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We study on antiviral innate immunity, develop new therapy for viral infection and study on autoimmunity

caused by dysfunction of viral RNA sensors. Below are list of our research projects.

1)
2)
3)

4)

5)
6)
7)
8)

Study on the mechanism of host cell death by viral infection

Study on the mechanism of sensing viral RNA by innate immune sensors

Study on the repression mechanism of type [ interferon gene expression

Use of rice bran derived double-stranded RNA for prophylactic and therapeutic purposes against viral
infections

Establishing new animal infection model for hepatitis B virus

Screening of anti hepatitis B virus chemicals by using cccDNA inhibition assay

Study on Severe Fever with Thrombocytopenia Syndrome virus (SFTSV) using animal infection model

Development of new anti-inflammation therapy for SFTSV infection



9) Study on autoimmunity caused by dysfunction of viral RNA sensors
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print]
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ITHRRES, T RS, BHSE, AR, I, PEEEBEE, B SR R A
JEMEREY 4 WV A (SFTSV) OBIEWIEGEN W €T VI X AT, 83 MHAL v ¥ —7 1
VoA NS UEEFMES Y URITA [T AR L EYGERE L R, 2018 4E 7 H

26-27 H
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Macrophages are one of the most multifunctional cell types performing important roles in development,
host defense, homeostasis, and tissue repair. They are present in virtually every tissue and display diverse
phenotypes depending on their anatomical locations where they perform specialized functions that are

essential for normal tissue physiology and homeostasis. Additionally, a variety of diseases are associated with



the disruption of tissue-specific macrophage functions. Aberrant macrophage functions contribute to a broad
spectrum of pathologies including cancer, metabolic diseases, atherosclerosis, asthma, inflammatory bowel
disease, rheumatoid arthritis, and fibrosis. Thus, uncovering the specialized functions of tissue macrophages
is critical for the understanding of normal tissue functions as well as for therapeutic implication for human
diseases. Currently, we are focusing macrophage functions in tissues, such as testis, kidney, and adipose
tissues. Additionally, we recently identified novel mesothelial cell type which may play a role in the

regulation of body cavity immunity.

List of Publications
Ohteki T., and Okabe Y. (2018). The Origins of Macrophages and Their Roles Beyond Immunology. Int.
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Okabe Y. (2018). Molecular Control of the Identity of Tissue-Resident Macrophages. Int. Immunol. 30, 485-
491
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FLOMEZEIZe FL YA VA THD e b THIBEEMAGZ £V A 1 &l (human T-cell leukemia
virus type 1: HTLV-1) X U'e MEREA4 £ )L A (human immunodeficiency virus: HIV) Q%8 % 17 -
TV 5o HTLV-1 13 T AR EIIIAS (adult T-cell leukemia: ATL) Ak 4 7 SAEVER B K & 72
D\ HIVIZEROBIRIC L ) R REREARRE (=4 X) Z25|Z3kEZF, Thbok L b
AN NI ARG T & e LU Rihe &g 2 MEV. 3 2% MR E LTHELRKEZERT 5,
41X HTLV-1, HIV OB 2@ U T “ABA " IE" " A VA" DN 247 L 3kI2, ZORFIC
VWL 7R ERE ORISR R HEE L TV 5,

1) HTLV-1 O GebEhE & J8 03 A BT O ff b

HTLV-1 BHAMIE O RN TOAELF, BHEICIE HTLV-1 707 A VAD T 5 AL <4 F A$HIC
%% 32— F &5 Tax & HTLV-1 bZIP factor (HBZ) A HEE R #E % H723, Tax & HTLV-1 O#zE
RWEHEALL. AV ZOBE, AERERIRICULHATH o —H HBZ IIRGMNE D 7 1 — - )L B
WCHEEREEZ R TELEZONDL Tax B LDAY V0 HTHDH. ATL ML TORBEL
NUDIFEFIENZ 0, FBRALBITL2ERIPLLTR2 72, A1 Tax & HBZ D58
L ANV D3 ATL Al & FHBL L T ATL Mllfa ik MT-1 LTV KK-1 Z vy, Tax & HBZ D& HIZ
OWTIIT 21T o720 TNOHOMIMERT Tax b LIEHBZ 2/ v 7 ¥ 0§58, wWFhiZBw
TOMBIIEDSTHFE SN2 LS, WERTOHIEO LS, HFFICUATH LI ERHALNE L5
720 RIZ Tax HIALEM EGFP (2EGFP) %87 %5 LA — % —#llli MTIGFP Z# . L ¥ 1 & 5
T A AT o728 2A, Tax 3T —EBOMNE (0.05-3%) ICHBLTBY., L DEELDFBL
IR —E—#\ETH D VOS2I R 572 (Fig. D)o TOPTRIE, T BRI IR 78
B3 % Tax 28 MT-1 OHFFFICUIHTH H 2 L 2R LTV, ¥ ¥ 7V ER PCR OFfER, Tax 5
BIMINEIEA B0 NF- k¢ B RSB EIR TR 7 A b=V AT 2 mBB L TB Y. Tax IR
FEOHITHT KR b — ¥ ZBAR T O FEBIMR MG RE & BEEEREBL A L T 2 fllafE2N R L Tw
720 TNOHDOFHEAS, MT-1 1% Tax DFEHDTHER L7, COMBDIFHT HZ LI DHT
RE—Y A MR LR L LTEMOMFEZWRRICL TWwb LE X bz, AT LT,
BHEF VLDV E2—F =3I 2l —Y 3 YIZXAHGEERIT V. EBRTEBIE SN Tax OIEHE)
LMl e I CEL I EBHLNE o7,



5 HBZ 34T O ATL % (a) (c) [ Tax O celis |[ Tax(+)cells |
BICHRBIMINTE %2, HBZ
% CDARGTET V) ¥ /BRI R
MICHEBI H5HBZ M7~ A
YrzZv <X (HBZ-Tg)
BN %%, Mifade & vo 7202
VESSE L TV ¥ 78l %2 389§
% 2 & D5 HTLV-1 O JE 4%
WD T A NV A BT TH

bE %Xi HN5, HIRKEEWZ 2"?2 Y e Tax () | Tax ()
Yo, HBZ M 3R s § olf l
f:§7 ://\07{%‘0)%{7;2 ')Obé—‘\ *i% @ Global Z score ‘m

HEMJRNA & L CTHHEREL T Figure 1. Transcriptional changes induced by transient Tax expression
W5, HBZRNA & HTLV-1 i (a) Tax is transiently expressed in a small subset of MT-1 cells.
el U A S A (b) HBZ expression is negatively correlated with that of Tax.

§ 1% -

L. ZL ofElfa Folsy.

ZIHES 5o AWFZE=Tld, HBZ RNA OB, RNA & LR 2 0 7 1o W TR
Wiz Ed T %,

HTLV-1 J&3A1E Tax O —@MIHL L, HBZ D % Y787 21 & RNA 2 X % %7 2 VAR IC X
0. 1 LD RS T B ORERE 2 BIAMEICHI L CTHB 0. HTLV-1 OFb 2R X5 ) ks CTH 2 & %
AbNb,

(¢) Transcriptional pattern is different between Tax (+) and Tax (-) cells.

2) HTLV-1 {9 2 RIS DT & i W TE

HAM 5Tl Tax O HBZ (2609 2 SIS A 5CHE L TV 2 25, ATL B TIRFEVNMET LT
Wb, PLCCRAPURE AN L) A~ T X B iEHtA D L IZEmigte it o ATL A2 BI1T 510
EIRERMBHT L2 25, BN MEHIF LTV A —OMEFITIZI NS D £V APk § 5
T M EDTEPEL L T2 2 22V U720 DLEOKIED S 7 A IV 2123 A RIS 13
FOTPHRICHIEL T D EEZ bND, A OWFEE TIRIEGAINL O A RNE)EEAY HTLV-1 &G
EHPLL TV AL THILAILFE Y 4 VA 18 (simian T-cell leukemia virus type 1: STLV-1) J&H«=
RPN EHNT, HTLV-1 7 27 F Y ORI E 47> T b,

3) HIV-1 HRIERDHMERS / IHETALICBS 2 2078007 O bt

HIV-1 &2 B 1 2 WHRIEASHIIIL OAFAE L. RN 5 D7 A )V 2584 PERITH L TR & Rkt
E%oTHED, Ldo T, BIINOIREDIRD TV 2% WRIESANL O THEEALE LTI, &K
W2 5 DIRIEGSINILRR RSO 2235 LfF ST b, € 2T iMRIEGIRE O AR BN 5 L OF
PHETEALRRE Z B3 2 0 PR O 2175 T SRETIZTOE R AL V5 Y37 P O—Fl
T % BRDA D5 RIEHARE D PHGTEALIZBY 5§25 2 & W] 5 L 7 o TV 275, Fx OIFFTIC X



D, SNTTHEIN TRV TOERRAA V7 N7 G HBRIEGURBEDHEFR ICH S L TWnwah 2
EBHSDII R o720 SO GBI OME, T¥Y 2274 v 7 BB LDBEBRLTWS Z &S
INEINTz,

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 provirus encodes two oncogenes 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.

On the other hand, HBZ is detected in all ATL cells. HBZ transgenic mice (HBZ-Tg), which express HBZ
in CD4+T cells, develop chronic inflammation, such as dermatitis and alveolitis, and T-cell lymphoma, it is
suggested that HBZ is a critical factor in HTLV-1 pathogenesis. HBZ functions as not only protein but also
RNA. HBZ RNA is dominantly expressed in the nucleus and dysregulates transcription of many cellular
genes. We are now analyzing the molecular mechanisms for nuclear retention of HBZ and control of gene

expression.

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 that 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) Molecular mechanisms of maintenance and reactivation in HIV-1 latency

In HIV-positive patients, the presence of latently infected cells hinders the complete eradication of the
virus, and thus, life-long medication is required. It is believed that efficient reactivation of latency may lead to
the elimination of the latently infected cells that remain in the body. We analyzed the molecular mechanisms
of HIV-1 latency and reactivation. One of the bromodomain proteins, BRD4, has been reported to be
involved in the reactivation of HIV-1, whereas we identified other bromodomain proteins associated with the
maintenance of HIV-1 latency. Further analyses revealed that epigenetic changes are the fundamental

molecular mechanism for that.
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The researches carried out in our group are focused on animal-derived RNA viruses, especially 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 2018, we conducted research on the following

subjects.

1) Degradation of amyloid f peptide by neprilysin expressed from Borna disease virus vector

Accumulation of amyloid # (Af40 and Af42) in the brain is a characteristic of Alzheimer's disease (AD).
Because neprilysin (NEP) is a major AS-degrading enzyme, NEP delivery in the brain is a promising gene
therapy for AD. Borna disease virus (BoDV) vector enables long-term transduction of foreign genes in the
central nerve system. We evaluated the proteolytic ability of NEP transduced by the BoDV vector and found
that the amounts of Af40 and AS42 significantly decreased, which suggests that NEP expressed from the
BoDV vector is functional to degrade Ap.
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2) Systematic estimation of insertion dates of endogenous bornavirus-like elements in vesper bats
Endogenous bornavirus-like elements (EBLs) are sequences derived from bornaviruses (the family
Bornaviridae) that are integrated into animal genomes. They are formed through germline insertions of
segments of bornaviral transcripts into animal genomes. Because EBLs are molecular fossils of bornaviruses,
they serve as precious sources of information to understand the evolutionary history of bornaviruses.
Previous studies revealed the presence of many EBLs in bat genomes, especially in vesper bats, and
suggested the long-term association between bats and bornaviruses. However, insertion dates of EBLs are
largely unknown because of the limitations of available bat genome sequences in the public database.
Through a combination of database searches, PCR, and sequencing approaches, we systematically determined
the gene orthologies of 13 lineages of EBLs in bats of the genus Myotis and Eptesicus and family
Vespertilionidae. Using the above data, we estimated their insertion dates: the EBLs in vesper bats were
inserted approximately 14.2 to 53 million years ago. These results suggest that vesper bats have been

repeatedly infected by bornaviruses at different points in time during evolution.

3) Splicing-Dependent Subcellular Targeting of Borna Disease Virus Nucleoprotein Isoforms.
Targeting of viral proteins to specific subcellular compartments is a fundamental step for viruses to achieve
successful replication in infected cells. We demonstrated that BoDV nucleoprotein (N) transcripts undergo
mRNA splicing to generate truncated isoforms. In combination with alternative usage of translation initiation
sites, the N gene potentially expresses at least six different isoforms, which exhibit diverse intracellular
localizations, including the nucleoplasm, cytoplasm, and endoplasmic reticulum (ER), as well as intranuclear
viral replication sites. Interestingly, the ER-targeting signal peptide in N is exposed by removing the intron by
mRNA splicing. Furthermore, the spliced isoforms inhibit viral polymerase activity. Consistently,
recombinant BoDVs lacking the N-splicing signals acquire the ability to replicate faster than wild-type virus
in cultured cells, suggesting that N isoforms created by mRNA splicing negatively regulate BoDV

replication.
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KR, ZRAINP 12X D B L 72 vVRNP TIEEF AR & LR L T vVRNA. cRNA, mRNA A B A3H
FILT LTV, 512, ZNZNO vRNP 2R L, B -REMEEIC X ) 2omMEr BIgE L
TokE R, P4 VRNP T SE ARSI SN A DI LT, ZRA yRNP Tid &8 AREE 2 572
RVWRERIBESBLE SN, SRS OREL S, vRNP 25/MRIZB W TEK S 2 W] igtEdvR
Iz,

3) Iy IAINVALZ Y X7 I XY T8 N2 M RS S B

T TIANADI N) v 72 AZ N2 (Z) &, YA NVAKTOBRERLHFEOAR R ST, 7
AWVAT 7 2 RNA DRGNS 53 5880y VR Th b, AIXINE TICET
SHMESIAATICZ D, T v B A4V A G B CTHITIE O FERESE AT b IL, ZOHRESENS 7 %
URZEIZEDFEEINDL LRI LTE L REIL 2 5 7 ORI BT
LEHEHOPICITAHI L2 HWE L, SREARCYIEICE D 2 ¥ 37 B L KN E D)5
TENCOWTIRNT Lo ZFORE, FEM 7 7 0 X2 M IIBSEEICERLTBY ., T Ik E LR
LTWwizo — /5T, MIBRAREZ IR S/ L R 7 & 0% 7 BISHIIE ARIC—RRICRAE L
BEE~OERIAL SN o720 DEORRPS, T IANRZ T V87 HIE, EIZTVy
RO PBREELE SR T T 52 2 EBH DL o7z,

Virus infections are accompanied by numerous morphological changes in viral and cellular components.
Our laboratory aims to elucidate the replication mechanism of influenza, Ebola and Lassa viruses from the
ultrastructural point of view, by using different microscopic analytical methods such as electron microscopy
and high-speed atomic force microscopy. In 2018, we found that the influenza virus NS1 protein specifically
masks a double-stranded RNA produced by vRNPs. We also demonstrated that nucleolar localization of
influenza virus NP is indispensable for helical vVRNP formation. Moreover, we found that the Lassa virus Z

protein remodels intracellular membranous structure at the perinuclear region.

1) Association of the influenza A virus NS1 with double-stranded RNA produced by vVRNP

The single-stranded, negative sense RNA genome of influenza A virus (VRNA) is encapsidated by multiple
nucleoproteins and an RNA polymerase to form a ribonucleoprotein complex (VRNP) . We recently found that
a double-stranded RNA produced by vRNPs in vitro associates with numerous NS1 molecules, covering and
entirely masking the dsSRNA. In this year, we demonstrated that poly (I:C) or in vitro-synthesized dsRNAs
comprising VRNAs were not masked with multiple NS1 molecules, suggesting that dsSRNA masking by NS1
is likely specific for dsSRNAs associating with the VRNP. Our results may suggest that the function of this

NS1 masking of dsRNA is to evade the immune system.

2) Significance of nucleolar localization of NP in influenza virus replication

Influenza virus NP has been reported to localize in the nucleolus and the nucleus. The polymerase activity
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of the reconstituted vVRNPs in cellulo decreases when mutations are introduced into the nucleolar localization
signal (NoLS) of NP. Thus, the nucleolar localization of NP is likely important for exerting polymerase
activity. In this year, in order to determine the significance of NP nucleolar localization in virus replication,
we examined whether the nucleolar localization of NP is involved in transcription and replication of genomic
RNA and helical vRNP formation. The NoLS-mutant NP showed aberrant vRNP formation, resulting in
inefficient transcription and replication of genomic RNA. Our findings suggest that nucleolar localization of

NP is involved in the proper formation of vRNPs.

3) Cellular membrane remodeling induced by Lassa virus Z protein

The matrix protein Z of Lassa virus (LASV) is a multifunctional protein which plays important roles in not
only assembly and budding of virus particles, but also in regulation of viral genome transcription and
replication. Recently, we found that LASV Z protein induced cellular membrane remodeling. In 2018, we
examined the intracellular localization of Z protein via immunofluorescence assay. We demonstrated that
LASV Z accumulated at the perinuclear region and colocalized with the Golgi apparatus. On the other hand,
LASV Z mutant without membrane binding activity was evenly dispersed in the cytoplasm and accumulation
in the Golgi apparatus was not observed. These results suggest that Lassa virus Z protein remodels

membranous structure at the perinuclear region via its membrane binding.
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ATE T, U A VARG X DR ABBEOMI] & ZOHEEOREZ DI LT, VA VAL
MO EAEMOFEM 2 EZ B %o TWwdo ERMENZRIE, FEHADVAOKEKNE 25 FX
YO —< A VA EHBABADKENE 525 BT A VAL CHFRETIANATH S,

GEH T N—7)

TH -7V =73V bao AV ZAEIZiEE D, WAEZE,2 e hY¥o—<o 1L R
(HPV). A% Wit DI FE 2175 TWho TR L 0, AHE S ARERH & LT
Z/%BDLVC‘/‘E)O

1) HPV B9 55

HPV (%, & PRI RGeS 207 4 VA Th Do FRICTE SRR L OB IIE <.
FRENNTEEZONT WD, REEITHPV OEREFLVEZFAL T, V4 VAELETOKRE
RYED LI, P A OV ZFN O M EER 1T 72,

2) Whnt #E#O i

Wt fEH S FEERTIRIEN LTV A0 ERTH %o ML, Wnt @ Co-receptor, LRP6 125
9 A8 H & LT Keratin associated protein 13 (Krtap13) % H\ 272 L. Krtapl3 Okl FEH A, Wnt
FEER 2 G EAL S 2 HE B SO0 L7z MRRFR I Krtap13 Z il BBTH T v AV 2 =v o<
7 2R % O TNT L. Lymphoma Z %83 2 H 2 OAIC L7z, BAEDMITZHEDTW5,

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.
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(£FITn—-T]
THINV=TTIE.CRFLET A VA (HCV) %5 BRITFRY 4 VA (HBV) Of5E% s
WCBZ > TWbh, HWRIANVZADETREZ DT LNVTHI L, TORRE D LIy 1 )V A%
HOBIEZHIEL TWbd, 72, MBI, L2ER & PIFHRMIS 2 v T, bk
AW ARG DO FE 0 L 5 7 EOEREI R EORBERE L HO NI T 272000 B I 7o
TWa,

1) HCV 12149 % Fge

HARIZBWTEZELR CHIFLY 4 VA (HCV) TH L EETH 1b O HCV (HCVIb) (ZHF5AA
EOBRDBE N ETHIONT WD, A lE, BEIEG LT 2 B4R HCVIb K22 /ie % % 3
TAHESE L 70 22 CTHAMHCVID & 2N F T HCV BB O 2T b T X 7252~
BINERDPEA SN/ HCVIb O 7 7 2882, ththot 757/ AL 7Y ar (SGR) %
fERL., ShE WM 21T 5720 ZOWAER L #INERBOY 77 ) AL 7)) a vz gLz
L2, BARMOBEAFRITEISE RN R TERWER Db - 720 F 7288 P HCV 33 5%
RV S BRI N Z E DS SRR o7z G 2O FEERHTRIE HCV B BERRE o fif ] <2
fo & OMEAMERCK LTHE D ZZEY — v & L TORMIEE Sz,

2) HBV IZBI9 %05

P41, HBV ML Z Nef2 i§HALRI AV 7 57 7 > (SFN) TP % L, HBV LA
BIK T3 52 % /A L7z, HBV EEAEMIEZ SEN & [HKFIC HBV R 1A 2B 53 4 IR A= &
5% (FABS) HEWIT®H %70V I F VTIPS % L5242 SEN ORI RIIT B Sz 234
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(X SFN T HBV JEAMINE &2 LB L 72112 FABS BB R FREO BB Z AT L2 L 25, MR T
HHTEFINVCoATHNVEFY T —EERRERBERDOBRTFHEIAPET LTS Z & 2l
L7z 2OZ EH 5 SFN X FABS Bl R F 7Bl 2T €% 2 & THBV EAZIHIT 5 Z & 28
R X N7z,

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 wild type HCV gtl1b culture system

Hepatitis C virus genotype 1b (HCV1b) subgenomic replicon (SGR) that possesses adaptive mutation
to cultured cells has been widely used for studies of HCV proliferation and anti-HCV drug development so
far. Although such adaptive mutations have not been identified in the genome sequences of wild-type (WT)
HCYV, the influences of the adaptive mutations on those subjects have not been examined yet because of the
absence of available HCV1b SGR with WT genome sequence. We analyzed such points by establishment of
the SGR systems of KT9, a WT HCV1b clone, and its adaptive mutant (AM). Using this system, the
differences in behavior towards various anti-HCV drugs between WT and AM KT9 SGRs were investigated.
Finally we observed that the wild type HCV1b SGR replicated with lower efficiency and showed lower
sensitivity towards all existing anti-HCV reagents examined in this study than the AM SGR.

2) Interaction between nuclear factor-erythroid 2 related factor 2 and hepatitis B virus

We found that sulforaphane (SFN), one of well-known activator of nuclear factor-erythroid 2 related factor
2 (Nrf2) had a potential to suppress the production of extracellular HBV particles but not HBV genome
replication in the HBV culture systems. Then the role of Nrf2 in the HBV proliferation was investigated. We
observed that the suppression of extracellular HBV DNA production by SFN was rescued by treatment of
palmitic acid, one of products of fatty acid biosynthesis (FABS) that we already reported its contribution in
HBYV particle production. We also observed SFN treatment resulted in decreased expression of genes for
enzymes in FABS, suggesting that SFN would suppress the production of extracellular HBV particles through

down-regulation of FABS related gene expression.
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hepatitis B virus infections through suppression of the sodium taurocholate cotransporting polypeptide.
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WMARDAL Y7 =3 Thd [REME] ORBERE LT, YA V) EXTF FITHT 28 L
WIS O AR S ST 7R R D T b o REEIX, VRRTF FE2PRT LT AT
PIUMHC 7 7 A 1 7 INVOREERLHRMEY) F 2 K THIBZREEE IOV T zms L L3
12y & M) RXRTF RIRG T OREEEL#O, BELERSD 72, —F. EVEY MEBR
HOEONZE 2 e U TR IR % 6l 9 2 4 P ERH - S100A9 Z & L. kL v
DT Z D720 SI00A9 A3 7 17 7 — VML Z 2 2 LI2X ), BBREORYAESFZ)
B3 2M/NRBIREEICHFES LT 2 ReEZ2 AU L. S100A9 / v 7 77 b= A2 X % MGEiEgE
7B L7z,

1) VRRTF F2IRT 50 L MHC 7 5 A 15 T- O & ik

TANWRY R EOFIZIE, FON KT ) ¥ URRIEDII ) AF VB (Cl4 SaRIRIIER) 154
2T AHZ LX), RENEREZ IS 2D OIMEAET o — T OGBSO 2R %
MRt = T RIS S DA T A S EDBHLNE R ) DODOH Lo THTXFLIA ZETF NV EIEHL
7egEr 5. I A M VAL Nef & 87 B N Kl HR§ 5 4-5 5REDOXRTF N, $74b5
VARNRTF FefA Ly ME sk T &R 2 08 MHC 7 7 2 140F (LP14r¥) %
[d] %€ L7z (Nat Commun 2016; i AR o X 527 A7)V LP1 75 FHED X Rhs Sh s & AT 2 17
WURERS A ICREIL SN2 K E KBUKEOBWERr v MEE B R7r v b)) OFEE RWZ L7,
MHC 7 F A 155 FI30EK, 8- 10 BEDNXTF FZHIRTHLEEZEZONTELZH, —HOWNEL S
) ERRTF FEHIRTLHHMHC 7 5 2 1 0 FREOFAEDBW S L ko (K),

AT F FIR MHC 7 7 A 10 F & MR I FEBL L 72 ATP BREARL R 7 F Rk 4k TAP 2/ L
THINLE 2> S /NARNIEICHGE L 7R TF FERETHZ LI0X ), RERBIRELBEEKRE T
W Bo L7235 TRTF FHEZR MHC 7 7 A 150 T- O R 5 BIE TAP #RREICR AKAF 3 %0 BURK
WWZ &I, LP1 - Folifu R 7B TAP BEBIC F - 72 KAKFE L vy £ 2T LP1 2 LT
BT F FUSONRED 7y FOFERHEE L. RIEEZORE R ATz TOFFE. LP1 OF
TRNRMED) Ay e LT VIREHZFRE L, V) VIRE 2 KA L7z LP1 A KRO X B Mg
IR L7 GsCEfiH) . 2512 TNOOREAREHEZ D L2, B M LPI 5 TOHRKREZHMHD, 1)
RRTF REHEET A HLA 7 5 A 15T ORER S K E ORI L7z (R3E£)
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Fig. 1. LP1 (right) is marked by the presence of the large,

hydrophobic B pocket that accommodates the acyl chain
of the lipopeptide ligand. Note that conventional peptide-
presenting MHC class I molecules (left) possess small B
pockets that accommodate a single amino acid residue.

2) S100A9 2 & B~ 2717 7 — Ikt L

RO E MBI L72EVE y MEEKET VO & 5 IEREBIAFAE 3 5 If rh kA
AT B SI00A9 7 VX7 EH, =07 7=V DEAIKTDH LIEFRFEEORRE & MEFC R %
BEERIZLTODL I EDBLHE %572 (Blood Adv 2016) o & Z TR SIEMKRIC B 2 UFrpEk
WA~ o007 7 — VRIS 7 + — A A L7 B L7 T3, MBRRFIHETICERT %
LR ERO X WO RS 23553 % Arginasel (Argl) FBpEM2 <207 7 —U0ERT %
LRV L7z S100A9 47 BAYFHSERA] tasquinimod % #%5- L 72E)IC BT, WEIES A X8
fi/NT B e e BT, WG OO M2 2707 7 — VRMALDSHE S Nz, & 512, WEE R
VESE T L72S100A9 /v 777 b= A (AIKO Y7 &) TOMGIEERZ# D, BCG IEEHFEIC
TORFHCER L7207 7 —=JI2BWT, Argl OFBIDHFIRIST 5 2 L 2W 5 L.
F 72, REREAF R EROIENT 2> 5. AIKO ¥ 7 AHURIFHRERCIIBEEDOT A b IAL v - r DA v
FHVANVICEEPEL L 2L 2 W2 L7 (BRREEMT) . o ofRIE S100A9 2L E L
PRI = 2 0 7 7 — VIRE PR OREBRIECEST5 2L 2RLTED, Zof
I % BN L7220 72 e SRR ORE S IC A T L 720 S B0, MO AL S S B S REICE
WTHIFINDLTY VTN THLWERENRE L, E)DITBACBITSHGREZ#ED TWD,

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. We have recently
detected cytotoxic T lymphocyte responses in rhesus monkeys that are targeted specifically to viral

lipopeptides and determined the molecular identity of rhesus lipopeptide-presenting proteins. In 2018, the
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molecular structure, ligand repertoire, and T-cell receptor interactions of lipopeptide-presenting molecules
were elucidated. Furthermore, human lipopeptide-presenting molecules were discovered. We also addressed
how lipid immunity may impact on tissue responses in tuberculosis and discovered a novel role of neutrophils
and their SI00A9 protein in tuberculosis-associated granuloma formation. Results obtained from our guinea
pig studies have indicated the possibility that the neutrophil-derived ST00A9 protein may control macrophage
polarization, which is now being addressed more explicitly by establishing ST00A9 knockout (A9KO) mice.

1) Structure and function of lipopeptide-presenting MHC class T molecules

N-myristoylation occurs for some viral proteins to dictate their pathogenic function. On the other hand, the
host immunity is equipped with cytotoxic T lymphocytes that specifically recognize lipopeptides derived
from N-myristoylated proteins. By taking advantage of the rhesus model of AIDS, we have identified two
classical MHC class I alleles, collectively referred to as LP1, that are capable of binding N-myristoylated 4-
to 5-mer lipopeptides derived from retroviral Nef proteins and presenting them to cytotoxic T lymphocytes.
X-ray crystallographic analyses of the lipopeptide-bound LP1 complexes revealed unique B pocket structures
that were large and hydrophobic in order to accommodate the acyl chain of lipopeptide ligands, suggesting a
distinct MHC class I subset that presents lipopeptides rather than peptides to T cells.

Conventional peptide-presenting MHC class I molecules are stabilized by binding peptides that are
delivered from the cytosol to the endoplasmic reticulum via the ATP-driven peptide transporter, TAP;
therefore, their expression heavily depends on TAP function. In contrast, LP1 molecules are expressed on the
cell surface independently of TAP function, raising the possibility that endogenous non-peptide ligands may
be utilized. We found that endogenous phospholipid ligands served to play the role and determined the crystal
structure of phospholipid-bound LP1 complexes. On the basis of molecular information obtained from studies
of thesus LP1, we were also successful in determining the molecular identity of human LP1 counterparts and

determining their crystal structure.

2) Control of macrophage polarization by the neutrophil S100A9 protein

By utilizing our guinea pig tuberculosis model, we have recently identified an essential role of the
neutrophil ST00A9 protein in inducing the formation of tuberculosis-associated granulomas, a globular
collection of activated macrophages constructed at the site of inection. We found that S100A9-expressing
neutrophils clustered in the central area of of granulomas, which were surrounded by arginasel (Argl)
-producing M2 macrophages. In guinea pigs treated with the S100A9 inhibitor, tasquinimod, the M2
polarization was impaired significantly, suggesting that the neutrophil ST00A9 protein may control
macrophage polarization. We then switched from guinea pigs to mice and generated SI00A9 knockout
(A9KO) mice to analyze this novel macrophage polarization pathway more explicitly. Following an
intraperitoneal injection with BCG, S100A9-expressing neutrophils (within hours) and macrophages (in
days) sequentially infiltrated into the peritoneal cavity in a similar efficiency in wild-type and A9KO mice;

however, the Argl transcript in macrophages was significantly reduced in A9KO mice. We also found that
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profiles of cytokines and chemokines expressed by BCG-elicited neutrophils were strikingly different
between wild-type and A9KO mice. These observations highlight a key role of the neutrophil ST00A9 protein

in determining the quality of tuberculosis pathology, which may also be relevant to cancer.
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Interleukin-7 (IL-7) is a cytokine important for differentiation and maintenance of lymphocytes. Focusing
on IL-7 and IL-7 receptor (IL-7R), our laboratory is now pursuing the following research projects: (1)
function of IL-7R in differentiation, maturation, and response of immune cells; (2) regulation of IL-7R
expression and immune function by glucocorticoids; (3) visualization and function of IL-7- and IL-15-

producing stromal cells.

1) Glucocorticoids drive diurnal oscillations in T cell distribution and responses by inducing
interleukin-7 receptor and chemokine receptor CXCR4

Glucocorticoids are steroid hormones with strong anti-inflammatory and immunosuppressive effects that
are produced in a diurnal fashion. Although glucocorticoids have the potential to induce interleukin-7
receptor (IL-7R) expression in T cells, whether they control T cell homeostasis and responses at physiological
concentrations remains unclear. We found that glucocorticoid receptor signaling induces IL-7R expression in
mouse T cells by binding to an enhancer of the IL-7Ra locus, with a peak at midnight and a trough at midday.
This diurnal induction of IL-7R supported the survival of T cells, and their redistribution between lymph
nodes, spleen, and blood, by controlling expression of the chemokine receptor CXCR4. In mice, T cell
accumulation in the spleen at night enhanced immune responses against soluble antigens and systemic
bacterial infection (Fig. 1). Our results reveal the immunoenhancing role of glucocorticoids in adaptive

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

posttranscriptional levels.

Pulmonary Regnase-1 orchestrates the interplay of epithelium and adaptive immune systems to protect
against pneumonia

The pulmonary antimicrobial immune defense is mediated by the cooperation of multiple cell types
including airway epithelial cells (AECs) and professional immune cells. However, mechanisms underlying
pulmonary immune regulation are not fully uncovered.

Here we show that Regnase-1, an RNase critical for suppressing activation of immune cells by degrading
inflammatory mRNAs, is expressed in AECs and plays pivotal roles in orchestrating pulmonary surface
barrier function and immune responses against Pseudomonas aeruginosa. Regnase-1 in the lung is rapidly
degraded upon exposure with P. aeruginosa or the stimulation of TLR. To investigate the influence of
Regnase-1 disappearance from the lung, we analyzed the lung of Regnase-17~ mice, and we found the overt
accumulation of neutrophils and 15-fold increase of bronchoalveolar lavage fluid IgA concentration in
Regnase-17- mice compared with wild-type mice.

In addition to hematopoietic cell, we found the expression of Regnase-1 in AECs, and the decrease of
Regnase-1 protein in AECs after P. aeruginosa exposure was outstanding, therefore we focus on the function
of Rengase-1 in AECs. RNA-sequencing revealed that the loss of Regnase-1 in AECs enhanced the
expression of newly identified Regnase-1 target genes involved in direct exclusion of pathogens (Muc5b,
Sfipd, Ltf), neutrophil recruitment (Cxcll, Cxcl5), Th17 recruitment (Ccl20), and transportation of IgA in
AECs (Pigr), as well as the attraction of IgA producing plasma cells (Cc/28) . Indeed, mice lacking Regnase-1
specifically in AECs showed the enhancement of natural and adaptive immunity through the induction of
neutrophils, Th17 cells, and IgA producing plasma cells. Concordantly, these mice showed the reinforcement
of neutrophilc inflammation and antigen-specific IgA secretion in the course of P. aeruginosa airway infection

in vivo, conferring the resistance through the accelerated elimination of the pathogen and improvement of
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survival against re-infection.

Although Regnase-1 directly controls distinct sets of genes in each of AECs and T cells, degradation of
Regnase-1 in both cell types is beneficial for maximizing acquired immune responses. Collectively, these
results demonstrate that Regnase-1 orchestrates AEC- and immune cell-mediated host defense against

pulmonary bacterial infection.

List of Publications

Nakatsuka, Y., Vandenbon, A., Mino, T., Yoshinaga, M., Uehata, T., Cui, X., Sato, A., Tsujimura, T., Suzuki,
Y., Sato, A., Handa, T., Chin, K., Sawa, T., Hirai, T., Takeuchi, O. (2018). Pulmonary Regnase-1
orchestrates the interplay of epithelium and adaptive immune systems to protect against pneumonia.

Mucosal Immunology 11, 1203-1218.

Sadahiro, A., Fukao, A., Kosaka, M., Takizawa, N., Funakami, Y., Takeuchi, O., Duncan, K.E., Toshinobu
Fujiwara, T. (2018). Translation of Hepatitis A virus IRES is upregulated by a hepatic cell-specific

factor. Frontiers in Genetics 9, 307.

Wang, J., Sekai, M., Matsui, T., Fujii, Y., Matsumoto, M., Takeuchi, O., Minato, N., Hamazaki, Y. (2018).
Hassall's corpuscles with cellular-senescence features maintain IFNa production through neutrophils and

pDC activation in the thymus. Int. Immunol. in press.

Takeuchi, O.(2018) . Endonuclease Regnase-1/Monocyte chemotactic protein-1-induced protein-1(MCPIP1)
in controlling immune responses and beyond. Wiley Interdiscip Rev. RNA. 9, ¢1449.

Mino, T., Takeuchi, O.(2018) . Post-transcriptional regulation of immune responses by RNA binding proteins.
Proc. Jpn. Acad. Ser. B Phys. Biol. Sci. 94, 248-258.

TARKIERE, 7B (2018). RNA Z3f#EE % Regnase-1 12 & 2 SRACHTIH RFEDH DA 265, 157-158.
TKIE®E, YrAE (2018). TAM * MDSC 12 X % oy it J2ERIE % 36, 1463-1467.

TAKIERE, PrNEL (2018). 2018 4E 7 — NOVEAEPLAE - R ESL [ 502 2 MHl 3 547 “PD-1" &
DASRERD: ] HTIMEY: 73, 26-29.

List of Presentations

Hia, F., Murakawa, Y., Adachi, S., Fukao, A., Fujiwara, T., and Takeuchi, O. Exploring the RNA Regulational
Landscape via Codon Optimality. The 16th International Student Seminar, Kyoto, February 28-March 1,
2018.

Yamasoba, D., Sato, K., Hotter, D., EReith, E., Koepke, L., Linsenmeyer, R., Standley, D.M., Sauter, D.,
Koyanagi, Y., and Takeuchi, O. Identification of a host RNA binding protein as a novel HIV-1 restriction
factor. Cold Spring Harbor Laboratory Meeting on Retroviruses, New York, USA, May 23, 2018.

_36_



Yoshinaga, M., Mino, T., and Takeuchi, O. The ribonuclease Regnase-1 maintains iron homeostasis via the

destabilization of iron-regulatory transcripts. RNA2018, Berkeley, May 29-June 3, 2018.

Chong, Y.K., Tartey, S, and Takeuchi, O. The role of CyclinJ in modulating innate immune cells and
inflammation. The 25th International Symposium on Molecular Cell Biology of Macrophages. Osaka,
June 19-20, 2018.

=HPEET [Regnase-1 12 & % KAETE mRNA B8RS | 2% 6 [0l CCR4-NOT e 4, Rk LR Py 7R 8E
BEETEEHT, 2018 4E 5 H 12-14 H .

IR, e, AMgede, N T8l RNA ZMERE 12 X 5 HIV-1 RGehl oM 4
29 [l H AEAR B e 23 2t 2x,  BUEB, 2018 4F 6 F 27-29 H .

FHKIERE, ZEP5E, Bassik, M. C., TrN3L [SRACH 2 Gl 3 2 85 B MR O B | 25 20 ]
HA RNA F7&4E4, KMali, 201847 H 9-11 H .

SHPERL SRR, RARZERM, IFBER, TN P [TSMGI 1 Regnase-1 ##% % 4 L T o1k
mRNA Z #3545 20 [0 HA RNA F4F2%, KBGl, 201847 H 9-11 H .

ERRBER, B R, NG, EIRIEC, M A8, /P, Duncan, KE., BEEHR{H [A %l
957 4 v A IRES ARG EI AR A S I 12 X D iGtE b S5 | 4520 8] H A RNA 4
4 KB, 201847 3 9-11 H .

LA K% [Identification of a Novel RNA Binding Protein as a Restriction Factor of HIV-1] SRC (HA&
LVhao A V2Rt 3 F—), 80 GkYs), 201847 H 11 H .

Ichinose, T. Identification of novel RNA binding proteins regulating HIV infection. Summer Retrovirus
Conference 2018, Tokyo, July 11-13,2018.

Hia, F. Exploring the RNA Regulational Landscape via Codon Optimality. RNA Frontier Meeting 2018,
Hakone (Kanagawa), September 19-21, 2018.

BEBER), RREME R, ENEC, MRS, B R [+ 8RR RNA Y4 LV AD
SRR LY IRES IKAE ORISR OEAT ] RNA 70054 73 —F 4 » 7 2018, 4R, 2018
9 H 1921 H .

(W K%Y, e tE, g, N3 [MALTI-mediated cleavage of N4BP1, an antiviral RNase,
contributes to the viral reactivation in latently HIV-1 infected cells | %566 [l ™7 £ )V R 225 22 Al 42 43,
AR, 2018 4F 10 A 28 [ .

FoKIERE, ZEPES, NP [Regnase-1 [ZEACHPBYE D mRNA % 09 % 2 & CTEAEH M % &
95 B4 NMHADFAEYSSES, BEEH, 2018 4 11 H 28-30 H .

I A, fEmetl, /Mg, MriNEE TMALTI 12 X A N4BP1 O 50 F 13 iR %G HIV-1 O FEiG 2
L2 Eted 5] 32 MHART A XEEFHMER-BE, KR (F2E), 201845 12 H2-4 H .

_37_



Chong, Y.K., and Takeuchi, O. The role of CyclinJ as a Novel Regulator in Modulating Tumor-associated
Macrophage (TAM). The 47th Annual Meeting of the Japanese Society for Immunology. Fukuoka city,
December 10-12, 2018.

_38_



A LR SR FE B

Department of Regeneration Science and Engineering

B A fE AR i <7 00 B
Laboratory of Molecular and Cellular Biology

HEB 2 AN Wy Assoc. Prof. Nobuko Hosokawa
af Rl Y5 ik Sr. Lect. Kazunori Hirayoshi
B # A HE Assist. Prof.  Shinji Fujimoto

A TIE, 3OO TN — TN LI %247 TWhb,

1) & 37 HoWEEEN Wl G)

WFE 7V — 7 Cld. MHALEMIBIC BT 2 7 v 7 WS BB O 2 T T\ b HlLo
hCEGRENTY VR EHBEEET 720120, MIPNICHELET 2y X0y ¥ U2 B b0
B 240 CIELWEREEZ BT 50 & 2ADZ OB T, BIETOERRLHA RRBEENIC
X oT, LIFLIXEREEETER A L7 U -MESNTLE Do /MIKIZER LA 2D X
ABRIAT F =V NF TR, ANARBE S (ERAD) &\ ) BEREIC X - T Al ICT] &
MENRIITOT T Y= AL 0HE 2T 5 MIKRTEEREING & 37 HD% CIENA
BRESE 2 D o 7207 VS Y BT AMNEBRTO ¥ 8 7 VRS PSR I I3 ) R U U SE
FRBEELTVLIEPMONT VD, R BIEI AT 4+ — IV KLY V87 GO 5 et
$%EDEM ¥ YN s —= v 7 L CEDRREINT 217> T & 72, EDEM3 ¥ Y37 Hid~< v
=R M) I VTS LBETIRERHOLERZA TS

A3, invitro (B ABRIEEOMB BN ETH - 720 5 dvoonroih
A7z 5 1%, EDEM3 AV kb o FRALE TS ERp46 &

i Sk TP ARY > @ ’ —>
VANT A RGN LEEEREZERT A2 L2 lw Y

7L X5ICVIVEF Y MY U ERELTin I \\\ ERpas
vitro DFEER AT - 7245 F EDEM3 & ERpd6 3 AV 7 4

Fiia 2 B L7235 a1, OB MY 3 o 7 it ??f
SN RSN (Fig 1)e SHE DR en
S 8 VN7 RS BB YN R T B 1

% & AT B T REPEATRIE S 7z g HEFEITH LT

F oM, RS ¥ Xa vy oy ORREEATR, 2 B'F‘iiesv--m-.ﬁimna
S— 2y 5 Ry O X 5 ML N % OTF%E. i ——— a5,
KB (ERAD) %35 B8 & (R AT 5 o % et

- Fig. 1. ERp46 triggers the mannose-
bIToTwade trimming activity of EDEM3

_39_



2) ABFZE5r ¥ TlE. RNA aptamer Z T, (1) BRI BT 2 G MIBERE O AT 5 L O (2)
HEAANIZB 5 3 7 =7 2 5 T ORRBEMITICID LA TV 2. (155 G)

OBEAZEWN BT 2 fis Gk BB o i by

B OBIZ T A2 S ORFUIIN U TR 2 88, R4 2EBrO% 5. T4bb,
/A VAN DORDE VA IVE/ANE | R D) IRCRGY X (A/SEROT SEE NN IRCA T GE R iNOY AT NI IRCAIGLEN
MRS E Vo 7B, AL =TT LATIUER S ve TNHITIA T, T4 TIE RNA
oFaty T (Fx v TOMNN. ATT4 V7, Poly A tail D% L) binH & & I
ATWDLIZEARBENT VD, TD LX) kA RERE - RUSSHHINIATbN LT RIIE. Th
SEMET PMADHFANEZ OND. FADIFEHWIZY 37 Y 3 73T hsp70 #{n T DOfinE.
RETWVYATLLELT, SOMMADRHT LI L TH L, FFICZOBETOREICED LN T
D1DTH5AGAF 1F. LilOBEBEOWOPIIEDL- TV A I ENRESNT VL, TDHTOD
PEAE % GAF 4759 RNA aptamer (2 & O f#HT L 722 2 5. GAF 13D 7 0 € — ¥ —® GAF Fi A By
1119 2 $i GBI AR A IR LB B C OB E & (2) GAF #& &Ly IRARAE 1Y 70 i B Bl It 14 BE IS C O Fi i 12
BMboTWwb I ERWENE RS20 HHTD GAF DRTER ED 5. GAF REEFEO R LTo
BREEZALTWDZLIMEINTVD, 5% GAF ORREFIT 2 8 L <. BEAEY Ol E Hil
PR D — i 2 R L 72\

QERINITBIT 2 3T —7 V55 DO

RN ECTENDL S 7DD TH 2 27— Vi3, ARORGEHER %13 Cokks
ROBD Y& UTHRE T 2 8MEIR Y 7 I TH %o Z DOREREIRNTICIZPURD X 5 R FREA R sE
RIDILYETZHS, FEIRI O RAFEEDS N T T — 7 IR NEAMK L FEREDO S WHHR Z 3 % O
Lo 22 TERAT TR IS =7 169 55 5AYBHAEHA & L T RNA aptamer @ 351 1ZHLD
HATVD . BUE, EHOMBETRSNIZZW DD 7 B —=2I2DO0WT, 2D T =7 U \OKG
RN ZAED TV D (Fig2)o MK & » 7327 B~ RNA aptamer O#E5IE 2N T TIZHRIGINTW
w2 e, BHNIBT L HEGROMIED T, SHRIMEZAED TV E 72,

3) KHE LS B IEHW 4 THN LB TBETWwD THILL & 7 ¥ — g 8iiis T O IEIEFRN 7
V(D)J#HIZ L IEHA L OB DOIRNT 247> TWb o (A G)

1223 rule I35 & HICHZ 5 THIL &7 % — g 8Hs T (Terb) V(D) J Ml 2

V(D) J IR THER SN D BEIEFEZ A Y FIZIE RSS ERRENLEN DY 7 LTHWTWW
bo ¥ 7T 2MHDH Y (12RSS & 23RSS). IEH A VID)J MR TEM LY F2dot s 2 v Ml
OFHERIZBZ 521223 rule)s Terb DV &7 X ¥ ME 3 MIIC23RSS 3D ), T F AV M
X5 N 12RSS 3 B — D EZ A Mid 5" MIIC 12RSS, 3" MllIC 23RSS #AH LTV 5, IEHH
WA ZNFETIZ, VEDD23RSS MOMIP R, BLT[HID 12RSS B DM 2 2 RS Tl
H5HLOOMIM L7z (Fig. 3)e WIFNORESED — L 1223 rule IZIEEH L Zvee LA L& 255, coding

_40_



end (CE) & signal end (SE) 2507435 FEIEHENY 7 hybrid joint 25 1 M4 U72#212, 3271 —
? CE & SE %38 T 12/23 rule \ZHI ) IEARRY 2440 2 2 35 Z L 72 BRIEA = Vo

FEMAJRIN & 7 5 —FBD onco gene Dk A 72 DNA PR Tl 12/23 rule 12T % 7 — A D3
ENTV5, INSDORPAMDOBZFHIEZIIOVTH, SHEB LB L>oTAhE LT
[ NRYARSR I/

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 by a mechanism known as a protein quality control. During this
process, protein misfolding sometimes occurs due to the genetic mutations of the proteins and environmental
stresses. Misfolded proteins are retained in the ER (endoplasmic reticulum), and subsequently
retrotranslocated from the ER to be degraded by the cytosolic proteasomes, a mechanism named as ERAD
(ER-associated protein degradation). Most of the proteins synthesized in the ER are co-translationally
modified with N-linked oligosaccharides, and the sugar trimming from the N-linked glycans plays an
important role in the quality control of glycoproteins. We have cloned mammalian EDEM proteins, which
enhance glycoprotein ERAD, and analyzed their functions. EDEM3 protein has a mannose-trimming activity
in vivo, however, its enzyme specificity was not clear due to the lack of an assay system in vitro. Now, we
have identified ERp46, an oxidoreductase in the ER, make a disulfide-bonded complex with EDEM3. We
then established an in vitro assay system to detect the mannosidase activity of EDEM3 using purified
recombinant proteins. We found that disulfide bond formation between EDEM3 and ERp46 triggers the
mannose-trimming activity of EDEM3 (Fig. 1). These results suggest that ERAD activity is partly regulated
by the redox circumstances in the ER.

We are also analyzing the function of molecular chaperones in the ER, intracellular transport mechanisms

of collagens using live-imaging technology, and the function of the ERAD complexes in the ER membrane.

2) Our research aims are (1) the investigation of eukaryotic gene expression mechanisms and (2)the functional
analysis of collagen molecules. In these researches, we use RNA aptamers, artificial RNA molecules selected

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

(D the investigation of eukaryotic gene expression mechanisms

Stimulus that organisms receive from outer world trigger the expression of specific genes. This process
consists of several stages such as chromatin remodeling, the binding of transcription regulators, TIC
formation, transcription initiation, and transcription elongation. Each stage is regulated by many factors and

these cooperate with each other. To clarify how these factors interact with and regulate the function of other
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factors in the transcription apparatus will lead to a deeper understanding of transcriptional mechanisms at a
molecular level. We use Drosophila hsp70 gene transcription as a model system because this gene has
promoter proximal pausing of RNA polymerase, which project the intermediate state between transcription
initiation and elongation. And we focus on Drosophila GAF, which has been reported to involve in many
stages of transcription. We 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, regulates
transcription on GAF-dependent promoter, 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. Our next aim is to identify factors that interact with GAF in the
transcriptional machinery, which will give us deeper understandings of the mechanisms of eukaryotic gene

expression.

(2) the selection of RNA aptamers against Type I collagen

Collagens are one of the riches proteins in higher
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vertebrates. The fiber-proteins play a several roles such as the : - B | esibt
contribution of structural integrity of organisms or scaffolds ? w /,' ,-"/

of various biological reactions. The specific inhibitors such as m: ’

antibodies are necessary to probe these functions, but, because o s 1 150 zw
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collagens are highly conservative between species so that the Fig.2. binding of RNA to type I collagen
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
procedures gave us several candidates for the specific inhibitor, and we now assess the binding of these RNA
against type I collagen (Fig.2). Fibril proteins have not been good targets for RNA aptamers, so our research,
the development of method to get aptamers against fibril proteins as well as functional analyses of collagen,

will be productive efforts.

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

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

Terb V (D) J recombination which conflict with the 12/23 rule

Each Tcrb gene segment is flanked by RSS. There are two types of RSSs (12RSS and 23 RSS). V(D)J
recombination occurs between a gene segment with 12RSS and one with 23RSS (the 12/23 rule). A V gene
segment has a 23RSS at the 3" end, and a J gene segment has a 12RSS at the 5’ end. On the other hand, a D
gene segment holds a 12RSS at the 5" end and a 23RSS at the 3" end. Under the 12/23 rule, tail-to-tail joint
between V and D, and head-to-head joint between two Js are supposed to be impossible. However, we found
such constructs from normal thymocytes, although at the very low frequency (Fig. 3). These seemingly odd

joins can be explained as follows: 1. V(D) J recombination stars with non-canonical hybrid joint between a
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signal end (SE) and a coding end (CE). 2. Then free CE and SE re-start normal V (D) J recombination by
pairing with third gene segment resulting in tail-to-tail or head-to-head joint.
Some oncogenic DNA rearrangements occur between two genes with 12RSS or 23RSS. It is possible that a

rare hybrid joining lead to the gene assembly against the 12/23 rule.

A B

— «— “«— —

D1 V14 J2.2 J2.6

Fig. 3. Illegitimate V (D) J recombination. A. Tail-to-tail joint between D1 and V14. B. Head-to-head joint between
J2.2 and J2.6.
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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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ADAM (a disintegrin and metalloprotease) (25 H L CT&72c ADAM 773 =D % VX7 EFThbH
Adam 19 (ZOIRAFERANLTRBIL. Z2OEE TR~ Y 2L OEPRRIAE R T FHEEWICE
WTHEESEAIILIZ T 2 S U, DIEANERBE L TL 50 DEAIELLBER SN, 2012, 20
RS AL 2% O TR IS HLE Ly b S 2 B3 b0 Watl-Cre %7 A (FIFEIEMINLREE) . Cre
AFMIZHDE Y 782 (tdTomato) % F8H LftlT A ROSA26C4G-1st-wlomao (DIF R264T) =77 A % W
THRSEMREOBEZ b L — 23 % L ADAMI9 KIH~ 7 A THFRSEMROBENIZRE N nwT
ENDh o Tz WIS, AFSEMIL O LI O W TIIT 247 > 720 FhFEEEMIRRIE 7)) THIfE, 27
I, FEER, BRI, B - RS R S MM~ O EiE R0, Ll BifEo &
B DBANRESERIIE DS, BRI &) Vo 22 2 2 DO EWREIC 2 o TV v, Z 2T, HER
et |2 X ) LIRSS O I D R WA B AR L ADAMIT9 KIAFL & C RN % 1T - 72
&2, FIREVEHIZ ADAMI9 RIFM < ZDBIIE TV 7~ « T —Fett THE 2 Bk
RS DT S5 FDHH 500 & 7 5 720 ADAMI9 25Ul RSERIIL O 5k 2 o X 5 1ZHIH L Tw
BLONPIOVTIEIT L, TN ofRE2EMPTHL CGRHAEITS).

We have investigated which factors stimulate the proliferation and differentiation of skeletal muscle
satellite cells (SMSCs), and have found that pyruvate, the end product of glycolysis, stimulates their
differentiation. Pyruvate antagonizes the effects of hypoxia on preferential self-renewal of SMSCs through
dephosphorylation or activation of pyruvate dehydrogenase (PDH), which mediates opening of the gateway
from glycolysis to the tricarboxylic acid (TCA) cycle by producing acetyl coenzyme A from pyruvate. PDH
kinase 1 is down-regulated under normoxic conditions, leading to an increase in dephosphorylated PDH.
Conditional deletion of PDH in SMSCs affects cell divisions generating myocytes and subsequent myotube
formation, inefficient skeletal muscle regeneration upon injury, and aggravated pathogenesis of dystrophin-
deficient mice. Thus, the metabolic flow from glycolysis to the TCA cycle mediated by PDH plays a pivotal
role in the efficient differentiation of SMSCs, which is critical for the progression of skeletal muscle

regeneration.
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A_7z0 NK#lgiZ., HLA OO HLA-C &£V ) 2l LTl z &5 3 5 & v Fittz
Ffo>TEHD., HLA-C I, HLA-C1 &, HLA-C2 Bl 2 B2 riF &b,

A OFFETIE. IO BAMI E LT, HLA- & & T HLA-C 25 C1/C1 B® iPS Mg S T Ml
BB\ I NN Z FE L7z, IEOEFZE L LT, HLA- N7 a 5D Cl Bl & C2 oW o
HLA-C 2 A3 2% A2 5 NK HIfe 2 3RILL . FAEMIIL 2 BB 3 2089 e filz, R L
T NK AT 2T 22 LN ho7 (M 1), 20, ZOMAA DL TRAL
A1) &L MRSV Z ARk A R L Cw b o NKAIZE. FARIIEAY C2 B> HLA-C ZH L
TRV L Z AL THEL T\, £2°C, AEMIEAY C2 B HLA-C Z 119 X 9 12 iPS #ifiw
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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 is 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 1 (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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The objectives of our laboratory are to disclose the pathology of disorders in the musculoskeletal system at
the molecular level and to develop new therapeutic modalities by understanding physiological growth,
differentiation of mesenchymal cells and molecular mechanisms of inflammation. 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
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 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 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
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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, 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.

3. Researches on human T cells of inflammatory environments

Previous reports showed that chemokine CXCL13-producing PD-1"CXCR5-CD4* T (peripheral helper T:
Tph) cells play crucial roles in rheumatoid arthritis (RA), a systemic autoimmune disease leading to multiple
joint deformities. However, little was known about transcription factors regulating the pathological function
of Tph cells. Our efforts to identify the transcription factors lead to the finding that Sox4 is the transcription
factor responsible for CXCL13 production by Tph cells in inflamed environments (fig) . This clarification of
Tph molecular functions in inflammatory environments would result in the development of new treatments

for diseases relating immune systems and inflammation such as RA.
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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 can be transplanted into subcutaneous site, in addition to abdominal cavity, with some
modifications such as neovascularization induction. This method under validation will enable allo- and xeno-
transplantation without immune suppression or cell leakage. So, the similar methods can be applied not only
for islets but widely for other endocrine/metabolic tissues derived from undifferentiated cells with risks of

tumor-formation and others.

Other studies

We have developed culture surface that enables easy and efficient formation of high quality cell spheres
and the device is commercially available with a trade name of Elplasia MP500c etc (Kuraray). Methods of
efficient cell sphere formation is one of the essential factors to promote future regenerative medicine. So, our
group is studying application of this culture surface to a new device that can make huge amount of cell
spheres more efficiently in automated cell culture system.

Additionally, freezing/thawing methods of cell spheres, that is needed for clinical application of cell

spheres, and fusion cells for cancer immune therapy and diabetes therapy based on our own electrofusion
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technique are also studied, gathering expectations for practical realization.
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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 nuclear ADIPONECTIN (ADIPO) on survival. 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, ADIPO and stem cell.

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) Plasma and nuclear ADIPONECTIN

Plasma 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. We found that ADIPO is
localized at nuclei of cells from several tissues, including stem and germ cells. Nuclear ADIPO is
characterized by truncated, and monomeric protein form. Overexpression of nuclear ADIPO induces
apoptotic cell death. Nuclear ADIPO plays a role in micro-RNA-mediated post-transcription regulation, cell-

cell interaction, and chromatin remodeling.
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[Chuma Group]

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
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 cell lines. We have set up standard operation procedures 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

_92_



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

Embryonic stem 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-
defined culture medium and feeder-cell free substrates. To verify these factors we should establish a standard
that reaches international levels. To achieve that purpose we have been working as a member of working
groups of the 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.

Based on these research, we started derivation of clinical-grade hESC lines after governmental approval of
the project. We reported the derivation of the first clinical-grade hESC line, KthES11, in May 2018, and the
second one, KthES12, in December 2018. Frozen stock of these cell lines are ready for distribution to

research institutes aiming clinical application of hESCs.
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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 elucidated a molecular basis of the activation of inflammatory GM-
CSF-producing cells mediated by arthritogenic Th17 cells and also identified a novel inflammatory lymphoid
subset present in inflamed joints. We showed that targeting the regulation of GM-CSF-producing cells could

be a potential immunotherapy for autoimmune arthritis such as rheumatoid arthritis.
1) Development and characterization of monoclonal antibodies against a stable sperm surface antigen

Some types of female infertility are known to be caused by aberrant immune responses against sperm

antigens at the female genital mucosa. However, the molecular mechanism and responsible sperm antigens
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are not well characterized. To identify molecules which are specifically expressed by sperm, can be involved
in fertilization processes, and potentially immunogenic, we attempted a screening of sperm surface proteins
and found a novel sperm-specific antigen (SSA) which showed strong expression ex vivo by westerm blotting
when collected from the epididymis. The expression level of SSA was also stable during sperm maturation
processes in vitro or in vivo, suggesting that abundant SSA could be a candidate of immunogenic male
antigens for infertility. To further characterize the cellular location of SSA, we developed monoclonal
antibodies (mAb) by immunizing BALB/c mice with a SSA-expressing transfectant and confirmed the
staining of SSA on the sperm surface by flowcytometry. We also found that anti-SSA antibody was
produced when female mice were immunized with sperm. We are now investigating with these novel mAb

the function of SSA for fertilization and its immunogenic capability of causing infertility in vitro and in vivo.

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 identified a novel inflammatory lymphoid subset and molecular mechanisms involved in the
development of autoimmune arthritis mediated by inflammatory IL-17-producing T helper (Th17) cells. GM-
CSF (Granulocyte Macrophage colony-stimulating Factor) is recently highlighted as a potent pro-
inflammatory cytokine and Th17-derived GM-CSF is reported to play a key role in the development of
autoimmune diseases. Using an animal model of rtheumatoid arthritis (RA) and clinical samples of patients
with RA, we investigated a molecular basis of inflammatory GM-CSF-producing cells in inflamed joints. We
found that GM-CSF from Th17 cells was dispensable for the development of arthritis, but GM-CSF-secreting
fibroblast-like synoviocytes (FLS) and innate lymphoid cells (ILCs) were rather crucial for the initiation
and exacerbation of the disease. At the initiation of joint inflammation, I1L-17 from Th17 cells induced an
inflammatory signature in FLS which upregulated inflammatory cytokines including GM-CSF and
chemokines. In addition, GM-CSF produced by Th17 cells and synovial ILCs synergistically mediated
chronic inflammation in the joints. Under chronic inflammatory conditions, damage-associated molecular
patterns (DAMPs) and self-antigens can be released from dead cells in the joints. Synovial ILCs sensed
DAMPs including 1L.-33 and endogenous TLR-9 ligands in combination with I1L-2 provided by arthritogenic
T cells to secrete a large amount of GM-CSF, and exacerbated autoimmune arthritis. Moreover, we showed
that GM-CSF-producing synovial ILCs were also increased in synovial fluid of patients with RA. These
results indicate that clinical interventions, which specifically target GM-CSF and GM-CSF-producing cells,

may be a potential therapeutic strategy for the treatment of autoimmune arthritis.
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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.
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In 2018, we studied the role of Treg cells in tumor immunity. It has been shown that anti-CTLA4
monoclonal antibody (mAb), such as ipilimumab, is efficacious in enhancing tumor immunity in humans.
CTLA-4 is expressed by conventional T cells upon activation and also by naturally occurring FOXP3'CD4"*
regulatory T (Treg) cells constitutively, raising a question of how anti-CTLA-4 mAb can differentially control
these functionally opposing T-cell populations in tumor immunity. We showed that FOXP3-high potently
suppressive effector Treg cells were abundant in human melanoma tissues, expressing CTLA-4 at higher
levels than tumor-infiltrating CD8" T cells. Upon in vitro tumor-antigen stimulation of peripheral blood
mononuclear cells from healthy individuals or melanoma patients, Fe-region-modified anti-CTLA-4 mAb
with high antibody-dependent cell-mediated cytotoxicity (ADCC) and/or cellular phagocytosis (ADCP)
activity selectively depleted CTLA-4"FOXP3" Treg cells and consequently expanded tumor-antigen-specific
CDS8" T cells. Importantly, the expansion occurred only when antigen stimulation was delayed several days
from the antibody treatment to spare CTLA-4" activated effector CD8" T cells from killing by the mAb.
Similarly, in tumor-bearing mice, high-ADCC/ADCP anti-CTLA-4 mAb treatment and tumor antigen
vaccination several days later significantly prolonged their survival and markedly elevated cytokine
production by tumor-infiltrating CD8" T cells, whereas antibody treatment concurrent with vaccination did
not. Anti-CTLA-4 mAb modified to exhibit a lesser or no Fe-binding activity failed to show such timing-
dependent in vitro and in vivo immune enhancement. These findings indicate that high ADCC anti-CTLA-4
mADb is able to selectively deplete effector Treg cells and evoke tumor immunity depending on the CTLA-4-
expressing status of effector CD8" T cells. Our findings are instrumental in designing cancer immunotherapy
with mAbs targeting the molecules commonly expressed by FOXP3" Treg cells and tumor-reactive effector T

cells.
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{LEEHS & 3B <, MIIER 723 kE~ M) v 7 AR SN Tw b Lo 25:. 4
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&9

2. I HK¥- Pax1/9 I X % Aggrecan O FEHLiil i)

HERIBE, HEBRIZBOWTWEEO Y ¥y > 72 a 2K L, BHECAMSND JIFHWA ML A
WIS 588 2 > T b, Aggrecan (Acan) ZEWIRKEEZH T2 707427 5 0T, HERH
WO HUTHAAE T 2 8% 3 X VA% 2 L0 PG B e C 73 LALRR IR 2 5- 2 T b, J8EE
FZB T, I9RAME ORI~ & b3 2 [ BRALEE T UL, $25 K Paired box gene 1 (Pax1) M
O Pax9 & & H12, ikl bIC LHD IR R ¥ Sox9 239%BL L T\ 5 (Fig. 1). Paxl / v 7 T
k= AT, HEFIAGERHMER 2B\ T Acan DI Z 1 ) HERIRZEVED R8O 5, Pax1 7% Acan O
FEHHEICE S L Tw5b 2 EATRKE I Nz, £ 2 T Acan OFEHFIEIFINIC BT 5 Paxl D5 HRAL
Z AT L 72K, Pax1 ZBIBO RSB G L, 8OIREIEHALN & LTE$ 5 2 &8
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B S o 7z KRIZ, Acan DHEB MG M DK
10-kb b ¥ \Z A7 46 5 4 s B3 8 98 38 (Upstream
Enhancer, UE) 1213 Pax1 U Pax9 23456 L, D
KA HEBALIE Sox9 DFEGHRALE —FFEMH L Tz,
UE ClE, Sox9 & 12 SoxS/6 256G T 52 L12& -
TGS F L C EAT 2 2 EHHL IR -
TV 525, Sox5/6/9 \2 X % UE OREIGED b 1%

Fig. 1. Localization of Sox9 and Paxl1 in the

Pax1 J1E Pax9 2 & » THEHICHHI S vz, DL bo developing vertebral column (E13.5).
FEIR S Pax1/9 1X Acan DY WEEEIGHEALIN T & Sagittal section of mouse embryo was
LTHERT 230D, UEIZBIFS Sox9 D#EL % double-immunostained with anti-Sox9
B4 2 = & C. Sox5/6/9 1=k 5 Lus 4 DI antibody (green) and anti-Pax1 antibody
= = ’ X - can V.78 (red). Note that Sox9 and Paxl1 are co-
B EHAZIHL, HERRICBIT 28537572 Acan localized in the intervertebral mesenchyme
DFEBIZFEE L TWAZ EAIRBINT. (IM, arrow head). VB: vertebral body.

3.MB TR T 71— 512 & 2 Ml B re s

1) A2 1] O JRAT BREE ASHI R A AR~ U 3 5B o B

ML ORI 5 > 87 RS 7 Ehk 4 20 T CIRIE L2 BRBECTH 5. LA L, Moz
BRBE A @ WSR3 2 Tikas e <, IRAEBREEASHIRL AN HAE A AT 3 388 2 R I PR 5 %
DEIWEETH 2, =T, MLIINIBHEAMN 25 L RIS 2 U L 72 e 7 V2R L, |
LB COMNLIH T AR OBUYREIZHL D HLA 720 MR 125045 LT /R 345 551
&, A IEEAT R R DS F DA MNERT T 2 2 e b olze S 512, MR SFng
FANRIET 2556, A ORI A HAEH BRI D 2 LAVRE N7,

2) S0P 2 B 2 T I A

BB X ORI 2S5 5 7 e T OB ESBRE O 2 HE L 720 MATYHERE 2 5 - 7238 2 s
LA Farvex o 2572037 v METICBHIL, BRI ZER S 72, €D
%, NA Fa vz U722 BAi 5 2 & T, SEMER oz LTIz 1%
JHINES LT 2 2 223 TE 72,

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.
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1. Exploring the anchoring molecules and cleaving enzymes of Chondromodulin-I, a cartilage-derived

angiogenesis inhibitor

We isolated ChM-I-associating extracellular matrix (ECM) protein complexes by immunoprecipitation of
ChM-I from the rib cartilage extracts prepared under mild dissociating condition. By the mass spectrometric
analyses, we obtained several kinds of candidate molecules interacting with ChM-I and found one of them
showed direct protein interaction with ChM-I in immunoprecipitation analyses using the recombinant protein.
As for ChM-I-cleaving enzyme, we demonstrated that the cleavage activity is localized to the cell surface or
cartilage ECM irrespective of differentiation states of cartilage cells. These results help us to understand the
molecular mechanism underlying establishment and removal of anti-angiogenic barrier during the cartilage

development.

2. Regulation of Sox9-driven transactivation of Aggrecan by Pax1/9 in the intervertebral discs
Aggrecan (Acan) provides cartilage and the intervertebral disc (IVD) with swelling properties and
resistance to compression. In the developing vertebral column, the paralogous transcription factors PAX1 and
PAX9 expression was inversely correlated with Acan expression. PAX1/9 was co-expressed with SOX9/5/6 in
the intervertebral mesenchyme (Fig. 1) and the inner annulus fibrosus (AF), and with SOX9 in the outer AF.
Significant Acan upregulation was observed in the AF of Paxi-deficient mice. In contrast, Acan expression
was significantly downregulated by persistent expression of Pax/ in the developing cartilage. In the
previously reported aggrecan enhancer located 10 kb upstream of Acan gene (UE), PAX1/9 acts as weak
transactivators through a PAX1/9-binding site that partially overlaps with a SOX9-binding site. In the
presence of SOX9, which otherwise drives robust Acan expression along with SOX5/6, PAX1/9 competes
with SOX9 for occupancy of the binding site, resulting in reduced transactivation of Acan. These results
suggest that transactivation of the UE is differentially regulated by concerted action of PAX1/9, SOX9, and

SOX5/6 in a context-dependent manner.

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 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) 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
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subcutaneous site in order to induce a vascular network. After removal of hydrogels, islets were transplanted
into the prevascularized site. This method demonstrated long-term survival and function of transplanted islets

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

The plasma membrane has been considered to be a two dimensional liquid, with their constituent
molecules, membrane proteins and lipids, diffusing freely in the plasma membrane, the Singer-Nicolson
model widely accepted for these 30 years. However, we found that the plasma membrane is partitioned into
many small compartments, and both membrane lipids and proteins undergo short-term confined diffusion
within a compartment, and long-term hop diffusion between the compartments. These membrane
compartments are delimited by the membrane skeleton and the transmembrane proteins anchored to the
membrane skeleton (Fujiwara et al., 2002; Murase et al., 2004; Kusumi et al., 2005; Morone et al., 2006) .
This entails a paradigm shift for the concept of the plasma membrane, from the continuous two-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

millisecond to 1 second could not be detected.

Characterization of dynamic equilibrium of G-protein coupled receptor between monomers and
dimers in live plasma membrane

G-protein coupled receptors or GPCRs are the largest family of membrane receptors, and have been
studied for their importance. Since around 2000, some groups have reported that they work as dimers, which
is totally opposite to the previous classic model that they work as monomers. By developing quantitative
single fluorescent-molecule imaging technique in live cells, we found that Formyl peptide receptor or FPR, a
chemotactic GPCR in neutrophil, forms very transient dimer with a lifetime of 100 milliseconds even at the
resting state. We also determined the two dimensional equilibrium constant of FPR between monomers and
dimers by examining the amounts of dimers at different concentrations of receptor molecules. From these
observations, we finally succeeded in charactering dynamic equilibrium of GPCR between monomers and
dimers, which was the first time determination ever for any membrane molecules. Furthermore, we also
found that transient dimer formation of GPCR becomes slightly stabilized upon agonist stimulation,
suggesting that dimer formation has some meanings in GPCR functions. Based on these findings, we can
conclude that both monomeric state and dimeric state of GPCRs coexist, while they're dynamically
exchanging their states. Such dynamic equilibrium itself is probably a conserved feature among GPCRs,

which is related to its signal generation and regulation.
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Fig. 1. In silico reproduction of trabecular bone adaptation to mechanical loading. (a)
Morphological changes in an inclined single trabecula (left) and a Y-shaped trabecula
(right) under compressive loading. (b) A three-dimensional model of a mouse distal
femur reconstructed from micro-computed tomography images. (¢) Morphological
changes in multiple trabeculae in the cuboid region.
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Fig. 2. Self-organization of hiPS cells on a microstructured adhesion limiting mesh
substrates. A: Emergence and growth of cysts on a self-organized hiPS cell sheet
which grew into transparent cysts of early-stage cysts (left: early stage cysts (yellow
arrows), right: bubble-like cysts at day 10 (black arrows) with epithelial-like tiled
cell arrangement (dotted square region) ). B: Confocal images of a large cyst
observed from two different planes of view, and showing the expression of
E-cadherin and Cdx2. Scale bar: 100 gm.

This laboratory aims to clarify the regulatory mechanism of self-organization which underlies diverse
biological phenomena through an interdisciplinary approach, encompassing mechanics, life and medical
sciences. In 2018, we developed a novel in silico experimental platform to synthetically understand the
mechanism of bone remodeling by linking microscopic molecular/cellular interactions to macroscopic tissue/
organ adaptations. In addition, to investigate the influence of adhesion microenvironment on self-organization
and differentiation of stem cells, we developed a micromesh-based technique which limits cell-substrate

adhesion while enhancing cell-cell adhesion.

1) In silico reproduction of bone adaptation to mechanical loading

Bone structure and function are maintained by well-regulated bone metabolism and remodeling. Even
though the underlying molecular and cellular mechanisms are now being clarified, the complexity of
intercellular signaling makes it difficult to predict bone physiological and pathological states. In this study,

we developed a novel in silico experimental platform to synthetically understand the mechanism of bone
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remodeling by linking microscopic molecular/cellular interactions to macroscopic tissue/organ adaptations. In
order to show the validity of the platform from a mechanical point of view, we reproduced bone adaptation to
mechanical loading at the scales of a single trabecula and a cancellous bone comprising multiple trabeculae
(Fig. 1). A cylindrical trabecula with an inclined longitudinal axis reoriented parallel to the imposed loading
direction due to cooperative osteoclastic bone resorption and osteoblastic bone formation. As for a Y-shaped
trabecula with a branching, the upper two trabeculae moved towards each other. In a cancellous bone cube
inside a mouse distal femur model, most of the individual trabeculae acquired morphology suitable for
supporting the imposed load. These results show that the developed in silico experimental platform can
successfully reproduce bone adaptation to mechanical environment, which is regulated by complex

intercellular signaling.

2) Self-organization and differentiation of iPS cells triggered by modulating the adhesion
microenvironment using adhesion-limiting mesh substrates

In this study, we monitored the effect of modulating the adhesion microenvironment on growth, self-
assembly and differentiation of human induced pluripotent stem cells (hiPSCs) using adhesion-limiting
micromesh substrates set suspended in a culture medium. The substrates have characteristically large
apertures (exceeding 100 #m in dimension) and thin mesh lines (less than 5 ym in width) such that when
set suspended, cell-substrate interaction become limited to the narrow mesh lines. Cells seeded on the
micromesh adhered along the mesh lines initially, and then began to proliferate and self-assemble, eventually
patching up the considerably large mesh apertures while relying solely on cell-cell adhesion. As a result, by
day 4 after seeding, hiPSCs self-organized into a sheet-like layer covering the micromesh substrate,
representing the first phase of self-organization. With continued culture, spherical buds began to appear on
the initially formed sheet-like layer at around day8 (Fig. 2A, left), and they grew into bubble-like cysts
enclosed by a thin wall (Fig. 2A, right) . Remarkably, cysts emerging from the sheet-like layers showed the
expression of Cdx2 (Caudal-type homeobox protein 2) and hCG hormone secretion, as determined by
immunostaining (Fig. 2B) and qPCR analysis. This is consistent with our previous study highlighting
trophoblast-like differentiation by mesh-cultured hiPSCs. In contrast, spheroids of similar cells formed
without going through the first self-organization process turned out to exhibit highly reduced expression of
the two markers, suggesting that the pattern of self-assembly on the adhesion limiting meshes can influence
downstream differentiation. Thus, this study suggests that self-organization into sheet-like layers induced by
the adhesion-limiting micromesh substrates can influence stem cell fate with regard to differentiation. Future

work will clarify underlying molecular mechanisms.
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During organogenesis, morphogens dynamically organize spatial patterns of cell differentiation in three-
dimensional (3D) tissues. According to the pattern, individual cells generate characteristic mechanical forces
to form the entire organ structure in 3D space. Many molecules have been identified as key signaling factors
that regulate each step of patterning and force generation. However, these molecular signals are not enough to
explain the entire regulatory mechanism of morphogenesis. In particular, it is still unclear how individual

cells sense and modulate the entire 3D tissue formation across different scales. Previous studies have revealed
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cellular mechanosensing mechanisms, which may also be involved in the cross-scale regulatory mechanism
of 3D tissue formation. Therefore, in this study, we focus on the mechanical aspect of morphogenesis and
reveal the role of mechanical force in regulating 3D tissue formation across different scales.

Recent progress in the stem cell field has enabled us to form various 3D tissues in vitro. For instance, we
have reported a culture system of pluripotent stem cell-derived optic-cup organoids, which well recapitulates
a typical process seen in vivo; on the basis of the Wnt antagonism, the distal part of optic vesicle (OV)
differentiates into neural retina (NR), whereas the adjacent part becomes retinal pigment epithelium (RPE).
According to the differentiation pattern, the NR invaginates into the surrounding RPE in the apically convex
direction. Subsequently, a hinge structure is formed along the boundary between the inner NR and outer RPE
to generate a cup-like tissue shape. From a mechanical point of view, this stepwise process proceeds
autonomously without external forces from the surroundings such as lens placode and periocular
mesenchyme. To explain this self-organizing process, we have previously found several key candidates of
driving force and suggested a relaxation-expansion model that explains the mechanism of optic-cup
formation through four sequential phases. Although this model is consistent with previous experimental
findings, our further mechanical analyses have prompted the investigation of more elaborate mechanisms.

In this study, we elucidate a mechanical force that is fed back from macroscopic 3D tissue deformation to
individual cellular force generation during optic-cup morphogenesis. On the basis of previous mathematical
models, we developed a versatile 3D vertex model that adequately describes general 3D multicellular
dynamics at single-cell resolution. The in vitro culture of optic-cup formation enables us to observe and
perturb specific cell behaviors in 3D living tissues, whereas in silico recapitulation enables us to predict its
mechanisms comprehensively.

In silico screening predicted two key mechanisms that have not been previously mentioned and are novel to
the best of our knowledge: (i) The apically convex NR invagination is autonomously driven by the force
generations of NR cells themselves, and (ii) the NR invagination is facilitated by the force generations of NR-
RPE boundary cells that actively constrict along the apicobasal (lateral) direction. Further, we attempted to
verify each of these predictions experimentally. By combining the in vitro and in silico approaches, we found
key cell behaviors required for the NR invagination and the subsequent hinge formation along the NR-RPE

boundary and elucidate the key role of mechanical force in the self-organizing optic-cup formation.

Hinge formation

Dorsal NR1 { Invert spontaneous curvature Mechanical strain \
NR
; Proliferation (known)

Facilitate
Apically convex Constriction

Ventral

—
Wnt inhibitor NR autonomous Strain-trbgggrred
bending constriction
pMLC T
 Patteming via chemical signals Deformation regulation via mechanical signals
Phase 1 Phase 2 Phase 3 Phase 4

Proposed model for the stepwise optic-cup morphogenesis with the strain-triggered mechanical feedback
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Besides, we have previously shown that transplantation of retinal organoids derived from mouse pluripotent
stem cells can be contribute to functional recovery in the retinal degeneration model mouse. This fiscal year,
in collaboration with RIKEN and others, we examined whether retinal tissue derived from human ES cells is
useful for restoring visual function. As a result, the retinal tissue derived from human ES cells has mature into
the photoreceptor cells with outer segments, and contribute to recovery of visual function (Iraha et al., Stem
Cell Report) .
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TANAZAZ T, Vpu D7 ¥ (tetherin) IPHREVEAS, EAHINIC BT 2805 %7 4 v A8
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1) Human-specific adaptations in Vpu conferring anti-tetherin activity are critical for efficient early
HIV-1 replication in vivo.

HIV-1 encodes three major structural proteins common to all retroviruses (Gag, Pol and Env), two
regulatory proteins (Tat and Rev) that are essential for viral replication, and four accessory proteins (Vif,
Vpu, Vpr and Nef) . The importance of the accessory proteins as virulence factors is being more appreciated.
They act altering cellular pathways via protein-protein interactions with a number of host cell factors.
Notably we were able to examine in vivo function of HIV-1 accessory proteins (Vif, Vpr, and Vpu) using the
humanized mouse model. Vpu is a membrane protein that exerts several immunomodulatory functions
including counteraction of the host restriction factor tetherin, downmodulation of CD4, and inhibition of

NF-xB activity. However, the relative contribution of individual Vpu functions to HIV-1 infection remained
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unclear. HIV-1 strains with selective mutations in vpu to demonstrate that the anti-tetherin activity of Vpu is a
prerequisite for efficient viral spread during the early phase of infection. Gain-of-function Vpu mutations in
SIVcepz, the simian precursor of pandemic HIV-1, corroborate this finding. Blockage of interferon signaling
by inoculation of antagonist for human IFN-1 combined with transcriptome analyses revealed that basal
tetherin levels are sufficient to control viral replication. These results demonstrated that tetherin as a key
effector of the intrinsic immune defense against HIV-1 and Vpu-mediated tetherin antagonism is critical for
efficient viral spread during the initial phase of HIV-1 infection. (Yamada et al, Cell Host & Microbe 23
(1):110-120,2018).

2) Epidemiology and molecular analysis of viral infections

We investigated epidemiology of viral diseases using clinical samples and epidemiological/clinical/
genomic data from all over the world. We elucidated: 1) whole genomic sequence of RS virus in the tropics,
2) molecular mechanisms on the emergence of the novel genotype of RS virus, 3) location of the sites in
membrane protein responsible for antigenic change of influenza C virus, 4) increased risk for subsequent
respiratory infections after preceding infection with specific viruses, and 5) appropriate allocation of research

resources on infectious diseases according to the disease burden.
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Fig. 1. Live imaging of Hes7 expression in a single iPSM. (Upper)
Kymograph of Hes7 expression in a single iPSM. (Lower) Hes7
oscillations (left) and segment formation (middle and right).
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Fig. 2. Hes1 and Ascll expression dynamics in quiescent and active neural
stem cells. RGC, radial glial cell.
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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. Here, to
examine the oscillatory expression dynamics during somitogenesis in more detail, we developed a method to
induce mouse ES cells to presomitic mesoderm-like tissues. We also analyzed the gene expression dynamics

in adult neural stem cells, and found that they are different from those in embryonic neural stem cells.

1) ES cell-derived presomitic mesoderm-like tissues for analysis of synchronized oscillations in the
segmentation clock

Somites are periodically formed by segmentation of the anterior parts of the presomitic mesoderm (PSM).
In the mouse embryo, this periodicity is controlled by the segmentation clock gene Hes7, which exhibits
wave-like oscillatory expression in the PSM. Despite intensive studies, the exact mechanism of such
synchronous oscillatory dynamics of Hes7 expression still remains to be analyzed. Detailed analysis of the
segmentation clock has been hampered, because it requires the use of live embryos, and establishment of an
in vitro culture system should facilitate such analyses. Here, we established a simple and efficient method to
generate mouse ES cell-derived PSM-like tissues, in which Hes7 expression oscillates like traveling waves. In
these tissues, Hes7 oscillation is synchronized between neighboring cells, and the anterior-posterior axis is
self-organized as the central-peripheral axis. This method is applicable to chemical library screening and will

facilitate the analysis of the molecular nature of the segmentation clock.

2) Sustained Hesl expression and resultant Ascll suppression regulate quiescent versus active neural
stem cells in the adult mouse brain

Somatic stem/progenitor cells are active in embryonic tissues but quiescent in many adult tissues. The
detailed mechanisms that promote active versus quiescent stem cell states are largely unknown. In active
neural stem cells, Hes1 expression oscillates and drives cyclic expression of the proneural gene Ascl/l, which
activates cell proliferation. Here, we found that in quiescent neural stem cells in the adult mouse brain Hes1
levels are oscillatory, though the peaks and troughs are higher than those in active neural stem cells, causing
Ascll expression to be continuously suppressed. Inactivation of Hes! and its related genes up-regulates Ascl1
expression and increases neurogenesis. This causes rapid depletion of neural stem cells and premature
termination of neurogenesis. Conversely, sustained Hes1 expression represses Ascll, inhibits neurogenesis,
and maintains quiescent neural stem cells. By contrast, induction of Ascll oscillations activates neural stem
cells and increases neurogenesis in the adult mouse brain. Thus, Ascll oscillations, which normally depend
on Hesl oscillations, regulate the active state, while high Hes1 expression and resultant Ascll suppression

promote quiescence in neural stem cells.
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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.

1) Translational control of Sox9 RNA by mTORCI contributes to skeletogenesis

The mechanistic/mammalian target of rapamycin complex 1 (mTORC1) regulates cellular function in
various cell types. Although the role of mMTORCI in skeletogenesis has been investigated previously, here we
show a critical role of mMTORC1/4E-BPs/SOX9 axis in regulating skeletogenesis through its expression in
undifferentiated mesenchymal cells. Inactivation of Raptor, a component of mTORCI, in limb buds before
mesenchymal condensations resulted in a marked loss of both cartilage and bone. Mechanistically, we
demonstrated that mTORCT selectively controls the RNA translation of Sox9, which harbors a 5° terminal
oligopyrimidine tract motif, via inhibition of the 4E-BPs. Indeed, introduction of Sox9 or a knockdown of
4E-BP1/2 in undifferentiated mesenchymal cells markedly rescued the deficiency of the condensation
observed in Raptor-deficient mice. Furthermore, introduction of the Sox9 transgene rescued phenotypes of

deficient skeletal growth in Raptor-deficient mice. These findings highlight a critical role of mTORCI in
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mammalian skeletogenesis, at least in part, through translational control of Sox9 RNA. (collaboration with

Dr. Hinoi and colleagues)

2) Ribosomal protein uS7/Rps5 serine-223 in protein kinase-mediated phosphorylation and ribosomal
small subunit

Cellular translation should be precisely controlled in response to extracellular cues. However, knowledge is
limited concerning signal transduction-regulated translation. In the present study, phosphorylation was
identified in the 40S small subunit ribosomal protein uS7 (Yjr123w/previously called as Rps5) by Ypk1 and
Pkcl, AGC family protein kinases in yeast Saccharomyces cerevisiae. Serine residue 223 (Ser223) of uS7 in
the conserved C-terminal region was crucial for this phosphorylation event. S223 A mutant uS7 caused severe
reduction of small ribosomal subunit production, likely due to compromised interaction with Rio2, resulting
in both reduced translation and reduced cellular proliferation. Contrary to optimal culture conditions, heat
stressed S223 A mutant cells exhibited increased heat resistance and induced heat shock proteins. Taken
together, an intracellular signal transduction pathway involving Ypk1/Pkcl seemed to play an important role
in ribosome biogenesis and subsequent cellular translation, utilizing uS7 as a substrate. (collaboration with

Dr. Takematsu and colleagues)

3) A bridge 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 Bet! (bridge to E3 complex),
essential for the degradation of mutant 25S rRNAs. Importantly, Betl is also physically associated with the
E3 ubiquitin ligase involved in 25S NRD, indicating that this protein is a bridge between defective 60S and
the E3 complex. Biochemical analyses revealed that Betl is selectively enriched on the 60S particle
containing a nonfunctional mutant 25S rRNA, suggesting a central role of this bridge protein in the functional
inspection of the 60S subunits. This year we revealed Betl binding site on nonfunctional 60S particles by

using UV crosslink mediated RNA pull down and sequencing.
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Fig. 1 Summary of LacZ reporter assay
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Fig. 2 Crystal structures of wil-type and D179R PhoQ-SD.
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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 2018, we conducted a systematic mutational analysis of the translational arrest motif
of VemP, which acts as a secretion monitor to regulate the downstream secDF2 gene expression in Vibrio. We
also investigated E. coli PhoQ, the membrane-bound sensor protein of the PhoQ/PhoP two-component signal
transduction system, and suggested that a pocket in the periplasmic sensor domain of PhoQ is involved in the

activity and SafA-mediated regulation of this sensor protein.

1) Identification and characterization of a translation arrest motif in VemP by systematic mutational
analysis

VemP (Vibrio protein export monitoring polypeptide) is a secretory protein comprising 159 amino acid
residues, which functions as a secretion monitor in Vibrio and regulates expression of the downstream
V.secDF2 genes. When VemP export is compromised, its translation specifically undergoes elongation arrest
at the position where the Q!*° codon of vemP encounters the P-site in the translating ribosome, resulting in
upregulation of V.SecDF2 production. Although our previous study suggests that many residues in a highly-
conserved C-terminal 20-residue region of VemP contribute to its elongation arrest, the exact role of each
residue remains unclear. In this study, we constructed a reporter system to easily and exactly monitor the in
vivo arrest efficiency of VemP. Using this reporter system, we systematically performed a mutational analysis
of the 20 residues (H'*® to F'¥7) to identify and characterize the arrest motif. Our results show that 15 residues
in the conserved region participate in elongation arrest, and that multiple interactions between important
residues in VemP and in the interior of the exit tunnel contribute to the elongation arrest of VemP (Fig. 1).
The arrangement of these important residues induced by specific secondary structures in the ribosomal tunnel
is critical for the arrest. Pro scan analysis of the preceding segment (M'2 to D'%) revealed a minor role of this
region in the arrest. Considering these results, we conclude that the arrest motif in VemP is mainly composed

of the highly conserved multiple residues in the C-terminal region.

2) Internal cavity in the PhoQ sensor domain: significant roles in PhoQ activity and SafA-mediated
control

The PhoQ/PhoP two-component signal transduction system is conserved in various Gram-negative bacteria
and is often involved in the expression of virulence in pathogens. The small inner membrane protein SafA
activates PhoQ in Escherichia coli independently from other known signals that control PhoQ activity, such as
restricted divalent cations, cationic antimicrobial peptides, and acidic pH. We have previously shown that
SafA directly interacts with the sensor domain of the periplasmic region of PhoQ (PhoQ-SD) for activation
and that a D179R mutation in PhoQ-SD attenuates PhoQ activation by SafA. We performed that structural
comparison of wild-type PhoQ-SD and D179R revealed a high difference in the shape of the cavity (SD
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pocket) found in the central core of this domain (Fig. 2). Site-directed mutagenesis of the residues
surrounding the SD pocket has supported the SD pocket as a site involved in PhoQ activity. Furthermore, the

SD pocket has also been shown to be involved in SafA-mediated PhoQ control.
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1) Characterization of highly proliferative interfollicular epidermal cells emerged during pregnancy.
During pregnancy, abdominal skin rapidly expands to accommodate foetal growth. We have previously
identified a highly proliferative interfollicular epidermal (IFE) basal cell population in the abdominal skin of
pregnant mice. These cells are progeny of IFE stem cells and express Tbx3 that is necessary for their
propagation to drive skin expansion. The transition from stem to Tbx3-positive cell state is induced by
dermal-derived secreted proteins, including Sfbp1 and Igfbp2. In this year, we generated the reporter mice for
label-trancing the Tbx3-positive cells to reveal their cell fate during pregnancy and after parturition. We
found that the Tbx3-positive cell population constantly propagates until dpc17, but stop dividing at dpc18 and
eventually diminished form the epidermis after parturition. RN Aseq analysis reveals that Tbx3 regulates the
expression of about 30% genes associated with the Tbx3-positive cell population. We are now investigating

the proliferation mechanism and stemness of the Tbx3-positive cell population.

2) Hepatocyte dynamics during pregnancy.

During pregnancy, tissue stem cells in several organs are activated in response to a physiological alteration
of the maternal body. In mice, the maternal liver is increased in size during pregnancy, which may be
essential for maternal metabolism. However, little is known how the liver cell dynamics is regulated during
pregnancy. In this year, we look insight into the hepatocyte dynamics in pregnant mice and found that
hepatocyte proliferation is regulated in a zone-dependent manner during the course of gestation period. As the
metabolic capacity of hepatocytes varies in each zone, our finding suggests the linkage between metabolic

demands and hepatocyte proliferation in a zone-dependent manner.
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In the laboratory we study many biological phenomena by using theoretical methods, including
mathematical and computational analyses. By theoretical approaches. we obtain integrative understandings
for complex systems, and identify fundamental mechanisms of biological functions of them. In 2018 we
accomplished a project of controlling cell-fate specification system by a small number of genes identified by
our theory. We also developed a novel mathematical theory, by which important aspects of dynamical
behaviors of reaction systems from network structure alone. We also studied some biological phenomena

using mathematical models by collaborating with multiple groups of experimental biology.
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1) Controlling cell fate specification system based on network structure

By the success of modern biology we have many examples of large networks which describe regulatory
interactions between a large number of genes. On the other hand, we have a limited understanding for the
dynamics of molecular activity based on such complex networks. To overcome these problems, we developed
Linkage Logic theory to analyze the dynamics of complex systems based on information of the regulatory
linkages alone. It assures that (i) any long-term dynamical behavior of the whole system can be identified/
controlled by a subset of molecules in the network, and that (ii) the subset is determined from the regulatory
linkage alone as a feedback vertex set (FVS) of the network. We applied this theory to the gene regulatory
network for cell differentiation of ascidian embryo, which includes more than 90 genes. From the analysis,
dynamical attractors possibly generated by the network should be identified/controlled by only 5 genes, if the
information of the network structure is correct. We verified our prediction by combinatorial experiments of
knockdown and overexpression by using ascidian embryos. We found that almost all of the expected cell
types, six out of seven major tissues, could be induced by experimental manipulations of these five genes
(Fig. 1). This project is a collaboration with the group of Dr. Yutaka Sato, Graduate School of Science,
Kyoto University.

2) Structural Bifurcation Analysis in Chemical Reaction Networks

In living cells, many chemical reactions are connected, sharing their products and substrates and
constructing a large network. Biological functions are believed to arise from network dynamics of chemical
reactions. One important aspect of biological reaction systems is qualitative change (sometimes called
plasticity) of behaviors induced by enzyme modulations or external conditions. Mathematically, these plastic
behaviors can be interpreted as “bifurcation behaviors” of chemical reaction systems. However, it has been
considered difficult to analyze bifurcation properties for large complex networks, because of their large
number of variables and parameters. In this study, we establish a novel theoretical method to analyze steady-
state bifurcations of chemical reaction systems from the network information, alone. We found that (i) the
bifurcation condition of a complex network can be studied by decomposing it into smaller subnetworks, and
the bifurcation condition of each subnetwork is determined independently. (ii) For each subnetwork, inducing
parameters are identifiable on the network. (iii) For each subnetwork, chemicals exhibiting bifurcation
behaviors are identifiable on the network. The method determines dynamical properties of chemical reaction

systems from structure of network, and will be a strong tool to study biological complex systems (Fig. 2).

3) Mathematical studies for biological phenomena

We studied some biological phenomena using mathematical modeling by collaborating experimental
biologists. We developed a mathematical model for functions of condensin molecules in chromosome
condensation. We also studied self-organizing pattern formations on the surface of vessel cells in plants by a
reaction diffusion model. We also studied effects of knockdown of pyrophosphatases on plant metabolisms

from the structure of metabolic network.
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WY MHA TV D,

Our laboratory was newly established in October 2018. We focuses on studies of the molecular
mechanisms underlying pluripotency and cell differentiation of human pluripotent stem cells as well as
cancer cell proliferation. In order to identify genes involved in these biological processes, we employ a
forward genetic approach that we have developed using the CRISPR-Cas9 systems, namely CRISPR
screening. We then conduct detailed molecular analyses on hit genes with a particular interest in

transcriptional gene regulation. In addition, we are also interested in developing novel genetic tools that are
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broadly applicable for a wide range of biological researches.

Kosuke Yusa, the lab head, run an independent research laboratory at the Wellcome Sanger Institute in
Cambridge, UK between 2012 and 2018. His research interest has been development and application of
genetic tools that are applicable in mammalian cells, particularly mouse and human pluripotent stem cells (ES
and iPS cells). Thus far, he developed a iPSC reprogramming method using piggyBac transposon,
hyperactive piggyBac transposase and a method for genetic correction of a disease-causing variant in patient-
derived iPS cells. In addition, he worked for developing a method and technology that allows for forward
genetics in mammalian cultured cells. Forward genetics is a powerful hypothesis-free approach to study gene
function associated with a phenotype of interest. It was frequently employed in lower model organisms such
as yeast, C. elegans and fruitfly and revealed a number of genes involved in various fundamental biological
processes. Although the forward genetics approach was successfully applied in these organisms, it had been
difficult to apply in mammalian cells due to the diploid (or often aneuploid) nature of mammalian genomes.
To observe recessive phenotype, a method that inactivates all copies of every gene was required. He
addressed this issue in 2013 by developing a new genetic screening method using the CRISPR-Cas9 system,
namely CRISPR screening (Koike-Yusa et al. 2014) . He further refined the method and developed a second-
generation CRISPR library (Tzelepis et al. 2016). With this latest version of the CRISPR library, he
conducted a number of genetic screens in various biological processes in collaboration. In the new laboratory

in Kyoto University, he will focus on the aforementioned two area: pluripotent stem cells and cancer cells.
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Fig. 1. Research Cycle of Primate Model for Infectious
Diseases
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EN7ze SHIT MKI & 3 LD T A 7 IV ZHE L <, Bl (Tier2) SHIV-MK38 (MK38) %
3720 SHIV-MK38#818 (#818) 13, MK38 D4 f-7 u—> & LT Ehiz, eldThosoy A
WZNZIEG L2 7 A7 VI BT S ISEO R HITE )%, Tier 1 ~ Tier 3 DAk 4 7 HIV-1 Env =5
NI A v ZREF- 2 I THAREAE T T O TZM-bl MBI~ DEHAZ X BV ¥ 7 = 5 — Btk % $5i
ELTaMli L7ze B&EeT A 75V 10 1D ) bEFRICEWIlh 7 A VA ®EZR L THOT B 7
WA DV TUIHEH DR D P FIRET) % 5F4fi L 720 MK1 (Tier1B) 1Z/&HG% L 72 MM482 O HiFITE
X, HOB X OB D Tier2 7 A4 W AT % nAb A3 Tier 1B 7 A WV AEFIC X D FEINL I L
O L7z 3512, #818 (Tier2) &G L 72 MMS97 OHIRENI X, HOB L RO Tier
27 A NVAIZH T % nAb 28 Tier 1B VA VARG L ) bR CHFREIN/2Z L 2SI L7z, MKI
BLO#I8 ST A7 FNVETFTNVIE, HIV-1 D nAb FHEETFTVE LTHEHATH ), TN nAbF
BV 7 F Y OBRICHES L 5.

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

Representative research progress in 2017 will be described below.

Induction of Tier 2 neutralizing antibody against HIV-1 in a rhesus macaque infected with Tier 1B
SHIV

Prevention of HIV-1 infection and suppression of viral proliferation by vaccine-induced neutralizing
antibody (nAb) are desired. However, it is difficult to induce potent nAb with broad cross-reactivity by
vaccines. An animal model that induces nAb can help clarify the mechanism of inducing effective nAb
against HIV-1 and can contribute to the development of vaccines. We have previously developed SHIV,
which has CCRS5 tropism and neutralization resistant same as HIV-1. In this study, we constructed a model to
induce nAb against HIV-1 by infecting rhesus macaques with different neutralizing resistance SHIVs. SHIV-
MKI1 (MK1) (neutralizing susceptible Tier 1B) with CCRS tropic was generated from SHIV-KS661 using
CXCR4 as the main co-receptor. In addition, MK1 was passaged through 3 rhesus macaques to obtain
neutralizing resistant SHIV-MK38 (MK38) (Tier 2). SHIV-MK38#818 (#818) was generated as a molecular
clone of MK38. We evaluated the neutralizing ability of plasmas in rhesus macaques infected with these
viruses, by reducing the expression of luciferase due to a single infection into TZM-bl cells using pseudovirus
containing various HIV-1 Env of Tier 1-Tier 3. Seven out of the ten infected rhesus macaques were
persistently infected, and we evaluated the neutralization ability of the plasmas for these seven macaques. The
neutralization ability of MM482 infected with MK1 (TierIB) revealed that nAb against Tier2 viruses of
autologous and heterologous were induced by Tier 1 B virus infection. Furthermore, the neutralization ability
of MM597 infected with #818 (Tier2) revealed that nAb against Tier2 viruses of autologous and heterologous

were induced earlier than with Tier 1B virus infection. MK1 and # 818 infected rhesus macaque models are
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useful as a nAb induction model for HIV-1, which can contribute to the development of nAb inducible

vaccine.
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BB ZENMREREMIRBE o TE e LML AB, BIGmOEREREMZ b > TLTHAEEKNIZ
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fFEINTVWE =Ry ak—F (N=300) #HEZITV. INF T TOMEREE 72,

=R UV STLV-1 FUKRB RIS TR 66% TH ). 2227 ¥ MR IUEIZIT 100% @
B2/ R L7ze 2O X9 i D STLV-1 R IO VHITIZIL SN, =K VPV D
IRGEREAURIR S Tze & T A DS STLV-1 &SR I BT 2 HidRfliR° 7" 1 77 £ )L A DNA By
RBLOZOHPEDAIZ. HTLV-1 F v ) 7IXBIT 556 & ZIZHABEZ /R L. super-spreader DAF
EDRBD LN D> 720 STLV-1 iHEGRO KR & LT, =K Y IV Ot ERIZIED AR %
FEEDOL ZITL 2 2 LA ORMEE NIz 0 BTk — MIBT 2 STLV-1 Sk 4 i
SAi TR Tz 2 A, WHUAER (5-6 %) LLECTHEE ZRBERO EAsW sz, 72, STLV-1
JERITIRY IV RO Z DTN OWTEIN 7y a—7 v P 24ro72L 24, WER 2 ENTO
STLV-1 BTG 1T 20% FEETH 1) ARCTIEGIC X 2 0538 O STLV-1 &G 2 SiH1T) 5500 L 7 o

720 o5 T STLV-1 HREGe =& > F ik, HTLV-1 B R0 K e o [H I w724 1 2 854
ETNEEZ SN,

Our laboratory is newly established in 2013 for active and effective collaboration between Institute for
Virus Research and Primate Research Institute of Kyoto University. We are investigating the mechanisms for
the viral persistency and pathogenesis of intractable viruses, including human immunodeficiency virus (HIV)
and 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.
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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 yet 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. Currently, a number of studies for HIV-1 cure
have been conducted to date, whereas breakthrough toward clinical application awaits further extensive
investigation. One of the most difficult issues in terms of the intervention study of the therapy is to establish
feasible and applicable protocols in order to evaluate efficacy and safety of latency reversing agents in vivo.
Here we show that a novel nonhuman primate model of HIV latency would be suitable for the cure research.
Cynomolgus macaques inoculated with macaque-tropic HIV-1 carrying the R5-tropic Env developed acute
viremia, followed by virtual absence of plasma viral loads for more than 5 years in the absence of any anti-
retroviral treatment (ART). In the long-term latency phase of the macaques, follicular helper T lymphocytes
in the germinal center of lymph nodes maintained a small population of the cells persistently expressing the
virus, which is consistent with the finding in humans whose HIV replication is controlled by ART or host
immunity. We further demonstrated that the latency of HIV-1 in the macaques was established by not only
HIV-specific CD8+ T cell responses but also HIV-neutralizing antibodies and that these players functioned in
a cooperative manner. These findings indicate that the latency phase was efficiently maintained by the host
immunity and also imply the importance of the concomitant induction of cellular and humoral immunity in
the development of effective anti-HIV vaccines. Taken together, the HIV-1 latency model may be useful for
the purposes of characterizing HIV reservoirs, preclinical trial of cure therapy as well as for the basic study

aiming at therapeutic vaccines for the functional cure.

2. Cohort study on Japanese macaques naturally infected with STLV-1

It has been shown that much greater population of Japanese macaques (JMs) is infected with STLV-1 than
other primate species. We conducted the epidemiological study in a cohort of JMs in order to understand the
reason for the high prevalence. It was found that (i) the distribution of antibody titer (ABT) and proviral
load (PVL) among a large cohort of IMs (N=300) was comparable to those of HTLV-1-infected humans,
(i) the distribution was not influenced by troop and sex of JMs, and (iii) it is unlikely that JMs in the state
of immunological anergy would develop a group of super-spreaders showing unusually high PVL without
significant ABT, suggesting that the high frequency of STLV-1 infection may not be due to unusual mode of
the viral transmission. Interestingly, the frequency of maternal transmission was approximately 20%, while
the frequency of STLV-1 prevalence was drastically increased with age of sexual maturation and reached to
almost 100% of infection. Taken together, our results in this study indicate that the ecology of JMs which

includes group society and high frequency of sexual interaction may result in the high prevalence of STLV-1.
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AROBTIE, AL ba oy 4 VZAZRSRE LTl EE 74V AOMEAMEHOMHEZ HI5 L
TWh, 2018 2B VT, PIEMEL b e A v 22k L, IBEIEEICE S35 syncytin-1 8{z
FIZBVTHBEO RNA K= L X > M 2[FE L, BT 2B 2R o72 72, syncytin-1 DL |k
O A NVANRY F =~ 72078 % F2iti L 72,

1) PWAETEL P a4V AICHHKT % syncytin-1 3815 T-OFH RNA HIBIZ L X~ b D

v MAETEL PR A VA W (HERV-W) O eny ifaf1d, BIRRBEMAZRFELTB Y. KhigoX
FZPANL O@ME I LE LM E A Y 87 H (syneytin-1) & LTHELTWS, ThIT
syneytin-1 OFEBULT & I8 5 MU REGERE & OBEAER SN TH Y . EHIZ ISR O I 131k
DTHEETH DD, BERBIEEIZOWTHHAPEA TV R o7, FA1E, syncytin-1 O 37 FF
BERECS] (37 UTR) 2% syncytin-1 DFHICLETH AL 2 WL, TOTL X F233 UTR IZ
FASIND EBIETREAIMEESND Z L%, HIV-1 GagD L KR—=% —FZ 2 HWTHL I L7,
FEINTTL XY ME, RNADOIE—HIZIIRE LW 0, EEREHBEICES L Tw
EEZONI, ZZ Ty FAIEZDOEH| % syncytin-1 post-transcriptional regulatory element (SPRE)
it L7ze 51T, RREEAROIERIZL Y. SPRE OIGMEICLE LU Z &K D AA ZSRER. I
YD & 2 SPRE (21346589 2 RNA MRS DFAES 5 2 L AR Sz,

2) ZFEM 7% syneytin-1 L a7 £ WARY & — e R OREE

WAL a2 A V2D env BILFIZHKT % syneytin-1 IE HIV-1 ¥ 22— F¥ 4TI VA%
KT AHIEPHONTBY, BEFHBFEICHHZ il haof VAR F—L LTHHTE
B HEED S Ho LA Ly syncytin-1 IEHIILENEIGEPEDS R <. ¥y 7 — 2 & e OIS % #5358
T2 L0 MENED > 720 F 2 THRIFETIE, syneytin-l D7 I JBERIZE - T, Mg & oH
e a—FZ AT NADEARFEOUEG 2l Tze TORE. syneytin-1 O C KD — %
MR EE  (amphotropic) @O~ AHIIHEY 4 VX (A-MLV) @ Env &#l#iz %5 2 & T MRS A
HHI SN HIV-1 2= K84 T4 VADERAN S AT 22 LW e ol

This laboratory aims to reveal the molecular basis underlying the co-evolution between hosts and

endogenous retroviruses. In 2018, we discovered a novel RNA regulatory element in the human syncytin-1,
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which is derived from an endogenous retrovirus and involved in cell-cell fusion of human placental
trophoblasts. We also established the syncytin-1 expression system for the application of syncytin-1 to

retroviral vectors.

1) Identification of a post-transcriptional regulatory element in the endogenous retroviral syncytin-1
Human endogenous retrovirus W (HERV-W) env gene, named syncytin-1, retains an open reading frame
and encodes a membrane fusogenic protein which mediates cell-cell fusion in human placental trophoblasts.
Although little is known about post-transcriptional regulation of syncytin-1, we revealed that the 3’
untranslated region (3’ UTR) of syncytin-1 is necessary for efficient gene expression, and the introduction of
a small element of syncytin-1 including the 3 UTR markedly increased human immunodeficiency virus type
1 (HIV-1) Gag expression. Introduction of the element did not affect the amounts of transcripts of HIV-1
Gag. Therefore, the element is thought to be involved in post-transcriptional regulation, and we named this
element as SPRE (syncytin-1 post-transcriptional regulatory element) . Deletion mapping analysis identified
a required sequence for SPRE activity, and prediction of the RNA secondary structure demonstrated a unique

secondary structure found among active SPRE deletion mutants.

2) Application of human endogenous retroviral sycytin-1 to retroviral vectors

HIV-1 is pseudotyped with human endogenous retroviral syncytin-1, and therefore, syncytin-1 has a
potential to become new retroviral vectors useful for gene therapy. However, syncytin-1 has a strong cell-cell
fusion activity and induces cell death of packaging cells. In this study, we attempted to suppress the cell-cell
fusion and improve the production efficiency of pseudotyped viral vectors by introducing amino acid
mutations in syncytin-1. The result showed that the recombination of the C-terminus of syncytin-1 with that
of amphotropic murine leukemia virus (A-MLV) Env suppresses cell-cell fusion and increases the infectivity

of syncytin-1 pseudotyped HIV-1 vectors.
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Reproductive engineering team

Pk s M R (z¢:i! ¥J Senior Technical Specialist ~ Hitoshi Miyachi
Frdi Mk e JL¥P 32 &  Technical Specialist Satsuki Kitano

Y AMERIARE T — 23T A NV AFYEBREMERRRZO T T 7 A0 R Z X LD
NI VAV = 2T R (Tg) /v 777 b YA (KO) OfERIEXIT->Tnb, /2.4
BT 2 o, VSR IC X 2~ 2 a0 o —odik, AT~y AR, B4 RN O 2k
PRHEAR R 1CST (B RE) . IR &b FEn HETdH %o #ILTIE CRISPR/Cas9 ¥ A T A % ]
W BIA TMEY T ADOHERLER L T b sFlICOWTIRA— LA R=V % T2 &7
W https://www2.infront.kyoto-u.ac. jp/tgkoivf/ % 3 AEBOIFHEIL TALOME) Th b,

1) D BRRAF

2016 4 187 Sk 34,679 i
2017 4F 171 k% 37,763 il
2018 4 228 Hkk 52,601 1

2) P VATV =y e ADIER

HHERL IR %L Tg FEATEL
2016 4F 44 18,232 113 (0.6%)
2017 4 43 19,509 135 (0.7%)
2018 4F 21 8,773 65 (0.7%)

3 AT ADMER
7 a— IR %L EEE Ly

2016 4 18 1,872 71 (3.8%)
2017 % 38 3,474 78 (2.2%)
2018 4 16 1,483 57 (3.8%)

4) CRISPR/Cas9 ¥ A5 A X B8t~ Z DR

HFERL AR B TwmEeE~T A/
2016 4 23 8,980 66 (0.7%)
2017 4 30 11,809 49 (0.4%)

-177 -



2018 4F 56 25,081 89 (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

2016 187 strains 34,679 embryos
2017 171 strains 37,763 embryos
2018 228 strains 52,601 embryos

2) Transgenic mouse production with cloned DNAs

No of constructs ~ No of embryos ~ No of transgenic
injected pups obtained
2016 44 18,232 113 (0.6%)
2017 43 19,509 135 (0.7%)
2018 21 8,773 65 (0.7%)
3) Production of chimeric mouse
No of ES clones  No of embryos No of coatcolor
injected chimera obtained
2016 18 1,872 71 (3.8%)
2017 38 3,474 78 (2.2%)
2018 16 1,483 57 (3.8%)
4) CRISPR/Cas9
No of constructs ~ No of embryos No of genome
edited mouse
2016 23 8,980 66 (0.7%)
2017 30 11,809 49 (0.4%)
2018 56 25,081 89 (0.4%)
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Experimental animals, such as mouse, rat and others, are housed in our Laboratory under strict regulation
of animal experimental committee and institutional guidelines for animal welfare. Moreover, we have been
considered for long time: how to make gene-manipulated mice more rapidly and conveniently. Recently,
genome engineering methods have been established using TALEN or CRISPR-Cas9 systems. We have
searched for many methods and finally developed our own protocol making such mice more easily and

reproducibly. We newly developed more than 30 gene-manipulated mouse strains in this year.
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Computer Network of Institute for Frontier Life and Medical Sciences
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v AV ARFZERT & TR RFERF SRR O A X o THRIE L2 Hgein i3, ikt F 29 71 BH
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e Lz 3. BEOEWICTHE SN EFRAHESREZ Ay 7212k TRAEL, %
B — 5 OB BB 2 HEIHET 2 FETDH b

LX) T4 R D&, P OS2 BRI A Y T — F H SR O B R EK
L. 87 7 2 AR~ b OFHAEH Z 50, e F o) 7 1 dig s KRGS 2 B R 720 AEREY)
JHICIE Ay PT—2 X 2 51 RSB 7

e A& v b7 — 7 EHITMA T IARIRRIEA Y =7 V=0 F =5 it 2 7o Tk, & b
RO 2%l LZZWNAEEL Fa £ V2 (ERV) OILY Y =47 4 v 7 RFEEBIHIE 2 78 L
THED. 1) =7 ATIEAEMAME, PR, ES AR S FHRMICEWTE v X b X FIVALEE
F Setdbl &/ v 7 7w b (KO) 3%& ERV B BidPHl§ 2. 2) MMIZ X ) BidpHl§ 2 ERV 7 7
I =HEL Y, MRERERNY ZRER TR ETH D, 3) BERTOK A2 Setdbl KO 254
WCTHbo 4) B3 % ERV O DNA X FWVALHZALL 2 & 2L 22 Lze AWIFETIZMH
RE1Z. DNA X FOVILFEA] R DNA X F VLS DNMT1 @/ v 7 v~ (KD) EEIZL Y. It
5 70 W RRRE & 7 L 22 HIIARIB S ze B 2 b VBT B FOVAILEEE (HDAC) BHERIZ< ™ 2
FMESEMIL C ERV 2 83 2 F MO N TWz2S, ZORFE S5 ERV (X DNMTI KD TR
#9577 IV —TIE% . Setdbl KO THHPiHil3% ERV 77 I —THIHHEDIHOLNI % -7

Institute for Frontier Life and Medical Sciences LAN system (Infront-LAN) has administrated by the
information security committee consisted of three staffs (Prof. Koyanagi, 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 two WEB sites and a mail server on the
university hosting service systems. 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, we have studied the epigenetic regulation of mouse

endogenous retroviruses (ERVs) during cell differentiation. ERVs are transcriptionally silenced in both
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pluripotent cells and differentiated cells via Setdbl-deposited trimethylated lysine 9 of histone H3
(H3K9me3). We utilized the tamoxifen-inducible Setdb1-cKO MEFs to perform RNA-seq and ChIP-seq
analysis. H3K9me3 enrichment on ERVs was mostly diminished by Setdbl KO, and VL30 families were
strongly derepressed. By comprehensive comparison between LTR U3 subclasses of VLL30 we found that a
particular type of LTR (U3 1) was derepressed preferentially and cell type specific transcription factors are
required for VL30-class ERV derepression on the premise that the H3K9me3 levels are reduced by Setdbl
KO. RNA-seq results showed that a viral defense response was induced in Setdb1 KO iMEF. In particular, we

observed the upregulation of several genes related to type I interferon (IFN) dependent immune responses.
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PCRICE ) TN HIZBIT D Tol2 i AFRALIELFF D7/ 2 DNA DT 247\ AR 2 e L 720

P, IR RIS Gald 2 J8BL§ 2 % 2 M CHeft L, JERBIE 2 fth L7z,

(2) HIHL - FLRE - 2RETAF R GaldFF BN S v 2V 22w 7 74 v v a2 v, UToZ &zl

SANT L7ze ML BE P R B A0 2 Fr B e O FE T, /NIt B0k Sl e 328 i S A4 1 27238 oo [ml 4B

WICHERE T 2 2 & 258, MEFMORBTENCH DL 7)) 2 )Ty -0 T8 4 T, FE

B E DB OB 2 BT 2 58 Ho

(3) GUUFF I 7 VATV 2 =v 78T T T4 vV aDAT ) — =V T RATW HiBl#ED %\ I3H

PR BB T 3E OFF E O AR FE I %, 3B X ORAN O E D MFEMIL T, GaldFF 27394 F 7 X AT =

v 74y vakElize STNHGEIRIILT, ANVT T LA A=V 7B LUK ELRE

T, ZH 2 EOBERTEASEMO KT 2 BUR T T 2GS 2 it nk 2 580 L7

(Muto et al. Nat Comm 2017) o F 72 B G PR 1T 28 B AR O 5 8 D ML 2 B S A2 L

7z (Lal et al. BMC Biol 2018) .
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Suganos S, Suzuki U, Matsuzaki F, Kawakami K and Sehara-Fujisawa A., Studies on skeletal muscle
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(ips filxWE S/ LREEZAVEDEO IV HFARBERROF 57— T HROBE]
OmF7efiERE  BRIERRY: - L7207 me B RE B
Ow AR - FAERBAOIZEF LA EE  FHERE Y R B B
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(iPs i3 % AL 7=H O #H18 L IS EE D5 FREDRRA]
OWfFefde LA e & L ar B2 Je £ > 7 — - & BB 287 — A

i HE F—2) —F—

Ov ANV - FAERM AT LIS iAoy S OH i B

MAF I EE OB R
O 7E#E8 S O 78R

W %2 % 7- 35 R B O REMEAE (Congenital scoliosis: CS) . F#E & 5L T W E
(Spondylo-costal dysplasia: SCD) 7 &'\ Hi—i#{n ORI X 2 FHHEO T O R I12 X 0 5
T RAREDPMALT Do Db, 77 AEFT L iPSHARIZ X ). ZH S OIRED I TIRIED fFY]
WA TV S,

SAREE, FMLAIFGERT T D4 exome fEHTIZ T €S, SC IR FOEREHE L, HHEOFAEITHh o
D LB N TBX6 AL T DERZ 5 L7z, HALMITL 2 H 72 in vitro @ﬁﬁﬁ (tag 1 & mutant
vector @ HEK293 M@~ transfection) TIE, ZH1L ¥ ¥ 7827 @ mis-localization Z ¥ Z L7z, HF.
7 AN ZFAERFHEAIFEINC T, S OERZFOBHEHROKRILY ¥/ KA 5 iPS Al 2 87 L.
TBX6 R T DFEBLHF L2 M0 TV Do T OFEHMII 2 T, B TBIYLIZ mis-localization A%
CoTWna 2L 2ifiild %o BECHILILID RS IMGEHEATH %o
OWFZER D 25
(i 30)

Nao Otomo, Kazuki Takeda, Ikuyo Kou, Long Guo, Noriaki Kawakami, Noriko Miyake, Naomichi
Matsumoto, Yukuto Yasuhiko, Toshiaki Kotani, Teppei Suzuki, Koki Uno, Hideki Sudo, Satoshi Inami,
Hiroshi Taneichi, Hideki Shigematsu, Kei Watanabe, Ikuho Yonezawa, Ryo Sugawara, Yuki Taniguchi,
Shohei Minami, Japan Early Onset Scoliosis Research Group, Junya Toguchida, Masaya Nakamura, Morio
Matsumoto, Kota Watanabe, Shiro Ikegawa. Bi-allelic loss of TBX6 function causes a spectrum of
malformation of spine and rib including congenital scoliosis and spondylocostal dysostosis (manuscript in
preparation) .
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1. WHERS. 7 A ~dhlzbblzLe, BEIA - TREEMEEL “O%ITHH595 " Rare

Disease Day (#5444 - #iEHR MR EOH ) in Tokyo 2018. (F&R %) . AT

2. MWIIERR . 7/ AERMED S 743 o BT O AES 256 10 BB IR SRR 7 + — T 2 4%
I RUE
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Conference on Rare Diseases and Orphan Drugs) . Sep 9, 2017. Beijing, China.

4. Shiro lkegawa. Genomic study of common spinal diseases. 2018 Annual meeting of Taiwan Spine

Society. Mar 31, 2018. Taipei, Taiwan.
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[PRRX1* IO TFII—HIERRIC & B b M EREKIBIED S FIRAR)
OWf7ef&E ML RFPER 3 amest () FH W& 8z
OvANA - FEER eI LR ZES ARS8 FOE il Bdx
OWF 7 [z OF 78 B

FHIERGHIE TOBRMIE 2 THM & L2 EoBEIAT5Th 5. Hitald,. ¥~ ZEHKIEK
HEFEAHS, Prrx1*Scal* ML 2 #MIIL & L7z Perx I BN O AR — a2l H L LTAEL L 2 L 2L
720 AWFZETIE, & MiPSAHIE L D PRRX1I" M ZFHEL., ~ v AW TR oA ZFIH T %
Z L CPRRXIMEHDOARYE % 0 F LNV THH L, & MR EGEEE C ORI REE - FEREE
D THFNE BT D 2 L 2 WIEH N L 3 % o RBIZEWIR TlE CRISPR/Cas9 ¥ A 7 2 2 FIH 5 2
& T\ PRRX] BAnTHEICHN Y VN0 B % ) v 7 4 ~ L72PRRXI LR — & — iPSHIfL OB . % 47 -
7oo HARMICIE, iPS Ml (414C2 #F) 12, 2 M ONXS ¥ — (hEWQ Y —7 — A4 & IRES-tdTomato
htey VBT LY =7 v T4 2T RT ¥ — Cas9/sgRNA 5 X7 ¥ —) % Electroporation {Z X 1)
BIETEAL, BABRY Y VeV 70— v 72D, 2y o4 v oa—ro@Eiliitole 7
J 2 DNA % HI\272 PCR fEHT DK, EHI L7254 7 10— > DN 23 7 1 — 2T IRES-tdTomato @
PRRX] BALTVEND ) v 7 4 VRS (Hetero : 15 70—, Homo: 8 7 H— ), TIN5
DI U— 2DV T, ActivinA/BMP4 25D LFAE FICTHRERMATE K X % 2 & THIREERICHLFHE
S8 A, PRRXT BB E R 2 W U < LT tdTomato DFEHER I N7ze D D, iPS
#ie T @ PRRX1 FEH % tdTomato #OG S ¥ /38 7 BIZ T HLTH5 2 EDTE % PRRXI LR —% —
iPS AL ORI LTze S8l B L7z VAR — % —#ille % FIH L <. PRRXI Bt~ 55
LF RSO, FE L7z PRRX] BYEAIBAN ORI L2 T2 FETH %o
OWFFec R A%

WFeskbi D720, FFick L

[iEmaHR= v F DR & MIFICHBADETEF Foxcl1 DIEMAEIEDMRRA]
OWFFeEFTEH  KBRF KRB EarEneiize st & vl 892
O A WA - FEEFFAZEIT L HEZE Y e T e 200 T X &%
OWFFeie i [ OWF 7 s A
HRiH DIEINETTrEA A » CXCLI2 Z wi st Bl3 2 MAEMIL (CAR ML) 28 sAi - ii
BRI DO MEFF IS AID = v F 2 MK T 2 2 & ZGEB] L, FR5mIcmi st 33 21850 1 Foxel 252 O
B & OHEFFICUATH D Z L ZW] ST L7z, Z 2 T Foxel DSB8 % @I 572
DIZ, FHIT CAR MINLIFFIEAYIC Foxel AR T Ol g Bl % FET X % Tet-On ¥ A7 A & w7z
P~ ZAOVER 2T, MEICHEAT L7z, —7, CAR MLl BT Foxcl DFEBIOL T 2352
D HNIZAMFFORBET IV T AITBWT, KSKF Eb3 OFRBAMET T2 2 & 2 Wl L7,
RT3 f- Ebf3 135 #1235\ T CAR M IZHF RIS FEBL L T2 2 & 2 5 CAR Al oMl %
AHEATASUIHE & 72 % Ebf3-CreERT2 ¥ A 2 EH L7z, f#NTO#ER, Ebf3 783 CAR Mlflaid, HOC#H
R 2D, RO KBS OF MR R 2 G5 2 MERBMR TH 2 2 LA%EH S h
7z, I CAR MIfEIZ BT % Ebf3 DFEREZ R %729, Ebf3-flox ¥ 7 A Z1EH# L CAR MlfafFR
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[ Ebf3 KA T AR MENT L2 & TH, Bl 2 L BoEME - iKAIASE R L, g 23
R BICEH LTz, 72 Ebf3 KIH CAR ML T, & M0 F8 A DO n B K - Osterix @
FHEFGHMBTRERT 27 VA Y ARAT 75 =¥ (ALP) OiFMELFER L, CXCLI2 & SCF (&
MEHNEDOHEFRF I LIHD T A FH A V) OFBIBFWL Tz 2 &h b, FFME~D5bhTiH
LTw2 ZEHURENTz. S HIZELB Lt RBfR - TdH D Ebfl IZ2DWTH flox ¥ 7 A ZFR L
CAR AIFBHE LY Ebf3/Ebfl KIAY T A Z N L72 L 25, ik D BREAVE CHOR L Sh, il
MHELLESNL LWL o7, DEORRID, Ebf3 13 CAR MlLoHFMld~0 5
LZWHI L, EREOMER & EigHL= v 7O - MEFFICLHDIE R T Th 5 2 L5 5
\27% 72 (Seike M. et al., Genes Dev., 2018).

OWFZECR D 25

Seike, M., Omatsu, Y., Watanabe, H., Kondoh, G., *Nagasawa, T.

Stem cell nich-specific Ebf3 maintains the bone marrow cavity.

Genes Dev. 32 (5-6):359-372, 2018.Mar 1

(77X ES HiRRDFiHEM 2 RET 5 HAREOF—1EDREIR]
OWf7eff#E  HBIRVERRFESR L 48 &%
O ANA - AR PR ILRIEE mEER T 250 T X #ix
OWF 7t [z OHF 78 e

Fa OWFEETIE, Venus # LR =8 —ICHWE T b T v 7Tk T, ES ML CTREANE
B3 2RO BT ZHE L72e TNFE Ty invitro TOHMEFEFEERI L - T, RBE(ET- D%
BWAFIS L CTES MO SMEEED LT TLI L2 HONIILTE . LAL, 2O Loy
B AEREAENS T LB EOREER L EHTHIEPIIOVTE, &L AHTH 72, £ TR
X, AT ZERIL TW5 ES ML LK H O ES fifd % cell sorter THrlifE, K4 %<7 A
MR NEAL TEFA Ty ZAZFR L, ESHMILOEEANOFGRE B L7, TO/RE, KiE
R FHMEIEBLO ES MO T AR DGR E N L OFER L. ABETORIOFES X0 H
ZEVEDS, ARFEADOBLED S bR S N ze REIET~ Venus &/ v 7 4 ¥ L7237 A0 Rkt b
S L R T- OFBLEAL 2 AR L <OV TIRHT S 5 720 O HEfE b 5 5 72,
OWFZE RO 255

KR

(BERR EEFYT 1 X2 FiY 5 HRars T sl s N izaA]
OWrefiEE  wRMFHEREM R AR Ik K dE80%
O A WA - AERFHAIIRIT LIS SaEER 7o 2558 BH  E6 dEEd%
OWFgefe i B OWFZE R

V=vZ « Ny Tk (Sonic Hedgehog; Shh) 13MRFEAT B\ CTHifBkHl g o 345 & 53LI 5
LMY 7 F VIR TH Do HiEEHIE Shh 2 X > THIB SN S ZH S 0L 2 EHEHHET 5T
7228 =5 FREEYT % HWT, Shh O THGEIE T2 mRNA ¥ —F Y AEICE L T A7) 7
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b — ZERTIC X o TREFEMIZIANT L. Z 5 O O 5T 5 B 53 2 i s & LT
YA 7)) YEEEE T (VCDK) ZHEEL. B2 ORI 2D Tnd, Haasn=7 1)
Wi 2 O 72 PR IO RAT OFE J. vCDK IZHFEE O CTH Shh ¥ 7 F 0V O3B % %) A IR O 13 5
BIEFICH S L, AR OB ICBE D> TW AL Z LN E o7z £ 2T, vCDK OffA L
NWVIZHTT 8%, BinTHEREZZE2ICHIEL 72~ 2R T35 2 &I L7z,

SRR 29 4RI B4R BE IS e\ THRIAAI 2 AT L 72122 vCDK OFHl % E= ¥ — 3 5 720D eYFP
I A= AL, TORBEEHTL I E LT

(1) vCDK / v 7 7% k= ZDFEBIIZ O T D EEH 2 i bt

RHAEEE DRI A S, vCDK / v 7 77 b9 2BV, WY A4 ZOBMEDR b D 2 L8
HONIC o7z LALEREDSA R, ARELZERTE 220002726 Twh
o7z,

FITYH 2 X, /v 277 YT A, ATOYY R LTz o, KELZLD T
0774 Y 7R RIS W TR THh ORI RN 217 5 720 T OFEH. vCDK / v
77w by AREBEREIANTEI Y AL EE BT SN R0 7208 Ak 3 EEH S SRE
WAL GO, Z ORISR IC 2 2 £ TR T 2 2 &L 2RI R o7z, EHIC. ZORED
A, A ZDBAMEDMEIIZHE~Y T A THETH ) M7 ATIRELEIIA S W h o7z,
COZENS, ERINCHFRAY, IR RO OISR T OB SRR R AL O L PR
Iz,

COZENL, METHWMINLERTORBINY — 5Bl OWT, Wt PCR 2 E4 K
e LTI 21T o 720 ZOKU —TROYMEFR IV E ¥ ORiREZ 2 — ¥4 2 85 TRBU DY
LAETLTBD, TOUAMRIERD DB R > TWAE I EATRBEINTz, BE. SOWHBEORIR
2 RERINC AT L T\ b0
(2) VCDK D eYFP / v 7 4 ¥ =7 ADYEK & JeBLO fR#i

VCDK (=7 IV IR TIEMREALRR (FFiiai®R) o—iBIlm B LTB Y. BBt b v, —F
T, ¥ A TREBUEPMER O FIRBIHIRDN T - 2 ) 29, PG insitu N 7)) ¥4 ¥ —
Ta YT WIEIZR T LT H - 72,

% Z T, VCDK O BETHED —FRIZ eYFP %/ v 7 4 Y CTEA L2 eYFP / v 7 4 Y= A& 4E
B L. eYFP OFEBUC & - T vCDK ORMBENINAEZ T35 Z L 1Z L7ze T OHKLR, R T 2D
s, FEHEZ R eYFP OFEBIDSL S, FFITHHC B L TIIFHIAT O D 7 4 71 v el
WAEL TWAZ EBH LI R oz 2O THOKRIIRA, 14 ZDBMEE 1 ZIF—FT
L55DThb. —H. ¥ AR TIE vCDK OFEBUIEMARIZEI . =7 M) &= 7 2T vCDK O %3l
AT —FRAE D E T B W et AR S iz,

INSD )T I INITA, Sy T4 Ry AREMZEAT L ) EEE 2. B ORBK T
HAHEREMKRICEAL Tau o — ORI o 720 RELIZLIGTICEE SN2 0 11T 1L
TBY., BUE, HKE - 22 OSBURNT 2 8k5: LT \Wb. 72, vCDK RHUC X » T % 07 25
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22 MEMICHET 2720 vCDK / v 7 77 X7 AOMIKLT mRNA ¥ — %7 ¥ A2 X % M5
RN 2 AT > 720 ZOFER, BRICKEHT 2 L EONLBETORKREITRENRATED,
VCDK S BLCHIT 2 L o R & LTz, BIE. vCDK EBEH AT 2N T 25K L.
BB ZRET 5720 DN 2D TV 5,

OMFFE R D3

(G 32)

Akiko Nishi-Hori, Hitomi Watanabe, Minori Kadoya, Tomo Ichikawa, Gen Kondoh, Keiji Hirota, Noriaki
Sasai

“Essential roles of a novel Cyclin Dependent Kinase in the neurogenesis and organogenesis.” (2017)

s SCHE i

(B2 - FHEIEI AL Z §IHT 55 FHIEORRIR]
OWf7eFEHE  IRRRFRFEE R AR Eil Ak Bdx
O A IR - FAEERAVIZEIT L FMIZEE RS FRat @0 W thal  #d%

MRS FRREN AT WA W WFER

Wb AR EREN R S 35 BhE
OBFFERE 8 [ OBFFE R

FEAEBFE T, BRSO BT COEBERO LI, EREMI L R -4 b
ELTREKENG, T, MFRIEROEITIN: - Ty Wik & M- 873 S AUk - BT 6
P DFEIEDMESL N Lo B - Wni )25 SRS IE, SRF TS H DR R F-Td %5 SRY-box 9
(Sox9) & DKL LT basic
helix-loop-helix Bl DG HFTdh [ SrmortialcO/CL) e R i |
% Scleraxis (Scx) Z FEH 3 % Sex?/ ‘
Sox9* Ml A %53 5 ().
72\ Sex OFEBIHIT T Sox9 AR K
9 % ScxCre 5 Sox9"x < v7 AT L
1 - B AV 3 S iR oo Bk B - T A S DO RGBT
TSI NN & DS H
275 TWwho —H, Sex BRI LIz A TIE, B L7zl - Barfiie iS58l % TR & > X
27 BT % Tenomodulin DFEHATHI L. MR IZHES Ty M - B35 75 S8 O fikE k5 b R Al 11512
BV TEBRAEPBZE I NS,

AMFFERE T, B - WA SO MIE TdH 5 Sext/Sox9™ ML D in vivo W BULE TV Z RS
% 7212\ SexGFP X 7 A & [A Rk O BA G H S A8 (Sex AR LU 4kb B X VT Skb & & 4#y 11.7kb
OHIE) T HWT, RMaEOLETE TdTomato Z 5Bl 9 5 Teg ¥~ 7 A ZEM L 72, Transgene (33 77
A Sex BAn T OFHERF4G S E 1 in-frame C TdTomato D I — 7 4 » ZEH| 23 A L CTHEZE L 720 K
72 Transgene % ¥ 7 AFIMEHISAEINCA ¥V =7 ¥ a v LTER L 72 Founder ¥ 7 A % B A:
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XA L H LT Sex FEBLHIE T TdTomato & FF RAYIZFEH T 2 ScxTomato Tg DRkt & #EL L 720
W, b L7z SexTdTomato Tg X7 A % Sox9GFPKI %7 A L B L. Sex DFEM % ARt st T,
Sox9 O &M % fk 6 T AL T & % SexTdTomato ; Sox9GFP < 7 A & 1%72 M 155 HD
ScxTomato ; Sox9GFP % 7 A% 4%735 7 + W AT VT FIZ 1 BERIFER. 60% 2,2- FF ¥ x
F )=V IR T 2 2 LI2X ), SOLEBEPIET 2 2 & & REFIZEVETE 2 &
BHLNICHR 5T 5,

Sex < ADVERTIE, 77 WEBAT 2 MWT /v 74 ¥ (KI) 217572 <7 A Sex iz
F132DO? Exon THRENTHEY, 73 /22— F§ 28O 94%7% Exonl IZ& I N5, £
ZC COHIRERAAL X )12 loxP T ZHEA L. guide RNA OFEERAHNICH A L > MR ZE
ALY =T T4 v TRy I — %R LT OB KISNZTINVEAZ ) -2V 7 TED L
9+ Hindlll %4 b, Pstl %A FZEA L, F72 Tatl 4 MIKRET D X ) ICREET L7z gRNA O
AYELHI D 5° BN IEAY 3.2kby 37 HIISHY 4.9kb OB 2 5- L7ze 1ERL72Y =77 4 ¥ 72
Z—H5 8.1kb D 2 REEDNA W Z I D L. Cas9 ¥ > 787, gRNA & i~ A Fit%iH 2k
Bing Y =27 v a L, 2 I U7k 2 Lo IR4E ~F8HE L . Founder ¥ A Z 14720 FO
TEtAZ B~y 2 LR LT S’ = A& LCRAL L. BUE. Sex™ o 5 Sox9¢ < 7 A D fifHT
ZHD TV,

OMFZEER D 25

(53 i S0

1. Shukunami C*, Takimoto A, Nishizaki Y, Yoshimoto Y, Tanak S, Miura S, Watanabe H, Sakuma T,
Yamamoto T, Kondoh G, and Hiraki Y. in press. Scleraxis is a transcriptional activator that regulates the
expression of Tenomodulin, a marker of mature tenocytes and ligamentocytes. Sci Rep. 8:3155, 2018

(a0

1. Regulation of intervertebral disc development by Pax1 and Sox9 : Shukunami C : Gordon Research

Conference (Barga, Italy), 2017.

2. Scx/Sox9 FpVEni BRANLIZME - BH A OIS 5-3 5 - HARMA, WA S B #id. 18
MM ¢ 55 59 MR IEHER F B MRSy (X)), 2017

(BRFEFR)

1. HRBH T Scleraxis XA 5 # % % A% 3~ 2 MRk O KA E BT 2 5 ARRA, A & 1920
F. L X AR AR wL B HIEL A 2017 AR ARG R ARAE S AR RR
& (Fi), 2017

(MRAEEONENHESSHRO=ZATHTOERAICS R DHE]
Of7eftdes BERERIREB TS5 HpE = 5
OvANA - FAERREUIRTE RIS N 2D =7 258 2E RiE #0%
WNAF A= A58 HE M1 st
NAFRAH = A8 M B Rebd
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OWF7E#E8 K OWF7E 3

AWFFETIEIHE RIS X 28RS 7ot 22 7 ) + — < BB =RociziE 7 &
A% EIZROND LMD 72 55 T WA, IV OREERIC X o THIE S B IGERICHED X5
eHOTE720 P29 FREIZ Y A VA - FAERFHA T ZERBEIR L ORFENEIC L > T
WSROI E 2 IS FE 2 D 720 BARIYIC IR RN BAMEE 0 1 >~ F L — a0 1Ml & 7]
BEORKESTHIELE 20 u mDOHTIFTAC =X 2HAE LDV FLA=2FRL, ZhzHwT
TFNVEFMURAARBO T 3 =AW =T 24 Lice 2OT =AW =T 2§52 & Trvob
PRZHN L7, TORR, REBI O pH 2EX BT Y FIVOMERPRL L 2 %
EEMICFEM L7z, F72, 294 - 5320 -7 VBORSTSVIZBWTE T VT
IREEIAKAT L 72RO Z L E M ST L7z 61, INHDF NV E VBRI ) + — <l
HORE 7o AN T6Z 2 WN L7z, 722 21, WiERO/NS LT =77V Tid s
F — <L S I L OV TiEE L i KREFLERRES K S W ollx LT BitERo K& 7%
27—V CTIIMIIBER 2 L 22085 L REERESMH S h D 2 L 3bhrolze —T7,
JREE ERZ MR OR:FECTlE, 7V ORIPERICE > TR BICBWIOBK S LS 2 0 = — O [HifEs
Wil ehbirolze Yo X5z, fi/ER O T2 D7) + — < il okl 7 v &
AN PRI a v = — Tl E XM T 5 HE LR FD 12O THAHZ LW 6N LIz, %D
FgeTid, 7)) F — < OB 7 1 2 12 B W TR ViR IG5 X = X A %)
ORI HLUEDRD D, —F A EEMILOR 2 TIE, ZROcE #1281 % a1 = — Bz 5F il
FTHF TR, ZRTFARCBITAME R 70t 21285 H U THEN 280 5 2 L35 5B O
THbo
OWFZE D 255

(P98 42)

1. KRR, ZARMKER, AUkse, MmAFNEMIBSAEE %R 7)) 475 A~ — < HllEH O R

1252 B HARKAA 35 28 MINA 71 v 5 4 7alllii4r, 2017 4E 10 H 28 ~29 H, fili
Fs KRBT A8 (R0 s DA s i)

2. Ryo Sudo, Bioengineering approaches to the 3D tissue engineering, The first joint conference on
sophisticated coupling and integration of genius kernel technologies in Grenoble and Keio, 2017 4F 11
H 23 ~ 24 H , MINATEC, Grenoble, France

3. JHEESE, NA AT IZT ) Uy HED L 3RO L, HARREMAAS 30 MmN v
DT v UEES, 2017 4R 12 H 14 ~ 15 H, BEPRS HRERGIG R e G RCER )

4. RMAK, KHEFUFEE, ZUkse, MRRASEE2AIEE 7% glioblastoma ML 4 ORI IZ S
2D OABWMSFAS BI0RNA Ay Vo7 Y FHES, 20171214~ 15 H, 5
R AR RTE R SfE (U AR T)

5. Jise, A 70Ty b7 4 — A E W =ROCHIFRIE G & M2, 55 20 Inl H AR
T D aEy XYy RIY YA, 20184E 1 H 12 H, EEHEMSHEEG S SiEE O
HRIEX)
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6. e, —WRIuNHA FarviiBid 5 08 AR 7 1t ZAOMMT, 4533 0 N F L4 n
V= UH=F - 75— 4, 201843 A1 H, BERFEREE Y Y — GREEHEETRHX)

7. Ryo Sudo, Three-dimensional tumor cell migration assays using a microfluidic device, %5 33 [H[/N A %
A=y AL IF— 201843 H 16 H, 5K Y A VA - FHAERFARFFETT (RN 50
)

[ZREEEBRETFENICES In vitro BEFERRICEATHHE]
OMf7eftE  REARKPFEMWERE - ikt v ¥y —GHMESE R & #Ei
O A IVA - AR AT IS MR % 1% D#E
OWFZE#E8 [ ORFZE 4

FLEN Y OGS 113, MR N TR S AL, AT 1 B ORE T A3 712 EE L ks hsoe 1
5, — T IVZRETIX, BB CRTOZREESEHREL TV, EHBELZETY
VKT 2 FICRBET 5720, TR EE L IEKREOBFHILEL b, BRNBd o
PSS, BV BT 2 TR OYUE R HBEMOMIBICEH TH L L EX HNLD5 T
PRI IESS T d 5 7280, EENHE N O HE 2 MR L 72 F TR T2 0853 2 Biarid R 72 (2Hfe o
ENTVRV, 22 TARIFETIE, T OMEIfES X OB 2 MR L2 IRE TR T2 853 55
Moy ERiR L, RREEZRT <A 7 0iiifhkT v 7 2y =5 —Z2 78RO B
AT o720 S HITMRIVZREIZ B BRI OUEE TS 2 K TR B O A 5P % 5l 3 728012,
ZREREIEIS~ — ) — & O CRARBODFHEAE T2 850 L, BIRIHRORE T2 F T2 AE e 2 37 L
72 RAZUHAKRF T vV = =T X DT RN BE L BT AR T O8I
W L7z F 72, BABOKE 713 RYVZRIC X D R Z AT 5 2 DS R o700 KIC,
ZREREEE~ — 7 — TR L T ORI LR, s~ — 7 BT )
D AR — o — MR TSR T, BV LR Lz, RIFEOKE. <~ 1 7 aifk
Fo TN = =B LT FETOEBIEL X OB E RS 5 2 L 5C & LHHE
TR BNBAT OBAFENZ T Lzo ARMIZ, Bl 8 5E 2 IR H L 72 Rl 8l ot R Rk o
BTAWZALDBIHIHATHLEEZ BND,
OWfFem R 253
(F3584%)
R R E. PR, B X, PEEC

XA 7R TF v T Y — 8 12X B KRR T L O BRFE. 5 65 Il H ARG ERE)

W4, T 304E5 H 16 Hy &EINRRASE, =il
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7 AV ARG - A oy REEC s A 1 2L R FE LA
2017 AL WF SR CIR . (WFZE0IRT : 2017 454 H~ 2018 43 H)

DEEN P3 R TZER
EREPIERLE L CGGHTOMEZB I o7,

[PVIAL XETFICHTS CTL DIREREFHHEEICEAT 2HE]
OWF7eftE « EVEGIEM7EiT = 4 X%t > ¥ — vy —K RE Y
O A NVA - FEERAIIEIT L RBIZEE © dE8d% =0l 817, BatriB Bl B, Bl

KH &R, &z B R
OFERCARD -

E S EGSEM e = A A get o ¥ —mEE Y vy —REHF VAL XETIVITBIT S CTL O
B B BB IS B 2 7E 24T o 720 ARWFZETIE SN T T, KR MHCINT Uy 4 TG T %
VR W7z SIV B IRIEGE 7V 287 Ly S SICARILFEIZE T SIV R G 7L b 18
VU BRGS0 N RAT R A R SE L 720 — 7. iPS ABEH R CTL SEAMFZEICE L T, ¥
)V CD8 it T ML HI 3k iPS MR A 5501 S 72 CD8 itk T ML o 37 12T L SR shie sy
A DIFHT AT > 720

(7 A F5 Y IRV HIV-1 OEFRERER - REERREEORIR]
OWf7efEHE - R RFPER R FUI e iz WO 1

O ANVA - TR IR RIS « disdz =il 217

ORERCIRDL

RIS R 2R B o SR 2R ZE 5B T I U - 882 & 7 4 79 )V % o 72 HIV-1 O AR PIBEBEBSAS -
5 RIS BURRAE D FFAT IS 3 2 2 AT o 720 ABFZETIEHBUS/ER L 724 Z 7 4 VA (HIV-
Irmt) % 3 O T A 7 FIVSHIRNIERE L i O 4 v A5t & CD4 B PEMI L 2 <720 i
AV A&, I 3000 2 ¥ — ml £ T LS L7722 ZOBRBIBRALIT £ T L7z, CD4
BatE B R & BRI > 720 VT A XTI E LTIE AT 5DOTEHHD WIS
ThbHZ ENbhrosTz,

(HIV-1 BERAEDIRG % BIE LU /=R aEEE OELICHIT - BRI %]
OWFZefCEN + s K FR BT #&d% BI 53
O ANWA -« AR LM« disdz =l 217
OFFERCIRDL

HUOER R A5 BT Ze T B B SO & HIV-1 BRAWE OMR % H 38 L 72 B BLIG g O i 2 12 1Ay
TR ZE % 4T o 720 ARBFZETIVOVIRINE HIV-1 OFFREGH I B VT DY > 738 T HIV RNA
BT IRV S — T HIAS < AE1ET 4 QMG O R RIPUAR 23 8 WGP 2 7R
L. Wi LTl 26> Twab, 3 5IZQH B PKC activator Tdh % 10-MA B L U BET BHERTH
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5% JQ1 OPEHIC X 1 | in vitro 128 W TREEVE T A ORI B vy HIV-1 #F KRG IE 22 5 O 15 LR
RERT I EDNDbh o7,

(A ITNI I N AOEREBRRLET NV EAV-HE]
OWF7eRFHE + B RFERAMERT Bd% W %44
O AW - FEERAIZEITILFMIZEE © Bd% MW Rk, dE8d% =il BT

B B B BESE, Bl R K ®K
ORERCRDL

TR E RIS [ 3622 & 4 v IV U AV ADEBEEYE TV % v 7-0F
AT o 720 AILFEBIZE TR, BEPRY ™ 4 0V AWFZEiT 0= EH P3 Y EBR=ICBWT, h =7
ANV YT NVZ T A NV ZADBERERZITC A VIV FIA NV AOERBEET
B DIRENEENT, PUy AV ZROME, T2 F URR BERS R M TAI L2 HIY
EF Do AMERIE, BPEBRICHHT 57 A VAR L Z ORI 217, VGRS
[V TR %2 % 2 720

@)= A P3 IRYEER
<R P3BGEEE LTI 2RO E B ko7,

[ MET I RETIZERE HIVA BERRED S AT L71 IV AR HEEIR]
OWf7efiZE « BENLEIE A ZE NEERAIZE M #Bdx H /7 b &
OvANA - FEER AR RS « Bd% AW k. i ok &
OERCRM

R ZE T ABUEARAEZETR M 2 Fl#d% & e ME~ 7 2 &7V & 72 HIV-1 &340
OV AT AT AN R ANERTICHT DR % 1T - 720 AWFETIE HIV-1 &G e Mex o ARND
AW ARLA B O RIFERIFENT Z 47\ 7 10— PRI L 72 &Gl ite T ) o N EREHALIC B b
B AR T A NV ADREARDAT L W L 2 W L7z (Sci Rep 7:6913, 2017) 0 Z ALIZH
AVHIV-1 REARTROL E BT —F R—=ZA D% ) LT EHF ) AERE DB X BN A ¥ T+
YT A7 AENTIEEA TR CH S

(& ME?I R ZRLE HIV-1 BRERETIVORE)

OWFgef s« R KRS DA ZERHIGE - MR R Hae widr Wl
O A IWVA - FAERFHARIZRITILNEZES © Bd% A $68
OERIRDL -

TR R R S F ZE R - RS R =i S B Bdz & v ME~ o 22 w7z HIV-1 % RI&GE 7
VORI T 2R 2 AT 5 720 AWFZE TIERFHRIEGAMNIL OB M DS B T2 T VLR — % — o 4
WV A % Jurkat T NI &S S & GFP Btk o> w7 £ )V Z 25501 & mCherry By PR I& S5 2 > — +
(2 & B R T IEBURNTR 2 ML L7z RICAME 2 TR 2 W TR 2 B 2 o Twde %

-199-



72. UA VA Env 53T 2 RFAARIC X B0 AV ARG TERERRICOW TR, A7) ==V
DT Ly R e MG TH B o

QLT - ML XVD Y £V R - R Anfse
BaT - MLV 4 v R - EaREsE L LCE 17 HFoWsE 247 - 720

(% VSV Y AT LERAVERT v Y714 VAT 7O0-FIViREDOIER]
OWI7eREeE + BILRPRYPE RPFRFMFER (K5 o A4 )V AEE %
OY A WA - FEEFAOZEIT L FMIZEE © Hd%  BH &

ORERCRDL

B ILRS KB R R Z2 88 (FR27) w7 A )V A 2E M e e 2% L I 2 VSV VAT 4 %
7287 v I A VAT 70— F VHUROIEIC S 2098 %2 17 - 720 ABFZETIZHLT v
A NWVADEHESY ~ 87 GPC 2§ 5E /) 7 u—F VHUMERD 7280, 5 v 7 4 )V A GPC %
FIIZFFOMAIRZ VSV VAT AL L, <7 ANDORIEGUE 74 5 OS2 ELISA U 2 K&
L7z, BoNnPEEZFHLT BAEZE, 20—FVHRDO A7) — = 0 7 L PRIRIENT 2
TWab,

oy

Jetst

[RNA 7 NABREL bO MT 2 REJ ViEE EDREEDOREH]
OWFFeiEE + KBRS R BE R R R RHRIAE - feEvaliie A Al dEBE%
OvANA - AR FUIZE L REE © &% 91K %S

ORERCIRDL

KBRK AR B 27 R FEFHEGIE « SR AR AL Z HEHIZ & RNA 7 A VARG L L b
NT ¥ AR UL OO AT IZI T 2 24T o 720 ABIFETIZ RNA 7 4 )V A j&Ge s L
e bT AR UERE O RTZ L2 HWE LTiTbz, ShETIC. LIRS
ARV OEVERENC YR @) X 2R ER 5 BN THIRTS 2 RV FIRI A VADN F ~
NORERETHZERWMLTWD, 58 RVFHR7 ANV AERICEILL bR b Y ARV
EEDOFEIZOWTIFFT 2 AED L0 RIFZEICE D L B bT VARV VB OH L Wil ko
s RE S b,

(FY T4 NV ABREEE P ERBETIVERICMIT -EEBHE]
OWFEREEH - WP AW e BgdlE 7Y = 7 b FEMEE B AT
OY A WA - MR AOEZEIT L MpE2Ed « dEBae =l 717
ORERCIRDL

PR AR AW ZERT - Gl 7' 1 2 = 7 b HESBEAT MR & 7 7o 4 0V R &G dE
b M RIEHE TOVRE S T 72 BB FE 2 4T 5 720 ARBFZETIE 7 A4 779V 3 i SHRIL L. KA
HER (PBMC) Z 40l - 5748 U720 PBMC C. #FBUMER LM Z 7> 74 VA (FIRI0%E
PR 2 FF2 A ¥ 7 VT Y £ )V A D NS1 #IR T EZRAARATE) OWFligEZMH~R/zE 255t
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DIANVALD HHIHRES LA L Tz 20 A V=720 fFHEFTH, TOTA VALY
LEGHRENS LA L TWAZ E 2SN Lz Ty 77 h AP IVEFTIVREEICIITTRE LR L
726

(B2 S2P FEATANRELERNDEA)

OWF7efCEHE + MRT VK2R ERE AR A ZE R dE#EZ R Al

O ANVA - TR FUIRIT RIS © Bd% Bal v, B B
OERCARD -

BT VLR R A B A R B A e R R SEFNAESIR & IR Y S2P A1 F ~OZ LA R 0
AT W32 1T > 720 AR TR DA T 5 S2P R E T ZIZDOWT, KGR oW T a7
T—EIZ Lo TUMZZ T LT WHIEANY — THIBOBES 2T 7 4 =7 4 —WEHO ¥ 7Es &
BEHZ 72 FEAOBEIRICE > T Q2P AT 7 OIHENHEDbN TV ARV & &, ZIF ANIZEE
& DOILFIZEIC & o THEDD 722, ¥ A 2 FIH L TR 5572 5 OFG BT ) FLA 72, Z DiER,
ERLEE T O HCREE S BAF 20, VAARRERSE AT IC D08 L 7oA GRS o 7z,

[Develop a selectable anti-HIV-1 gene therapy vector using CRISPR/CAS9 system]
OWf7eftZ3 : UCLA AIDS institute, UCLA School of Nursing  Associate professor ~ An, Dong Sung
Ov ANV - FAERBAOFEIT L RNIEE © #d% /I #e5<

O AR -

An, Dong Sung (UCLA AIDS institute and UCLA School of Nursing) developed a selectable anti-HIV-1
gene therapy vector using CRISPR/CAS9 system. Koyanagi has selected 5 potential gRNAs using the MIT
gRNA selection algorithm. Then, our initial experiment successfully identified 2 functional HPRT directed
gRNAs that can be delivered by a lentiviral vector to positively select gene-modified cells. However, letiviral
vector mediate delivery is inefficient in human primary CD34+ cells, we will utilize SeV-Cas9-CCR5 vector
that consistently transduces fetal liver derived and peripheral blood mobilized CD34+HSPCs with high
efficiencies (~ 90%) . We will optimize HPRT knock out in primary T cells and CD34+ hematopoietic stem

cells in vitro and in vivo using several different gene delivery systems.

(ATNIFIM4NR - BEERFRED Y 71 F EFHEMERIT]

OWFFeRZe8 + MR A Bl K2 bRy AR 1 @ T . = v b LA R M H EZ
OvANVA - PRI RIS © iz BH EHE

ORERCRDL -

AR B R AR AR PR BT = = v PEHIEEEH LR R A v 7 Vs
WA WA RGBS D 7 T A4 & WSR3 208 2175720 AT, 4 v 7
NI T ANVZADY ) 5 RNA Oy - B 2415 RNP BIARD w5 R ReRi & 2 9 6 2223 5 72
O, ¥t AT A 3 EF Y P RNPHAEKROER E R Z R AT, ThETIiZ, 327
JAEHWTY) a2yt P RNPHIGHERZ AT S 2 LT IR —2fidzfi32)arE
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7 RNP EAROREIZEI L TE D BAERZ Y 74 A BT HMEBREZED TV,

(7171 NVADBENE - REKICEHTIEBRVANNAFERFELFICKDFEMAHAE]
OWF7eiges « Bl R R B )il
O A WA - FEEFADZETILFMIZEE © Bd% AW R, GERE ik
OEAIRDL

R PR AN B L 7 4 1 A )V 2 DRGNS IEPEICBI 3 5 FEBR Y £ Vv A2 L 4 F
AL X B ERGIE 2 1T 5 720 AR TR T IAN AL LD T 4 T 4V A DGR AL
W53 B M8 2 X B OS5 EERE O RERVIEAT 2 & EALITRIRYE 2 X0 7 £ L 2 D RRGR)#1C
L3 20D H L 22007 I VRN Z I L7z, & 5120 AR E PRIENT L OB S >3
B OREBEIRNT 2> 5 Z DO EFENE: 2 F5E L 72 (Ueda et al. Genes Cells 2017, Kurosaki et al. JGV 2018)

(#7737 B BIRF %7 1 N ARERIS R R ORI &L B NBAZEHIEE)
OWFZe03eE « ERGIER ST 7 4 )V A8 %8 TALWIZe s ot s —
O A WA - FAERFHAIIRT L FFZEE © dE8d% 1
OERCARD -

N EASE R SR T ™7 4 OV R85 3R sE — BATIIGEE & 0Bl B BUIF e £ v 2 g 28 % Ok
TRIGHT & 165 BH =1 [7] 52 DA TR 24T - 720 ABFFE T Id HuS-E/2-NTCP MBIk D PEIRIRNT % 35 2 7w,
C ORI ARG T A 2 LT BAIRIC HBY ORGE2HFARTH LI b 2 AL
72D TOVAREFELETIZB VT, HBV 7/ AH 5 OMEE B4 R 25 W RO %
HBRFEEINTWL L EZY SN LT, T2, Fr7-% HBV BERHLERIZRR L2 25, Bl
T-WE 7 ERIEE 2 R TR & o TIHMEAL SN B IR IN 1T 5 Nrf2 OIEPELAI 2550 HBV 14
Mefh$sZ 2L

[SLOT iZZAW=7 1V RICHT B istEEnANEIH]
OWF7eREH + BRI R B =i e fREdEsdz  JF L i
O A WA - MR ADFZEIT L MBrZEE « Hd%  WH FE
OREBIRDL

BEWEZEHR S Jeui 2R AR AT Ze T LT AEEIZ & SLOT &2 Fl 72 A )V AR § 5wk
HEPURDAINICE T 22 21T 5 720 ABFZE Tl WEEY 4 V23208 R€ /) 70—+
VIR FHWEMZEO I Z HIgE L, EEORRRL ALY Y AHEORR R E 27> Twh,
BWAEEFA Y INVZ O IANVABITT v ANV T HE 7 0—F VRO ER 217 -
TBY, fion/zE/ 70— VRO RGN 21 U T, widid ik oEIE oS R 2 4E0 5 7
LT Do
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(AT D1 RTAIREZAIATNAT 1 JRAZRVEEEFRRS L T 7 ADOHHFED
AR

OBFFEEEE + WRURY: A RESAIEFETT Bd B Mk

Ov ANV - FERM O I FENIEE « #d% Il BE—RR. REDEE BN 2R
ORI -

REURY: - BB BT R H R B L F T NV 2 A T4 7 AEA 70TV T4 7 A% H
WE(R T IS A F I 7 A ORI TR O BRI 5 2B 21T - 720 ABFZETIE FH LM
WMENGFALEME AL LTHRERF ORI EZHREVEZMEZ/ERK L, tRA e~ 71
WART INA 2N X B BRI LRI R L § 2 B BPAN 2% 2 2 & 2ilAh7z. TORMR,
JEI I 72 SERB D S F N T AN FALGE W O On/Off AJJIZIE U T BEBIR E 7213790 Z RIS @
BIRTFRBINY — VR EBT 52 LRI L7z ZORRIE, ST THEZ -7 THille o v
A I1y v 5 — (BEBAR DI LA L 728 R A2 B R 5 2 & I2 X - TIRIEZEBLT %
EENDIEEEEERE) | ORGEISIGHTE 2 LS h b BUE, B BRER TP TH %0

[V vREdIAZEIFDVI RICHT S SIV BLmEDRE]
OWF7efCEE + BRI 2T 7e R NV HERL 2R B S IR Gl ER
O A IWVA - FHERFHAIIEIT L RIDIZEE © dEHBZ =0l 817
OFERARD -

ORI 22 e S F e B N I A He A} 272 R W BRI R B AE B3 & v a sl 2 R0 = 7 A2 BT
% SIV &G REDINTIC T AITe % 4T 5 720 7 A 7 OV A4 B4 $% 3R 2 NOG <7 2D
AT RENICRBAMI L7 2 A, B 7THT TR VMBOES MR Iz, Zhbi
STVmac239 #k & SIVpbj ¥ SIVmac239 Z AL L 72 & 2 A, W THEMIMF O X 0 vk CD45 B
PE T Ml DI A D3RR S 7225, HV ISk CD45 B Pl id STVmac239 #fli~ 7 A Tl B - T
WA L7225, SIVpbj #fli~ 7 A TIEBICHII L TWab 2 b holze BT 2BV T LY
W& iR O JEGIRRE DN 2 LT E 2T T IVRICHR D145 2 EAVRIEE N2,

(& FSREERARDSOXERE= 1 —0OSLICHRA OMIERIRIES R /=7 &)
Of7eft3## : Korea Brain Research Institute Lab Head /Ny By —
O A WA - FAEEFHAEZEIT L MIEZE7 © BB /I -1
OEBIRDL

Korea Brain Research Institute /Nt T — Lab Head & & N 2 REPEGHNL A & O KN = 22— 1
SN O W B BREE DS 72 3 BN B3 2 W28 2 47 o 720 ARAEJEIE, & b iPSCs 2 5 O i
Gt 4 TBIEET 5720DVR—5— 7 v 7 4 54 v % CRISPR/Cas9 i TIERL L. MIaRT 28 )
O S LT 25 % WA R = FE 55\ TR 1B 3 & 3R 12T o 720 #ifR s LIRE 2 3k 3 2 720
D GFP OFEBUTDOWT, il ORHAE M 2 T IMRLEEO M S ZBLL 72 7 VIR I BT b FE
G2 5 15 HA 5 20 HOMIZHBIS o35 2 & 2R L7z S HIZBIE shRNA % 72 HESI
2y 7T Y RITV, MERLE TN 2 B R B L T L 720 O SRR & Blih L 7z

—-203—



[(BEFHEYI AL S HTLV-1 BEHFIEE D RAEHFFAZEA L iafiE O]
O+ NG ERE R U B Pk ek
O AIVA - FAERFADIEIT I FENISEE © S 2ok #—0. BFHEEIZ  FA6 AEHE
OERCRM

JVTWGE 26 )R 2B A 1 777 s W 42 & R -2~ 7 AU K % HTLV-1 B BEE O FEE #8717
B &R O BIRICBE T A8 2 4T > 720 ABFZETIE HTLV-1- BIEHFHAE (HAM) O¥EREE 7V
B OV % ik Tz MHPUR TH 5 MOG IFF RN % THIBZBFAR I 7 v ATV 2=y 7 (Tg) =
7 A (2D2-Tg) & HTLV-1 Tax & %\ & HBZ Tg ¥ 7 A (Tax-Tg or HBZ-Tg) & # XKML T¥ 7V
Tg ¥ AZfEH L7z 2D2-Tax-Tg 3 & ¥ 2D2-HBZ-Tg D Wi R T K 30% D= 7 ZH3F R
2 FARTERE L 720 B ROIAT Tld, <D IETIHED S FRIFE 72 ) B 2 S ERO B % 78
Wize TNHOFHIEHAM BHEOFHE —HLTEN, HAMOEWETFTVE LTHHATH D L
E Y (W

(REAGHAREICE(T B IL-7 OHEEERRIT)
OWF7efFE - BILRFEEE B Fa —2Z
OY A IR - FEEFAOFZEIT L FpIZEE « Hd% AW H—
OERCRM

TR AR — Z Bd% & TRIGHLER IS BT 5 1L-7 OBEREIRNTIC B 3 B 058 247 - 720 AR5
TIERIHNL A $ 2 IL-7 OFEFE % f#HT 3 % 72812, Adiponectin (Adipoq) -Cre ¥ 7 A & IL-7-
floxed ¥ 7 A & M LT, Adipog-Cre IL-7 cKO ¥ 7 A &M L 720 2D~ ZOMRIGHIHKICBIT 5
HIEAINLIIZ R E A e h o 725, IS8T 5 BA LSS L RESRTEB Y, Kl
YOSHIERIC BT A B D WA L Tnize T o DOFiHA 5. Adiponectin 2% B flfd b % S Hi 3
BAHEA P —<ICTEBIL TWA 2 L6 ko T,

(SRESEM/MMREDEREE T 1 IV AORKEERER ORA]
OWFZefCE=H + EIRGIENIZERT 7 4 0V A —38 S51e Ty
O ANVA - WAERRFUIZRIT MR © Bd% B W EEa2 g fHa.

KEEBEA I RARHD
OFERCIRDL -

[ 37 G REMT TR 7 A OV AR —EB Nl B S R & HE BV /ISR AME R 7 A OV 2 O 95 UM
FEHBT OIS 2058 2 17 o 720 AWISE T FEEBWE M/ IORAE R 4 VA (SFTSV)
DI RIEJ DI 7 AT N & T 217> 720 ARBOFFEMIERIZ, U FH Sz X
IBRA VI =T 20 VEAICHT D ANEZHET R L BRI R RIEEY A A A L OREADEKNTH
5 2L MY AR E AT AR L D KIEVEY A M A oA - VEH OEEAY SFTSV
DI RBHRIEE LTEZONDL I LD DD o7,
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[mRNA FiBE{FED SHiedH HIRIK RNA HESNEIEh 514 4]

OWF7efCEHE © M PR R K2 A R AT ZERT BAR TR BURE20F78 0 M #d% w1
O ANVA - TR FUIRIT RIS © #1088 #d% KB REA

ORERCRDL -

ik HPRAEAT A2 K7 R R R A S8 I B AR - FE BUBERE A 2800 T i P 2d% & mRNA |52 5
PERE D % BUIK RNA 23E S I3 5 AL A3 2 W58 2 47 o 720 ABFFETIE~ A4 7 T RNA miR-
7 OWAEM & L TH) < BRIK RNA ciRS-7 OBAMRESE T 7 7 V) & X 7 OV BERIE A~ O/ NE
ANFEBRTH LI Lz SRERICH A 754 ¥ ¥ ZFUBIC & > TEIRIL 7z ciRS-7 2% 20> S AL
BABEBIICHI R IND 2 LDSbh o7z, SHICHAHEIE L siRNAIC XS 2 v 7 5 VBRI
X 1. mRNA BAMER S TAP IIKIE L TWDH 2 EAVRENTZ. RAID TAP 7 ¥ 7 % — KT D1
PRI, BREWIFZEICHER L TWb,

(REDEEEMHIFICE T 2RRBMBAD 51 F X U AfFi)
OWF7efCERHE + R PFEMEIERTIZe Y v 4 — B R (B M1
OvANA - FEER AR IREMES « Bdx 88 30 WhsER —k &
ORERCRDL

PR P A BRI ZE ¢ o & —VaAT (EH) WK Bh# & B8 O VERER IS BT 5 R
HNeD 7 4 F 3 7 AENTIZ T BT 2 AT - 720 RWFFE TR A3 MU LT 2 4L o B Rz
BT, R O A L L KRBl & 135874 2 T8 2 R0 85l 4 234
LA e oMLz, 2 MiFIOREEANILCH T2 VA= —< o 2% T, Bi5itEag
[ @ % % Wit U 7z 3G PEMII AR - O MERR 12 SR - Thx3 D & — 47 v b a1 Ol % Il
w720
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HASA e NI DY & 2 OBMOTH

M ®E BE
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