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BYIE IS R BIFhOT- L7250 E o> Twb, COMERRIRT S 720, K5 TIE,
INBBE D 7 4 NV A EFHEDIITE &2 4T > T b RIS, 74 )V ZAOMIBE AR S X OMLE - <
TFE - HEH - PURIC X 2R AERBEOMBIZE L. 7 AV AT L SEEDF N T %
MABDLET T u—F CTHEEZED TV A, EEMFEED & LTE, 7 A4V ADFREMEOMFIF &
7 ANV ABBNIR T 2 PP - B D 2 OPKELRILE o Twd, 2022 FITBWTIE, HiHl
a0 F 7 4 VA (SARS-CoV-2) ZHIRIZ X 5 ACE2 AR & thHIPuRkBED N5 o~ 22k
DOWT, TOMERMEZIH S L7ze 720 SARS-CoV-2 IZHT % 7 7 F ¥ Pl R & Gs fHEH#l.
IR RGO BRSE - VB R L 72,

1) SARS-CoV-2 IZ%f3 % AlSmf7e

SARS-CoV-2 D7 4 VA FKIHZdH % Spike (S) EHEIZ, 74 VA LZHEMAK ACE2 OFiGEH o
THY, BEEB X OHIN - MO RE L W) BTl CEELLE 2 81729, R, 2
DS EHE IR A & b OEARIERA SARS-CoV-2 Z#8ak LT, #itkdB X Ol fzIin s 2k
FTHIIMD CHEHELEE 2 R72T 0T TED 5. FFICHENSEAED &2 28k L TP RIsEL 5
T eV 2 EiE, 77 F VHFERLHURERGFEO TP - iGEERMFEICEE R ERE %5, 2022
2BV TIEL SARS-CoV-2 125683 B IR IS IR D /EH
e % I % 728, SARS-CoV-2 S &HH & IR PRI
RO AR EIRNT % ol L 720 BERMBOT VT 7, RX—
g A= TIVEEIIH L CRHIEZ RS UT28K Pufk
OVERBET %2 P 3 5 720 I HESEIRNT 217 > 72 (Fig. 1) o
Z OfE R, SARS-CoV-2 S #& H’E RBD (Receptor binding
domain) @ F486 {8 % ., 7 I VLM% % < ik L TH
SHEER AR T A 2 & TP AIRE R R T 2 LA S
Eholze T, %Eiﬁz@rﬁiMﬁH%ﬁS@V@ B e 17 B Fig.1 Structure of SARS-CoV-2 S protein
ROz F72 U7 F APURDTHA Y ZAT, invivo bound to broadly neutralizing
B CTZE DG TP - FEIELFHIE R R 2 iR L 72, antibody UT-28K

CoV2-S—28K Fab



2) SARS-CoV-2 DJsEPEmEZE
COVID-19 # 5| &2 Z 3R JEAR TDH 5 SARS-CoV-2 X, & 15 2 Bk variants of concern
(VOCs) IZfAFKEND LI IWERZHYEL T, AP THITOWRZEK L TE s ZOREE,
ACE2 ZHRIC X VIR HEATE S L) ITHEAL L TG A% L 2B Bk, 30 73 v 7 W
BYGRT 7 F RIS X R L M SIE 0 % K SBITERAT R O L BRI L CHRIREZ K9
MDA U7z 22Ty 2022 FI2B W TUE, AR WRIT OB S D B Hi 72 e BRI X % ACE2 %
PARKG A e & PR 002 L RERE O AL O 1 FER 2 BERE AT IC X 0 I3 B 9E 247 5 720 2022 4F &
M HAITT TR EH THATHAR S N7z BAS B XU BAL2.75 12 & 5 HAIPifkkEE & ACE2 %%
RBFRDING  ABAIZOWTHIFET 5720, ACE2 ZHEMAKE S EAEOHEA MM &~ g L7z
BA.5 |3 F486V DAERZ R L TH ), TOEEMEIE Lk U7z X 9 ITEERKRIT T 5 )58 It
a7z b =TIl hoTWaE 720, PHPURRBRRICEENL TWzo —F T, F486V I LD
ACE2 ZHMAARITETLTEY, COKTEZHD 720 L452R DERZERTH 2 L T, KT
H5H BA2 LIRT ACE2 ZHEERKEEREE MR L Cnize b b, BAS 3Pk EREL SO 5T
FCHEIL L 72 2 &2 2 HTze BA2T5 13 N4GOK DZERZHE L TH Y, HSEMATORKE, 20
ZEEEDY ACE2 2R D NOO #E G TUNESH & O EAEH 250D 2% HE 2 5> T b 2 AR E 7
(Fig. 2) o N460K 13 % 74 £

fEEmo 5 e L bIcEHEL (our study) ACE2 (PoB: 70B0) ASE?
REZ DT ETHARERICD
HELLTEBY., #LmIcHEE
DEVERLEZEZ BNz, T4

Electrostatic
potential(kT/e)

T Yy AN =] RBD
HH, BA2TS X B EHE (PDB: 7XB0) (PDB: 7XB0)
RO LFIERLZZ L Fig.2 Electrostatic interaction of the N90-linked glycan of ACE2 with
BEZ bz, BA.2.75 RBD N460K compared to that of BA.2.

Infectious diseases still have been a fatal threat to children, worldwide. To solve the problem, we have been
studying on pediatric virology. In particular, we focus on the mechanisms of viral entry into cells and the
inhibition of entry by compounds, peptides, glycans, and antibodies, using a combination of virological and
structural biological approaches. Our major goals are the elucidation of viral pathogenesis and the
development of preventive and therapeutic methods for viral diseases. In 2022, the structural basis of the
evolution in ACE2 receptor recognition and antibody evasion caused by SARS-CoV-2 variants was
elucidated. Developments and mechanistic understandings were achieved for vaccine antigens, antiviral

agents, and broad-spectrum neutralizing antibodies against SARS-CoV-2.

1) Pharmaceutical research against SARS-CoV-2
The viral surface Spike (S) protein of the SARS-CoV-2 is responsible for the binding to its cellular

receptor ACE2 and plays a crucial role in determining host range and cell/tissue tropism. On the flip side, the



S protein also plays a pivotal role in the recognition of SARS-CoV-2 by our acquired immune system, which
is a humoral and cellular immune response. In particular, information on how antibodies recognize the S
protein to neutralize SARS-CoV-2 is important for the development of preventive and therapeutic measures
such as vaccines and antibody drugs. To overcome the current situation of COVID-19 worldwide, we have
established a system to express and purify a large amount of S protein that exhibits intact trimeric structure.
In 2022, structural analyses of the SARS-CoV-2 spike protein and broad-spectrum neutralizing antibodies
were conducted to elucidate the mechanisms of action of these antibodies against SARS-CoV-2. Furthermore,
vaccine antigen design was conducted, and the prophylactic and palliative effects against infection were

confirmed by in vivo experiments.

2) Structural research against SARS-CoV-2 pathogenicity

SARS-CoV-2 has undergone multiple mutations leading to global waves of the pandemic, as evidenced by
the emergence of Variants of Concern (VOCs) . Consequently, many VOCs have evolved to exhibit stronger
binding to the ACE2 receptor, increasing their infectivity. Additionally, many of the humoral immune
responses acquired through prior infection or vaccination during the early stages of the pandemic have lost
their ability to neutralize the current epidemic variant. Therefore, in 2022, we investigated the structural
changes underlying the evolution of ACE2 receptor binding and evasion from humoral immunity by newly
emerged variants that pose global pandemic concerns. Our findings revealed that the F486X substitution
enhances the escape of neutralizing antibodies at the expense of receptor binding capacity. Furthermore, we
observed that the N460K substitution enhances the interaction with the N90-linked glycan of ACE2 receptor,

but also contributes to antibody evasion.

List of Publication

Hasegawa, T., Imamura, R.M., Suzuki, T., Hashiguchi, T., Nomura, T., Otsuguro, S., Maenaka, K., Sasaki,
M., Orba, Y., and Sawa, H. (2022). Application of acoustic ejection MS system to high-throughput
screening for SARS-CoV-2 3CL protease inhibitors. Chemical and Pharmaceutical Bulletin. 70, 199—
201.

Hemmi, T., Ainai, A., Hashiguchi, T., Tobiume, M., Kanno, T., Iwata-Yoshikawa, N., lida, S., Sato, Y.,
Miyamoto, S., and Ueno, A. (2022). Intranasal vaccination induced cross-protective secretory IgA
antibodies against SARS-CoV-2 variants with reducing the potential risk of lung eosinophilic

immunopathology. Vaccine. 40, 5892-5903.

Homma, T., Nagata, N., Hashimoto, M., Iwata-Yoshikawa, N., Seki, N.M., Shiwa-Sudo, N., Ainai, A., Dohi,
K., Nikaido, E., and Mukai, A. (2022). Immune response and protective efficacy of the SARS-CoV-2

recombinant spike protein vaccine S-268019-b in mice. Scientific Reports. /2, 20861.

Kimura, I., Yamasoba, D., Tamura, T., Nao, N., Suzuki, T., Oda, Y., Mitoma, S., Ito, J., Nasser, H., and



Zahradnik, J. (2022). Virological characteristics of the SARS-CoV-2 Omicron BA. 2 subvariants,
including BA. 4 and BA. 5. Cell. 185, 3992-4007.

Ozawa, T., Tani, H., Anraku, Y., Kita, S., Igarashi, E., Saga, Y., Inasaki, N., Kawasuji, H., Yamada, H., and
Sasaki, S.-1.(2022) . Novel super-neutralizing antibody UT28K is capable of protecting against infection
from a wide variety of SARS-CoV-2 variants. MAbs (Taylor & Francis), p. 2072455.

Saito, A., Tamura, T., Zahradnik, J., Deguchi, S., Tabata, K., Anraku, Y., Kimura, 1., Ito, J., Yamasoba, D., and
Nasser, H. (2022). Virological characteristics of the SARS-CoV-2 Omicron BA. 2.75 variant. Cell host
& microbe. 30, 1540-1555.

Shirogane, Y., Harada, H., Hirai, Y., Takemoto, R., Suzuki, T., Hashiguchi, T., and Yanagi, Y. (2023).
Collective fusion activity determines neurotropism of an en bloc transmitted enveloped virus. Science
Advances. 9, eadf3731.

Takemoto, R., Suzuki, T., Hashiguchi, T., Yanagi, Y., and Shirogane, Y. (2022). Short-stalk isoforms of
CADMI1 and CADM2 trigger neuropathogenic measles virus-mediated membrane fusion by interacting

with the viral hemagglutinin. Journal of virology. 96, e01949-21.

List of Presentations

Hashiguchi T. Molecular mechanism of neutralization of a pan-SARS-CoV-2 antibody and ACE2-receptor
recognition by BA.4/5 variants. The 20th Awaji International Forum on Infection and Immunity
(AIFII 20) Awaji, Japan. Sep. 8. 2022.

Hashiguchi T. Glycan receptor and entry mechanism of mumps virus. Sialoglyco2022, Sep. 6. 2022



T A v A EGFFEER
Department of Virus Research

RNA 7 £ VA5 %
Laboratory of RNA viruses

#n & /iR S 3 Prof. Keizo Tomonaga
HEH A2 LIS Assoc. Prof. Akiko Makino

B # B -] H Assist. Prof. Makoto Kitabatake
B # A HER Assist. Prof. Takehiro Kanda

By % RAE it Assist. Prof. Hiromichi Matsugo

YNeEbh®  MHE s Project Assist. Prof. Ryo Komorizono

AROEPTIE. 2022 FFEIL 4 H IS KRFBAEGRHADFZERHME LR 1 4 & L TIREPIEE25, 10 HiC
R EIERE 1 £ & LT Meng-Chi Wu 252 L C & 720 F 720 4 FICHHEER & BB H R 25Bh# &
LC. /IREZEISF e e LTI SNz,

DUFIZ, 2022 4F 1 HA5 2023 48 3 H £ TIXARE S Hiy S 72 3 DOBFFEHRIZ DO W TS
2T %,

(1) avE)HFJ DIIBITFEPEMER IV F 7 4V 2 OKEREFRI © K2k AR Rk 22 Bl e
BT LGS, ¥ FF 27 EY  (miniopterid bats) D7/ AL L TW ARV F
ANVAHK R 7 VAT a 74 LY (miEBLN-1) ORI 2175720 9. insilico ffT 2
C. miEBLN-1 2SRNA A Y V37 H A a— R LT A iEkEr Pl & L 12, FHly v 8
7 DA X D ICHREIR GHALEIR) 2%V wnwb 2 2Rz, & 512, miEBLN-1 Hi3k %
¥2%7 % (miEBLN-1p) ALY FH a7 E) Ofk4 ZIE# CHBT 5 RNARESY V7 HTHh 5
CERWLNIT L7, & 51T, miEBLN-1p 28 MOV10 % LINE-1 ORFlp ® X 9 ZMild D RNA #
G5 07 L RNAMRGFIICHEER T 452 L bR L7z, ThoORRIE. miEBLN-1 &, ZOH
KEoTeTANREY Y7 LMD RNARSGHTF L LTORRBEREL>Ob ., HkfidE
FURZBEELTHALLTELZLEZRL TV ZORRIE. WELLZ2T AV ABIETHMEE
B W THLEIS T 2 B ORRIHK OFHICER T 550 TH %,

Q) THHERPEICREBEE M) v 2 AY UMY VS BIZX RV TR A VA1
(BoDV-1) AR O] TiE. B OMHD,. 77 A3 FEZHWTBoDV-1 D% MY v
JAE R TE (M) EREY X E (G) BB SE 52 L TURGEMED D B BoDV-1 i
FE2ENETEITE A2 L ZHOLNIC L7, SOHAZ Y N—AT 22T 4 7 AKX BHIk 2
BoDV-1 (tBoDV-1) O ANTAKIZIEHT 5 Z & T, 5D 200 150 Egett: rBoDV-1 % LT X
BREMTTH LI L7: (Fig. 1)

ORI, R BB EHED D BoDV-1 &\ 72X & — 3 A7 A OW5E % KIEIIN#E S &
2bDTH%B, 72, #ED M 1L BoDV-1 DRLFIEKZREAE L -8 L, #EEO M I3l %



Ow

WL CREET D 2 LRSI SR D DRSS BoDV-1 O
° WEO WEO
|

M OFEHBEZHRL, KRR Z 552 LT Mg

Transfection
/E'A::ETZ.) L 7;@ < *‘J"fll.m;jl% LT‘/‘Z)TAB'IﬁfJ‘%m ‘éﬂf:o o io
AT AT

(3) *)I/ﬂ‘ﬁ/fﬂ/x/\ﬁé’—%ﬁﬁb\f: SOD1 ZE %L ALS o o
TN T v b OBRFETERORSE  SEERRFMENR A H = } vmsreswe |
DU PR m:rﬁm?g:mﬁi L DIFBFEIC LD s #
SER NI R T b % Wk £ & e, SeME R AP SR AL # L3 5"
Jie. (ALS) @i??ﬁc)ﬁ@f%é%ﬁ?@ SOD1 a:#%ﬁ'%ﬂ?&%ﬁﬁ Fig. 1 High-titer rBoDV-1 can be
®/ 70— F ik (D3-1) O—FRFUET7 77 X b rescued by reverse genetics using
(SCFV) W T AIMBIER RV F I L WV ARY 7 — (RNA- helper plasmids for M and G.

based episomal vector: REVec) ¥ L. 4V I 7 Futr

A N EIERHIIE (OPC) \ZHEGEMICEAT S 2 LI L7z REVec (2 & 1) D3-1 —ARGHPUAE F8BL
3% OPC (OPC scFvD3-1) %, SOD1 &% (H46R) % b2 ALS E7 VT v b Hil§ilE NS 3 %
CETVETNVT Y POFRIEZAREICEBES® HFntER S5 2 LAYR S N7z, OPC D scFvD3-1
DRFRIE, A D3-1 PURH D 1 7 A HBEENTEAOR R %2 572, £72. OPC scFvD3-1 I3,
RO & 7)) F = 22 WH L FBEIC BT 2ZRAI SODI D LRV EE T 872, 72,
FIEMRIE T ORE 2 WHT 2 2 & RSNz AHFZEIC L D, REVee & &l % H 7287 L vl
=R G BRI D A R PE 2R E 7z,

In the year 2022, Shigeki Hattori joined as a first-year Master's student in the Graduate School of
Biostudies in April, and Meng-Chi Wu enrolled as a first-year doctoral student in the Doctoral Program in
October. Additionally, in April, Drs. Takehiro Kanda and Masamichi Matsugo were appointed as assistant

professors, and Dr. Ryo Komorizono was hired as a project-based assistant professor.

Below, we provide an overview of three research achievements reported by our laboratory from January
2022 to March 2023:

(1) Functional elucidation of endogenous bornavirus-like elements in bat genomes: Yahiro Mukai, who
completed the Ph.D. program at the Graduate School of Biostudies, conducted a functional analysis of an
endogenous bornavirus-like nucleoprotein 1 (miEBLN-1) that is endogenized in the genome of the
Miniopterid bats. Firstly, using in silico analysis, we predicted that miEBLN-1 potentially encodes an RNA-
binding protein and demonstrated the presence of purifying selection acting on the evolution of the predicted
protein. Furthermore, we revealed that the miEBLN-1-derived protein (miEBLN-1p) is an RNA-binding
protein expressed in various organs of the Miniopterid bats. Additionally, it has been showed that miEBLN-
1p interacts with several cellular RNA-binding proteins, such as MOV 10 and LINE-1 ORF1p, in an RNA-
dependent manner. These results indicated that while miEBLN-1 retains the functional characteristics of the

viral protein it originated from as an RNA-binding factor, it has evolved as a novel host protein. These



findings contribute to the understanding of functional constraints during the adaptation of endogenized viral
genes in hosts.

(2) In “Exogeneous expression of both matrix protein and glycoprotein facilitates infectious viral particle
production of Borna disease virus 1", we demonstrated that high titer of infectious BoDV-1 particles could be
rescued by the transient expression of both matrix protein (M) and glycoprotein (G). By applying this
finding, we succeeded in establishing a reverse genetics system that enables us to rescue a 200-fold higher
titer of recombinant BoDV-1 (rBoDV-1) than the conventional system. This result will accelerate the
development of our BoDV-1 vector system. In addition, we also demonstrated that although an optimal
expression of M facilitated the production of infectious BoDV-1, overexpression of M induced obvious
cytotoxicity. These results indicated that BoDV-1 achieves non-cytotoxic persistent infection by restricting
the expression level of M and reducing the infectious particle production.

(3) Development of therapeutic methods for SOD1-mutated ALS model rat using a bornavirus vector:
Through collaborative research with Professor Makoto Urushitani and Dr. Sumio Minamiyama from the
Division of Neurology Medicine at Shiga University of Medical Sciences, Dr. Madoka Sakai, a research staff,
developed a non-propagating bornavirus vector (RNA-based episomal vector: REVec) that secretes a single-
chain variable fragment (scFv) of a specific novel monoclonal antibody (D3-1) targeting the mutant form
of SOD1, a major cause of familial amyotrophic lateral sclerosis (ALS) . We successfully introduced the OPC
scFvD3-1, expressing the D3-1 scFv antibody, into oligodendrocyte precursor cells (OPCs) persistently using
REVec. Intrathecal injection of OPC scFvD3-1 into the ALS model rats carrying the SOD1 mutation (H46R)
significantly delayed the onset of the disease and extended their lifespan. The effect of OPC scFvD3-1
surpassed the effect of intrathecal injection of full-length D3-1 antibody alone for one month. Additionally,
OPC scFvD3-1 suppressed neurodegeneration and gliosis and reduced the level of mutant SOD1 in the spinal
cord. It was also shown to inhibit the transcription of inflammatory genes. This study demonstrated the

effectiveness of a novel genetic cell therapy strategy using REVec and stem cells.
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NG E VX7 -RNA BERO RS 2 T L. % 787 E -RNA B RO RICEE M
TER ZBH 522 L7z,
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ABIAL VINTZ VI AL NVADY) R 7 Lty w7 GHEAER (RNP) 12, —ESHAMER
WLTBY, 7/ L RNA DEEEB LU ZIH- TV 5D, RNP DEEIE Y £ )V 2 EGSHl g A%
TITDONDED, BHDOED F AL U DTat AL TWEONRIAPTH 72, 2 TH
AEFEIE, RNP BRI BT 2 E/AIMRO BB OWTHRE L7ze WA VAEESY v 2828 (NP) 13,
RNP O LK T TH 525 74 IV AEGSAHNL OB MR —RIZRTET %50 NP OR/IMER
i 7 F 0V (NoLS) W(CERZHEALLEZA, “HEHLEAMEZIFORNP 2B SN2 42D,
FERIYIZT £ VA RNA BIRBEZ TH R L7z — /T DOZFE NP 12 NoLS & BT Il G S 8724 5
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DOB/MEZ BRI X DB L7262 A, NPIZ ESLEARNP 2K TELRL R, A VA
RNA GHHED IR T L7zo TN H DFERIZ NP O/IMENDORATIZFERER 22 RNP Z T2 572012
LD AT Y T THY, A YT NVZ I AL NV ADERRICBT 2/IMEOEEWZ2/R L TW»
%o

2) =V TNT L NVAKEY V87 —RNA BEED ST AHE & fibr
IXRS A4 VA (EBOV) O CTHLY— VTN T4 VA (MARV) D% ¥ 23278 (NP)
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X, —KPE~A FAHDOT A VAT ) LA RNA LER L. HHEAKRD NP-RNA EEKEZ KT %,
Z D5 AMRNP-RNA HERIE, 74 VADRNABGEEH) X7 Lt X 7Y FORLEETH
bo AT VLAF 2TV RPEEESNLEE. NP & RNA O#Y) 2 AHHEAEH LT TH 505, Z DK
BRI R CTH > 720 Z 2 TAIZETIZ. NP-RNA AR T AANE RS 2 B0 iE Cg L. NP-
RNA HERDOERICELLZMHEMEH ZHONITTE 2 LT, X7 Lt F v 7Y NI % f#
THILEHME Lo 7 74 F EFHEMEE L W7 B T 247 - 728 8. MARV @ NP-
RNA SE RO Z 3.1 ADSHRETHE L7z, 2 ORI EBOV @ NP-RNA HA kD
W EWICHEMLTBY, iy A VADX 7 LA F v 7Y FIBBICIEIE L 72D ET 5 2
EDITRRE NIz, IRIZ. MARV NP OZEEARZER L, 58 AR NP-RNA EEMRIEH & 7 A VR
RNA AU EE 27 I/ A2 FE L7z, BRIEWZ L 12, EBBOV O NP IZBWTH, YT 5
T3 BRI D S AR NP-RNA AR R ™7 £ VA RNA GRICUHIATH H 2 EZHLMITL
720 DL EDOFERIZ, MARVBXOEBOV DX 7 L+ F 4+ 7Y FEEBEEOHRICET 2L DTH
D, P74 874 VAERBNEH#EET LI ENHREENS,

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 2022, we showed that migration of influenza virus nucleoprotein
into the nucleolus is essential for ribonucleoprotein complex formation. Furthermore, we determined the
structure of the Marburg virus nucleoprotein—RNA complex using cryo-electron microscopy and identified

key residues for helical assembly and subsequent viral RNA synthesis.

1) Migration of influenza virus nucleoprotein into the nucleolus is essential for ribonucleoprotein
complex formation

Influenza A virus double-helical ribonucleoprotein complex (RNP) performs transcription and replication
of viral genomic RNA (VRNA). Although RNP formation occurs in the nuclei of virus-infected cells, the
nuclear domains involved in this process remain unclear. Here, we show that the nucleolus is an essential site
for functional RNP formation. Viral nucleoprotein (NP), a major RNP component, temporarily localized to
the nucleoli of virus-infected cells. Mutations in a nucleolar localization signal (NoLS) on NP abolished
double-helical RNP formation, resulting in a loss of viral RNA synthesis ability, whereas ectopic fusion of the
NoLS enabled the NP mutant to form functional double-helical RNPs. Furthermore, nucleolar disruption of
virus-infected cells inhibited NP assembly into double-helical RNPs, resulting in decreased viral RNA
synthesis. Collectively, our findings demonstrate that NP migration into the nucleolus is a critical step for

functional RNP formation, showing the importance of the nucleolus in the influenza virus life cycle.
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2) Structural insight into Marburg virus nucleoprotein—RNA complex formation.

The nucleoprotein (NP) of Marburg virus (MARV), a close relative of Ebola virus (EBOV), encapsidates
the single-stranded, negative-sense viral genomic RNA (VRNA) to form the helical NP-RNA complex. The
NP-RNA complex constitutes the core structure for the assembly of the nucleocapsid that is responsible for
viral RNA synthesis. Although appropriate interactions among NPs and RNA are required for the formation
of nucleocapsid, the structural basis of the helical assembly remains largely elusive. Here, we show the
structure of the MARV NP—RNA complex determined using cryo-electron microscopy at a resolution of 3.1
A. The structures of the asymmetric unit, a complex of an NP and six RNA nucleotides, was very similar to
that of EBOV, suggesting that both viruses share common mechanisms for the nucleocapsid formation.
Structure-based mutational analysis of both MARV and EBOV NPs identified key residues for helical
assembly and subsequent viral RNA synthesis. Importantly, most of the residues identified were conserved in
both viruses. These findings provide a structural basis for understanding the nucleocapsid formation and

contribute to the development of novel antivirals against MARV and EBOV.
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(BHIN—T]
EHZ7Vv—T1de h¥¥a—~< 4 )L A (HPV: Human Papillomavirus) OfFE% 17> T4, fif
e B 72 o TUXH AR O K FEFEAED 1 4. EBHBh E LTSl Tw 5,

1) HPV BEICB3 2 W%

HPV (&, HJE FR A& 2RIE T A VA Th b, FICFEIRIE L OIS L. #
DFEZFERNRNTEEZEZO5NTWE, REEITHPV OEBREFLVEZFIPLT, V4 VADIT—F
T 5 HIHEE T EDORE 255 L2, £ 0IFEMTEE LTH Y A VAR O 95 % 17 -
725

2) HPV JRYIC & 2 Il B o bt
HPV BG4 X BEE (—ICA REMIENS) Raryu—<i o BEEEER. 2 51220
BEHER O FREICE LT, il MNEEETVERER LA L THETZ217- 72

The research objects are the biology of human papillomavirus (HPV). The infection of HPV is involved in

tumorigenesis and malignant progression of stratified epithelium.

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

evaluating the antiviral activity of a novel compound with HPV replication platform.
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2) The mechanisms of tumor formation induced by HPYV infection
The molecular mechanisms of tumor formation and cancer progression induced by HPV infection are

analyzed with human skin-model culture system.

(XFTN—T]

THIZNV—=TTIE CRBFHET A VA (HCV) %5 BEIFRY A VA (HBV) OWFZE%E Hl
WCBZoTWh, HRIANVZADERREZ ST LVNVTHH L, ZOREEZD LITHY 4 L A%
HOPFEEHIELTWb, T2, MEICE. L2IER e MIFHEMIESE 2 v <. R ir
AW A EGDWFED & FFFEHE 72 ORI REOFIERIEZ O 0T 2700052 B %>
TWwWab,

1) HCV IZBI9 2 0%

HARIZBWTEZELR CRIFLY 4 VA (HCV) TH 5 EE M 1b ® HCV (HCVIb) EHFFHAA
OBV ETHISNTWS, ThE THCV EREEOMNTIZ, 3L LT, BRRICEE
LW, BEMBAOBEINERAEA XN/ HCVIb 7/ 22 W Tirb T & 7225 4k, &
HHROBFAT Y ) AEH T AHHCVIb B MR Z 72 ISR L TE 720 RIFXZ OB
HCVIb O &R ) A ZREMIEA L, S EVARREET L2 LT B0 4 VAR T-%
PEA S B EBRREME L 72,

2) HBV (2B % W%

F 41X, HBV EAMNER HBV Gl 2 Nrf2 G 1:LA] BARD TRLHT % & flfgst~D HBV
FEAENEBFIETT AL ZRB LTS, Z? BARD OHFGBHEZ IS NICT 572012, 20
HBV #HELMI %2 BARD JLBE$ % Z & THBANZEILT % E{5 T % RNA-Seq Fx HW T L7z, &
DFFHTIC & o T B N7 EHIE IR T 12D W T siRNA & H W72 3Bo#f % 7w, HBV 7/ 2 81
WG9 2RO H 2 FHlER 2w o2 L,

The major purpose of our research group is clarification of lifecycles of human hepatitis viruses, hepatitis
B virus (HBV) and hepatitis C virus (HCV) 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) Analysis of molecular mechanism of anti-HCV effect by bardoxolone methyl

We have established the genome replication system for wild type (WT) hepatitis C virus genotype 1b
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(HCV1b) although the present models for HCV genome replication have been made up for HCV genome that
possesses adaptive mutation (AM) to cultured cells. In this year, we developed the model production system
of WT HCV1b. The cells established from Huh7.5 cells constitutively producing SEC14L2 were transfected
with whole genomic RNA of WT HCV1b, KT9 strain, and cultured in the three-dimensional condition. The
replication of the WT HCV1b genome was confirmed in the cells, as well as production of infectious HCV

particles in the culture medium.

2) Study of the cellular genes contribute to anti-HBYV effect by bardoxolone methyl

We have observed that bardoxolone methyl (BARD), an activator of Nrf2, significantly reduced the
amounts of HBV pregemonic RNA (pgRNA), through the HBV pgRNA degradation. Since Nrf2 is the
transcription factor activated by electrophilic molecules in the cells and is known to induce a large number of
cellular genes, we intended to find the cellular gene induced by BARD and is contributing the suppression of
HBV genome replication. RNA seq analysis were performed using the total RNAs from HBV genome
replicating cells with and without BARD treatment. We found that the many genes induced by BARD.
Suppression of the gene by siRNA strategy showed the genes possibly contribute to BARD dependent
induction of HBV pgRNA degradation.
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MREOR N TH LR EARIZEOFEA L LT N I A MM ML A VA Y 287 BIZHK
THYURRTF FEER & U7 Luomliia s &0 T Mils g 2 58 1 U, £ OWAL IR0 275 %
HEDTNWDE, RIEFE, HIRMNREEZ T HrF b IANEEBAL, VRXRTF FefiaddsLe b
MHC 7 7 A 1 7V VOE EREEREISE Lz, T72, THIRZERICL ) KT gk
D453 F- 1R O fRAT % 3 L T non-epitopic residues affecting ligand plasticity and antigenicity (NR-PA) @
BEeEL )y, 7 a7 77—V OEERTDH L HEBAIFIEOHLERIZIE S100A9 B tEAfH
P ERT L W) IR AL E Lok ~r a7 7 — UMHEAEHON X FHERICE 2
S100A9/Cox2 k24t L7z~ 7 1 7 7 — UHVEALH BB O L FE L7z C OB IIRAE D
BPEWRREIZT ThR L DABVNREORESEIZORCEEGTH I EVEIEENODODH S,

1) VARXRTF FRIED IR
YARRTF FEEATAHE N MHC 7 5 A 1 5T D% & kg
THTFENZBOTNIVAMMETA VAT 2 E DN K ) BT F I 2 B &
L 7= M 0k T IS & 25 AE 9 % (J Immunol, 2011; J Virol, 2013) o & 512, U RXRTF FHUJE
REA L. MR ENE THIREANERRTA2H LWMHC 72 9 X 1% 7y NOFESHL I L 2o
Tw5 (Nat Commun, 2016; J Immunol, 2019; J Biol Chem, 2020) o L2*L %%, & b Z&ED Mo
HFLEIC BT B ) RARTF PR T MBS S OFAAERCET I RMIETH 5o RIEERE, 7H 7L
)ARNRTF FHIRMHC 7 7 A 1 5 FREOREF NS L S L1, VRXRTF Fa2#aT5L b
MHC 27 7 A 1 7V v (HLA-A*2402, HLA-C*1402) Z M€ L7zc 7 4 7Y KT F FHE/R MHC
7 AN G THEN)RRTF FOARZIEELRTF F2EE LR I3 I, HLA-A*2402
R HLA-C*1402 13D R LR TF FE Y RRTF FELEDHICHETLIENTE L, TDHT
AL PIZT L7202, ENENZHEE L2 HLA 7 7 A 1 HAKRD X s WS 2 A L 72
LA, VH Y FOFEIIS U THEMER T v bOKEEE L Y b7 — 7 S BICFREE S
N, Rry MEEBEO)ET) Y IPile& 52 LA -7z (JBiol Chem, 2022), TDZ ki, 73
JEREE) SR KPR A Y FUNR N T RILKRT 27 EL LCEH SN S, TOHRIE
FEREMIKL NV CTHGFET 5720, HLA-A®2402 s 5 Y AV 2=y 737 ADORIL 7% 5 NI
7F ik (TAP) RIE~v 7 AL OREEE T L7z,
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T MfEZ B (TCR) 12 & %) BT F Falldhod 5 F- 1k O i

N- 3 U A kA4 WAL SIV Nef U RXFF K (Myr-Gly-Gly-Ala-lle) % #&4& L 72V MHC 7 5 A 1 45
T LRFRI TCR & 0 X B REE D 5. IV A M VLT ) ¥ VRED T I FENY BT F
FHUEOME—D THIZ Y b—7E LTHRIEET A2 ENHL N E L 5> TS (Int Immunol, 2020) o
5. ~7F FESEEENZ THRIE =73 %500, —#07 I/ BIREIL) KX
FFROAY 73 A= aryzHlHldsrI L) TR Y b—7OZBIMECEZREDT S
EWhro Tz BEOKEEDORENIHN O, WERDORTF FYF Y FIZBWTd Tl Y
=T %5%0H) A Y FOTBERHEMEZTIET 27 I/ BIREDIHFAEN AT I 722
LB, IS DOFH:% non-epitopic residues affecting ligand plasticity and antigenicity (NR-PA) & fy
% L7z (Int Immunol, 2023). & O bIF W EEOE VT Y IVEHEHWRTF FETHE I NS ) R
7F FHUEIZBWTIE. NR-PAPHC - FFHCHEMOER 2R L o> TV S ITHEMED E V.

2) BURIEICE T PR ~7 a7 7 —IHAEIER

VPR CTHEV. L 72BNV E Y MEBEET VO 2 6. MiRAFERIBIIZFhERAER L. Zh
DRELET B S100A9 2EME b~ 27 0 7 7 — VDGR T D 2 M5B W IE O & AR H B 2 1555
AR LTVE T E2HIE L7z (Blood Adv, 2016)s & 512, S100A9 KiH (AIKO) ~ 7 A % Bif
L. VBT 7 F U (BCG) IC& 577 RAEGETIVONT 2479 T & T\ i ERDS S100A9
AERICHIEE M2 w207 7 =V R FET LI ENHLNE o Tnd, S4EE, —HOGT
W RN 2B L Cy IR ER SI00A9 ST TR Y 75 vV U EREEETH D Cox2 DIH % FE S
HZE, T2 Cox2 1T ARRMHEHR (BLaFy ) 2G5 LLZELVEY PEEEFTVICE
WT, RFEETICBTAM2 Y707 7 —VOFENHEINSL Z & XFFEL, S100A9/Cox2 #%
PRIARAE L7cHi7c e~ 7 a7 7 — VAR BERE %2 3208 L 72 (iScience, 2023) , W3 M2 ¥ 7 1
77— VIIRBREIEGED ) =N — & U TRREREDIRR IR S 2 b, GRFHICH L E
7% o 7SR ERIZ BT B S100A9/Cox2 #EFE L R DAL RLEALOIREIIITR S 5T 5%
AbMd, 7o, MEHNFELEPADSIETRIZIZLBEN L N LA 5, 1Bk S100A9 ¥ 7
VBB AN BT 5~ 707 7 — UBWEGIEENCAEE) 3 2 a2 e L, HAA~ T AT
VOREEZ AT 5 720 BIRIEW S L 12, AIKO ¥ 7 A DILAS AN RE 2 0 AEAF=RIZ B A Rl < w7 2|2
HRTEL DI E2BIZ L7, SI00A9 12X 22707 7 — IUBMEALOHIEA, &) biFasAHM
Na O E RHERFE DT B\ CEZE R & H 2 K723 BT OMGIE & Z O 51 Bk O I 2 )1 72 00F
ZEx ML TWa,

1) Basic principles of lipopeptide immunity

Lipopeptide-binding molecules in humans

Cytotoxic T-lymphocyte responses to N-myristoylated viral protein-derived lipopeptides exist in rhesus
monkeys (J Immunol, 2011; J Virol, 2013), which are mediated by a novel subset of MHC class I molecules
(Nat Commun, 2016; J Immunol, 2019; J Biol Chem, 2020). It remains to be addressed, however, whether
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such lipopeptide immunity may exist in other mammals, including humans. By taking advantage of critical
insights obtained from structures of rhesus lipopeptide-presenting MHC class I molecules, we have now
identified HLA-A*2402 and HLA-C*1402 as human allomorphs with the capacity of binding lipopeptide
ligands. These human MHC class [ molecules bind both conventional peptides and lipopeptides, which
contrasts sharply with rhesus lipopeptide-presenting molecules that apparently lack the ability to bind
peptides. X-ray crystallographic analyses of HLA-A*2402 and HLA-C*1402 complexed with peptide and
lipopeptide ligands detected remodeling of antigen-binding pockets upon ligand binding (J Biol Chem,
2022), suggesting a novel mechanism of ligand repertoire expansion. HLA-A*2402 transgenic mice and
those deficient in TAP functions have been established to assess how its dual binding ability may impact on

host immunity.

Lipopeptide recognition by T-cell receptors (TCRs)

Cocrystal structures of SIV Nef lipopeptide (Myr-Gly-Gly-Ala-Ile) -bound rhesus MHC class I molecules
complexed with specific TCRs have been elucidated to identify the amide group of the N-myristoylated
glycine residue as a primary T-cell epitope (Int Immunol, 2020) . The peptide chain does not apparently offer
direct T-cell epitopes; yet, a couple of amino acid residues affect antigenicity. We argue that these residues
critically control plasticity of lipopeptide ligands and serve to determine the spatial position of the T-cell
epitope upon TCR docking; therefore, we propose to refer to these residues as non-epitopic residues affecting

ligand plasticity and antigenicity (NR-PA) (Int Immunol, 2023).

2) Neutrophil/macrophage interactions in chronic inflammation

By utilizing our guinea pig tuberculosis model, we have recently shown that SI00A9, expressed
dominantly in neutrophils, is critical for the formation of granulomas, an organized globular collection of
activated macrophages and other immune cells (Blood Adv. 2016) . These granulomas contain a unique niche
at the core, composed primarily of S100A9-expressing neutrophils and M2 macrophages. A series of
molecular biological analyses as well as those with S1I00A9 knockout (A9KO) mice revealed that nuclear
S100A9 functions as a co-transcription factor that activates the Cox-2 gene promoter in BCG-sensitized
neutrophils. This resulted in upregulated expression of prostaglandin E2, which potentiates macrophages to
differentiate into M2-type cells. Consistent with this, induction of M2 macrophages at the core of granulomas
was impaired in the guinea pig tuberculosis model that was treated with the Cox2 inhibitor Celecoxib. On the
basis of these findings, we propose a key role of the neutrophil SI00A9/Cox2 axis in creating a local niche
that supports prolonged survival of microbes in chronic tuberculosis pathology (iScience, 2023). Similar to
tuberculosis granulomas, cancer microenvironments also contain M2 macrophages that are closely associated
with tumor-infiltrating neutrophils, and their role in supporting cancer development has been suggested. We
have recently observed that A9KO mice survive significantly longer than control mice after inoculation of
mammary tumor cells, and the impact of the neutrophil ST00A9/Cox2 axis in cancer development will be

determined explicitly in our laboratory.
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RAE T, SR OBFE L & SIS OHI g 2 MHS 5 2 L 2@ U, AREE
MERE - Bk - BEOS BN 2 EREZH SN EEZHBEL TS, B, f ¥ —af 7
Lt7%— (IL-7R) ORIERICBITHHEHE. AT 0 A4 FARIVE V2 X 2 RERTEORIG(L & ik
PEB OB, PRIV E VI X 2 0 & R EOEEDORT, 1IL-7 & IL-15 EAMBIZ X 5
Y OREROBERE ML 7 & ONHLER IS BT 2 BN S OVEBEFL 2 Pl ICif2e 2 # o T B o RAEDTF
e % T ICRER T %,

1) PAEALINKT fifes 72 v MIPUEBRIEL I A VA RIEZ AT S

ATy FF 2T 0F T — T (iINKT) ML BRI & A RE O ) O 2§ Fio
FRREAEME HARIZERR T V) Y8k TH ) & F L RO REIRE AT R TH %o AL TIL INKT
ML OARE—PEIEH L. NK 28K CD244 (2B4) &7 EH A4 V534K CXCR6 % F v, FABRA K
#CINKT #ll 2 %2 CD244 - CXCR6 ~ (CO) iNKT #fl f2. CD244 - CXCR6* (C1) iNKT i i 8 & O°
CD244°CXCR6" (C2) iNKT MBI 5 L7zo MR 1Bz MINaiF 209 IL-15 RIE~ 7 A & v T iR
B R I R 0 TL-15 A CO iNKT g2 5 C2 iNKT Mg ~DLICEETH AH 2 L 2R L7,
S 512, 7YV RNA-seq %% H\ 72 M85 R 2 AR F-ZEBUBATIC X D . C2 iNKT Mg i3 IFN-y % 7
T VA L EOMBBGEEEEDE % 0 < BB L NKMRISE WA R T ok L. CLINKT A
faix 1COS R CD5 7% & T Mild= k> 7 F VS F 2 O BB L THRISGEWEE2RT 2
EREM L7z F20 AT EF =T RAFEERITEL Y, KO C2 iNKT M IZHE K DMK F TERL C1
INKT Ml & 2 b, EHERMOMBTHLI L2 R LZ, 25 7 —<HBIC X 2HilxE T
WRA VT NVI VT AV AEYE TV % T, C2 iINKT M PUIES; 0% & fry 4 v Ay %
TLESELZ L2 LMLz, SHIT, B FRIEIMHIIBWTS w7 R & FBICHILE EEEO
B\ CD244°'CXCR6" C2 INKT MIBADSFEAET A 2 & 2R Lo LLEDOFRERED S, Gt R0k 1E 1]
Cl1iNKT Mg & 5720 Mo 1L-15 1258 < RAF L Tob 3 2 BB AL C2 iNKT Mifa2sf7 e L. $iuld
BE L Py A VAR EE LR H 2RI LT b T EPHLNT R o7,

)7 Far i Th Hilod 4 b A4 YEAEZWHTAZ ETT LUVF —MAGERAEZ BT 5
HORIERBR 7 LIV X =2 LR Bz, BRI 0 LEOBENLZ LML TWY
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bo ZOFRKRDO—DIIHANE L DOEGATRIBEINE D, EHRILVE L ET LIVF =L DORELRIZOW
TEAHTH o720 THIRRZTTT ¥ Fay v ZHFRERTFE2RIBET A2~ AT LIV —5GE
KIEXFLELT, 7 Far B THIROWERE L JERIEICEG 2 2B e Lz ZAh, 7Y
O A TR BB TT LUV =2 MEXEL IL-5 280 2 MY 4 b A4 v OpEd % 14
BIENHLNRE R ST, SHIC. ZOMWHIBEREDS T v N s V2R Dusp2 BIAFICHA L
TED¥RBU%E LA, p38 DL VERIL AT A L THIERI I NS Z LIRSz, U E
DFERP S, T Fayr v 2 88— T (Th2) #ildo DUSP2-p38 #Fik A AL CTHA b A A
EAZWHIT LI LT, TUVF—URERELZINZ S ENHLNIT R o7z, TORBIZBAE
WCHREEONEOFEIMET T2 2 L 2B LTWA, RUIZE TR O NHRIE. RROE I
BOBEREORIERLMORIEREICB T 2 M EORFOMIAL &, S5 LMEICHKET LI LN
WfEsna,

The goal of our laboratory is to unravel the principles of maintenance, perturbation, and repair of
organismal homeostasis by elucidating the regulatory mechanisms of immune responses by immune cells.
Specifically, we are studying the function of the interleukin-7 receptor in the immune system, the
immunoenhancing effects of glucocorticoids, the sex bias in immunity and autoimmunity regulated by sex
hormones, and the role of stromal cells producing IL-7 or IL-15 in tissue immune responses. The results of

this year's research are described below.

1) A circulating subset of iNKT cells mediates antitumor and antiviral immunity

Invariant natural killer T (iNKT) cells are a group of innate-like T lymphocytes characterized by their
multifaceted roles bridging innate and adaptive immune responses. They are believed to be resident within
tissues and play a pivotal role in systemic and local immune regulation. To investigate the heterogeneity of
iNKT cells, we characterized iNKT cells in the thymus and peripheral tissues. In the thymus, iNKT cells were
classified into three distinct subpopulations based on the expression of the natural killer cell receptor CD244
and the chemokine receptor CXCR6. These subpopulations were designated as CO (CD244 - CXCR6 ~), Cl
(CD244 ~ CXCR6"), or C2 (CD244'CXCR6*) iNKT cells. The development and maturation of C2 iNKT
cells from CO iNKT cells was strictly dependent on IL-15 produced by thymic epithelial cells. Notably, C2
iNKT cells expressed high levels of IFN-y and granzymes, exhibiting more NK cell-like characteristics,
whereas C1 iNKT cells showed more T cell-like characteristics. Furthermore, C2 iNKT cells were influenced
by the microbiome and aging and suppressed the expression of the autoimmune regulator AIRE in the
thymus. In peripheral tissues, C2 iNKT cells circulated and were distinct from conventional tissue-resident
C1 iNKT cells. Functionally, C2 iNKT cells protected against the tumor metastasis of melanoma cells by
enhancing anti-tumor immunity in mice and promoted antiviral immune responses against influenza virus
infection. Furthermore, we identified a corresponding subset in humans, characterized by the expression of

CD244 and CXCR6, which shared high cytotoxic properties akin to mouse C2 iNKT cells. In summary, this
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study reveals a circulating subset of iNKT cells with NK cell-like properties that are distinct from
conventional tissue-resident iNKT cells. These findings provide novel insights into the layered structure of

iNKT cells with distinct development, dynamics, and functions.

2) Androgens alleviate allergic airway inflammation by suppressing cytokine production in Th2 cells
Asthma exhibits a higher prevalence in females compared to males following adolescence. Nevertheless,
the underlying mechanism behind the sex disparity in asthma remains elusive. To investigate the potential
role of sex steroid hormones in T cells during asthma development, we examined airway inflammation in
mice with T cell-specific deficiencies in the androgen receptor (AR) and estrogen receptors (ERs). Male
mice lacking the AR, specifically in T cells, displayed more severe allergic airway inflammation induced by
house dust mite exposure than control male mice. In contrast, female mice with T cell-specific deficiencies in
ERa and ERp exhibited a similar degree of inflammation as control female mice. Moreover, administration of
dihydrotestosterone reduced cytokine production by Th2 cells derived from control naive T cells but not from
AR-deficient naive T cells. Transfer of AR-deficient Th2 cells from OT-II transgenic mice into wild-type
mice resulted in more pronounced allergic airway inflammation induced by ovalbumin than control Th2 cells.
Gene expression profiling unveiled an upregulation of genes associated with cell cycle and Th2
differentiation in AR-deficient Th2 cells. Conversely, the expression of dual specificity phosphatase (DUSP)
-2, a negative regulator of p38, was downregulated. Notably, a chromatin immunoprecipitation assay
suggested that the AR binds to an AR motif in the 5' untranslated region of the Dusp2 gene in Th2 cells.
Furthermore, a reporter assay revealed that the Dusp2 promoter containing a wild-type AR motif, but not a
mutated motif, was transactivated by dihydrotestosterone. Lastly, using a retroviral vector, ectopic expression
of DUSP-2 reduced IL-4 expression in Th2 cells. Thus, these findings indicate that androgen signaling
suppresses cytokine production by Th2 cells through the induction of DUSP-2, which may partly explain the

sex bias observed in asthma prevalence after adolescence.
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TTONTED, FRA RREPIRBINTB Y S BHEEICHERIN TS, B-HIEZOMER
fRIS %720, #0657 VXV E GFP VM L723 7 =7 VT2 ER L, filRICBH IS TZ0H)
& % live-cell imaging % WV TENT L 72 REN BRI 7 - Thr M Ba -7 >
BLOHBWEN N TN 7 R EFFO XMW T — 7 IZOoOWTHT 2175 720 £ DFER,
L5037 =5 b, K 300-400 nm /ML A
W& o TRNBERRP S T VBN ERINE S
EMH SN 572 (Fig. 1A)s T2 HD
T =7 E RN RS 287 B LR TN
LB I N TRHMEINLEZEHWHLRIR o7
(Fig. 1B)o X B2/ v 7 ¥ k% v A b
MIFENT Z2 AT\ Bk IS B R 2 T v o
T =7 Yy TORR L D EBHE LR R, 1 &,
IVHBIOXE I -7 Yok, enheh
oW PRLELEINDL EEZ LN T2,
M AT 5 — 7 &, /MR S T DEENL
HESNBHES, LR NIGE T - WA BEAR Ol
MM EZ T 5 2 ERHL2IC% -7 (Fig
lA) . AEEORED T T — 7 ¥ 0K PG % Fig. 1. ER-to-Golgi transport of GFP-procollagen III.
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1) Protein quality control mechanism and intracellular transport of proteins (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. Secretory and
membrane proteins are synthesized in the ER (endoplasmic reticulum), and only correctly folded proteins are
further sorted into the secretory pathway. Collagens are the major extracellular matrix proteins in vertebrates,
and create the frameworks of tissues, organs, and the bodies. Three a-chains of procollagens synthesized in
the ER form a triple helix and sorted to the secretory pathway. The procollagen molecule has a rod-like
structure of ~300-400 nm in length. To elucidate how such large molecules are transported within the cells,
we have constructed procollagens tagged with GFP and analyzed the intracellular trafficking by performing
live-cell imaging. Type III collagen is a typical fibril-forming collagen and type X collagen has a relatively
short triple-helical collagenous region. We have elucidated that both procollagens were transported from the
ER to the Golgi apparatus by vesicles with a diameter of ~300-400 nm (Fig. 1A). These transport vesicles
also delivered conventional cargo at the same time (Fig. 1B). We further analyzed proteins required for the
ER-to-Golgi transport of procollagens III and X using siRNA mediated knock-down, and fond that factors
necessary for the transport of procollagens are different depending on the types of procollagens. We also
found that type III procollagen formed droplet-like structures similar to liquid-liquid phase separation in the

ER. The mechanism how such structures accelerate procollagen transport requires further analysis.
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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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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. We have started a project in 2019 with the support by AMED, in which we
develop a universal off-the-shelf T cells. In 2020, pandemic of COVID-19 took place. We decided to apply
our strategy to COVID-19.

1) Development of super-universal off-the-shelf T cells

The present project aims at producing “super universal” T cells that can be given to any patient. While such

universal T cells can be used for various diseases, we plan to apply this project initially to cancer patient. As a
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material of such T cells, we are going to produce universal ES cells or iPS cells.

It has been shown that the adoptive T cell therapy is effective for some types of cancer. The currently
ongoing adoptive T cell therapies have been conducted in an autologous setting; T cells collected from a
patient are transferred back to the patient after genetic modification and expansion. However, such methods
have faced some problems: these methods are costly, time-consuming, and unstable in quality since they
depend on the patient’ T cells. To address these issues, we have developed a method to mass-produce T cells,
which will make it possible to prepare T cells that can be used in an allogeneic setting; in other words, to
prepare universal T cells that can be given to anyone (Fig. 1).

To this end, in 2013, we succeeded in producing iPS cells from T cells and to regenerate T cells from such
iPS cells (T-iPSC method, applied for patent in 2014) . Subsequently, we developed a method to transduce iPS
cells with exogenous T cell receptor (TCR) gene and to regenerate T cells from such iPS cells (TCR-iPSC
method) . We further developed two methods by which we can easily and safely insert exogenous TCR gene
into ES/iPS cells (TCR cassette method; applied for patent in 2018, TCR cocktail method; applied for patent
in 2020).

At present, in the regenerative medicine field, a major project has been promoted by Japanese government,
in which HLA haplotype-homozygous iPS cells are banked. In this strategy, it is expected that cells/tissues
regenerated from such iPS cells can be transplanted to patients who retain the same HLA haplotype on one
allele. While this strategy would work well, some concern remains; even when you prepare as many as top 10
frequent iPS cell lines, they can cover only 50 % of Japanese people. Moreover, our own research has
revealed that the graft will be attacked by NK cells at a certain frequency (2017).

To address such issues, in the present project, we are going to develop “super universal” T cells that can be
transfused to any patients. As a cell source for such T cells, HLA will be genetically deleted in the pluripotent
stem cells as a basic strategy. In such a case, it is expected that NK cell-mediated immune reaction takes

place. Thus, one of main aims of this project is to develop a method that can cancel such immune reaction.

2) Study on tracing the evolutionary origins of blood cells
In addition to development research for clinical application, basic research was also carried out. First, we will
describe an overview of the background. Based on the analysis of the developmental potential of murine
hematopoietic progenitor cells at the single-cell level, we have proposed a model of hematopoiesis (myeloid
based model), where the progenitor cells on their way to the T-cell, B-cell and erythrocyte lineages are
accompanied by the potential to generate myeloid cells (e.g. macrophages) (2001). In this context, we have
demonstrated the existence of myeloid-T progenitors (Wada et al, Nature, 2008), and further elucidated the
process by which myeloid-T progenitors are determined to the T cell lineage (Ikawa et al, Science, 2010).
We hypothesised that this model that consider myeloid cells as the basic type of blood cells might reflect
the evolutionary process of blood cells. We therefore decided to trace the evolution of blood cells by
comparing gene expression in various cells of different species. Comparison of gene expression in various

tissues of mice, tunicates, sponges and capsaspora (amoeba-like eukaryotic unicellular organisms) showed
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that phagocytes of mice, tunicates and sponges were similar to each other, and also to capsaspora (Nagahata
et al, Blood, 2022) . The transcription factor CEBPa was also identified as a common, highly expressed gene.
Furthermore, it was shown that the 'ability of CEBPa to convert non-phagocytic progenitors into phagocytes'
was inherited from capsaspora to mice. These results suggest that when the ancestors of animals became
multicellular organisms, cells expressing the CEBPa and carrying a high proportion of the traits of unicellular

organisms appeared in the body cavity, which may have been the origin of blood cells (Fig. 2).

Ongoing “autologous” T cell therapy

Issues :
T cells Patient
— * Time-consumin
— *,,, Several weeks 9
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Figure 1 Development of off-the-shelf T cells to be used for the treatment of cancer
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Figure 2 Origin of blood cells was shown to be macrophage-like phagocytes
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Our group, together with JAXA, is trying to answer a key question how skeletal muscle atrophy occurs
under microgravity using zebrafish as a vertebrate model in our project named “Zebrafish Muscle”.
Transcriptome analyses were performed by collaborating with Fumio Matsuzaki's group in Kobe Riken
(current affiliation: Medical Innovation Center of Kyoto University) and Yutaka Suzuki's group in the
University of Tokyo. All the obtained transcriptome data will elucidate effects of microgravity on skeletal
muscle at transcriptional level and discuss mechanistic insights into roles of gravity in the maintenance of

skeletal muscle.
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This laboratory aims to understand the mechanisms of host pathophysiology in cancers and how the use of
avatars and devices affects human physiology. In this fiscal year, we revealed that remote solid cancers rewire
liver metabolism via host nicotinamide-N-methyltransferase (NNMT). We also found that solid cancers
disrupt spatial gene expression (i.e., zonation) in the liver. Furthermore, we investigated the relationship
between acute phase response and liver inflammation. Overall, we unraveled the mechanisms underlying host

pathophysiology in cancers.

1) Remote solid cancers rewire liver metabolism via host NNMT

Transplantation of cancer cells into mice causes various alterations in the host livers. We have been
analyzing the livers of cancer-bearing animals using multi-omics analyses. During our analyses, we noted that
the expression of Nnumt in the liver was elevated in cancer-bearing mice. NNMT is an enzyme that methylates
nicotinamide to produce 1-methyl-nicotinamide. A methyl group is from S-adenosylmethionine. We

confirmed that solid cancers remotely increased 1-methyl-nicotinamide in the liver. To understand the
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pathological significance of this up-regulation, we generated Nnmt KO mice, transplanted cancers to them,
and analyzed the liver. A series of experiments demonstrated that cancer transplantation causes abnormalities
in amino acid metabolism, urea cycle, and uracil biogenesis. Importantly, Nnmt KO ameliorated these
abnormalities. The urea cycle is critical to detoxify ammonia, whose dysfunction is expected to disrupt
homeostasis systemically. Indeed, we found that Nnum¢ KO at least in part ameliorated cancer-induced weight
loss and reduction in the wheel-running activity. In summary, we identified NNMT as a novel host factor that
mediates cancer’s adverse effects on the host.

We also analyzed the function of NNMT in the AML12 mouse primary hepatocyte cell line. Num¢ RNAI in
this cell line accumulated S-adenosyl-methionine and reduced 1-methyl-nicotinamide. Nnmt RNAIi also
resulted in the reduction of neutral lipids. To know whether S-adenosyl-methionine and 1-methyl-
nicotinamide are involved in the regulation of neutral lipids in this cell line, we treated Nnmt RNAi AMLI12
cells with cycloleucine or 1-methyl-nicotinamide. Cycloleucine is an inhibitor for S-adenosyl-methionine
biogenesis. We found that cycloleucine treatment buffered Nnmt RNAi-dependent reduction of neutral lipids,

suggesting that NNMT regulates lipid metabolism via S-adenosyl-methionine in this cell line.

2) Remote solid cancers disrupt liver zonation

The liver plays a central role in metabolism. This role is closely related to a spatially organized tissue
structure known as zonation, formed by repetitive hexagonal units called liver lobules. The lobules are
associated with portal veins and central veins. Portal veins are at the junction of neighboring lobules,
supplying nutrient- and oxygen-rich blood to nearby hepatocytes. Those hepatocytes are active for energy
metabolism, consuming nutrients and oxygen. The consequently exhausted blood is then drained by central
veins. In contrast to portal vein-associated hepatocytes, hepatocytes nearby central veins highly express
xenobiotic metabolism genes. Using spatial transcriptome analysis, we recently found that murine breast
cancers remotely disrupt liver zonation in various distinct manners depending on biological pathways. For
example, aspartate metabolism and triglyceride catabolic processes retain relatively intact zonation patterns,
but the zonation of xenobiotic catabolic process genes exhibits a strong disruption. Acute phase response
appeared enriched for A/bumin-high hepatocytes. Such complexly rewired zonation might account for cancer-
dependent pathophysiology in the liver, establishing a basis for better understanding of host pathophysiology

1n cancers.
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Fig 1. (Left) Dynamic behavior of GFP-labeled

HEFE L € ORT2EMIlA~DLICEETH S 2 & iPSCs during 3D-osteogenic induction.
WO L7 (Figl)o (Right) Effect of TGFp signal on

osteogenic-induced iPSC.
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COL X is a hypertrophic chondrocyte-specific
cartilage matrix protein, encoding by COL10A1
gene. Homozygous deletions of COL10A1 did not
affect hypertrophic chondrocyte differentiation and
endochondral ossification, indicating that COL X is
dispensable for these biological processes.
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The objectives of our laboratory are to develop new therapeutic modalities for disorders in the skeletal
system based on their molecular mechanisms by understanding the processes of physiological growth and

differentiation, and also transformation of mesenchymal cells. Following projects are currently undertaken.

1. Researches on mesenchymal stem cells

Mesenchymal stem cells (MSC), which exist in bone marrow stromal tissues, have a potential to
differentiate to cells of various types in mesenchymal tissues. Many fundamental features of MSCs, however,
are still unknown, which are crucial for the development of regeneration therapy using MSC as the evidence-
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 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 differentiation process of bone and cartilage cells using iPS cells.

We have been establishing the method to induce bone and cartilage cells from human iPS cells and also
studying the molecular mechanisms of differentiation in detail. As for osteogenic differentiation, we
established the multistep method to induce mesenchymal cells via neural crest, and also developed one-step
method using retinoic acid signal. Using this one-step method, we have succeeded three-dimensional
visualization of the bone-like nodule formation by the collaboration with Prof. Adachi of inFront, Kyoto
University, and confirmed the differentiation process using immunocytochemical staining. Currently by the
combination with the culture system using type I collagen gel and the single cell RNA sequencing analyses,
we revealed that the TGF/ signal maintains the osteoblastic phenotype and the transition into osteocytes

requires down-regulation of the TGFJ signal (Fig1).
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As for chondrogenic differentiation, we established the method to induce hypertrophic chondrocytes and
growth plate-like structure via paraxial mesoderm and somite. Moreover, through evaluation of COL10A1
knockout iPSC generated by CRISPR/Cas9 gene editing, we demonstrated that COL X is dispensable for the
hypertrophic differentiation and endochondral ossification (Fig2).

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

In most of cases, the pathophysiology in hereditary skeletal 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 progressiva (FOP) is one of such disease due to
a mutation in ACVR1 gene. We have identified an mTOR inhibitor, rapamycin, as a candidate drug for FOP.
Since mTOR signaling regulates several downstream factors, we are currently conducting study to identify
which factor is critical for the pathogenesis of FOP as well as drug discovery research. Inflammatory cells
such as macrophages have recently been reported to be involved in the pathogenesis of FOP. Understanding
the effects of mutant ACVRI1 on inflammatory cells is expected to help us understand the pathogenesis from
both progenitor and inflammatory cell perspectives. We differentiated FOP-specific and mutation-rescue
(resFOP) iPS cells into monocytes and analyzed them. Our results revealed that mutant ACVRI causes a pro-

inflammatory signature in monocytes (Fig3).

3. 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.
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The genome integrity of pluripotent stem cells, which give rise to all the cell lineages including the
germline, is of fundamental importance to both basic biology as well as biomedical application. However, it
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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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
2020, we attempted to identify novel GPI-anchored proteins that play important roles in the process by which
mouse sperm acquire fertility. Moreover, through the utilization of mouse models for inflammatory or
autoimmune diseases, we conducted an investigation into the regulation of inflammatory cytokine expression
and the cells responsible for its production. We focus the development of innovative models that enable the
visualization of mononuclear cells actively secreting inflammatory cytokines, as well as those involved in

CD4-dependent autoimmune disorders.

1) Identification of novel GPI-anchored proteins important for mouse sperm fertility

Mouse sperm are known to acquire fertility through a gradual maturation process. In previous studies, GPI-
anchored protein (GPI-AP) release and raft localization change occurred in sperm membrane during the
fertility acquisition process, and we found a positive correlation between sperm fertility and raft localization
change, previously. Therefore, in order to identify new GPI-AP that is important for sperm fertilization
ability, we used a comprehensive proteomics analysis to overview the expression of GPI-AP in various
tissues including the testis, and molecules that are considered to be functionally important were selected.
Then, gene knockout mice were developed by the Crispr-Cas9 method and some of them showed male

reproductive abnormalities.

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 successfully developed a reporter strain that enables the visualization of cells expressing an
inflammatory cytokine. This reporter strain was utilized to investigate the regulatory mechanisms governing
cytokine expression. To validate the functionality of the strain, we induced reporter expression in bone
marrow-derived dendritic cells through stimulation with lipopolysaccharide or pathogen infection, as well as
by exposing them to microbial components. Furthermore, we achieved the generation of a strain expressing a
single T cell receptor derived from autoimmune T cells. This strain serves as a valuable model for studying

spontaneous autoimmune disease, specifically mediated by CD4 T cells.

List of Publications

Lee S, Hirota K, Schuette V, Fujita T, Kato H. Attenuation of regulatory T cell function by type I IFN

_64_



signaling in an MDAS5 gain-of-function mutant mouse model. Biochem Biophys Res Commun.
629:171-175. (2022)

Shirakashi M, Maruya M, Hirota K, Tsuruyama T, Matsuo T, Watanabe R, Murata K, Tanaka M, Ito H,
Yoshifuji H, Ohmura K, Elewaut D, Sakaguchi S, Fagarasan S, Mimori T, Hashimoto M. Effect of
Impaired T Cell Receptor Signaling on the Gut Microbiota in a Mouse Model of Systemic
Autoimmunity. Arthritis Rheumatol. 74:641-653. (2022).

Umemura Y, Koike N, Tsuchiya Y, Watanabe H, Kondoh G, Kageyama R, Yagita K. Circadian key

component CLOCK/BMALI interferes with segmentation clock in mouse embryonic organoids. Proc
Natl Acad Sci US A. 119 (1):¢2114083119. (2022)

Omatsu Y, Aiba S, Maeta T, Higaki K, Aoki K, Watanabe H, Kondoh G, Nishimura R, Takeda S, Chung UI,

Nagasawa T. Runx1 and Runx2 inhibit fibrotic conversion of cellular niches for hematopoietic stem
cells. Nature Communications. 13 (1):2654. (2022)

Yoshida K, Hada M, Kizu A, Kitada K, Eguchi-Kasai K, Kokubo T, Teramura T, Yano S, Suzuki HH,
Watanabe H, Kondoh G, Nagamatsu A, Saganti P, Cucinotta FA, Morita T. Comparison of biological

measurement and physical estimates of space radiation in the International Space Station. Heliyon. 8
(8):€10266. (2022)

Tanaka A, Maeda S, Nomura T, Llamas-Covarrubias MA, Tanaka S, Jin L, Lim EL, Morikawa H, Kitagawa
Y, Akizuki S, Ito Y, Fujimori C, Hirota K, Murase T, Hashimoto M, Higo J, Zamoyska R, Ueda R,
Standley DM, Sakaguchi N, Sakaguchi S. Construction of a T cell receptor signaling range for
spontaneous development of autoimmune disease. J Exp Med. 220: €20220386. (2023)

Tsukita K, Kitamata M, Kashihara H, Yano T, Fujiwara I, Day TF, Katsuno T, Kim J, Takenaga F, Tanaka H,
Park S, Miyata M, Watanabe H, Kondoh G, Takahashi R, Tamura A, Tsukita S. Phase separation of an

actin nucleator by junctional microtubules regulates epithelial function. Science Advance 9
(7) :eadf6358. (2023)

Hirano R, Okamoto K, Shinke M, Sato M, Watanabe S, Watanabe H, Kondoh G, Kadonosono T, Kizaka-

Kondoh S. Tissue-resident macrophages are major tumor-associated macrophage resources, contributing

to early TNBC development, recurrence, and metastases. Commun Biol. 6 (1):144. (2023)

Nakao S, Ito K, Sakoh K, Takemoto K, Watanabe H, Kondoh G, Irie T, Nakagata N, Takeo T.

Dimethyl-a-cyclodextrin induces capacitation by removing phospholipids from the plasma membrane of

mouse sperm. Biol Reprod. ioad013. (2023)

Nakao S, Ito K, Sugahara C, Watanabe H, Kondoh G, Nakagata N, Takeo T. Synchronization of the

ovulation and copulation timings increased the number of in vivo fertilized oocytes in superovulated

female mice. PLoS One. 18 (2):¢0281330. (2023)

_65_



List of Presentations

Mukoyama H, Takeuchi Y, Ohara D, Watanabe H, Kondoh G, Morinobu A, Hirota K. Regulation and cell

fate of CCR2 + inflammatory monocytes in the development of T cell-dependent autoimmune arthritis
4551 Il HARGEAREM RS, 2022 4212 J

Takeuchi Y, Ohara D, Watanabe H, Kondoh G, Morinobu A, Hirota K. Differential TCR repertoire for joint

self-antigens determines the functional balance between the regulatory T and arthritogenic T cells in T
cell-mediated autoimmune arthritis &% 51 [0l H ARS@ P Afi 46 4%, 2022 4F 12 H

Ohara D, Watanabe H, Takeuchi Y, LEE Y, Mukoyama H, Kondoh G, Hirota K. An [123a-Venus reporter

strain reveals the spatio-temporal regulation of IL-23- producing ¢DC2 subset in gut-associated
lymphoid tissues 55 51 [0 H ARG XML, 2022 4F 12 1

_66_



PR LR ST BRI

Department of Regeneration Science and Engineering
i PRI S 758 2 75 g

Laboratory of Immunopathogenesis
#n & g BEZK Prof. Yoshinaga Ito

AT, HOMBRICH T 2 BRSO AN e E L. Z OISR T %5 EORIE
BHEZHOPICT AT L2 S L2 HERE L TV 5, 2022 SEI2BWTIE, THIlEA S O 1 b
HA NI BEZNEED LT LR ACKT 2HHGRERE 20 ) 52 L EH S0
L7

DAFFRAN O AL DL Rk, RIERLEZ GOV ABHICBIT A RELEEEL 25TV,
Bl 20X T MR, ASARIIEZI O MHC-1 73 F IR N7z TF N2k LS AN 2 35§ %
B ENDSEIRE & 7 > T MHC-1 RIBIPUPEDS A AL O 5l 2 257 2023 4F1X. THIZIZ X %
MHC-1 KIEEGUEAS AL DO FANG 2 W HEIZ T 5 50 FHREBE S 2> 77/ 5T 4 K CRISPR A7 V) —
ST R HCTERE Lz, ZOME. A= 177 V=& INF V7 VR HilliEn & L CTRM
L7ze TNORBEOMHEICZ LY MHC-T RKIBHAMNLAS T MFEHRY A~ A 4 128 LTz
LT7RMN—=Y AT HZ EZRLT

1. Wi

B A, HE—BEHRObOT MHC 1/ »
BTy BIZN, 3 VISR W ook e
VCEHT B EMEDAMBAEE AT (e & opokine gradient

) (Hi%@$i’«f)~’ﬁk) o ZDZ t Ci N ('lél‘}?f Development of immunotherapy resistant tumor
W 5D ERERDO—>Th %,

Thbb BENARREES EI0 L ) AR i ®
mEnrsheramnE e | 908 = ? = y
R L THBEZIT D &% { DYGETEED ) b
B 72 SBINTE & 7 o CTHEHIEAS A KN 0 i O Induction of apoptosis Resistant tumor
HESHI L., BSAMBANTRERZ ED S Sensitizing resistant cancer cells to T cell-derived cytokines
B N s ﬁﬁ"ﬁ:é?t/'ﬁ?gs inactivation

T AN A % 155 5 e 2 FE B L 48 @ p4
ASHEERECIE O e a S T | ® : = b o
B, A% A M 20 1 > MHC-1 55 - 12 . - 3 X
J: - '(:f%;ﬁ é ;}/Lf: j\)i‘/\//{ 7°-7‘— ]\ 75‘_» %D\ggji L Elimination of cancer cells

TTHMBEZEERZEELL, S—T7 1) Sensitizing resistant cancer cells to T cell-derived cytokines

_67_



YRT T VWA NGOl R A S AR TR A 2 L TOAMBEERE T 5. T
MM & 2 BEE R 1, S ARIRRICR L CIZis ) 2 UL & L TER L. 2 OfE%R MHC-1 %631 %
KTH 5 VIZES 7B AMBBOEMEZ T &2 3, MG CcDS THilio., T Mgz i L
7SI O FRR&IE MHC-1 73 FICARAF L T b 72D, 20 X 9 7 MHC-1 RIEAAMNIE T M
IR E N v, 20X 912 MHC-T RIEASAIZ T HIIIC X 5 5035 BOE % e B 482 1 7 IR Pk A
ATH5Bo ABIFETIZ MHC-T KIS AMNE 2 IEPEAL T M OBEIZE R 9 % & 9 %50 TR % B
ST AHIEEHME LT

2. WFZETFE - R

J&Z AT AN & KPUE DS AL 2SIRAE L 72 AR O E TV & LT, THIRENIUECTH %
OVA Z 3B L 723 AMie & MHC-1 RIS AMML O ILR:#R %2 HE L7z, MHC-1 K3E2% A
(Cas9 & ¥ /%7 ZiiflZB) 27 2 274 FOH A FRNA FA4 75 ) —%EBALTEBE, OVA 4
FIEPAL T M 2 B2 RITIN 2 720 2O, T MTEEPUE OVA LA AMINELIL OVA F# i
TS X o TSI —T 3 ) VR 7T UL DLV RGEEN S, THNIZEBICKED
YA A Ay (IFNg R TNFa) ZHH L. BIPICSIEBREE 2 /E D 9 JAPRICAAET 5 MHC-1 K
B AMINLIE T AR IE B S N VDS, BIEBRBEIN T 2 2D #E NI X > THEHIET 5.
CDEIHI%YT ) AT A FCRISPR A7 Y —= ¥ 712 X 5T, MHC-1 K825 A MK O HEPuid (2 Bk 5
HEIETFEWSNILTze TOREETINF YV F AR EF— b7 7 V—ICENENMD 5 &5 T
BHEROPoTE 7,

BRI Raf3l BWIET (INF ¥ 7 F V) & Atgs @57 (F— b7 7 V—BEET) %8s
T/ 0777 MCXYOAELT 5 & MHC-I RIDSAMBEAS T ML H K44 b A A4~ (IFNg &
TNFa) (2% L CREZHEIL L 7 R b= 22 X o> THIET 5 2 L & B L 720 RICZ D5 TR O
HEAAlco A— 177713, TR M=V ZADOWRES T TdH % Caspase 8 L T 7z, D
7oA — b7 7V —%MMETLHI LT, BEMBANTYA M4 X5 7K = AFHE)H®R
ENDLZENGho7ze $72RNF3 5 11d. INF ¥ 7 F Vv aEZF MR EE L2, TRMN=V
A THBDDERET DAL v F L LTHRELTT 2225905 T\ b, FEEIZ Raf3l 2 RIG X
% & MHC-1 K25 AFIRLIEZ TNF ¥ 277 F W IZ X - T Caspase 8 A EOMINEIE % 42 2 L 72, F 72 Rnf31
BInT & AtgS B FOMZHZ RKIEEE 5 &, Caspase 8 DM L AAHFEN 2 7R b — 2 AHER)
RBHDHIEEHLNI L2 2OEHITLTT R M= AIZHio> 72 MHC-1 RIEEASAMIRZIE, 1
RMINEI & o T THIIZH LR & IR SRS IR 72 T Al 2 G L, 5 2R & LT
N5 V232 9 % IFNg & 5\ E TNFa BEAE TR Z IS 85 2 &0 hofce 2D X HIT, K
PUESAMBIND INF ¥ 7 F IV E +— b7 7 V=2 i35 2 & T THIKEH KD IFNg
% TNFa |2 & 5 MHC-I RI#EDZAMILDO 7 R b — 3 AFFE, 7K b — 2 XML 03 2 7R 3 o,
IFNg+TNFa EEA THIO 2 5 2 5 EEHREE V). 74 —F 7+ T = V=PRI b &
Maholze EHICRTAETNVEHWT.INE V7 PR LT — b7 7 V=R Z3EWd 5 \»
TEEFREICLDHEST 2 2 & T MHCI RIPAMBEEE T 205423 fu— )V T&5 2L
2SI L72,

_68_



We study an interplay between immune system and self-organs/tissues, with particular focus on its
physiological roles and the mechanisms of disease development when the interaction becomes aberrant.

Tumor heterogeneity is a major barrier to cancer therapy, including immunotherapy. Activated T cells can
efficiently kill tumor cells following recognition of MHC class I (MHC-I) —bound peptides, but this selection
pressure favors outgrowth of MHC-I-deficient tumor cells. In 2022, we performed a genome-scale screen to
discover alternative pathways for T cell-mediated killing of MHC-I-deficient tumor cells. Autophagy and
TNF signaling emerged as top pathways, and inactivation of Rnf31 (TNF signaling) and Atg5 (autophagy)
sensitized MHC-I—deficient tumor cells to apoptosis by T cell-derived cytokines. Mechanistic studies
demonstrated that inhibition of autophagy amplified proapoptotic effects of cytokines in tumor cells.
Antigens from apoptotic MHC-I—deficient tumor cells were efficiently cross-presented by dendritic cells,
resulting in heightened tumor infiltration by IFNy- and TNFa-producing T cells. Tumors with a substantial
population of MHC-I—deficient cancer cells could be controlled by T cells when both pathways were targeted

using genetic or pharmacologic approaches.
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This laboratory studies: (i) the cellular and molecular basis of immunologic self-tolerance, in particular the
roles of regulatory T cells (Tregs); (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 systemic autoimmune
diseases, such as rheumatoid arthritis, by utilizing an animal model established in our laboratory.

Tregs, which specifically express the transcription factor Foxp3, are actively engaged in the maintenance of
immunological self-tolerance and homeostasis. They are abundant in tumor tissues, hampering effective anti-
tumor immune responses; and their depletion is indeed able to evoke/enhance tumor immunity. However, one
of the difficulties to specifically eliminate tumor Tregs by targeting a molecule expressed by Tregs is that a
majority of such candidate molecules are commonly shared by tumor-infiltrating Tregs and activated
conventional T cells. For example, CTLA-4 and PD-1 are both expressed by Tregs and CD8" CTLs in tumor
tissues. We have previously shown that high-ADCC/ADCP anti-CTLA-4 mAb treatment effectively evoked
anti-tumor immune responses in tumor-bearing mice only when mAb administered first to deplete Tregs and
then tumor antigen vaccination several days later to spare activated CD8* CTLs from cell depletion by the
mAb treatment (Ha et al., PNAS 2019). In contrast, anti-PD-1 blocking mAb not only activate PD-1* CD8*
CTLs, but also occasionally drive PD-1" Tregs to proliferate and enhance their suppressive activity, hindering
tumor immunity and even causing rapid cancer progression called hyper-progressive disease (HPD) (Kamada
etal., PNAS 2019).

These findings have prompted us to search for a molecule that is more specifically expressed by Tregs but
not by activated CD8" CTLs in tumor tissues, enabling specific depletion of tumor Tregs but not activated
CDS8* CTLs. In 2022, assuming that tumor Tregs would clonally expand when they were activated by tumor-
associated antigens to suppress anti-tumor immune responses, we performed single-cell analysis on tumor
Tregs to characterize them by T-cell receptor (TCR) clonotype and gene expression profiles. We found that
multi-clonal Tregs present in tumor tissues predominantly expressed the chemokine receptor CCRS. In mice
and humans, CCR8" Tregs constituted 30-80% of tumor Tregs in various cancers and less than 10% of Tregs
in other tissues, whereas most tumor-infiltrating conventional T cells (Tconvs) were CCR8. CCR8" tumor
Tregs were highly differentiated, functionally stable, and potently suppressive. One-time administration of
cell-depleting anti-CCR8 mAb indeed selectively eliminated multi-clonal tumor Tregs, leading to cure of
established tumors in mice. The treatment resulted in the expansion of CD8" effector Tconvs, including
tumor-antigen-specific ones, that were more activated and less exhausted than those induced by anti-PD-1
immune checkpoint blockade. Anti-CCR8 mAb treatment also evoked strong secondary immune responses
against the same tumor cell line inoculated several months after tumor eradication, indicating that elimination
of tumor-reactive multi- clonal Tregs was sufficient to induce memory-type tumor-specific effector Tconvs.
Despite induction of such potent tumor immunity, anti-CCR8 mAb treatment elicited minimal autoimmunity
in mice, contrasting with systemic Treg depletion, which eradicated tumors but induced severe autoimmune
disease. Thus, specific removal of clonally expanding Tregs in tumor tissues for a limited period by cell-

depleting anti-CCR8 mAb treatment can generate potent tumor immunity with long-lasting memory and
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without deleterious autoimmunity. Cancer immunotherapy with cell-depleting anti-CCR8 mAb is envisaged

in the clinic.
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Fig. 1. Fluid—structure interaction simulation to evaluate flow-induced strain on the osteocyte
process membrane. Effects of an increase in canalicular curvature, which is represented by a
decrease in its curvature radius R, on (a) the fluid velocity in the canaliculus and (b) the
flow-induced principal strain on the osteocyte process membrane were investigated (Kameo
etal.,2022).

1) Computational framework for analyzing flow-induced strain on osteocyte as modulated by
microenvironment

Osteocytes buried in bone matrix are major mechanosensory cells that regulate bone remodeling in
response to interstitial fluid flow in a lacuno-canalicular porosity. To gain an understanding of the mechanism
of osteocyte mechanosensing, it is important to be able to evaluate the local strain on the osteocyte process
membrane induced by the interstitial fluid flow. The microenvironment of the osteocytes, including the
pericellular matrix (PCM) and canalicular ultrastructure, is a key modulator of the flow-induced strain on the
osteocyte process membrane because it produces heterogeneous flow patterns in the pericellular space. To
investigate the effect of changes in the microenvironment of osteocytes on the flow-induced strain, we
developed a novel computational framework for analyzing the fluid—structure interaction. Computer
simulations based on the proposed framework enabled evaluation of the spatial distribution of flow-induced
strain on the osteocyte process membrane according to changes in the PCM density and canalicular curvature.
The simulation results reveal that a decrease in PCM density and an increase in canalicular curvature, each of
which is associated with aging and bone disease, have the notable effect of enhancing local flow-induced
strain on the osteocyte process membrane. We believe that the proposed computational framework is a
promising framework for investigating cell-specific mechanical stimuli and that it has the potential to
accelerate the mechanobiological study of osteocytes by providing a deeper understanding of their

mechanical environment in living bone tissue.
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Day 2

Hypertrophic chondrocyte Apoptosis

Initial stage of endochondral ossification

Fig. 2. We fabricated scaffold-free spheroids using mouse pre-
chondrocyte ATDCS cells. The long-term spheroid
culture for 28 days induced hypertrophic chondrocyte
differentiation and apoptosis, which is an initial stage of
the endochondral ossification (Kim et al., 2022).

2) Spheroid Culture for Chondrocytes Triggers the Initial Stage of Endochondral Ossification
Endochondral ossification is the process of bone formation derived from growing cartilage during skeletal

development. In previous studies, we provoked the osteocyte differentiation of osteoblast precursor cells

under a three-dimensional (3D) culture model. To recapitulate the endochondral ossification, the present

study utilized the self-organized scaffold-free spheroid model reconstructed by pre-chondrocyte cells. Within
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2-day cultivation in the absence of the chemically induced chondrogenesis supplements, the chondrocyte
marker was greatly expressed in the inner region of the spheroid, whereas the hypertrophic chondrocyte
marker was strongly detected in the surface region of the spheroid. Notably, we found out that the gene
expression levels of osteocyte markers were also greatly upregulated compared to the conventional 2D
monolayer. Moreover, after long-term cultivation for 28 days, it induced morphological changes in the
spheroid, such as cellular hypertrophy and death. In this study, in order to recapitulate the initial stage of the
endochondral ossification, we highlighted the potentials of the 3D culture method to drive the hypertrophic

chondrocyte differentiation of the pre-chondrocyte cells.
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The process of organogenesis in the brain, retina, and other organs is a highly complex phenomenon
involving cell proliferation, differentiation, and migration. To understand the principles of organogenesis and
to reproduce functional organ formation in vitro, we have been developing means for in vitro organ formation
from pluripotent stem cells (ES/iPS cells). We are also working to elucidate the molecular mechanisms that
control the differentiation process and organ morphogenesis of diverse cell types. This year, we developed a
polymeric material for recapitulating early embryogenesis in human pluripotent stem cell culture. We

developed a technique for spatial manipulation of stem cell differentiation on hydrogel material.

It is necessary to control the extracellular environment to create complex tissues and organs in vitro. The
extracellular environment is not uniform during organogenesis, and its chemical and mechanical

environments change dynamically. Current stem cell differentiation systems often use rigid plastic culture

Stiffness(Pa)

Control of hydrogel stiffness by light (left) and control of spatial patterns of human ES cell
differentiation by microfabrication of extracellular mechanical environment (right)
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ware, which cannot accurately recapitulate the actual internal environment of the body. To overcome these
problems, we have studied to develop novel light-curable polymeric materials suitable for human pluripotent
stem cell culture.

As a result, we succeeded in developing a novel hydrogel material that is biocompatible and whose
stiffness and structure can be precisely controlled by light on a micron scale. Furthermore, using a patterned
UV irradiation system or a two-photon microscope system, they could form gels with specific 2D and 3D

structures suitable for maintaining and differentiating human pluripotent stem cells.

Stem cells are known to sense and respond to their surrounding environment. Therefore, we investigated
how pluripotent stem cells respond to environments with different stiffness using the developed hydrogels.
The results revealed that gel stiffness affects the transcriptome of pluripotent stem cells and their
differentiation characteristics. In particular, soft substrates tended to be preferred for mesendodermal
differentiation. Based on this, we attempted to spatially regulate gel stiffness to induce local mesoderm
differentiation and spatially control stem cell fate. A soft oval gel with one side was prepared, and cells were
differentiated on it. As a result, cells in the soft part showed expression of mesodermal markers. Still, no
differentiation was observed in the hard part, and we succeeded f in the spatial manipulation of cell

differentiation using hydrogel materials (Wang et al., in revision) .

Thus, the material we developed can spatially control the fate of stem cells and enable complex pattern
formation in stem cell culture. In the future, we plan to expand the scope of this application in stem cell

engineering and regenerative medicine.
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L7 (Fig. 1)o Fig. 1. The inhibitory effects of hnRNP C on the
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RNA and RNA-binding proteins form ribonucleoprotein complexes (RNPs) . We are studying a wide range
of biological phenomena related to the life cycle of RNPs, including their formation (birth), functional
expression (daily life), and disassembly (death). In 2022, we elucidated the molecular mechanism of sorting

of RNA polymerase II transcripts. We also addressed how stable RNPs are disassembled.

1) Sorting mechanism of RNA polymerase II transcripts

In eukaryotic cells, various RNA classes are exported to the cytoplasm by their specific factors.
Accumulating evidence shows that export factors affect the fate of RNA, demonstrating the importance of
proper RNA classification upon export. We previously reported the classification of RNA polymerase II
transcripts according to their length and identified heterogeneous nuclear ribonucleoprotein (hnRNP) C as
the key classification factor. HnRNP C inhibits the recruitment of PHAX, an adapter protein for spliceosomal
U snRNA export, to long transcripts, navigating them to the mRNA export pathway (McCloskey et al.,
Science, 2012) . However, the mechanisms by which hnRNP C inhibits PHAX recruitment to mRNA remain
unknown. To obtain a more detailed understanding of RNA classification mechanisms, we constructed
hnRNP C mutants, and extensively performed in vitro protein-protein and RNA-protein binding assays. We
found that the cap-binding complex (CBC), a bridging factor between m’G-capped RNA and PHAX, directly
interacted with hnRNP C on mRNA. We also showed that its basic RNA-binding (BASIC) region and leucine
zipper (ZIPPER) domain were required for hnRNP C to inhibit PHAX binding to longer RNAs. Furthermore,
we found that the formation of tetramers was crucial for the RNA-binding activity of hnRNP C. Based on the
results obtained, the following model was proposed: RNA longer than a certain threshold is wrapped around
the tetramer without a gap from the cap through a direct interaction with CBC, thereby inhibiting the access
of PHAX.

2) Searching for factors that remove hnRNP C from RNA

We previously reported that hnRNP C obstructed the recruitment of ALYREF to mRNA in vitro
(McCloskey et al., Science, 2012). This suggests that cells have mechanisms to replace hnRNP C with
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ALYREF to induce nuclear export of mRNA. However, how hnRNP C is removed from mRNA is unknown.
To elucidate the mechanism, we first developed an in vitro system for the removal of hnRNP C from mRNA.
We found that some RNA helicase is involved in the removal of hnRNP C. We are searching for the helicase

and investigating whether it is involved in the dissociation of hnRNP C from mRNA in vivo.
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Fig. 1. Proposed gating model for substrate accommodation and
intramembrane proteolysis of E. coli RseP
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Research in this laboratory focuses on 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 membranes, membrane protein proteolysis, extracytoplasmic stress responses,
and translational elongation arrest-mediated gene expression, are studied using combined molecular genetic,
biochemical, biophysical, and structural approaches. In 2022, we determined the structure of the E. coli S2P
family protease and its bacterial homolog and proposed a model for substrate cleavage accompanied by
dynamic structural changes of RseP. In addition, we showed that E. coli membrane proteins YfgM and PpiD

form a complex and act as a functional unit in protein translocation across the cytoplasmic membrane.

1) Crystal structure of the intramembrane protease RseP and novel mechanistic model for substrate
accommodation and its intramembrane proteolysis

Intramembrane proteolysis plays a critical role in various cellular processes, such as lipid metabolism, cell
differentiation, immune response, and microbial pathogenesis, in a wide range of organisms. RseP, the S2P-
family intramembrane protease of E. coli, is responsible for the regulation of the o pathway extracytoplasmic
stress response and iron uptake through the intramembrane cleavage of the regulatory proteins, and for the
degradation of remnant signal peptides of secreted proteins. Here, in collaboration with Dr. Terukazu Nogi's
group at Yokohama City University, we determined the crystal structures of E. coli RseP and the RseP
orthologue from the marine bacterium, both with a peptide-mimetic inhibitor batimastat (BAT). The solved
RseP structures and structure-based mutational and biochemical analyses in E. coli provided a clue to
understand how RseP interacts with a substrate or a BAT in the intramembrane active site and suggested a
gating mechanism for substrate entry into the hydrophilic proteolytic active site chamber formed inside the
membrane. Substrate cleavage efficiency decreased significantly when a conformational change of the
possible gate was restricted by intramolecular cross-linking, highlighting the importance of the gate
movability for efficient substrate cleavage. Based on these results, we propose a new model for the
mechanism of intramembrane substrate cleavage by RseP, in which the dynamic conformational change of the
substrate entry gate enhances substrate access and presentation to the catalytic site (Imaizumi ez al., 2022, Sci.

Adv. 8, eabp9011).

2) YfgM-PpiD heterodimer acts as a functional unit that associates with the SecY/E/G translocon and
promotes protein translocation

PpiD and YfgM are inner membrane proteins that are both composed of an N-terminal transmembrane

segment and a C-terminal periplasmic domain. Escherichia coli YfgM and PpiD form a stable complex that

interacts with the SecY/E/G (Sec) translocon, a channel that allows protein translocation across the
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cytoplasmic membrane. Although PpiD is known to function in protein translocation, the functional
significance of PpiD-YfgM complex formation and the molecular mechanisms of PpiD-YfgM and PpiD/
YfgM-Sec translocon interactions remain unclear. In this study, we conducted genetic and biochemical
studies using yfgM and ppiD mutants in a collaboration with Dr. Ryoji Miyazaki, Nara Institute of Science and
Technology, and demonstrated that a lack of YfgM caused partial PpiD degradation at its C-terminal region
and retarded the membrane translocation of VemP, a Vibrio secretory protein in both Escherichia coli and
Vibrio alginolyticus. While ppiD disruption also impaired VemP translocation, yfgM and ppiD double deletion
exhibited no additive or synergistic effects. Together, these results strongly suggest that both PpiD and Y{gM
are required for efficient VemP translocation. Furthermore, site-directed in vivo photo-crosslinking analysis
revealed that the tetratricopeptide repeat domain of YfgM and a conserved structural domain (NC domain) in
PpiD interact with each other and that YfgM, like PpiD, directly interacts with the SecG translocon subunit.
These results nicely fit the structure model of the SecY/E/G-PpiD/Y{gM super complex predicted by
AlphaFold2 (See Fig. 2). Crosslinking analysis also suggested that PpiD/YfgM complex formation is
required for these proteins to interact with SecG. In summary, we propose that PpiD and YfgM form a
functional unit that stimulates protein translocation by facilitating proper interactions with the Sec translocon

(Miyazaki et al., 2022, J. Biol. Chem. 298, 102572).
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Distal cancers affect the liver in a variety of patterns
: high
Livers of phe

sham mice Now

Livers of 4T1
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Iduced by
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naffected, ‘ Strongly Zonated

zonated disrupted induction

Figure 1: Spatial transcriptomics data revealed how a
distal 4T1 cancer affects biological pathways in the liver in
a variety of patterns. From left to right: 1) the zonated
expression of Albumin is relatively unaffected. 2) Some
pathways, such as genes involved in xenobiotic catabolism are
strongly disrupted. 3) Acute phase response genes are
strongly induced in hepatocytes and follow a zonated pattern.
4) A subset of immune-related genes is induced in the liver
through the infiltration of neutrophils.

Toyoshima group aims to elucidate the mechanism of organ remodelling in response to physiological

changes in the body. In particular, we focus on organ remodelling during pregnancy and aging from the
perspectives of tissue stem cell dynamics, multicellular / multiorgan network, and mechanobiology.

Vandenbon group is analysing and developing bioinformatics methods for spatial transcriptomics data.
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1) Vasculature atrophy causes stiffened dermis that causes epidermal stem cell disfunction in aged skin

Stem cell dysfunction causes tissue deterioration associated with aging. The accumulation of DNA damage
is an intrinsic cue for stem cell dysfunction. However, whether there is an external microenvironmental cue
that triggers stem cell dysfunction remains obscure. We found that vasculature involution causes dermal
stiffening that results in premature differentiation and hemidesmosome fragility of interfollicular epidermal
stem cells (IFESCs) in aged mouse skin. Aging-related IFESC dysfunction is correlated with prolonged
calcium influx, which is contributed by the mechanoresponsive ion channel Piezol. Epidermal deletion of
Piezol ameliorated IFESC dysfunction in aged skin, whereas Piezol activation augmented IFESC
differentiation and hemidesmosome fragility in young mice. The dermis stiffened with age, which was
accompanied by dermal vasculature atrophy. Conversely, induction of the dermal vasculature softened the
dermis and ameliorated IFESC dysfunction in aged skin. Single-cell RNA sequencing of dermal fibroblasts
identified an aging-associated anti-angiogenetic secretory molecule, Pentraxin 3, which caused dermal
sclerotization and IFESC dysregulation in aged skin. Our findings show that the vasculature softens the
microenvironment for stem cell maintenance and provide a potential mechanobiology-based therapeutic

strategy against skin disorders in aging (Ichijo et al., Nature Aging 2022).

2) Bioinformatics analysis of spatial transcriptomics data (Vandenbon)

Spatial transcriptomics technology allows researchers to study the spatial organization of cells within
tissues and how this organization relates to cellular function, gene expression patterns, and disease states. We
have used this technology to investigate the effect of breast cancer on gene expression in liver tissues in mice
(Vandenbon et al., Commun. Biol., 2023). Using bioinformatics analysis of several 10X Genomics Visium
liver samples, we found that distal cancers affect the zonated patterns of gene expression in liver in various
distinct manners (Fig. 1). For example, the spatial gene expression pattern of genes involved in xenobiotic
catabolic processes was strongly disrupted. The acute phase response genes were induced in a zonated
pattern. Furthermore, breast cancers also activated neutrophils in distinct zonated manners. In addition, we are
currently using spatial transcriptomics data to analyze the effect of other cancer types on gene expression in
the liver, as well as the effect of metastasis on gene expression in human lymph nodes. Moreover, we are
preparing the construction of a comprehensive database of spatial transcriptomics datasets covering a large
number of human and mouse tissues. We are also developing bioinformatics methods for the exploratory
analysis of spatial transcriptomics and other single-cell datasets (Vandenbon and Diez, under review).

In addition to the above bioinformatics-oriented project, we have contributed to multiple interdisciplinary
collaborations, including the analysis of single-cell RNA-seq data related to various immune processes and
differentiation (Chong et al., Science Signaling, 2022, Tse et al., Science Translational Medicine, 2022,
Ohgushi et al., Cell Reports, 2022).
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We study biological phenomena 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.

1) Origin of diverse phosphorylation patterns in the ERBB system

One group of receptors that receive signal molecules on the cell surface is the ERBB family, which
consists of ERBB1, ERBB2, ERBB3, and ERBB4. When signal molecules bind to ERBB molecules, the four
types of ERBBs form various dimers, and phosphorylation reactions within dimers occur which triggers a
variety of responses of cells, like proliferation or differentiation. In humans, it is known that the composition
of the amount of four types of ERBB in cells differs between different tissues, and it is thought that this

creates different behaviors in signal transduction between tissues. However, it has been difficult to
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experimentally measure the details of the binding and phosphorylation reactions of the four ERBBs, and it
was not known how the diversity of responses to signals is generated.

By combining experimental measurements and mathematical modeling, we have identified the reaction
properties of the four ERBBs and how they change in response to signals for the first time. In addition,
through further mathematical analysis, we identified the reaction properties that play an essential role in the
diversity of responses. First, we measured the phosphorylation responses of four ERBBs in seven cell types
with different compositions of ERBBs and gave two different signals to each of them. Next, we developed a
mathematical model that incorporates all possible binding reactions and all phosphorylation reactions
between the four ERBB molecules. Then, by comparing with the experimental results, the rate constants of
each binding reaction and phosphorylation reaction were determined. We investigated the effects of changing
the rate constants in the mathematical model on the diversity of phosphorylation responses. As a result, it was
found that the differences in the phosphorylation reaction rates among the four ERBB molecules has a great

effect on the diversity of the response, and the difference in the binding reaction is not a major factor.

2) Origin of the different shapes between petal and sepal in plant organogenesis

It is generally considered that the shapes of plant organs are determined by the pattern of cell division that
occurs during organogenesis. In collaboration with a group of plant embryologists, we investigated the origin
of morphological differences between petals and sepals of Arabidopsis thaliana. Detailed analysis of the
position and angle of cell division during organogenesis revealed that petals and sepals differ in both the
position and angle of cell divisions. Then we analyzed them using mathematical models and numerical
simulations. When we varied the position of cell division during petal and sepal formation, the final organ
shape changed significantly. We identified conditions for the spatial distribution of division frequencies that
produce petal-like and sepal-like shapes. On the other hand, varying the angle of cell division had only a
limited effect on petal-like and sepal-like shapes. The results of this analysis indicate that petal-like and
sepal-like shapes are determined by the position of cell division during the production of each organ.
Mathematical simulations allowed us to examine the various possibilities and to determine which factors

were essentially important.

3) Mathematical studies for biological phenomena
We studied some biological phenomena using mathematical modeling by collaborating experimental

biologists.
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Our laboratory, Stem Cell Genetics, was established in October 2018 in the Institute for Frontier Life and
Medical Sciences, Kyoto University. We focus 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 we
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 broadly applicable for a wide range of biological
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research.

In the Year 4 of our lab history, Mr. Shafiqul Islam managed to come to Japan after COVID pandemic and
started his PhD work. Ms. Raghda Khatab started her Master work. Dr. Mizuki Hyuga, a haematologist,
started her PhD work in our lab.

In this year, we achieved significant results in 2 international collaborative research projects using the
CRISPR-KO screening method developed in our laboratory, and were able to publish two papers. The first
paper is collaborative research with AstraZeneca, a pharmaceutical company in the UK, which was initiated
when Professor Yusa worked at the Wellcome Sanger Institute. The treatment for breast cancer is determined
based on the expression of estrogen receptors, progesterone receptors, and human epidermal growth factor
receptor 2 (HER2). For triple-negative breast cancer, which lacks the expression of all three receptors,
chemotherapy is used, but the prognosis is relatively poor. In recent years, a treatment effect has been
observed for triple-negative breast cancer with genetic mutations in the DNA repair factors BRCA1/2 by
using PARP1 inhibitors that induce synthetic lethality. The activation of mTORCI1 is crucial for cell
proliferation in breast cancer, and mutations in upstream factors result in the activation of mTORCI. In
particular, breast cancer with PTEN gene deficiency depends on mTORCI activity and also depends on AKT
activity, which is located upstream of mMTORCI in the pathway. AstraZeneca has developed an AKT inhibitor
and is conducting clinical trials by focusing on this aspect. In this collaborative research, we identified factors
related to the sensitivity of PTEN-deficient breast cancer cells to the AKT inhibitor using CRISPR-KO
screening. The genes that induce resistance are those that can reactivate mTORCI, such as TSC1/2, which is
positioned between AKT and mTORCI1. TSC1/2 negatively regulates mTORCI1 and its deficiency leads to
constitutive activation of mMTORCI1 independent of upstream signals, thereby resulting in resistance to AKT
inhibitors. Among multiple candidate genes that enhance sensitivity, we selected genes for which inhibitors
were available and evaluated their combined effect with the AKT inhibitor. As a result, a MCL1 inhibitor
showed significant synergistic effects with the AKT inhibitor. It was found that the combination induced rapid
apoptosis within a few hours, and the therapeutic efficacy was confirmed in cell-line xenograft models and a
patient-derived xenografts (PDX) model. We believe that this combination therapy contributes to the
development of a more effective treatment with improved prognosis.

The second paper is collaborative research with Professor Keisuke Kaji from the University of Edinburgh,
UK. This collaboration was also initiated when Professor Yusa was at the Wellcome Sanger Institute.
Professor Kaji aimed to analyze the phenomena occurring during the reprogramming of induced pluripotent
stem cells (iPSCs) and constructed a fibroblast reprogramming system using the tet-on system with the
expression of the Yamanaka factors (Nature 2013). In this collaborative research, we combined Professor
Kaji's reprogramming system with CRISPR-KO screening to identify factors involved in reprogramming.
Genes that inhibit reprogramming (i.e. knocking them out enhances reprogramming) were identified,

including known genes such as Trp53, Menl, Jun, and Dotll, confirming the functionality of the screening.
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We were able to validate 16 genes as novel factors. We decided to conduct detailed molecular functional
analysis of one such factor, Zfp266. Z{p266 carries a KRAB domain at the N-terminal end, which inhibits
gene expression. When full-length Zfp266 was overexpressed in fibroblasts, the reprogramming efficiency
decreased. However, Z{p266 with a KRAB domain deletion or a mutant KRAB domain did not affect the
efficiency, suggesting that the transcriptional repression function of the KRAB domain inhibits
reprogramming. The binding sites of Zfp266 on the genome were determined using DamID, and B1 SINE
sequences were identified. ATAC-seq analysis, which detects chromatin accessibility, showed a significant
increase in the accessibility of reprogramming factor binding regions containing B1 SINE sequences in
Zfp266 KO cells. Additionally, the expression of target genes showed a significant increase, suggesting that
this contributes to enhanced reprogramming efficiency. We created VPR-Z{p266, which replaced the KRAB
domain with a fusion transcription activation domain, VPR, developed for the CRISPR-a system, and co-
introduced it with the reprogramming factors. As a result, we successfully induced the expression of target
genes of the reprogramming factors more strongly than in wild-type cells, leading to an increase in
reprogramming efficiency. This study revealed the important role of zinc finger proteins in determining cell
identity. There are countless zinc finger proteins with KRAB domains, and they may also be involved in
establishing cell identity during cell differentiation. Further analysis may lead to the development of more
efficient methods for manipulating cell fate. Multiple essential genes for reprogramming were also identified
through the screening. We are currently continuing the analysis and plan to publish further papers in the

future.
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The long-term goal of the research programs in the Ito laboratory is to elucidate the mechanisms and
regulation of cell fate decisions in the biology of stem cells and cancer. Stem cells have a remarkable ability
to self-renew, but it is a double-edged sword; while self-renewal promotes tissue repair and regeneration, it
can also be a target of malignant transformation causing cancer. We study regulatory mechanisms of stem cell
behaviors in order to better understand cellular signals regulating tissue homeostasis, regeneration and cancer.
In our previous studies, we have developed a productive and innovative research program by incorporating
cross-disciplinary approaches such as metabolomics and NMR spectroscopy. Our work on cell fate and
cancer metabolism have been published in high profile journals and have also attracted invitations to speak at
international conferences and institutional seminars. In essence, we discovered a novel regulatory mechanism
by an aminotransferase that sustains stem cell states in myeloid leukemia and demonstrated that inhibiting the
metabolic pathway can be an effective therapeutic strategy in treating advanced cancer such as acute

leukemia.
Metabolic reprogramming of cell fates in stem cells and cancer

Reprogrammed cellular metabolism is a common characteristic observed in various cancers. It remains

poorly understood whether such metabolic changes directly regulate development and progression in
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hematologic malignancies. Our research has revealed that altered branched-chain amino acid (BCAA)
metabolism regulates chronic myeloid leukemia (CML). BCAT1, a cytosolic aminotransferase for the
branched-chain amino acids (BCAAs), is aberrantly activated during CML progression and mediates BCAA
production in leukemia cells through transamination of the branched-chain keto acids. Blocking the
expression or enzymatic activity of BCAT1 induces cellular differentiation and significantly impairs the
propagation of blast crisis CML (BC-CML) both in vitro and in vivo. In an attempt to understand underlying
molecular mechanisms, we have been collaborating with the Edison lab of the University of Georgia and the
Kaji lab of the Institute for Chemical Research at Kyoto University to develop a new technique that allow us
to monitor the conversion of BCKAs to BCAAs in realtime in live cancer cells. We continue to investigate
how the intracellular BCAA metabolism alters stem cell signals in hematologic and other human
malignancies with the hope that our research can help develop a new therapeutic strategy to treat human

cancer.

Regulation of Stem cell self-renewal and oncogenesis by RNA binding proteins

Throughout lifespan, multicellular organisms rely on stem cell systems. After birth, tissue stem cells
maintain properly functioning tissues and organs under homeostasis as well as promote regeneration after
tissue damage or injury. Stem cells are capable of self-renewal, which is the ability to divide indefinitely
while retaining the potential of differentiation into multiple cell types. The ability to self-renew, however, is a
double-edged sword; the molecular mechanisms of self-renewal can be a target of malignant transformation
driving tumor development and progression. Growing lines of evidence have indicated that RNA-binding
proteins (RBPs) play pivotal roles in the regulation of self-renewal by modulating fates of coding and non-
coding RNAs both in normal tissue stem cells and cancer. Musashi2 (Msi2) is one of these RBPs identified
as a key regulator of leukemia stem cells; Msi2 maintains stem cell function through upregulation of BCAT1
protein level and downregulation of Numb, a protein involved in the determination of cell fate. While the
target RNAs of Msi2 have been identified, it remains unclear how the Msi2 activity is regulated. We have
been collaborating with the Molecular Structure Center at Nagoya University to identify a molecule which
regulates Msi2 activity, and Our recent data show that the Msi2 protein undergoes a characteristic post-
translational modification. We hypothesized that this modification acts as a regulatory mechanism to
inactivate Msi2, and the stem cells with high levels of inactivated Msi2 are unable to maintain their self-
renewal capacity, which in turn leads to cell differentiation. In this year, we have optimized the conditions for
the purification of the Msi2 modification factor. After its identification, we will examine its expression and
functions in leukemia stem cells. We have also identified a novel RNA binding protein which regulates

leukemia stem cells and will analyze its functions.
Breast cancer regulation by branched-chain amino acids

Breast cancer is the most frequent type of cancer in women and is categorized into several subtypes based

on their gene expression patterns. Patient prognosis has been improved by the development of hormone and
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molecular targeted therapies, such as anti-HER2 agent, for specific subtypes. Because these therapies are not
applicable in some cases, these patients need to rely on conventional chemotherapeutics, and therefore the
prognosis is often worse. We found that the expression patterns of branched-chain amino acid (BCAA)
metabolic enzymes are distinct among the subtypes of breast cancer patients and patient-derived cell lines.
Furthermore, the suppression of BCAT1, a BCAA transaminase, results in attenuated cancer cell growth.
Based on these observations, we hypothesize that certain types of breast cancer exhibit dependency on BCAA
for growth. To analyze how BCAASs regulate breast cancer stem cells, we are working to develop a method
for visualizing BCAA dynamics at individual cell level by utilizing BCAA biosensor, which is developed by
Dr. Hiromi Imamura of the Graduate School of Biostudies at Kyoto University. This study will help to
understand the biology of mammary tumors and develop a new therapeutic strategy for the BCAA-dependent

breast cancers.

Defining contribution of neural system in leukemia

Leukemia is hematologic malignancy initiated by recurrent genetic alterations. Although the prognosis of
subtypes with specific gene mutations has improved with the development of molecular targeted therapy, the
S-year relative survival rate of leukemia remains at around 44% because of the treatment resistance.
Elucidation of the disease stage transition mechanism and cancer stem cell maintenance mechanism in the
bone marrow microenvironment is also important in terms of treatment method development. This study
focuses on the neural system in the bone marrow and proposes a model of bone marrow microenvironment
regulation that adds the neural system to the hematopoietic system, which is fundamental to this mechanism.
By applying this model to leukemia pathophysiology and conducting a systematic analysis of hematopoietic
and neural systems, we will elucidate the leukemia pathophysiology and the control mechanism of mone
marrow microenvironment produced by the brain-bone marrow networks. This year, we proceeded to
examine the conditions for histological analysis targeting innervation to the bone marrow and neural activity
in the brain. We applied the established conditions to leukemia mice and succeeded in detecting the dynamics
of neuronal projections to the bone marrow and neuronal activity in the brain in the leukemia mice. This year,
we will confirm reproducibility and conduct bone marrow and brain imaging using mouse lines targeting
various neuronal markers. In addition, we will analyze the dynamics of bone marrow in the leukemia mouse

model at the molecular level.
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49 impairs acute myeloid leukemia. Leukemia, in press, 2023, (* Corresponding author)
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Fig. 1. Optical regulation of gene expressions

—124 -



CENWREICR D0 MAT, MREEMEEZ G TI Y Pa— 35 L), 3 LA RS o b
FENZO B H EWFEEIN S,

2) PEEEHIIE D% - LhE & oAb dr g 2 B9 2 2 A = X L Offk

FAFEITED Gald/UAS ¥ A7 4 % T Bz fiiieil i s A~ 7 A KA 7 4 2B 5,
bHLH B G N F-D 5 4 F 3 v 7 REPFEHOEBMEROWGELEZ 1T > TE 720 Ascll R Hesl %4 &
@ bHLH B G 1-1&, Mkl O L& G ER T ThHH Z EAMONT VD, FKAxld, h
5 @ bHLH RIS G[H 1705 2 ~ 3 Iy ] J 4
THYL—vay (REFEHR) $22L
T, kR 0% bie s B CERO

. Self-renewal

Wfﬁb:fﬁfﬁk@"é SLERLT _‘jiw@‘ \ Neural stem cell
bHLH B EHFO+ v L— 3 DY) @ . Neuron
LR T—BEDOERFEB Y —
JNEATBHIED, Za—arRs)
7 ML~ D 53L& dy P 52 12 B\ TR
DEEEH S TnbHZEERLE (K
2)o AAEPEIX. F721ZBHFE L 72 PA-Tet-
ON/OFF ¥ A7 A% T, #iaTF8l
DIRIYFEH & FRFEHLDE A, ML
HENWCEZR 2B 2 50 F A= ALIC Fig. 2. Oscillatory v.s. sustained expressions of bHLH
ST AT T D s transcription factors regulate neural stem cells

Astrocyte

Protein expression levels

We aim to understand the cellular and molecular mechanism of the cell proliferation, maintenance and
fate-determination of neural stem cells in the developing and adult mammalian brain. We are also interested
in the functional significance of postnatal/adult neurogenesis on higher brain functions, such as spatial
learning/memory and olfactory-related behaviors. Our lab has expertise in the light-mediated regulation of
gene expression and neuronal activity, genetic manipulation of neural development and plasticity, and long-

term monitoring of neural circuit plasticity in vivo with the two-photon microscope and brain endoscope.

1) Optical manipulation of gene expressions in neural stem cells

Light-inducible gene expression systems represent powerful methods for studying the functional roles of
dynamic gene expression. We have developed an optimized light-inducible Gal4/UAS and Tet-ON/OFF gene
expression system for mammalian cells. We designed photoactivatable (PA) -transcriptional activators based
on the concept of split transcription factors, in which light-dependent interactions between Cry2-CIB1 PA-
protein interaction modules can reconstitute a split the DNA binding domain and p65 transcription activation

domain. We developed a set of PA-transcriptional activators which differ in terms of induced gene expression
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levels following pulsed or prolonged light exposure, and which have different activation/deactivation
kinetics. In this school year, we have reported a highly improved PA-Gal4/UAS system. These systems offer
optogenetic tools for the precise manipulation of gene expression at fine spatiotemporal resolution in

mammalian cells (Fig. 1).

2) Regulatory mechanism of neural stem cells

The mammalian brain consists of a complex ensemble of neurons and glial cells. Their production during
development and remodeling is tightly controlled by various regulatory mechanisms in neural stem cells.
Among such regulations, basic helix-loop-helix (bHLH) factors have key functions in the self-renewal,
multipotency, and fate determination of neural stem cells. We have highlighted the importance of the
expression dynamics of bHLH factors in these processes. We propose the multipotent state correlates with
oscillatory expression of several bHLH factors, whereas the differentiated state correlates with sustained
expression of a single bHLH factor. We also developed a new optogenetic method that can manipulate gene
expressions in neural stem cells by light. We used this technology to manipulate the growth and fate-
determination of neural stem cells. In this school year, we have evaluated the molecular mechanism how
different gene expression of transcription factors (i.g. osciilatory v.s. sustained) induces different phenotypic

output of neural stem cells.
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Oishi, M., Passlick, S., Yamazaki, Y., Unekawa, M., Adachi, R., Yamada, M., Imayoshi, 1., Abe, Y.,
Steinhéuser, C. and Tanaka, K., F. (2022). Separate optogenetic manipulation of Nerve/glial antigen 2
(NG2) glia and mural cells using the NG2 promoter. Glia.

Kaise, T., Fukui, M., Sueda, R., Piao, W., Yamada, M., Kobayashi, T., Imayoshi, I., and Kageyama, R.
(2022). Functional rejuvenation of aged neural stem cells by Plagl2 and anti-Dyrkla activity. Genes
Dev. 36 (1-2):23.

-126 -



Aty v AT AARGEER Y
Department of Biosystems Science
T3 e il 1l 0 B

Laboratory of Regulatory Information

FHER  EH K Visiting Prof. Takashi Fujita
Y¥eWh®E N 02 Project Assist. Prof. Fumihiko Takeuchi

RGBT PO A NV ARIEINE . 7 A IV ARGSEKT T 5 Fi 7z 2 GFE ORI, iy A VAH
SROUIEINE ORI X 5 HOESRIER B OFIEREE. Z 087 2 IGREOMRE &2 LI TfgE 2 17
HLoTWwh, UTIZENEFhO 7O =7 M &FNET 5L,

1) 7 A4 NVAEGAC X A1 EMRLOMILIE O i 72 2 48 OWFE (Zuo et al.)

2) WA NAE U —=IZX BT AV AH K RNA DR AR OS2 (Saikruang et al.)

3) RMEHSE ARG RNA OIEORSE. 21U X 57 4 )V X EGeh 5 OBt o I FIF7E

4) BHIFFR ™ 4 )V A O BN OfFENT  (Suehiro et al.)

5) cccDNA Z [y & U729t B B9 7 A )V A A DR

6) VA NAL Y —DRFIZE S HOCREREFIEDOHWE T VIZ X AN (Ohto et a., Lee et al.,

Emralino et al.)

7) WIS DL A4 v ZAWE DO#EZE (Kimura et al.)

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) Study on the mechanism of host cell death by viral infection (Zuo et al.)

2) Study on the mechanism of sensing viral RNA by innate immune sensors (Saikruang et al.)

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

4) Study on the mechanism of hepatitis B virus (Suehiro et al.)

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

6) Study on autoimmunity caused by dysfunction of viral RNA sensors (Ohto et a., Lee et al., Emralino et
al.)

7) Screening of plant-derived material for antiviral activity (Kimura et al.)
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Fig.2 Enhancement of neutralization with CD4 mimic (TKB002)

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
Coronavirus (SARS-CoV-2) at the molecular level, cultured cell level and infected individual level (Fig. 1).

Representative research progress in 2022 will be described below.

Susceptibility of monkey-adapted CCRS5-tropic consensus clone SHIV-MK38C to CD4 mimic

SHIV, a chimeric virus that expresses HIV-1 env, has been constructed based on SIV, which shows AIDS-
like symptoms in monkeys. However, the co-receptor tropism of its CXCR4 SHIV and CCRS5 HIV-1 causes
differences in infected cells and pathology. HIV-1 is tier 2 neutralization-resistant, but most of SHIV belongs
to tier 1 neutralization-susceptibility. We previously adapted CCR5-tropic tier 1 SHIV-MK1 to monkeys to
develop highly replicative CCR5-tropic tier 2 SHIV-MK38, whose virus stocks are genetically diverse. In
order to improve the reproducibility of experiments, therefore, an infectious molecular clone, which is a
homogeneous genomic population, was required. A consensus mutation of SHIV-MK38 was identified to
generate SHIV-MK38C. Then its properties were evaluated and inoculated into monkeys. We also performed
detailed analysis of env using full-genome SHIV and pseudotyped virus (ps). SHIV-MK38C is CCR5-tropic

and has high replication capacity, and the persistent infection rate in monkeys was 2/3. On the other hand,
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SHIV-MK38C lacked the mutation responsible for neutralization resistance, N169D, indicating that
psMK38C is tier 1C and psMK38CD, which is psMK38C plus N169D, is tier 2. Furthermore, psMK38C
showed a neutralization enhancement effect by CD4 mimic (TKB002) against psMK38CD (Fig. 2). For
similar verification, we tried to produce SHIV-MK38CD, but N169D that could be maintained in cell-to-cell
infection reverted to N169 in cell-free infection. N169D was detected in infected monkeys more than 17
weeks later. Although SHIV-MK38C has the same replication ability as SHIV-MK38, improvement of
neutralization resistance and persistent infection rate is necessary. N169D may be required for this, but SHIV-
MK38CD is unstable and replication-poor in vitro. However, the acquisition of N169D in monkeys suggests
that SHIV-MK38CD may have acquired a replication-enhancing mutation. On the other hand, the sensitivity
of psMK38C to CD4 mimic suggests that SHIV-MK38C is useful as a challenge virus to verify its

neutralization-enhancing effect in a monkey model.
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FHWHIERL AT E DR TH 2 2 EBH L NIk 572, E H I, syncytin-2 D7/ AELH % fEMT L
7oAERE, syneytin-2 DF =T ) =74 Y77 L —2 (ORF) & 7HOFNEE 22 Fiod OWM T
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FHILERIKAME 7 £ )V 2 OHIGEBIRE X BIMINL & 7% 5295, Wb 107 TCID, /mL % 2 5 & 7l
N L7z0 &G RD-114 7 4 )V A1X RDKO CRFK Ml THGE S & 727 4 WA DS I3MI S Nz o
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Viruses were discovered as "pathogens" and have been studied for many years. However, it has become
clear that some viruses can "internalize" by entering the genome of the host germline cells, and that
internalized viruses can provide the host with new functions. We aim to elucidate the functions of

endogenous retroviruses.

1) Monotreme-specific conserved putative proteins derived from retroviral reverse transcriptase

We conducted a comprehensive search for possible endogenous retrovirus (ERV)-derived genes in
platypus and echidna genomes and identified three reverse transcriptase-like genes named RTOM1, RTOM2,
and RTOM3 clustered in the GRIP2 intron. Comparative genomic analyses revealed that RTOM1, RTOM2,
and RTOM3 are strongly conserved and are under purifying selection between these species. These could be
generated by tandem duplications before the divergence of platypus and echidna. All RTOM transcripts were
specifically expressed in the testis, possibly suggesting their physiological importance. This is the first study
reporting monotreme-specific de novo gene candidates derived from ERVs, which provides new insights into

the unique evolution of monotremes.

2) Potentially reduced fusogenicity of syncytin-2 in New World monkeys

Syncytin-2 is a membrane fusion protein involved in placenta development that is derived from the
endogenous retrovirus envelope gene acquired in the common ancestral lineage of New World and Old World
monkeys (OWMs). It is known that syncytin-2 is conserved between apes and OWMs, suggesting its
functional importance; however, syncytin-2 of common marmosets (Callithrix jacchus) exhibits lower

fusogenic activity than those of humans and OWMs in human cell lines. To obtain insight into the functional
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diversity of syncytin-2 genes in primates, we examined the syncytin-2 gene in New World monkeys
(NWMs) . We experimentally evaluated the cell fusion ability of syncytin-2 in humans, C. jacchus, and tufted
capuchins (Sapajus apella). We found that the cell fusion ability of S. apella was lower than that of human
syncytin-2. Chimeric syncytin-2 constructs revealed that the amino acid differences in the surface unit of S.
apella syncytin-2 were responsible for the weak cell fusion activity. In addition, genomic sequence analyses
of syncytin-2 revealed that the open reading frames (ORFs) of syncytin-2 were highly conserved in seven
apes and 22 OWMSs; however, the syncytin-2 ORFs of three of 12 NWM species were truncated. Our results
suggest that syncytin-2 in several NWMs may be of less importance than in OWMs and apes, and other

syncytin-like genes may be required for placental development in various NWM species.

3) Establishment of CRFK cells for vaccine production by inactivating endogenous retrovirus with
TALEN technology

We previously reported that several live-attenuated vaccines for companion animals prepared using the
Crandell-Rees feline kidney (CRFK) cell line were contaminated with a replication-competent feline ERV
termed RD-114 virus. We also found that the infectious RD-114 virus can be generated by recombination
between multiple RD-114 virus-related proviruses (RDRSs) in CRFK cells. In this study, we knocked out
RDRS env genes using the genome-editing tool TAL Effector Nuclease (TALEN) to reduce the risk of
contamination by infectious ERVs in vaccine products. As a result, we succeeded in establishing RDRS
knockout CRFK cells (RDKO CRFK cells) that do not produce infectious RD-114 virus. The growth kinetics
of feline herpesvirus type 1, calicivirus, and panleukopenia virus in RDKO_ CRFK cells differed from those
in parental cells, but all of them showed high titers exceeding 10" TCID, /mL. Infectious RD-114 virus was
undetectable in the viral stocks propagated in RDKO CRFK cells.
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1) D SHRRAF

2020 4F 267 Rt 44,428 1
2021 4F 215 Rt 40,528 1
2022 4F 179 3% 29,016 1

2) VI UVAT = v 2 ADER

AR g IR %
2020 4 2 938
2021 4 6 3,365
2022 4 4 2,802

3) CRISPR/Cas9 ¥ A5 A2 X B8t~ ZA DR

AR g IR %
2020 4 97 36,184
2021 4 97 38,469
2022 4 51 31,408

Reproductive engineering team is a support unit for generating transgenic mouse (Tg), knockout mouse
(KO) and Genome editing mouse (CRISPR) 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
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are as follows.

1) Freezing embryos

2020 228 strains 44,428 embryos
2021 215 strains 40,528 embryos
2022 179 strains 29,016 embryos

2) Transgenic mouse production with cloned DNAs

No of injected constructs No of injected embryos
2020 2 938
2021 6 3,365
2022 4 2,802

3) CRISPR/Cas9

Number of requests Number of embryos used
2020 97 36,184
2021 97 38,469
2022 51 31,408
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Experimental animals, such as mice 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 60 gene-manipulated mouse strains in this year.

List of Publications

Lee S, Hirota K, Schuette V, Fujita T, Kato H. Attenuation of regulatory T cell function by type I IFN
signaling in an MDAS gain-of-function mutant mouse model. Biochem Biophys Res Commun.
629:171-175. (2022)

Shirakashi M, Maruya M, Hirota K, Tsuruyama T, Matsuo T, Watanabe R, Murata K, Tanaka M, Ito H,
Yoshifuji H, Ohmura K, Elewaut D, Sakaguchi S, Fagarasan S, Mimori T, Hashimoto M. Effect of
Impaired T Cell Receptor Signaling on the Gut Microbiota in a Mouse Model of Systemic
Autoimmunity. Arthritis Rheumatol. 74:641-653. (2022).

-138 -



Umemura Y, Koike N, Tsuchiya Y, Watanabe H, Kondoh G, Kageyama R, Yagita K. Circadian key

component CLOCK/BMALI interferes with segmentation clock in mouse embryonic organoids. Proc
Natl Acad Sci US A. 119 (1): ¢2114083119. (2022)

Omatsu Y, Aiba S, Maeta T, Higaki K, Aoki K, Watanabe H, Kondoh G, Nishimura R, Takeda S, Chung UI,

Nagasawa T. Runx1 and Runx2 inhibit fibrotic conversion of cellular niches for hematopoietic stem
cells. Nature Communications. 13 (1):2654. (2022)

Yoshida K, Hada M, Kizu A, Kitada K, Eguchi-Kasai K, Kokubo T, Teramura T, Yano S, Suzuki HH,
Watanabe H, Kondoh G, Nagamatsu A, Saganti P, Cucinotta FA, Morita T. Comparison of biological

measurement and physical estimates of space radiation in the International Space Station. Heliyon. 8
(8):€10266. (2022)

Tanaka A, Maeda S, Nomura T, Llamas-Covarrubias MA, Tanaka S, Jin L, Lim EL, Morikawa H, Kitagawa
Y, Akizuki S, Ito Y, Fujimori C, Hirota K, Murase T, Hashimoto M, Higo J, Zamoyska R, Ueda R,
Standley DM, Sakaguchi N, Sakaguchi S. Construction of a T cell receptor signaling range for
spontaneous development of autoimmune disease. J Exp Med. 220: ¢20220386. (2023)
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AR bz TROHICHIG LT, B iCREmBEE L NV ToOr b ES HIlaROBLZ 1T ) 72
D DN &2 MDD T X 720 BRMIZEICMHIT 5 ¢ b ES il XA EREEOREEOMREICET 5

Cell Processing Facility for clinical-grade human ES cells

EEETNL ;L
O Supply Room

* Isolator Roorn< A OJ D

Monitoring &

“
C ] <
Management

ks
Gowning area
I % ]
Room

Corridor Gowning Room

o v
ing [—Storage
Banking B sofety cabinet-isoiator I Grade D (EU-GMP : 0.5m <100,000/t at rest
Room @ Cryopreservation vessel [ Grade C (0.5um <100,000/f" in operation)
. B Autoclave [0 Grade B (0.5um <10,000/ft io, 100/ft* ar)
. B incubator Bl Grade A (0.5um <100/ft% in safety cabinet and isolator)
/\ [0 Pass box

- [0 Data Management system
Degowning
area

—141-



AN D & R RN T & 5T 2 15 72 ik CrER S 2 BN D 5o RlaikidZ OfFT % 14
THEY., b b ESHIEOB IR E LTIZHE—DDbDTH S,

COffiaxx HWT 20174 6 H X D ERRH ES Ml oM 22 BMG L. 2018 4F 5 H I3 WO T O
IR ES Motk OB i 3 2 SCER R KRR, AR KRR L, i Ehz, 2023 43 H
FTIZ 7RO b ESHIFBOER LB Z 1T 7% > T b o 5k b AER Bk < — 2 THINE & B %
LTWS ZEDRTELEEZ TN D, & MEREMEFMIIIIRR 7 1 — ¥ T & bR R il
MOV R H RS E VW E SN TV DS, T DDA REMED EWILE R ORI I1X
I DL DOMBEKRPBLEC L EEZ NS,

GRS B2 H B
KthES11 2018.05.07 46,XX
KthES12 2018.12.07 46,XX
KthES13 2019.4.11 46,XX
KthES14 2019.12.05 46,XX
KthES15 2020.07.01 46,XY
KthES16 2021.4.12 46,XX
KthES17 2022.6.17 46, XX

3 (/) List of clinical-grade hESC lines established at the Institute for Life and Medial Sciences, Kyoto
University.
(4i)  Phase contrast microcopy of clinical-grade KthES11 cells.

Z DDA ITHM 20 ROTERZ HIEL Twdo SBRIERT LAy 7 ZERISHZ HiEL 72
EINAEORFZEREBIZ 0T S bk 4 PRI S B & L2 B0 ZretEsiiie 2 H v 72 Ml i R Al
EHRIZB VT, iPSHIIBIZINR . A ~ ES Mgk z #r7z 2@ & L CIlliat 20 5 2 & T,
FAERORZEN - AAEON FICHFS T2 2 e HfFE s,

B
AR B DRI RAERBN L T & 2 RREHSCHEREZ 13 2022 42 3 HIZBI L 720

Human ES cell lines 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 efficiently and analyzed their
characters in detail. The hESC lines have been distributed to over 50 research projects in Japan. We are also

researching molecular mechanisms of self-renewal and differentiation of human ES cells and developing
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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 ES cell lines. We have set up standard
operating procedures to produce clinical-grade hES cell lines and established a clinical-grade hES cell bank,

aiming to supply them to researchers in regenerative medicine.

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

Embryonic stem cell lines are pluripotent stem cell lines that can be propagated indefinitely in culture,
retaining their differentiation potency into every cell type of tissue in the body. Since establishing human ES
cell lines was reported, clinical use of functional tissues and cells from human ES cells is expected. In Japan,
many demands have been made for using human pluripotent stem cells, including human ES cells, in basic
and pre-clinical research. We established human ES cell lines using donated frozen embryos in January 2003
and successfully established five human ES cell lines. We have distributed these cell lines to over 50 research

projects.

2) Cell processing facility for banking clinical grade human ES cell lines.

Several issues remain to be solved for the clinical application of hES cells, such as developing a complete-
defined culture medium and feeder-cell-free substrates. We should establish a standard that reaches
international levels to verify these factors. We have been working as a member of the ISCBI (International
Stem Cell Banking Initiative) working groups to achieve that purpose. 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 develop guidelines for the clinical use of human ES cells.

Based on this research, we started deriving 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 6 cell
lines by June 2022. Frozen stocks of these cell lines are ready for distribution to research institutes aiming for

clinical application of hESCs.
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E. (2022). Efficient derivation and banking of clinical-grade human embryonic stem cell lines in

accordance with Japanese regulations. Regen Ther 2/, 553-559.

Kim, J.H., Kawase, E., Bharti, K., Karnieli, O., Arakawa, Y., and Stacey, G. (2022). Perspectives on the cost
of goods for hPSC banks for manufacture of cell therapies. NPJ Regen Med 7, 54.

JIES VAR (2022) [ H AR D FRA RS2 VMR ESF L7FRH & b ES Milatkofiz & 2o
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(FLEE > 7 FIVREZ IR D AZRA]
OWfgefis ML ER R PRIl fn e Ik it &z
O AN - BAERSSZEH LTS Sl mes s gl 2 #i%
OWF7e#E 8 e OWF 78R

MAAE. Warburg RIRICE > T, BHBREFLET THo THMBERZILEL. ZEDOILEE L /7
FTHLIEPMONTVD, FTAxld, TNFE T, BPADLSTWENLILIED . DA DOUNREIZ S
X FHET D IL-23/IL-17 B2 AL 35 2 & 2R LT &7z, 4l FLEEAY IL-23 7l & R AE 5 % 55
F AN Z AL TS 572012, BERNEIEPHELI2T ) 574 FCRISPR A7) —= > 7k
HWT, FOHMEY 7 F VRIBICED L0 TOREEZ kAT, L 1E, TTI2 SRS TS
TUE—F —4EFHELTWAD, ZOTUE—% —|2 EGFP % #ik L. FLEEKENIC EGFP
DFEBNERT LR &M L7ze 7/ 574 FCRISPR A7) —= ¥ 7% IwWT, il Ens
GETRAI ) ==y &7V, ERY 7 F VDL EODPOBIETEFAET S I ENTEZ, &
By INOSOHEMETD, EDOXIIHMY ZFF VICHHET 20 E AL T FETH b,
OWF e R D 285

(FRFEFHR)

1. B¥ss, Wik, HEMYE 7/ 274 FCRISPR A2 ) —= V72X A3y 7 F VIR

DA 5 49 MIFARRKILEEES AR 20214212 H 11 H

[Elucidation of the molecular principle underlying the cellular sodium responses
related to proinflammatory M1 macrophage function by genome-scale CRISPR
knockout screening.]

OWr7eft#3# Max-Delbriick-Centrum fiir Molekulare Medizin Professor Dominik N. Miiller

Ov ANV - BAERERAMZETILEEE Sl s &k B2 B

Ot 7ekEH L ORF 78R

LFEAFZEETH 5 Miller BETIX, 2R ETHI (NaC) (& D=7 07 7 =V BWTRIEDVER
ENBHIEEZRMLTE . L LZOEESTOMHIEA T TH Y . AILFBFZEIC B\ Tk
WfDF> 7 57 A4 F7 CRISPR screening i & v 5 2 & T, M2 X 2 RIEER 2 S 58
BT OWFE 2T R o720 TTHOII NaCHI S LT EA$ %815 Tdh % Nos2, Chstl, Rabl5 12
2A Fit%1 & tdTomato FL¥ % 0 L R — & —#ila (RAW264.7 M) 2 VB L7zo S5 =% (Nos2-
,Chst1-,Rab15-tdTomato) D#Mifd% F\>T4# 2 &7 4 K7 CRISPR screening #17-72& 2 A, T
DEET % A S LW RO L BbN b EE T2 WE S iz, BUEET & &, Mg I hz#
R OEBEIENT 217 7% 5 TV 5o

—145-



ORFZEIER D 3%
&L

[FiafBRMRA MADEBE X H =X LOREHA]
Off7eERE I RFEAAR A ERRE R AL mlk RIE Bh#
Ov ANV - HAERRSAIETIAMIEE A0 |l B2 8%

(MRS ML &8 T BRI OMBIEICE T HEE]
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OB L XNV HHFAHET S Z L 2SI LSRG OB 2 I EH K L 72 (Yagita et al, Science,
2001), €D, & OMIIZIA S BEHRFME D > TV B BEIRIZOWTHRE 2 #EA, ML v
OREH FREEF2SHe b & et 35 2 & 2 Tl THE S 2312 L 7z (Yagita et al, PNAS, 2010; PNAS,
2014) 0 E 51, ML & LA L7 HIEEH DAL X 1 = X L= 7 A DEERSEAEIC BV TS H
PEF 2 R L TnwB 22 WL L, Mg 5 AP EE & L C OB HIRRHIH 72 2t nt
Zb72H L7z (PNAS,2017)0 72, HAMOESEMFETIX, BEHREPREINLZ L ZRIL,
ZD AT = A LR & It 3 H B H RERHE B A HE & bl 3 5 2 & #/RIB L7 (Genes Cells,
2018) 0 TS DR T 2T AILENFZE TN SL & I3 2 BE H RT3 1) % &
FAZOWT, FRIS, JE T 0B RS Y TBEH R RF O IE R & S8R & DRI D W TRET L
720

Z OfER BEHREEHRE) 2IH S T B FAEMBIZ B W T, Z OB H REEHIHIBERE O 24 71
HRIIOWTRE 2D 7R, BEH FET ORI K+ Td 5 CLOCK/BMAL1 & kD #ERe ]
DIEH R RET RN D TH B 2 LAVRR S 7z (PNAS2022) TRHEDZ Epb, HEK, BE
HEFRHE, fEARREE S OHIE R RE D E R Z MR T2 C LT DHFAHEBERTHH L ERAONTEL
A5 AEARFEA 7 0 & 2 2B TIRIE R 2 RRIE R & OB T, B H KT oI 2300 TdH % W]
RETEASH 2 T & 720
OWf7e R DR 3
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components CLOCK/BMALI interferes with segmentation clock in mouse embryonic organoids., Proc. Natl.

Acad. Sci. USA, 119, €2114083119, 2022
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Cold Spring Harbor Laboratory Symposium on Quantitative Biology, Biological Time Keeping, Online,
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[T RE—~T %) B RERF SRY-S DREIBEDEZA]
OWrge s KRIORZFER AR RERENIZERE A Bk #d%
O A IVR - BAERERHAIZE L FENIZEE il ms s Bk Bh #

xR

[HBARBIZET S MAIT RO HEEEAZEA]

OWf7efizsE WiER R EmEREEL Y ¥ — HR B B
O A NVA - BAERREMZE LT ZE S FAEREEST WA %
OWF ek [ OWFZE R

WFFEFRE S 13~ 7 AT LA L 2 W HARSIET THIRE TH 5 MAIT Mg % iPS Milig A
BREIHEAET 2 TFEEZEL TS, SNHMBBIZPABBET V7 ZAIZBW TR 7 AN
DETBACLY ., BHEDPAOEBZIHT L 2 EMOENTWA, ZOFMR A = X LEAR
WHTh o720 AWl BFZefiEE 513 iPS MBHE MAIT Mg (BLF. reMAIT i) 12X % 25A0R
BINHIEYE X NK ARG CH 5 2 L ZFEH L7zo 3 reMAIT Mg & FIE & 0 A58 L 72 NK
faz LR 4E9 5 2 LT, reMAIT Milffid NK M H EARLEIEE L S v, MR B 3G Mk 76 10 &
YT VA L, Fas ) # ¥ By Tnfsfl0 % EDOFRE 2 Joe S 872, Ht\ T reMAIT flIFEASASA
MR LTI GEE 2 84 L. A ZRIG T 2 272, TOMR, reMAIT MliX Y >~
NEDR T ST AMEZ LBETE, ESIZZOEMEIENKHIICE > TILEIhLZ 2R
U720 2O NKMEE reMAIT g & IZAHFEAI @ THIBAG F0EPE 2 J680 L 720 wfRI2, &
DOWEERERANTH RSN D% WEICT 5720128 ARI~ 7 2 (C57BL/6) 5 NK HiliE % i3
IR Z: L7z BT reMAIT MR A, DBSAMBEOBIM 21T 5720 € OFGHR. NK M ETET
By AR LT, CofMilizREIn~y AROAENMZAZICER SRz, hid~wy
ZIZBWT NK MDA reMAIT M OB ATEERIEICLETH H Z L2 EIRL. Th bl
BHWNZT VanNy P LTHRELTVWAZEEZRIET 5,

OWFZE R D83

(F&EFam30)

Chie Sugimoto, Yukie Murakami, Eisuke Ishii, Hiroyoshi Fujita, and Hireshi Wakao Reprogramming and

Yoz

redifferentiation of mucosal-associated invariant T cells reveal tumor inhibitory activity eLife

2022;11:e70848
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OWgeft s KBRFRFEBIAE T27eR MO Bk #iz
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A IS~ t ) v 7 RIS 2 HAEE &l U TP ARz &I L, oz b
EAEEFHEBRMMEF MR ZRET 2 2 MO T WD, BIZIE, M/ EEOM S 12E T
M ZE RO L F D b 5 2 &3 S LT b (Engler et al., Cell, 2006) o 15\ B4 5H AE
A9 5% et i, £ O LREBIZIE Uz BA O WAL 2 BAa BRI ITLTnD EE R
bNBe LLBAL, [N 30— h—Li3fe), @FHICRRZT, TOFFMbELV. £
D7z, Wi OBEMIZWHEICIZRBA SN TRV, 22T, KT, BIRREE S 2E
(ZBASE L 2RI ASURE 0 AT Bty 2 05 Uy 2 ReVEE MG o F ARG ) O KR BIBLENT 2179 S & 12 &
0, EAEUHET) & AR OMHBIBIR 52025 2 L2 HWE LT A,

ARUFEE, BFZEFE SIS X Y RgE S /e TR D 7 v & A 254 2 Hv, i o 7B IKTRE
kA TE D XD ICHOERRZ L 72 BT, v M iPS MR ISR O WARHE ) O Rl 2 HiE L
7. ARBETE, MESFEBRICKIZT ThS 7Y a vy 74— WS TERERPLEEL, Lbd
ElEhs., COLLOREEFEANHENIO) —F7 7 M LTHWAZ EIZLY, Lo
RBEZALZFMT 5. RWFZETIX, SIS TT 7 F Btk sEZ L, P23y 2 &
WEL7z. £2T, MIORRLPHENT v AW ETe M iPSHMIBERE, 3HUEY A LT
T ARG 2T VR0, MIIREZLICH ) UL O T — 4 2 0F L7z, € LT, H
BT — & Z IR (AD 12 X 2 KRBT 2 47\, 0 LIREE & AR 0 o AH B B £% % FFA
L7z0 AN D 5 LIRRE % 3l 3 % 723012, K5k 7z & b iPS Mg % IR 124t 3 % rBC2LCN-FITC
(AiLecSI-FITC) 12X WMlie 7 N ¥ 7 %475 72.

ZORER, RO MBI B 25855 2 P00 &3 RIS, b L7zl B v Tid
WM E W SR S N7z, $72, fillda o = — oIl T, Mgt v ¥ Tldim e I
NHBMERSI N, WEBICHRTag=—2y JIZBWTRDPRENRE W L3~ 7 2 ES sz
AW F9E CH MR ST 5 (Ando et al,, Stem Cell Research, 2021). 2 F 0, Zhetkifilao o
==Ly JIZBF LRIV A=%D, Ty I HNENELRMIREIZIT 5 2
ERARRLTWD., ZOZLzlTRbE, AFETHRE SN2 b iPS MMk & BAENGE T D
BItRIE, BB 2T (BIRIETy ViRT)) LRt REOMEITE»OREEZ RITLTW5EZ
EaARRLTBY, M LiZB) 2 NHNHEFORE OB Z 52 5.

Sk, WHEJIRHII & &8 T, yes associated protein (YAP) MKAFD AN ) N TGV AF 7 ¥ a v
Az A bIE L, M EE D S IEAT 5 MR- NGRS 2 4 L CEIZ 58 2
HiL, MECELAETTOBEEZHLMIILTWELW, 2072012, BAE mCherry-YAP Z3E A L 72
Ml 2 72552 HH TV 5.
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FHEBRIEZRICB VT, R4 RER O, W0 B2, KSR ERIIMIZ D72 % SEHNE R g
WL D BRI REFRNEE in silico (2 X > TP S 7201203, FHI T ITR L2 L83 D
VIR FREHEENOLE L, BHMWIIEKHAT L EPHETH L, AT, FEHOR
W G-I L 2FRROHER 2. MIBRIIED X2 B E T VAL
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CNFTHBELTE 2, Bl 8E g, BXOws EFnbiioingh 2 ZE L7
BTV LT, ARG RORROMER 2 KB T 5 REBZEA L, ZOREEK
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75 KERE S O X #~ A4 7 1 CT WA 5 FESE L 72 & 70 2 Tl i I 5
RS HRICKET AL TEMBEGEE Y I 2L —Ya v EFERI LT, ZORE, #H18k 5 Hh
FEVETY Y 7EEARI ) BE BRI U7z e G-kt 0E. s wi SR e B
DL ) BEWINATCHET 5 2 LT, BlL RO ST RB SN, 4% AR
ETFVIE FHPEHRW ) B2 2 EOREITANEISH L T PETH ). FHEEICH T 5K
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W B 7 iR PR MG D SE 2 R T AP ORI Z B L T 5%,

ORFZEIER D 3%

(SFRFEFR)

1 &5, RRERMHR. Ho, ERE Bel arboi i BhRE 25 HEE 2 B 1) 2 AR KT
TREOBBMNT 2 36 M H AR/ A ZEEAM LS P15 Online 2021 4F 10 A 14-15
H

2. Kim, Y.K., Kameo, Y., Tanaka, S., Adachi, T. In Silico Investigation of Bone Turnover in Osteoporosis

Based on Cell Population Dynamics. The 11th Asian-Pacific Conference on Biomechanics

(APBiomech2021), Kyoto, Online, December 2-5, 2021.

el Z AV =k MDIRBORE LIRS HIEEIE OZA)

OWrFeEH  FEESMHRR AW ZEI R T 220788 M &I Ak WikH

O A WA - BAERRSAEm L FM7E S WiEe b ES et > & — Kk MW gz
OWFgefe & OWF7e i 5

t MOBRIE AR S BRI 5 2 L BWEETH 2 720, F OB BB AT 25 A TV R
Vo FZTAMZETIE, & b ESAPS MLHRGCIEA VA2 4 Rk e bOlEEFEI L. 2 000
NI AR ESCERIERAN & 7R - AR RN 2 B R T OMBEB 2 v 2 T b AL
EBAIC BT MBI OEBRRAZMAGHESL I LICE D, b MOEOFA B LBy
OfHAZ BT 2 HEE LTV,

GAREIOUHER W RE L § 5 & b ES/iPS MR OB L &2 D T X 720 JIMEY — M IZid T4 A3
B8 L C & 72 PA-Cre3.0 # i\ 5 (Morikawa K, et al. Nat Commun. 2020), 3. & I ES/iPS Mz
BT, HEMIZ PA-Cre3.0 Z B TE L HEEHRBNRY ¥ — 2L L7120 fER LIRS & — 283
M CT—\PEICRH L, HFEbZ B2 & PA-Cre DIEMHALA I &R S b Z LS L 72,
K52, WIEECIRIZIZE R S 2w E QB LTWE, ST, 7L VLD
WZXR7 7 —=DHEHET A Z DD o7 T, W THEHERHANXSZ ¥ —%, Nucleofection 2L ) b
M iPSHINE~NEA U720 G418 12 & 2GR, B3B3 HOA My 7 2E8- L 72, 72, Milatko
B2 & FFFICHEOLIRANC X 2 A7) —= ¥ 7247w, 31 BRCHEOLIRTRE IS PA-Cre 2N MHEAL T
% L ERIERL TS, BIFE, PA-Cre 12 X 2L 2 RO D HE 2> 72 3 & VT, DL
D PA-Cre DIHTEIL & . MR BHROBGEZ HED TV LB TH L, S5HIT, & b ES ML
DWW AR TR OB L2 D TV b, BAEE TIZ, PA-Cre DEERINR S ¥ — % #Ia T
AL 44 ROB E5ET L. SHBHMGOZ 2 ) ==V 72D T FETH 5,
OWFZE R DR FE
(FRFEFHR)

1. FIAK CEAVEHAN PA-Cre 12 X AT T 7)) r—2 a Y ORSE  # 44 BIHAS TEWY
SAESA QR214E12H1H)

2. AR CERFHM : PA-Cre3.012 X % LMy R OWREZ2 R fEHNT T O/ESL 55 20 []EE AT -
FERGE LS-BT A ff7e% 74 (2022 4F 6 H 28,29 H)
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(HRARFIREIC K SBRHARBERFICHTIHFTI NI = AT LOBKZSEEIERER]
OWfzetEH  HILKFRZBE TEZeR IR ik %%

OTANVR - BAEERAUZEILFENZEE AR EESE Bl 2 B3
OWFgekEE L OWFZERR

AL B 72 B MR EERIL. DS AMUINRBE U OB R IRER Mgkt 2 &2 b 5. T
RS NMINe & 3R 2R ENZRT 20, FIv 77U\ =Y A7 4 (DDS) HFZEICH]
HEno2H %, bivbiid, BSAMIEYD S % 2MIlEEARZFH LT, ANVEXRY L VR < —
D—DCTH5B3-TVAFNV (AFZ7)afVFFIIFIN) TYVEZTLTUNYANVKIEE P
(MASB) 7% MBSk B2 H T2 L HWHOLNICI Lz, EHIT ANVEARY L VR —D
(LAY, DSAMBENEEANOBITHE I L GEB 2 RIFT I L 2w Lo0dh 5,

KFgeTld, BREEF 7FXVTELT, AVEIRIYAL U XF )L —hE (X%) 7279V
TIFORHEAF R)~—%, A+ U IICKEBEEZETH200L A LAV OO 2 iz
L7 BONTZANKRY A VR)—ZHOUEEHR L. ANVAKXRSY A VR 32— O L&A
AR & 72 2 MBS ARIR BT 125 2 5 5B D W R L 726

v MFSSAMIEKE (HepG2 Milfd) Z1KH2E 7L — MR LT 1.5x 103 cells/well THEREL . 4 H [
AIREAE S 5 2 LT X ) MR B AR IR 2 14720 15 & N7 M B SR AR DO RF 22N HOBEERE A ) < — KA
RTIL. SN L — 5 —BEMESE 2 W TR SRR B 2 SR L 72,

L FOFVEEAETAEAYZULT I FRYS—THAHEY Q- Faxy 3- (3- A7
T7IFTOUEN) YAFLVTVEDF) 780 -1- AWK V) - P (OH-MAAmSB) 1%, HLJgk:
FHIN R B M EEDV N S o720 51T, P (OH-MAAmMSB) (F. #R A M SR IZIZ
%L #9150 # CHLLaEIS (A 325um) \ZHLE L 72, C oflEERRENEIEZ. ShE Tk
HLT&E72P (MASB) LKL T XD Edo7ze —H A FF YR ¥ —TH 5 poly (trimethyl-
2-methacroyloxyethylammonium) :P (MATMA) . E&Z» DT 1 ~2BEFTLIREL Lo
720 P (OH-MAAmSB) OEN7-HMIfuEe LRIz &ML, ORI RKEEL MO T+ A - 3
BN S ZEARR I N, DX ) AbFREEE 2S84 2 LI X ) mulilast R iR E
HZbODDS F YV 7&Kl T 5 ENTE,

1 min 3 min 5 min 10 min 15 min 20 min
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OBFFERER DR

(FEFms0)

N. Morimoto, K. Ota, U. Miura, H. Shin, M. Yamamoto, Sulfobetaine polymers for effective permeability
into multicellular tumor spheroids (MCTSs). J. Mater. Chem. B 10(14) : 2649-2660 (2022).

(S2#RESMELICEIH D RNA H#EE & /N7 EOHE S BIERZR]
ORF7EERE LR aRaAil & il B
OT ANV - HAERMARIETIFAMNIEE A - il 7 Fvats RS #his e

(5 3 R7TE - RESHEOEREHRIZAIHEEK - RRBIEORN —HBROMRERZ
AIEEICT B 3 RTHifIEEMEOER—]

OMEfERE IR RFEREEaRAIER s w1

OV A NA - FARFAEF IR FED A7 LGS E K% Tk Hi

[Principles of chromatin nanomechanical dynamics and its role in transcription
and stem cell identity]

OmF7efiz#  Helsinki Institute of Life Science University of Helsinki Professor Sara Wickstrém

OT ANV - BAEERAZERILFENIIEE N4 XD =7 A58 2% ®E Bi%

(£RBE AT L&A 7= iPS HIlaH¥R CAR-T HaE:ENFR]
OWrgeftkE R RFESSIM IR WRESE e M Bh#
O A IVA - BAERRHAWIZEIT L FEMIZEE  FHARESDH AR 2 %

[PRRX1+ fllaDFH—HIERIC LS & PEIREKBIENDS FIEMR]
OWrgefzE®E  RILKRFRFBRERE AR EGUER () FH B &%
O7ANVR - BAEERAUZE LS A4S HSY FHHE El #d%
Ot 7ekEE L OWF 78R

BRIZBHEAE TOMMeZ THS & L-REEOBEIIA T TH S, HigH oI LLaiIc, 7 A
HAEIEBGBFEDS, Prrx1*Scal” Ml 2 #Mifle & U7z Prx 1+ BN OA — 2 HE LTELS 2
& %35 L7z (Takarada et al, Development, 2016) o L F TIZ, MHEIZHL L7z PRRX1 LR — % —
v I iPS MakZ R LT, & M RetEilE D & PRRX BB 3E 35 A~ o F A i A% % 15
fift L 723B380 2T LT\ 7z T 720 PRRXI B PEBCF MERAMNIE A 51 FEARAR IS T—@ g2 il
F % PRRX1 Bk ik ai BRAIIL A~ O #5385 35 X OV PRRX1 B P ik 5 A BEMII O S KB 28 53k b B 5 %
LT MEHARBRSLKEREBEETY V7 /BIEISHANDERH ZRT I ENTEL (PCT/
JP2020/035517. Nature Biomedical Engineering, 2021), S 52, ¥ V7 VEIVRNA ¥ —F7 TV A%
A LTy Prex] BRI & E 0 2 MR (BB i BRAE I, o 25 TSI e e 858 iy A e
PR RRAESF BT ERHIE) e L. TN S HERMDOG5ILREED Trajectory R AN L7z SNET
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X R SR A TR 2 B8R T2 L% in vivo ICTHNT 34 2 L IXTE Zeh o 7255 Freilaf
FE D Trajectory I CHBEICEALT 2 EME T A EE L. £ 5 O pathway ﬁﬂﬁ%ﬁ ) e REE
o7z WAMIZINSOMREZEF 2T, PRRXI Btk b MEEFBERMIEA S, 13T 100% (25
W ERER CHERENOMIBZFET L5 7PV ERET S IR L7,

OWfFe R D83

(FE &m0
Daisuke Yamada, Masahiro Nakamura, Tomoka Takao, Shota Takihira*, Aki Yoshida, Shunsuke Kawai,

Akihiro Miura, Lu Ming*, Hiroyuki Yoshitomi, Mai Gozu, Kumi Okamoto, Hironori Hojo, Naoyuki

Kusaka*, Ryosuke Iwai, Eiji Nakata, Toshifumi Ozaki, Junya Toguchida, Takeshi Takarada. Induction and

stable expansion of human pluripotent stem cell derived PRRX1-positive limb bud mesenchymal cells.

Nature Biomedical Engineering, 2021 Vol. 5 Issue 8 Pages 926-940

(H»/\;"c?é)
1. IJJEEU(%‘ EREAE. PATIERS. FLOHEW,. FHEE . v SRR A © ok i B
DFEE L %@?fﬁﬁié%ﬁ&@ﬁﬁ?%‘.%36@]52&?%3?5%?4 SIBEMES 2021 10 H

14 El

2. IIHKR#hE. ®RME. A IE#. Ming Lu*, JTHHER, EHEIE . © M Ehe ﬁﬁ"ﬂﬂﬁ@.?ﬁ‘%@
A AR O FFE L . ZOIARREEFEORSS . 6 34 B H AR SRHFS . 202242 A 18
H .

3. INHCR#H. ®ERAME. PATIE#R. Ming Lu*, T OHEW., EHEE | & R05 R iPS H
kb MECGFEFERMEZ W ioon g 2L — 7/b%%270—:‘7v T L DREEE . 5 95
o] H AR 45 4E 4% 2022 4F 3 H 8 H .

(RIS

LBM, CPC, OPC, =N 5 OFEIE R O EHEHE. v b BHEMESE NIRRT TV
LBM. CPC. OPC. PRODUCTION AND QUALITY CONTROL METHOD THEREOF, KIT, GRAFT
MATERIAL AND DISEASE MODEL

WA FHEE, IWHKH, SRAE. HFEEZ. FHHEN

WA B RSE AR IR BRSNS RS

JP I 2019-169278  HA HEH  2019/9/18

JP I 2020-062441  HA W 2020/3/31

PCT/JP2020/035517  [EIBE HiBH  2020/9/18

(8 - B - BHFICE > THHE NS TERBRRRO/N F X H =9 ADEEH]
OMEERE IR RFPRFPBEEREAOIER i Ak Bd%
O ANA - HAERERAMETIFEMNIEE N F A D=7 A58 2% FE Bk

(HiEME T HRBEEICMT 7= Foxp3 TES /) LLFR—4— ) ADEREER Y v € J#ER]
OfF7eERE  HURFERFBIRARIIER ] B %
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Ov ANV - HARRSEMIETIFEMIESE Redf 7o 208 BH $6 dE8e

(&M% - SRR v FOEH EBEEHET 559 FiignmEA]

ORF7EEHE  RIORFRZEBE A bR REm JERt R el %

Ov A NWA - HAEREMAET I FEMESE medfk 7o 208 Gk X 83
OWFEfEE K OWFFE R -

NI TOMRICL D EBISHFET H CARMINE (7 EA A > CXCLI2 % E5E8L§ 2 Ml#gHi)
2%, S MERHIIE OHEFRH IS LHOBUNRSEE (= v F) 2T 2 ORI TH 5 Z L AP 59
7572 CAR MUK SRS FEB T H 5K Foxcl & Ebf3 28 MLEIIGE - il = v F DR
EHMERFICHTH A 2 & CAR Ml 3R T H CHER L 3Hlie B X ORIHIIE 2 a5 % 3R
B CTH H Z & H/RENT: (Omatsu et al., Nature 2014; Seike et al., Gene Dev. 2018) o & & [ZHIT,
e MIBWTH CAR ML & (ZIZFFE QR Z R OMIEAAEY 2 2 L AVRE N7z (Aoki et al., Br.
J. Haematol. 2021) o

—7J3i+ BCR-ABL ¥ X 7 #{5+ %8 A L 7S gL 2 B A5 2 18 M8 Btk F s (CML) €7
VR AR, ERIHEE T 7OV AFOMATIZ L D B REEILOREIHE 5 T CAR Mild O (R
TRBDPFL LT B 2 EWW SR 7% > 720 BIRGEW Z £ 12 CXCLI2, SCF, Foxcl 7 & Dl
=y FRBICUHDOBR T ORBUK T 25D 5 N7272F TR, EHIRETIRIZLAERBEL Tw
ROERANOBEBOBET ORI EAPEO b SO OBIETIIRIERCESRLZEDA ML
AL o THESIND CARMIEO = v FHAEEDIK NI D 2 EE LB THLWREDIE R S
N7zo £ 2 TARBIZETIE, Sh O OBIZF DOIRAER CAR MIfE 2 L EH 82 2 7 F V2 I L.
=y FOEHAEHECBT L0 FEEZIIONICTLIE2HE L7

FREEMORE Z M) BEROBREBET NV T AIIBWTIHE LT CAR M THIAN LA TS 2
& DHERR S NTARBEA W DBARF 12DV T, T ORI D72012 flox ¥ 7 AZ/ER L 720 Thb
% CAR MBAFSIY Cre ZEBI~ 7 A LW T 5 2 L1125 ) CAR Ml RIRIE~ 7 2 2 /ER L, B
16 BT B X O 4 OPREETIVIZBIT 55 HE & CAR MO FRBEN 2 T L T Do S
512 TNFa, IL-6, IL-18 72 EDRKFEVET A~ B 4 > 95 CAR MIMIIC G- 2 B B2 T 5720122
S5DHA bAA Y DZERBIES D flox ¥ 7 AMERTTIAT L7zo TNODOZHERZRIASE
72 AT Y FOEREGIZ LD CARMBOZE IR S5 2 LR S Nz, BUE
NHDOI T A%EFHWTH A DOFBETVIZB W THEDS X U CAR MlL# (2T BlOZBL T %
H#ETL TV 5,

OBFFEBER DR
(SARFER)
1. Omatsu Y., “Niches for hematopoietic stem cells in bone marrow”
Virtual Immunology 2021, AAT (7 X V) 71 %3%%%4%) Annual Meeting, 2021 (on line)
Japanese Society for Immunology (JSI) Symposium, Osteoimmunology: The Interplay Between the

Immune System and Bone

2. RARDTEE, [E R Esiilie = v F 2883 2 R
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8542 0] HARRAE - FEESRESFINES, YV RY T A 2021 4FE7TH7H (V54 VB

(SéMRE—RRISTER IRt RIR DB L HAT 2 A L HEREEDRA)
OWFFefEE  RBCRZF AR IR R BE L UREARE 1 (BISR)  BRFT RESe+ SR
Ov ANV - HAERMSARIETIFAMNIEE RS Bl B2 8%

[SZHEMICH T 5 F TR OZ)
Off7eiERE  FEARFAEGERME - Skt vy — MR & ##E
Ov ANV - HARREMIET RIS R AR %2 3¢ B

(FRERARTH]
Off7eEE  FHERZEEARIER 1T B Hd%
Ov ANV - HAERMSAIETIAMNIESE MEERToe 208 Lk X #d%

(EEFREYIAZHAVERBRBRRICEITZ514 v 72 3 v DOEEINDERE]

OfF7eEE KBRS EGIRRENIZERE W RURFIE £ ) X— 3 Y if%Et v & — Sk
AW BT 8%

Ov ANV - HAERRSAIETIAMNIESE a7 208 Lk X %

[iPS HIRRE T/ LREZABV DRV IV HFARERROF 77— T #ilROEBA]
OWfgefiEHE  BEER KA - 5 FEw e R RE Bz

O AN - BAERAZEAT LTS FARESST WA % iz
OWF7eiE s S OWF 7R £ -

AWFZEIE, DS APUEHERM T Al S iPS e 2 W CF 7 — THIRZ BAT 5 H 2 LD
BEIEDLILEEHMWNET 5. PADEFERN 2 THlLZEA (TCR) BZF2 7/ Ak E A
v bR T, iPS Ml O NAEYE TCR IR N/ v 7 4 Y §5 2 812K ), TCR DA R
MBI & B WRBL ARV ABB L, 22X ) ENETx 7 — 5O E WA T il 2 3=
SR (B A N 7. W Wl

FPEBRAMELT A72012, & b T A MEE Jurkat A EZ T2y b v
JAES Y NREITVEAL/Z TCR ZIEL K B EEZ 2 L ICHI L7z, £ 2 TiPS Milld
THFBRICEAFERET Iy D2 v 74 v ehty PRBPRE 2083217, TaE—
Yy —DUWEHIZLIVIELLS Ay PRBENI- 70— 2B LN TE, by NRBTX 7
70— BT, THIRAGEFE S &, BODSAPUERFRN S 7 2o 2 & 2R L 7=,
IR TRESHEEDOE W VR20-1 BIETO7aT—7 —%, JkMICEAmNEEE T 2y PO
FWICHREAT BT TN TCRE BIZ T/ v 7 4 ¥ LTkRze £2Cy & 0 BN 25 HI IR
B EHT 572012, WEED VA20-1 @Efa T L D #Efa T RO 700kb % K5 S8, ANTH VDI
AR L2 PSHIETHEY ND I v 7 4 v EITo720 ZOEH, V-D M % K2 X472 iPS
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Mifs 2 ER L, WAEME VB20-1 70— % — T ICEAIMEEEF ey Y2/ v 24 v L7z 0—
VEBLIENTE, AKEEZ, FNOO 70— 2% THIAE MMEFHE S &, B aSAPiESE
BF 7 itz 5o 2 L 2R L7

DT L CRHDO D AP 2 B & § 5 TCR R DO HEED A7z BARIZIE, MHC RED A
=7 A IV HEOEEMILZ MHC NF 0 OH VICBHIL ., IR L7z PD-1 Bt T Mifao v
YIRS TCRa$E pHOBEIR T2y N TEENEE L 72 209 HHBBHEO W TCR #
ZF%, e MiPSHla2SHAELZ THIEANL bao 4 VA ZHWTEAL, G & R L
72 A, M E G TE 5 TCR BIAF 2 HEFES S 2 EATE, TNE OB % W
WHF L7z (Terada K et al. Molecular Therapy — Oncolytics 2022) . X 522 D)% & b OJEEIC
JISHS % 729002, AN B\ TRURER AR SRS AY TV of %2 205, TEEICRES
5 THIRED > » 7 vt )V RNA-Seq T & 4T\ >. TCR L 2% b TIIT 247 o 720 BIfE. HMBIBEO R
WTCR #fZFEy PEALAKL, LEET7AVARS ¥ —~HiAL T,
OBFFERER DR
(FEF L)
Terada K, Kondo K, Ishigaki H, Nagashima A, Satooka H, Nagano S, Masuda K, Kawamura T, Hirata T,
Ogasawara K, Itoh Y, Kawamoto H, Agata Y. (2022) Molecular Therapy — Oncolytics. Isolation of TCR

genes with tumor-killing activity from tumor-infiltrating and circulating lymphocytes in a tumor rejection
cynomolgus macaque model. 24:77-86
(SFRFEF)

1. Koji Terada, Kenta Kondo, Seiji Nagano, Kyoko Masuda, Hiroshi Kawamoto, Yasutoshi Agata.

Development of “TCR cassette method”: Regeneration of CTLs from iPSCs in which tumor-antigen
specific TCR genes can be efficiently introduced into the endogenous TCR locus by cassette exchange.
%50 |l O ARG RAMESR, R, 2021 45 12 H 8-10 H

2. Koji Terada, Kenta Kondo, Hirohito Ishigaki, Ayaka Nagashima, Hiroki Satooka, Seiji Nagano, Kyoko

Masuda, Teruhisa Kawamura, Takako Hirata, Kazumasa Ogasawara, Yasushi Itoh, Hiroshi Kawamoto,

Yasutoshi Agata. Isolation of TCR genes with tumor-killing activity from tumor-infiltrating

lymphocytes in a tumor rejection cynomolgus macaque model. &5 50 [0l H ARIEE A idE . 48
R, 20214812 A 8-10 H

3. Kenta Kondo, Tatsuya Hasegawa, Koji Terada, Yasutoshi Agata. Vitamin C alters gene expression of CD8+
T cells through DNA demethylation. &% 50 il H ARSI F @i de sy, 23R, 2021 4F 12 H 8-10 H

4. FHSA KEWG. LMK, BHE. A R B RE . TCR Aty bk ORI :
HAPUEFEIL TCR B AT 2 WAEE TCR AR F AR L <EAT 5 . 4 30 [0l Kyoto T Cell
Conference, + ~ 7 A » Bilft. 2021 4 10 H 8-9 H

5. TERMER. SEHRL. AIERAS. RIBRAE, HEEORE, A¥rEkiG. MHEEL IRRAL CFH
S DRI P s A L BRORE . =7 A OV ONEEHEE T Ml S E
BB RE % & D TCR EI& % Hifi 3 % . 2 30 [0 Kyoto T Cell Conference, 4 » 7 1 > [ilf#. 2021
%10 A 8-9 H
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[Towards the Understanding of Individual Roles of Different CAF Populations in

the Progression of Human Hepatocellular Carcinoma]
OMfFgeft#£# INSERM MONTPELLIER CANCER RESEARCH INSTITUTE Andrei Turtoi Team

Leader “Tumor Microenvironment and Therapy Resistance”

O A NVA - HAERMAETILFEMIEE A - 8flllas 7 vatr O il #d%

- 157 -



7 AV ARG - Aoy REE S0 A 2R R ZE LA
2021 AEREIL I WFZE R REGE R IR (WFZE 10T ¢ 2021 454 H~ 202243 H)

OHBOOFTI1INVAWME
FrElaa 4V AgEE LCEP 10 oz 17 - 720

[E b iPS #iBAIC#517 D SARS-CoV-2 B - {H5HE D EH()

OWr7ed - RURRR% iPS MINamFZErr R &5l Rk

OTANVRA - BAEERAOZE T ILFEIZEE « i ¥FH &E&
OWF e -

ACE2 %588l L7-¢ b+ iPS M 21EH4 2 Z L 12 Xk 5T, Kokt b iPSHINLIZHB W TH SARS-
CoV-2 DSEAIRIEG: - WM TEZ %, 72 8% OB, K48 OFF—I DML
72 ACE2-iPS flifd1C 35> T SARS-CoV-2 &G B 21T o 72 & T A, B iPSMIlLD H A7 £ )V A
RSV L 2B 50T L7zo ACE2-iPS Mifgid SARS-CoV-2 [EFDMANE = HET LV — L &
LCEHENAZ S NS,

(FEBEOOF71 NV ABRORERERIT]

OWFZefEHE - R RFESZER s EY s iz k¥ s

OT ANV - BAERSZEI LRSS © &% B0 BAE, #iz A F#&L

Bhg EAT Fi

OWF7Ec A -

AFFET RE I 0T 7 A NV RAEPECTHFEIND THIRIC X 2RERKSESHFR aa I £ )L A
JEYIETORME KE BT L2 AN L BLolI X o T THRGIELEDZITK
ERENDHY, SHLIFEMICE->TORELENHL LT AL

[SARS-CoV-2 EEHE DMK & BREAERFORF]
OWFgefEE « iEERFRFBEIEF el &% mifh B
OvANVR - BAEERAUZE L FEIZEE « Bi% M A
OWFFEc A -

AWFFETIE, BATIIZE & i L CEN 2P ARG & . NAR Y —ET NV TOF - HHtx
BT HPUKNT-193 12DV T, fETdH D SARS-CoV-2 ZA354 7 & 237 F L o3k A& o g
WD Ly BT & R SOS OS2 R L7z F 72, 7 9 A 4 BT BRI 2 H
W RERETLEIC D BLZ D, W OPEOKGE— 2SI L7z,

(FREAT 71NV RICHT BRGH ORI

OMgeft £ « BEARKZEL ML bu oA VAZEREEL v ¥ — #ig BT B=
Ov ANV - HARRSAIETICFEMIEE - Bd% AW ek, #dg BH 5
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Bhg EAT Fi
OWF e -

COVID-19 BFORMIMBMEZ S > 7N - k)b -V —1+ L, PUAEEFEZBEIELT 1102 o
AR Z UK ZER L7zo B ONTPURD 8% 25S & VX7 FITHEA L. SHUE (5.7%) A% SARS-
CoV2 IR 2 HANEMEZ R L7ze STROOHHPURIZT V7 7 HRICIIENTH > 7205, X—7%,
HYIMRIES & 27 D RBD NOFEEDIEFITIRG 2 PR LA HI$ 5 2 e TE Ld o7z,

[SARS-CoV-2 IC39 B AIE % AL /= COVID-19 M7%AE ]
OMFZet £ + RIATEY - aEEE Y ¥ — Kk TEHE Bk i
O A WA - BARFENIZRAL RIS © 2% ¥R BdE. B B &1
ORFZERcA

STYFTUHYRT veAf ZHWT, SARS-CoV-2 D N EH T APARMEEITo70 T2 T
7 F OB HBRICN BT A2HEZ S VF VA Y FT vy A THET A LICX D, %
e3Pl S M7= BT T,

(R EREEIOFT 74 NVRAZAVEFRIOFT 714 VRICHT 57 7 F V%]
OWF7eEERE BRI RFPEARUZER ARBiEY 20 s =

Ov A VA - BAEERAUZEILFENIZESE - B ¥R B, ¥ B &1
OWFFERCER -

BT EED I F A VAL LT baaF 74V ANL63 & H\WwT, &G« cDNA DS %
1To 720 AR D cDNA OR;EEEIZIE Gibson Assemble kit # IV 5 2 & TEE4 DNA Wi % 48 5 F il
WATLYORIC 0 —= 0 72475 720 BYeE cDNA OFH] %2 MR L 72t A28 7 BIZ T OA%
ANEZ 2% AT 74V ZOFEM & kA 720

(#HRIAOTFT 7MWV ARREDES - BRERROEFR EIREROIRE]
OfF7eEE - IR ZZERAIER Bdk KR &
Ov ANV - HARRAIET RIS - Bd% Wik Fak., B H¥% &1

[#13 RNA A1 Y FICE D71 W AERDFORES S UHRAEREDORR]
OWFgefREEH - RIS ips MIRBWFZET iz ik ik

O AN - BARERSAOIZEATILRTZESE - %% IR &, D% B T

OWFFek A

RAEFEL, Fllaa S 4 v ZAFEAEMIEA%E BT % small RNA (svRNA) DORERERFANT % &5 1L
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We generated knock-out mice that lack piRNA deriving ENLNs by using CRSPR/Cas system, and
generated virus stocks for ongoing infection experiments. Also We injected BoDV-1 into the brains of knock-

out mice.
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