHLDA3 /EMICE 535 2 & b fFH
LTw5 (PNAS. 111 (23), E2404-E2413, 2014, Sakata N, et al, submitted)

Fald, TN E TRIERATS > 72 PHLDA3 BIZ 125 pS3 I X > THEINLBIET THDH
Z 721, PHLDA3 28 p53 12 & % Akt ¥l 2 4H 9 HE L @5 Th 2 H 2 FTHWO TH L 2
L7z (Cell, Vol. 136, pp. 535-550, 2009) . PHLDA3 #&{n T 1. MBEEEICHFET 24 2 2 =) Vi
B (PIPs) L OKGICMH PH FAAL Y OAPOIERING Y UV 23— FLTWwb, —H.
Akt D PH A A Y &FFDOY VXV HTH ) IEHEILICIE PH F A A4 V%24 LRI RTET 55
DI TH %o PHLDA3 1. Akt DVDIZWNTEMIZFEBLT % dominant negative A & L THERE L. Akt
& PIPs L DFEEZEEHET 5, ZOME. Akt OB IIHES N, TROESFY 7 Vi
fmE &Nz (Fig. 1)o
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Fig.1 p53 12X 5T PHLDA3 258 &N % &, PHLDA3 XA Eo> PIPs EF5A L. #
R LT, Akt ZEBAT EEHALAHEHE S Wb,

DEAAIHNZ BT IFF I DS AL RE 2 5D Akt DTFEEZ HIH T2 F L L THEETDH 5,
FEBZ PHLDA3 O3 2 #iil L 722 Tld Akt O FE ZIEHEESBD H s & & H I HMBEsh A
1t RS IR OB RE 2 %) L T 5 AR S, PHLDA3 IZ25AHIHIRE R A3 % HAVR S
N7zo 512, Ml L BN IAESS 1 BV T PHLDA3 & {n T OB E 2RISR O Sz, &
NS OD AR TITIE AR & l#E L T PHLDA3 O HUE T & Akt IGE D EH 25580 5 1,
PHLDA3 23N IEE O DS AIIHIEIE T & LTHRIEL TWwWb L& 2 bz,

—77C. PHLDA3 D3N UANER; O 258 AMITIEIZ - Tdh % & v ) FHh 5. PHLDA3 3N 2w
A 2 T 5D TIRI B WPLEZMIEZED TV D, THE TS g ML H RO Mk
RIN HE. 1E5 BRI 2 v CL B B MK IZ 3> T PHLDA3 ASHINa3EsE & Akt 151k % #0f] L Tw
LHEEZHOLNL 72,

E 51213 PHLDA3 RIB~ 7 AIZBWTHEOBER A FEO 5 THB Y, PHLDA3 I SO
B 5l 2 Jl 9 B FEaR Sz (Fig. 2)

I T —ERMERER & OILFEIZEIC X - T, R S & EEMKLZ v (Fig. 3).
PHLDA3 2% BRIBIC B W TR O HIH], 7R b — 2 AFEITHERET A2FHEZHL ML 72,

¥ 72, PHLDA3 R¥E~ 7 A 2 W CTEBRMIC—RPERFZ 5 X 2§ &, PHLDA3 RiE~ 7 AT
EEPAER = 7 2R, BEF M E O LA SN Tw 2 H29R S (Fig. 4). 7 AAHAA
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OWrgefiEH  BHORFESRMZER AE  “WE %

O AN - BAEERSSZE LA ZEE IR R W dEBd%
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v b iPS/ES ML & 72 0 LB SR Tl S 7 4 4 T AIRAE L 72K T bafE &
Nb, €T, BWZETIX. 77 4 70, FFRICHFEH -2 X —2#ld (HCN4 Bk) &0
il (MLC2y Batk) & 2 BIRMICHIUC & 2 RO ZDORESE L | ML U 7 K FE O O S VERAT
ZNSZ LR R Z HEE L,

v b iPS #lifE 409B2 ¥k & v T, O HON4 #IZ T DL 7 YV » 112 GFP (Rkfusitsy v 37 H) %
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12, @ CRISPR/Cas9 I2 X 57/ AN L o T MLC2v D=2 Y » 1\ mCherry &/ v 7 4 ~
L. MLC2v Z68IMlle % mCherry GREEGS v /327 ) T, WHALTE % B Z iPS Milkk 2 1
L 720 Z ORIBAREE WV CTO 2 ML E L. GFP & mCherry O 862 8 2.0 2 W3 5
&, GFP BEPEMIIE, REEI R — 2 2 — B MR D, mCheery FrtEMIlLIZ, LERRIOBL L BAE
HHEEZ R T Z D00 o 72 (58 81 Bl H A BREFF 54 %5, Shiaryoshi et al, i SCHEMH) o F
72 2O HCN4 [FPEMI I, HLL 72 E0.LE e & BRMICHEG L. s omBzfli#T %
ZELEML TS,

HCN4 13, RO R=Z2 A=A HBORBO~Y —HTHLHH, IS, —KOEHEE (FHF) (2
AT 7Y 2=y —flO~Y—H"ThbH b, FHE, HMEFEWH O HCNG Bkl ix. 752458
XFEH. TOH%. XR—A A =AML LEHFHMBECHEETE LI LD o7 (39 MHA
SFHEMFRER)

WIS, NS DO X B OEDO TR T TIXEIEL %025 72205, HCN4 Bt o 248 A +
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vitro TO5MLEE. fli4 OBIZTFRBLOENEZH L2 L, RERF ORI ES ML L ietk & 1
DM ZRT Z & 2R LR E 72, 72, BMEE T COAMBBIEICL D, KERTFOFB
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B FEVEARIE SN 720 SRITHIIE A& v b 7 — 27 O ZRITTHIINT B OB AE T8 BURAT 5 5 . 15
REOFIRRERINZEIL, BREENELLEZ ELICHLNIILTWELWEEZ TV,

O e R D A3

(FRFEFHR)

1. 34 MHARGRBERAMES 2016 4E 5 H. K

2. A=ANFVT - 2a—T =7 Y FERHERZFAMRE 2016 4E8 A, T— WV Fa—X b,

F—=AF+F07)

3. E 38 MEKREGIHFESFM KRS Q0164E9H, T %, TAYH)

7 AV AEGE - AL A REAC sl A I L WA SE L
2016 4 FEIL M WFZE R LE R IR (WFZEI0IY : 2016 454 H~ 201743 H)

ERH P3 RYIEE

ERBEPIERE LCEH4 oM EZ B o7z (ERE T A VA (SIV RO IVIRIANME HIV-1
(stHIV) Zflio7z) ICHTAZE3 . 4 V7V AL VAIZET A% 1 1) .
(ZHFYNZERV= HIV-1 OEFASERERE - KEERREB O]

OWrge 3 - R RFRFBEEEREER #d% B Bk
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Ov A NVR - BAEERAUZET L FEZEE « dEEdE =il 17
OERIRDL

Tl IS R AR 22 e % o SR AT 78 3002 SE IR Iz & a1 T WICRESE L 72 7 4 79 Vg Atk RS
HIV-1 (HIV-lrmt) 70— > % 7 7 7 FOVERICHD 2 WIZIREGEE S €72 (2h2h 1 EE) .
WTFNOBREER TS 7 A IV ABEEDPFEEITBIE SN, KL NV ThoTze TOFEBREITL
T, Fu k¥ 4774V A MNS/LSDQgtu (5gtu) Z FLEOHEEE LC, 5SHEFHOHBL RS HIV-1rmt 7
U— 2 A NVAET AN 2 2SERMIFEE M1.3S (CH:RE L IR 28 217 o 720 M1.3S R gui
fa 7 & VATERY B AHERE 7 1 — 7 Sgtu K YV BHZFIZIM B L7200 F oA VA7 0 — ORI L7z,
(64th Annual Meeting of the Japanese Society for Virology, 2016 4£583%)

(A ITNI I N AOERFELET NV EAV-HE]
OWF7eER - BUOLRFPERAZE  #d% Wk 2
O ANV - BAERSSZEAT LRSS © Hi% AW ek, dEEdz =l 317,

iR PR RESE. BORRE KH &K
OFERIRL

WK FERHAM e M Z R e PV ETFT V2ol V7V v f VADOZ T O
WIEGR DL % kA Tz RO A T I A =2 T 7 a VWb L2 &HEMSE HNL B A ~ 7
WIVHFEIANAE =7 A FIVICHEZE L, BiTOY A4 IV AMEORET 2 #X72. =7a /bl
727 ANVARG Lz VTt lEOBRGHEICL > TOA VAW EFR L 72 VICHRT, ¥
A NWADLETOMEIIR I LT B EDGh o7z, (HABESS, 2016 £38%K)

[ERBETIVICE S HIV BEERED/-HDEERK]
OWFgeflEE - R FERENZET  #U% BHE B3
Ov A NVR - BAEERAZETILFEZEE « i8R =il 17
OERIRDL

SRR SR R FANTZE I B L 22 ez & ] stHIV i IRIEGE TV &2 W72 ) B — N — T 2 47 -
720 WRIEGINIIE R L R RIEIN BT L ) o7 A )V ZABEDSHIE S o — T, ZHUTxt LTk
WAFET LI LI DBREEDS MR ENLZ L, SOIZHEREAVS—T (TFH) gAY G
DY L 7o T 5 Z ERRBT A ZE72. AEREE 7 IVITHRIEGAERE O 5/ 2 AT 12K &
(EFGT 5 LI Y P38 TFHMIIBIZ BT % 717 4 )L 2 DNA # %2 8 & 35 2 & T shock
and kill #i%:7% & HIV BEGSE O BIG I 72 BUGRE O AR R L EEOMGEEICHF H 2 ET NV &
5 EWREE N5, (34th Annual Symposium on Nonhuman Primate Models for AIDS. 2016 4E5863%)

(RBEBRRY VIS XETINICHTS CTL BT HTAK]

OWEEHE + ENLEGYEM7Eir = 4 A%t > ¥ — Hix £RE I

Ov ANV - HARMSAIET AT - dEZdZ =i 7. PalbE B REse
AR KH &K
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OFERIRL

FE N EGSEM e = 4 Xf%et v & —RBE It v ¥ — R & SIV EG V2 BT 5 &G sp iz 2
HIFERT 7 — % & F& L7z (Sci. Rep. 6:30153, 2016) o ZZHABRIFHRED AT 7% { A MR IZERI L
72 T H REIREIY 2RI T M POS AT R 2 BESE L 720 SIV ORI & - T, MHC B
SIVERDOEEB LT A IV AD in vitro BB T EL S 2 EXWHOLNIT L7z —T VKM
Ifi & 0 538 U7z DS Bt T Mgk o iPS Mg & 0 #8537 L 72 FE4F 51 CDS Bt T Mg o ¥ v~o
A% AT

@)= A P3 IRYIER
<A P3G EERE LCEN oM E B I ho7 (B MUEAEY A VA (HIV-1) IZBT 5
e 1 144) o

(& MMEo 7 RAZRAVE HIV- BIRBRET VO]

OWFgefREH - RURRKFEAMZERH - ERENEE % =i %L

O ANV - BRI ILREES « Bd% AW &k

OFERIRM

USR5 R A e R LR IR 35 N R 7 o i e g% & v M~ 7 2 &2 v T o HIV B RIE& G E)
WETNE2BIET 5720 DIBENIE AT - 722D HE Y 737 B % 5315 % DuoFluo HIV & Vpx
72 E IR T RO B TEAEZ VT, £ 3Ric@iRiEge % € 7 VL T & 2 MGt
L7z Vpx & 72 T RIS R =8 2 B S & 72 22> 720 DuoFluo HIV (RGH) Tidt hif
1t CD4 Btk THIIBIZ BT 3 — 4% D7 4 )V APEAREGE 1 — 3% 13 & O RIEG S E 255 7z,
“HoEN s V7 B OBRFIFFEED S AR Z AGE S 5 Tz, Filhkwty V7o
H A HHE D DuoFluo HIV (MKO) % AT L7z Alllatk e Vo228 T Ml 2 v T4k 2 Mg v
T HFRIEGAIIL O RNAseq 2 FEL TWb,

QFET - MLV D 4 VA - LR

AV A - A RE e R E 22 T o 72 (U A4 OV AIZE L Tld. HTLV-1 BF%2 2 £, HIV/SIV if
ZE2MF A VTNV AV ARRGE 2 M RV F I AV ARRGE 1 . =R T 7 4V AFSE 11
TV T AN AR 2 O A IV ARRGE 1 e 7 A VAR AR & 7 B AR FICE LT
X, EARSEIERFZE 3 7. RNA ik (CBE5 2098 1 fF. FsHLRR O 1L AR B R (B9 3 B F 5 2 1.
M5 24 B3 ARS8 1 R, MR BE 5 2 %8 2 1. ZEAseiE SOn o H NE B3 2058 1 1.

R RIR B S DRFZE 1 1) o

AS

(B B #VM NABHEBRRIERROBUE N EFIA U EHRY 1V AFIER]
OWF7efREFEH  ENLRYGSENZEIT ™ 4 VA28 B0 E Lt %
OT ANV - HARRAIET IR IS - dE8dZ 107
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OFERBRDL

] SR GSRENT FE T I o — EARE IR S & B IS L 72 A% ke NI HuS-E/2 #ife 2 B 2L i
KA VA (HBV) EHRZHIRTH 5 NTCP 771 % FEBL S & 7 Mgtk E/NtGS Mifd 2 Cellbed % 1]
W/SARREAE S A 2 & T HBV OGN 2 BB 5 IEDS AMINE 2 -l V72K R ORI L
72 PUHBVIED R 7 1) — = 7 %[RRI HED T 7o & &5 IR A A R BEZ BESEIC X ) HBV
PFREAEPIRHISNDG ZE XL NI Lz, S 6% 5MaEr0 & REHEBFIENEE O A2 HBV K+
PEAEICE G35 2 L 2L H2IT L7z (Biochem. Biophys. Res. Commun. 475: 87-92, 2016)

[(RFHREREICE TS M) H—EFOREEHR AR EDORRE]
OWFZeEH - TRERFRFEBEEFZER RS i min 3
OvANVR - BAEERAUZE T ILFEIZEE « B3 N B
OFERBIRL

T-RER PR AT B RAR R 8% & B Wi A5 B D FFNT 247 o 720 38H IHE O KGR A T 12 )5
T HUFHEERIE, KR TR EBO O RE V. & 2 AN y BIEIRRE IS 12 o Balb/C @
X7 AN BV TULBAHEL LT 25T ORI TG A IRER O F W 22 A0 bz, £ 2T,
IFRRER % R % AdBIGATA < 77 A Z M L7248 5. W Wi A g O i fR Bk 2352 2 ITH R L Tw
% 2L ERMERR L 720 BUOHRIC & B MRHEIL IS IFRRER DS H DI EN 2 RT3 2 LoD o 720 (RFEFR)

(REEFRINT 71V AGREIIOEMFHEERDERA]
OWf7efzes « R ERAILEEE S e WL H2AT
O ANV - BRI ILEES © B Pk BE
OFERRL

JE VR S R L R R R SV L EATR M E B E a7 ) AD A7) —= 2 712X U, Eptesicus
fuscus 3 X UF Miniopterus natalensis D7/ A2, €MLK E % ORF Z#2 EBL iH 3 5 Z & %
REILDTz HFHALAENTICE D, 215 O EBL BANIM 5202 FH ) 52 L 25
T L7z & 51T, Eptesicus J& 3 X UF Miniopterus J& 2 7€) Oifilii#ss 2 HRI L. EFLO EBL A%
mRNA & L CTHIEE SN TSI L EB5HIT L7z, (Sci. Rep. 6,25873,2016)

(RBREICHT S IL-7 LET 2 —DOHEEREIR]
O FeftER « WINKFARB MR EMZERT  #d% & RE
OTANVRA - BAEERAUZET LTS - B AWl &
OFERIRML

FUN R BRI R - e A B B R BB L WD 7 v a avF a4 F (GC) A¥IL-7TR OFEBL
ZHEH L TWE2ONEIDPEZWSNICT E720I12, FvaavFaf FZE1K (GR) #HEEF—
TERT Yy 2L THRREN 2 GR EIETHEE~ 7 A 2T L7z Mo GCIREDEE) & It L
T, THIMED IL-7R & CXCR OFEH L ROV HNEH 2R LS, ZBR< 7 AT OEBHTHLK
L7z0 5102, MR TAREAKIZEMLUEIZHAT 5 —H, ZRITVATIEZIOL) ZHNE
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R ONL o7 VATY THZREZESLE, KOBEIZIZCDS THIMDIGEDEL 25
B BE< A TIEZOZEHPHEIE L7z PLEOFE RS, GC X IL-7R £ CXCR4 DI3HL % #HE 4
HZ LT, THIBOERN A EIEREZHIB L TWD Z EAVREI NI,

[KREESIBIRICE D 7 O71M NV ADKEEICEAFRT S 7 I /BY M FORE EHEERIR]
OWF7eEEeE « Bl RFESAE Bhi# Pl =
OvANVR - BAEERAUZEILFENIZEE - B A Fk, B kg =+
OFERIRL

BHER AR A ) & R T 7 4 VA D Zaire T D GP @51 147 B (FEHERY] % Fruv
72) BF—FNR—ZX DAL, JEFFESR (AN) &FFEHR (dS) DOMALHEFEOLZE (dN/S)
R L. IEOWIKE 272, T b bEFICHRRZERAR L UTRBICIAR - 727 I/ BRiER
YA PR L7ze TORE. 22007 I VYA M THREMWICH A RIEOMEIK (A82V & T5441)
#EE L72e E720 2014-154EDWT 7 ) HIZBIF BT b7 LA 27 THAT L7z Makona kD424
J LK 7SRRI TlE, SNODZOOERMKOEFNDILE ) FHH, T2 B bz
x5 U720 (Genes Cells. 22:148-159, 2016)

[Develop a selectable anti-HIV-1 gene therapy vector using CRISPR/CAS9 system]
OmF7ef3# : UCLA AIDS institute, UCLA School of Nursing ~Associate professor An, Dong Sung
O A NWVA - HAERFAET LIRS © 2z A Fk, B e Wl
O RN

UCLA AIDS institute ¥ Dong Sung An #£#(#%2 & & b HPRT & CCRS5 I2%}3 % CRISPR/Cas9 5881 L
YFIANARY F =L 7205, 2 ORY § — DR IEFH RN &b oz £ Ty
YT TANVANRY Z—OFITER L 720 FHNZ X %8 IR2 L TL80% 2 2 5 R 7 CD34
Btk e b Mg B R E A L. CCRS ZEBUIHI MG 57z, (RIER)

[IBEREICHET /-HEY sS2P A EOJ DERFER]
OWFFeERE - BT R A BEERS R AR A B AR 2 R5 deddz K SeAl
Ov A NVA - BAEERAZETILFEZES - Bz al 5. Bh# @i #F
OERIRDL

REUE T SR 2 Be E AR S R AR RAEBR & MY S2P & U X B Offkr 247 o720 D
FUNRTEREUTDELIE, R T I AL EED F AL 2R SO, HEM o EN
FAAL IZZECV =T TR SN L L FHEINT WS, Y 7 HIZ—RICEE N XA 0
YA ADRRKRECHEPFRE LR T VWEEZOND Z 00, MEMICERZEANL, JURRH %
MEasEsZ e Lz, ZOMNE. AREARD PERIRESRIC. 72, Juk e B A
%k RAE B 7z, (Methods Mol. Biol. 1493: 57-72, 2017, Genes Cells)
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(ATNIYIANR - GEERFRED T 71 F BT RARAER]
ORFZEAEE  MABRH AP KA B RS AR = = » ~ iEafsE R

ZH AEZ
Ov ANV - HARBEMIET RIS - Hd% BFH G
OERAR -

AR R A B R ABER A AL S LR R L R DOSHIC BT BRI A > 7 v Y A
VA RNP O =RICHEE Z TS A 2 & 12 & o T\ BRAEH O RNP OREEZALERIE O — i 2 1] 5 722
L7zo F72. 3B— %kl 2 oMt 2 RNP QMBS FHES D - iREZHLLOOH 5, BUEIR,
7 J A FEAFBEN TOHEE X OCHRLHRITE OB T, Rk LORUIE O Kt 2
17> C\wb, (Microscopy and Microanalysis 22: 66-67, 2016)

[SLOT iZZRWESL Y7 NVIT U F 74 N ARICHT 2ERREE R FDOEIE]
OWf7efiEEke « BIERBR AR mRH A se i FEdEsds JhEh &

OT ANV - BAEERAUZE T ILFEIZEE « Hi% ¥FH &

OFERIRL

B JE SRR S v 2k AR ZE T T HEBEZ & SLOT IS E LM Oy 74 V7% b
P TF =TSR DYy T4 VT hfT o7z T4 VTNV VT4 IVAD HA PURZ HWT<
T ARBEEAIT, ZOX T AD 2R ¥k E T SLOT 2175 720 SLOT 247->72% 7 &
2B W T HAPURICH T 2RO AN RO b, SHEBERRERICOWTHRFH 2D 5, (£%
)

(#FRMERMRMUEICEDY T 41 TRERN= 2 — OV EERKBOMRE]

OMWr7ef3%# : Korea Brain Research Institute (KBRI)  Principal Investigator INEF B
Ov A NA - FHAERRAIET L FEMIES © Bi¥ Ik 21

OERRDL -

Korea Brain Research Institute D/N& Tk — =& & FAMETO7/20 EICe MEEMEE V. 1) 3
RO —E 2 SO S 5 720 OFHAN (HOLHREIMY Ak, BLOT 7 AR OBE, 2)
AR BAEE 2 G L 72 B IRk A F I 7 ZAOPBIEELE L TO J 4 7THIS &2 MR e &
LTEfTTL, WIS Bl ) ORZ D720 ALK, P 29 FEEIZFHE L T2 4
LB 2Bl O Gtk s 4 F I 7 ZAOMNTITIEH T 5. (RFER)

[HTLV-1 BSEEBE T TNV A & ALK BRERA MR EDRR]
OWrgezeE - NIGERRFMAEY Y Bt Ak e

O AN - FAERAERT LIRS © Bd% R0 HEdE, ST 2ok M—RR

O RBUIRIL -

JGE B Ak 27 B 2 0 7 i W M 95 & AR PUEURF SR 9 TCR & Tax H 5 \WIZ HBZ D 7V Tg X ™
A (Tax-2D2-Tg % 721& HBZ-2D2-Tg ¥ 7 A) O —#Bid. 6 — 8 Wi T HTLV HFHEAE (HAM) L
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DT BRI 2 FHIRFERE L 720 IBLAMLRR I Cld. BEIMEED SAUREIC ) Ty < DB PEA
LRERIFEIC D7 5 TS ORI 2 0 72, REMIIE CD4 FARTH D, Ibal Gt
WX, BRI 7a7) 7R L L TWwb 2 EAURBRE NIz, T2 FBIEY 7 A TR, RIIE
YR EWE L TIMEEF CXCLIORE DA & 7% LA 2 38® 72, (18th International Conference on
Human Retrovirology 2017)

[(RAREOREREERITE ]

OWF7efiEER  WIRKILRFBAEGE AR EWRE AR % - FRE R K4

OvANVRA - BAEERAUZE T ILFEIZESE « i BH B2

OFERIRL

AR IR BURA TS R FUK AR % L DU (S 2T 2 T 5720 7 VI —XE /) 33—V
W XU R R LR 8 FAEIRNICHRAE T 5 7V a2 — A & JE & U Tl & 2 B v il i B s
JRETH Y. I LOBEN == T Thb, RFRICBWT, ZVI—AE/)IT—-)V§E
BWEEE - 7V 3 — A REEERO XS RET A LRI Lz, /20 7Y ku—
B I I VEBIIPUR RN L HE) L TR SN AMBEERE TH 5o AFZEICBWT, 7Y
LU —IVE I T = VEEAE T HRIEZ AR Mincle %4 L CIEMERSFREISE BT 28 %
Sz, (RIEFE)

(F T 74 WARRIEIEE P ERRETVEBERICH /-E8HMH]
OWr7eE + AW BE NGRS A WZERT - BEHE 7o =7 b FE%ER

HEE KT
Ov A VR - BAEERAZETILFEZEE « dEEdx =il 17
OFERIRL

HRUHBEE AR A 7E T H SR E AT EMEMIER E 7V 7 A VAT B 24T 5 720 FOA ¥
TNWVEZHFTANVADNSI & N7 H2MIBNTHRIHSETBLET VYV ITIA4NVADAL V7 —
Ty ol T AEZUEPMETTLIEBHOLNE L o720 LT T T IA VAT ) HITA
Y T7NVI VNS BIETZFA LA Z 7 A VA BB UMIRBIT 2175728 2 A MER L 72
7AWV ADWEFHREMNZITBRE FFREETH 7205 4 Y5 —T7 28 Y a I3 T 5 IEZED B L T
MLUBE I T4 EAURENT. CRER)

UEIREAC & T ZREFHBADIETE - ML 51 F X 7 ADER]
ORF7EAEE - FHERR AR AT S MBE R AL Gl ARl o
OT ANV - HARMSARIETIAMIES - i 85 X FHREIMZER  —k &
OERAR -

SRR PR A 7R A T Wik i & RN 2 54 74 A -V Y 7 TE b3y A2 VT, JEikE
R - SEARI ~ v 2R & 6T BEE TIRAT L 722 Of R, S/G2/M B DI 5145 AY ki
WCHBICLEAT L2 e 0otz Tz, REwEMIEZE 7~V LIRS 2 1ro728 240 i
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IRDETIZHE, Bl 2 0 = — LR T MR DB S Nze T2, BllE 0 552N AR
T2 T A 2 I L 720 (5 65 M HAMINEY AR KA, 2016 4)

(BEAREREICH T SE5RFEFAMORER]
OWFgefEH  EMARFIEATAALFIE Iz R i
Ov ANV - BAERFA eI LR 7 - 2% N B
OFERIRM

TE BRI A R e M % & RNA RS %~ /87 B 5 #7247 > 720 CCCH-type zinc-
finger domain % A9 % RNA 5% >~ 737 B 121X Regnase-1 Z 1 HARIEMBIC B NTH A Mo A
Y EAEDOEBHEIICED L b DD B, RIFFETIE, ZOF 237 BREDSHRGEMICB W T
P A A A Y mRNA BIRICE- 2 382 ME L7z ¥V A~ 27 107 7 — VIZ Toll-like receptor Hll il
ZATWZ D Cell lysate % 3 a BB EEABCIC X 250 % H 72/l 50 L, LR S8 T Polysome 45
[ IZAE7EF 5 mRNA OZALZENT L7ze TR, ~ 27187 7 — JHIPIC L D Polysome ICAF1E
T5H A4 b A A Y mRNA DEENTCHET S EPPSN &R o720 (Cell, 161:1058-1073, 2015)

[RNA #8227 EOER RNA 18ERBIFE TORBHNER]
OWFgefE%E - ENIFZEB 8 NBIL T Ze T P REEHE - SSIEai e 70 7 7 A 2 — ¥ v —
M Ztt
OTANVRA - BAEERAUZE T ILFEIZEE « B3 N B
OFERIRL
PYLEIIERA N = v M) — & — & CLIP & AT o 720 AFEIIRNAK G Y v 737 BHH5R
W9 % RNA BCH RS O ICHE 2 T CTdh b o ABFFETIZ. CCCH ! Zine finger % 2 RNA
Kty s 2737 B DWW L DI L HITS-CLIP T 24T 5 720 T DOFHR & ¥ /37 HITHAT % RNA
OFEIZHII L. ST 8 77—, ity — 7 2o —12k by —7 20 A %475 72,
Lt COF—FERBITLTWL FETH S, CRER)

(HFLFREDOROKX & X MEVE1EY T (T ADAZEA]
Off7eFH « ARSI AR AN ¥ il &
Ov ANV - HARBEMIET RIS - Hd% 21l 5
OERAR -

REAR AL R A28 BB B & 1 = 7 A FOVIR D BRAGHE R R ICHEBLT 2 01 %
BEFZEL7ze 25 ORI ERBOMIBEIL O &0 & ) ZAEHHH 5 DG L7z,
b © ES HskoMREEHIE 2 v TG 2 s T2 8E L, TOWND 1 D20 TREMNZ AT L.
ZORFDBRERBOWMDOILRALIC—FEML TVD I L 2RRT LT -5 2572, 2O LhbH,
A REC & TN W OO AN D B 2 LA R E NIz (RIERE)
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(4 42=7 10 F8%RT > J 71 IWAETF RyDEN D5 FHiEDEIT]
OWrgezHE « KIRER K77 ittt S E S HE A Y7 8E i sk B—
O ANV - BAERRAHZEI I EES © Bd% W F#k
OFERIRM

KOLER K ETF it SR Pl AR — e 7 7oA VARG FTh b LB L7
RyDEN IZDOW T 2 B2 e o720 SO FIZZFOHFILGEE % 4 LT PABPC1 LiEA L. Z Ok
H1E RyDEN DHLT > 77 A W ATEEDFFRIZHE T H 5 2 L A3 D25 720 In vitro FEEROFER D 5
RyDEN (ZFEFF % RNAKSENESY Y7 TH B DD, 7 77 4 )V A RNA ~O#E G
IZ PABPCI ODFFAEIC L > THEE A 2 EFH S0 L 572 (PLoS Pathogens 12:¢1005357, 2016)

[mRNA FiBEFD SHieH DIRIK RNA B TEHH 514 4]
OWF7eEE ik PR A KRR & ERH A FE i B R 3 B A F 750 2% mil W
Ov A VA - BAEERSUZEILFEIZEE « B KRE HEA, Bi#E &0 —i/
OFERIRL

i FH DR g 2B R 2t A IR B AT ZE i i A 0% & 82535 8T HE 72 ciRS-7 % & T circRNA % 563
THLR—F =TI A3 FE/ER L, b MR Z GRS TERRE & T L 72, B5a8Ailia
OB FEERE T 7 1) J1 ) A F TV OfgaiFE AFEBIZ X DL circRNA 2552405 T D 3Lk
TlEZe <L REEIVICEAMRE SN TWA I EZHOLNIT L7z, & 5IC, T OISR R L. mRNA
KAV IR AR IC B 59 % T TAP IARAE L TV 2RSS 5, mRNA B4 %R & Mo 2
HZZXLNEELTWDBE I Db otz (KRFEE)

[SIV [CRET AV I REHAREZHT DOV ADER]
OWFFeEHR + FRREE LR N R AR R dEdZ ik JRHR
O AN - BARERAOIZEAT LR © dE8d% =il 31T
O IRM

TR K2R A ZERHWRIR B HE % & 3 ~ SR DT 1 7 b 2 S 5 BEHR 4 ml/ BEZ $RECL
EEHE (—IZE 0% CD4+ M Z v — AL D kR 208 L7, SIH%E NOG ¥ 7 &
Bhitth, FVGREMROEENRD bz~ X (CD4 BRELEBEMIBEAL~ 7 2 2 IT, 45 B
Fafghti~r7 2 1 PE) 12xf LT SIVmac239 ¥k 1.5 X 10° TCID50/ VL% JEENEERE L, SIV o J& G EhiE
ZIRNT U720 SIV RS 1 AH X V) WD~ 7 2 ORI T SIVRNA & UF DNA 2 & 7z,
E 51T SIV G2 9-10 S THM L 72~ 7 A0l Wi, BB > 385, MRS o ) o SRk &
O FEIZB VT SIVDNA 2 S, &5 TSIV IBEDHVL L TWE I ENRHLNE R o7z (6B
63 ol H A £ )V A& 240445, 2016 4F)

(A T HiREEMm") >/ BEDRERFIT]

ORFFEMERE « ARCKRRZEZER - Wiy B K F—
OT ANV - HARPAIET LRI - Bd% b HEdE SR 2ok H—R8
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OERIRIL

AREKKFEF IR IGFE—HIR L HTLV 283 — F L T2 HBZ IS X ) BBIFE S N5 CCR4 O
ATL JRREIZ BT 5 KT DO W T, [EBERE Cancer Research (2583 L 72 (Cancer Res, 76:5068-5079,
2016)0 KT F U Hikk ATLJEBIDO 7 0 —F 1) 7 1 123 L THNT 217 - 720

[(KIBBERF P FF—EEY—PhoQ DV Ty FiEEKRT v bDRIR]
OWfgeftEg AW T K L0 BT
O A NWVA - BARFFIIZEFILFENIZES © 232 Ball 5, WhuseE A 3N,
Kgberk e B
OFERIRM
VR TR LI i & KGR e AFY v ¥ F—EX % —PhoQ DV # ¥ FEi&
BT A8 2 BT o720 IR HIZE R PhoQ/PhoP 2D A F ¥ ¥ F F—+¥+ » % — PhoQ
DIEFACIE, FVE A TIEW 2 ORI OWREMEFRBUCE DL 5. KGR TR S X7 HTh 5
SafA 7%, [al LA FIZJRTES % PhoQ ICIEHEAE A3 5 2 & T PhoQ Z{EME L3 %0 PhoQ-SafA AHH.
VER Z T3 2124720 . SafA ORISR EETH L2 L L. LR—F—7 v £ A£I2BIF % PhoQ ¥
X7 BOKB TOEDPIETSH o 720 SafA DMMIZE L TiX SafA 2y 7 &35 2 & TR L,
PhoQ D FEBLE DD\ Tid phoQ 5 K ORI A FOFMITEKN T2 Z EBHLNIT R -
720 SO 2 DOOREDFI S, BAE, SafA & ZEI PhoQ DM FAEH Z MM L T b, (RFEH)
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TR

Commemorative Symposium for
“Institute for Frontier Life and Medical Sciences,
Kyoto University”

Date: Oct.19 (Thu) 2017 9:00-12:25

Venue: Biwako Hotel

Opening remark Director Yuji Hiraki
“Why and how human T-cell leukemia virus type 1 causes diseases” Masao Matsuoka (Kumamoto University)
“Role of interferons in Zika virus infection and disease” Akiko Iwasaki (Yale University)
“Control of immune responses by regulatory T cells” Shimon Sakaguchi (Osaka University)
“Molecular regulation of tissue-resident regulatory T cell development” Axel Kallies (The University of Melbourne)
Closing remark Vice Director Hiroshi Kawamoto

2nd Kyoto International Symposium on Virus-Host Coevolution /
Human-Nature Interlacement Life Science

(Joint Symposium of Institute for Frontier Life and Medical Sciences (infront) and Primate Research Institute)
13" (Mon) November, 2017  10:00-16:40
Yamauchi Hall, Shiran-Kaikan, Kyoto

Program

“Opening remark” Yuji Hiraki (Institute for Frontier Life and Medical Sciences, Kyoto University)
Chair : Yoshio Koyanagi

“Pathogenesis of primate T-cell leukemia virus type 1” Masao Matsuoka (Faculty of Life Sciences, Kumamoto University)

“Evolution of HIV-1 and the related retroviruses” Yoshio Koyanagi (Institute for Frontier Life and Medical Sciences, Kyoto University)

“Changing nature of HSN1 avian influenza virus in Egypt”
Yohei Watanabe (Department of Infectious Diseases, Kyoto Prefectural University of Medicine)
“Selective evolution of an anti-retroviral host factor TRIMS in macaque monkeys”  Hirofumi Akari (Primate Research Institute, Kyoto University)
Chair : Kei Sato
“Evolution-guided enhancement of human antiviral immunity” Alex Compton (National Cancer Institute, NTH)
Chair : Hiroo Imai
“Comparison of whole genome Simian betaretrovirus (SRV) from wild caught Indonesian macaques with published references”
Joko Pamungkas (Primate Research Center, Bogor Agricultural University, Indonesia)
Chair : Hirohisa Hirai
“Receptor-ligand interaction in various types of primates” Hiroo Imai (Primate Research Institute, Kyoto University)
“Bornavirus-derived genes in mammalian genomes”
Masayuki Horie (Hakubi Center for Advanced Researches/ Institute for Frontier Life and Medical Sciences, Kyoto University)
“The outcome of the joint project and closing remarks”

Yoshio Koyanagi and Takakazu Yumoto (Institute for Frontier Life and Medical Sciences, Primate Research Institute, Kyoto University)
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5 =)

2017. 2.10 B T E BT OLEEAIEEIC L2 2R T B DR  iikE > 4 v 24
(Associate Research Scientist Center — J5U: & HEHLPED > R 7 Al #T
of Infection and Immunity, Columbia
University Special volunteer at Rocky
Mountain Laboratory, NIAID
Laboratory of Virology)

2017. 210 ®XEG BE - ] G LEIE TS A 7 R ERAE U228 72 e A b A BRI A
(MRFIR 2 B L SR B3l ) BFgE
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(BYLERFIERT - 3 T A VAR F U2 F OB
MFgEL=> )

2017. 3.27 & Bl Mechanism of Vpr Enhancement of Env expression during S RH €7V
(Harbin Veterinary Research Institute, ~ HIV-1 infection of macrophages and dendritic cells
CAAS, Harbin, China)

2017. 4.20 Emiko Urano Resistance Pathways for Potent and Broadly Active HIV-1 ¥ A7 A7 4 )LV A5
(Tsukuba Primate Research Center, Maturation Inhibitors; Insights Into Gag Structure During
National Institutes of Biomedical Assembly and Maturation
Innovation, Health and Nutrition
(Current)
HIV Dynamics and Replication
Program, National Cancer Institute)

2017. 5.17 Taeyoon Kim Reconstructing the Mechanical Behaviors of Cells in = XA F X =7
(Weldon School of Biomedical Silico
Engineering, Purdue University)

2017. 6. 7 EMkFfi iy 737 B AIMAC & 2 AR R BR AR 2 28 7 4 L 2 6L
(RRUR R AR B R 2RI FERE) el LB LWIREWGIR T 574 &

2017. 6.14  BAHIN HH A7 Ny FERMRT 7 F AT ANV A
(] S EHSE R FET)

2017. 6.23 Noelia Urban Ascll post-transcriptional regulation in the developing and ~ HiJ il > X 7 A
(Investigator Scientist, The Francis adult brain
Crick Institute, London, UK)

2017. 623 $mH K& ) W, B L B v oSERIGE ekl
(U R} bR} 2 B T i AR 7
)
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2017. 7.19 & R RNA 7 4 v Z OHMINUARABEHE & fE 110 X 2 SeE SR 1 1 24
UMK B 2 ) pRe

2017. 7.24 Saumendra N. Sarkar Recent progress on OASL study SRS
(University of Pittsburgh Cancer
Institute Hillman Cancer Research,
USA)

2017. 726 AR KK TN T VRS AV A DS R LR IE e
(Il A2 R A B R B 2B 7 B
e

2017. 8. 2 HH B The role of nuclear structural protein for the maintenance  EAFEMHEHFFER}
(Laboratory of Genetics, Salk of neural progenitors
Institute for Biological Studies, La
Jolla, USA)
(Fred H. Gage lab)

2017. 9.11 Daniel Sauter Global transcriptome analyses reveal extensive Y AT AW A IVAE
(Institute of Molecular Virology, Ulm  suppression of antiviral immune responses by the HIV-1
University Medical Center, Ulm, accessory protein Vpu
Germany)

2017. 920 L% WL AR OS82k & IEBALIIHNIC M) < B 727 mRNAH]  RNA ¥ 27 4
(The Rockefeller University, Thomas  fHIF§HE
Tuschl lab.)

2017. 927  HkF H¥ - 7 A4 A BTSN RS IR L 27 AV RS Y A OV R
CRBURS: s RVERRZET) AR VA LA R D T 553 ok RE A 1 ST

2017. 9.28 Juana Diez A novel translational control mechanism hijacked by ¥ AT A7 A )LV A%
(University Pompeu Fabra, viruses that involve RNA structures within coding
Barcelona) sequences

2017. 9.28 Andreas Meyerhans Virus infection fate regulation: transcriptional dynamics ¥ A7 A ™ A )L A%
(University Pompeu Fabra, reveals a critical role of the Xcll-Xcrl communication
Barcelona) axis in chronic infections

2017. 9.29 Luis G.Morelli Collective oscillations in the zebrafish segmentation clock — 4FEHIH > 2 7 A
(Group Leader, IBioBA CONICET-
Max Planck Society Partner Institute
Buenos Aires, Argentina)

2017.10. 3 hisE P 5 AFM U2 & BB K5 T 0 € 7 4 %R HARIE S 2T 2
(EIRKRF - N4 7 AFM Jelinffze
s —)

2017.10. 4 frH B i e L PAAE R D AT JE&GR); 1
CRBUR SR AR B R AR TR - 9
EETa YT 4 THRE Y 5 —)

2017.10. 6 Rl BE= AW R EEEIEEICAL  WADLR S IAFHR RNA 7 A VA
(RS AR BRI AR 2730 K P
YAV ATFGEE)

20171023 &wA K SRNT ) AFONIENET 5 E T AV ABIIOIENT VAT AT VA

(Department of virology, Viruses and
RNAI unit, Institut Pasteur, France)
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2017.11. 2 Gabriel Nufiez Control of Pathogen Colonization by Host Immunity and  J&Z4F){H)
(Department of Pathology and the Microbiota in the Gut
Comprehensive Cancer Center,
University of Michigan, Ann Arbor,
Michigan, U.S.A.)

2017.11. 6 s gk IRTIANVAOEBEEDOMY] 1) X7 LAhT  BAIEY A VA%
(Institut fiir Virologie, Philipps- ¥ POl RE. 2) VP30 U Y EBILO ST EE T
Universitit Marburg, Germany)

2017.11. 8 EIH S . I T 2 b =2 2B BN L A INAF AN A
(Gt R R B R FERE)

2017.11.10 Nicolas Chevrier A predictive framework for adjuvant combinatorics  J&Z¢FhfH
(Institute for Molecular Engineering, reveals potent anti-cancer vaccines
The University of Chicago)

2017.11.10 Nathalie Grandvaux Study the innate IFN response to Respiratory Syncytial 7 n%:
(Université de Montréal Research Virus (RSV)
Chair in Signaling of Viral Infections
and Oncogenesis, Canada)

2017.11.14 Alex Compton Evolution-guided enhancement of human antiviral ¥ A7 AW A )V A5
(National Cancer Institute (NIH/ immunity
NCI) - Head)

2017.12. 4 Raul Vizcardo B Developing the next generation of iPSC cell-based — FFA S0k~
(7 A1) 7 B SLHF AR ST EISL A therapies
AMIFFERT)

2017.12.19  Masayuki Shimojima New findings including unpublished data of SFTSV. iR

(National Institute of Infectious
Diseases, Tokyo)
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