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Fig. 1. Four structural regions responsible for hyperfusogenicity in
the MeV-F prefusion structure.
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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 2021, we identified amino acid
substitutions on the viral side and host factors that are important for neural infection by measles virus. In
addition, we successfully developed cell-entry inhibitors against mumps virus, and protease inhibitors and

broad neutralizing antibodies against coronaviruses, as well as elucidated the inhibitory mechanism.

1) Study of molecular mechanisms of paramyxovirus infections in the central nervous system
Measles virus (MeV) and mumps virus (MuV), members of the family Paramyxoviridae, are important
human pathogens causing respiratory and neural infections. Globally, MeV has been causing outbreaks

recently and over 200,000 deaths were reported in 2019. MeV usually causes acute measles, but in rare



instances induces fatal and intractable neurological diseases such as subacute sclerosing panencephalitis
(SSPE). MuV causes epidemic parotitis, meningitis, encephalitis and deafness. Large outbreak of mumps
occurs once every four to five years, and over a million individuals are estimated to be infected every year in
Japan. Currently no licensed therapeutic agents are available for both viruses.

The mechanisms underlying MeV and MuV infections in the central nervous system (CNS) remain
largely unknown. Therefore, we studied the detailed molecular mechanisms of paramyxovirus CNS infections
and integrated multidisciplinary and multi-layered research approaches to develop therapeutic agents. In
2021, through comprehensive mutagenesis experiments on the MeV fusion (F) protein, we confirmed that
the amino acid substitutions at specific positions (mainly four parts) in the F protein structure cause mutant
viruses with hyperfusogenic ability, resulting in neural infection (Fig. 1). We also identified CADM as a host
factor for MeV with enhanced membrane fusion ability to infect the nervous system, which is very unique in
that it interacts with the MeV-H protein in cis (on the same cell) . In addition, inhibitors, derivatives of glycan

receptors, for MuV cell entry were developed and showed high inhibitory effects.

2) 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 2021, an antibody NT-193 was produced that neutralizes both SARS-CoV-1 and SARS-CoV-2, and the
complex structure of the antibody with the SARS-CoV-2 receptor binding domain (RBD) was determined
(Fig. 2). The results revealed that antibody NT-193 recognizes the RBD in the same binding mode as ACE2,
and since both SARS-CoVs utilize ACE2 as their receptor, this NT-193 binding mode mimicking the receptor
binding enables broad neutralizing ability. Furthermore, we produced and characterized antibody 9-105,
which exhibits broad-neutralizing ability against SARS-CoV-2 variants, and identified inhibitory compounds
against the SARS-CoV-2 3CL protease.
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1) In the field of experimental virology, we reported research results of following subjects.

In "BUD23-TRMT112 interacts with the L protein of Borna disease virus and mediates the chromosomal
tethering of viral ribonucleoproteins", we revealed that TRMT112 binds with Borna disease virus 1 (BoDV-
1) large (L) protein at the RNA-dependent RNA polymerase domain, together with BUD23, an 18S ribosomal
RNA MTase and 40S ribosomal maturation factor by using proximity-dependent biotinylation identification
(BioID) assay. We also discovered that BUD23-TRMT112 mediates the chromosomal tethering of BoDV-1
vRNPs, suggesting a new prospect of host-viral interactions for intranuclear infection strategy of
orthobornaviruses.

In "The Borna disease virus 2 (BoDV-2) nucleoprotein is a conspecific protein that enhances BoDV-1
RNA-dependent RNA polymerase activity", we found that BoDV-2 nucleoprotein (N) markedly enhances
BoDV-1 polymerase activity and that BoDV-2 polymerase protein (P) further enhances its activity. We also
identified that serine at position 30 of BoDV-2 N and alanine at position 24 of BoDV-2 P were amino acid
residues important for the enhancement of polymerase activity. These results contribute not only to the
improvement of bornaviral vector system but also to our understanding of the molecular regulation of
orthobornavirus polymerase activity.

In "Stability of Borna disease virus-based episomal vector under physical and chemical stimulation", to
acerate the clinical application of an RNA virus-based episomal vector (REVec) based on BoDV-1, we
determined the fundamental properties of REVec under various physical and chemical conditions. This study
investigated the effects of the following conditions on the inducibility of transmission-defective REVec:
freeze-thaw cycles, dehydration, UV, temperature, pH, and reagents for virucides and laboratory experiments.
Although the titer of REVec was not influenced by the freeze-thaw process or 5 minute incubation at <50° C,
AG-REVec was significantly inactivated by incubation at > 70 ° C for 5 minutes. These results provide

important knowledge for developing the clinical use of REVec and biosafety management.

2) In the project of bioinformatics, we reported research result of following subject.

In "Hidden viral sequences in public sequencing data and warning for future emerging diseases", we
screened 33 RNA viral families from publicly available mammalian and avian sequencing data and found
approximately 900 hidden viral infections. We also discovered six nearly complete viral genomes in
livestock, wild, and experimental animals. Some of these viruses were phylogenetically close to human-
pathogenic viruses, suggesting the potential risk of causing disease in humans upon infection. Furthermore,
infections of five novel viruses were identified in several different individuals. Our findings demonstrate the
reusability of public sequencing data for surveying viral infections and identifying novel viral sequences,

presenting a warning about a new threat of viral infectious disease to public health.

3) In the project of endogenous viruses, we reported research results of following two subjects.
In "100-My history of bornavirus infections hidden in vertebrate genomes", we systematically identified

endogenous bornavirus-like elements (EBLs) in vertebrate genomes and revealed the history of bornavirus



infections over nearly 100 million years. We confirmed that ancient bornaviral infections have occurred in
diverse vertebrate lineages, especially in primate ancestors (Fig.1). EBLs in primate genomes formed clades
according to their integration ages, suggesting that bornavirus lineages infected with primate ancestors had
changed chronologically. Moreover, a bornaviral lineage that coexisted with primate ancestors also
endogenized in the genomes of some ancestral bats. Our results suggested that long-term virus-host
coexistence expanded the geographic distributions of the bornaviral lineage along with primate migration and
may have spread their infections to these bat ancestors. Our findings provide insights into not only the history
of bornavirus infections over geological timescales but also our perspective on virus-host coevolution.

In "A human endogenous bornavirus-like nucleoprotein encodes a mitochondrial protein associated with
cell viability", we elucidated the expression and function of the endogenous bornavirus-like elements,
hsEBLN-2, on chromosome 3 of the human genome. We found that hsEBLN-2-derived protein is widely
expressed in various organs and localizes to mitochondria in the expressed cells. We also demonstrated that
hsEBLN-2 protein interacts with mitochondrial factors related to apoptosis, such as HAX-1, and involved in
the regulation of cell survival., suggesting that nonretroviral RNA viral EVEs have been coopted by hosts
with more diverse functions than previously thought, showing a pivotal role for RNA virus infection in

evolution.
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(LCMV) OMIBENOWAEIZHE L 2h o725 Ty T4 VAB L LCMV Oy ¥ 237 H GP
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FLET Lo A V2 L CTHER R LT Lo AV ZSEOBER{LEWC 2 % 2 L AVRIB S
725

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 2021, we analyzed ultrastructure of influenza A virus
ribonucleoprotein complex during RNA synthesis. Furthermore, we identified a new compound, CP-100356

monohydrochloride (CP100356), that inhibits the cell entry of Lassa virus.

1) Ultrastructure of influenza virus ribonucleoprotein complexes during viral RNA synthesis

The influenza A virus genome is composed of eight segmented single-stranded negative-sense RNAs
(VRNAs). Each VRNA is encapsidated by multiple nucleoproteins (NPs) and an RNA-dependent RNA
polymerase to form a ribonucleoprotein complex (VRNP). The vRNP shows a twisted rod-shaped
configuration, where an NP-vRNA strand is folded back and coiled on itself to form a double-stranded helix.
The vRNA is either transcribed into mRNA or replicated into complementary RNA (cRNA) while complexed
with RNPs. However, the configuration of vVRNPs while performing these functions remains unknown. Here,
we first isolated VRNPs from influenza A virions and confirmed by RT-qPCR that the vRNPs were able to
produce both mRNA and cRNA in vitro. Then, we analyzed the configuration of vRNPs during an in vitro
RNA synthesis reaction by using high-speed atomic force microscopy (HS-AFM). Two different vVRNP
configurations associated with newly synthesized RNAs were observed. The vVRNPs associated with folded

RNA had a twisted rod-shaped configuration similar to vVRNPs not undergoing RNA synthesis. In contrast,

_14_



vRNPs associated with a looped RNA were deformed and did not retain their helical configuration. In
addition, it was demonstrated that the looped RNA was double-stranded, and composed of a template VRNA
and a progeny cRNA. These results suggest that while some vVRNPs keep their helical structures during RNA
synthesis, for the repeated cycle of RNA synthesis, others become structurally deformed, which likely results
in failure to continue RNA synthesis. Thus, our findings provide the ultrastructural feature of vRNPs during

RNA synthesis.

2) Identification of the new compound that inhibits Lassa virus infection.

Lassa virus (LASV)—a member of the family Arenaviridae—causes Lassa fever in humans and is endemic
in West Africa. Currently, no approved drugs are available. We screened 2480 small compounds for their
potential antiviral activity using pseudotyped vesicular stomatitis virus harboring the LASV glycoprotein
(VSV-LASVGP) and a related prototypic arenavirus, lymphocytic choriomeningitis virus (LCMV) . Follow-
up studies confirmed that CP100356 hydrochloride (CP100356), a specific P-glycoprotein (P-gp) inhibitor,
suppressed VSV-LASVGP, LCMV, and LASV infection without significant cytotoxicity. Although CP100356
did not block receptor binding at the cell surface, it inhibited low-pH-dependent membrane fusion mediated
by arenavirus glycoproteins. P-gp downregulation did not cause a significant reduction in either VSV-
LASVGP or LCMYV infection, suggesting that P-gp itself is unlikely to be involved in arenavirus entry.
Finally, our data also indicate that CP100356 inhibits the infection by other mammarenaviruses. Thus, our
findings suggest that CP100356 can be considered as an effective virus entry inhibitor for LASV and other

highly pathogenic mammarenaviruses.
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MM EAEH O M2 B I o Tnbh, T 4id. FEENADERKE 25 S
Ya—<o A VA EFBBADERE %2 BRFRIANVAE CRIFRIANVATH D,

GEHIN—T]
TNV —=71F L bao 4V ZIgEICEE D BifEide XY a—<2 1 )V A (HPV) OHf3E%
fToTWb, TR R L . SR S APEBMIE LTSIl Twa,

1) HPV #ENC B3 2 W%

HPV 1, HJE FHMRICER T 20RE Y 4 VA TH Do FFICTEHSEREIE L OBEEIZE <, £
BRERRTEEZONTWS, REFIIHPY OBEREFVEFH LT, 74V AEETO%&E
RYED LI, i AV AFI O FEER % 1T 72,

2) HPV &G & 2 NE5E W BERE o it bt
HPV Y X 2R a vy Y u—< i o RUEEEER, & 5122 OENIRI O 5T L
Ty EICe MEEETVEERR L FIH L CTHENT 2175 72,

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

are involved in organ development and tumorigenesis.

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

evaluating the antiviral activity of a novel compound with HPV replication platform.

2) The mechanisms of tumor formation induced by HPV infection

The molecular mechanisms of tumor formation and cancer progression induced by HPV infection are
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analyzed with human skin-model culture system.

(XFTN—T]

THTZNV—=TTIE CRBFHET A VA (HCV) %6 BEIF%Y A VA (HBV) OWFZE%E HL
ICBZoTWh, RIANVZADERRZ ST LNVTHH L, ZOREEZD LITHY 4 )V A%
HOPFEEHIEL TWb, T2, MEICEY L2IER e MIFHEMIESE 2 v <, oMb ir&y
AW A EGDWEFED & FFFHE 72 & ORI REOFIEREZ O 0T 270002 B %>
TWwWab,

1) HCV IZB9 % W%

HARIZBWTEZELR CRFLRY A4 VA (HCV) TH 5 #EE M 1b ® HCV (HCVIb) (EHFFHAA
EDOBRDBENZ ETHIENT WS, THE CHIRNOBIE 5% 81Xk TEM LI, Th
SO R BT 2 BETORHALFET 2EN T THh 5 N2 OIFEHELFI & LTSNS
Bardoxolone methyl (BARD) #5\HCV 7/ AZHEAZWHITH I L2 HOLNIIL TV 5, 2 ORI
WA OMIT A0, TOHCV Y74 AL 7Y a2 I % BARD L4 5 = & TR
PEALT % #I5 T % RNA-Seq &% FIWTHIT L7z ZOMNTIC XL » TR LN BEHEE T ICOW
T siRNA # W72 BB 247, HCV 7/ 25§ 2 B0 b 2 HilEin 2 v <
O L7z,

2) HBV IZB3 % HF%

F 41X, HBV EAMNER HBV Gl 2 Nrf2 G 1: LA] BARD TR % & flfgst~o HBV
EAPHBIKTFTAZ L2 AB LTS, INFETOZO/EHERICET 50380 5. BARD 4L
FIZX D) HBV T/ AH HEEE 8N 5 pgRNA 23F DI FEFCH B %\ 1FF O M (ARAE L T
SNBHZLEEMLTWAS, BARD OHEMEREZ S22 572012, 20 HBV HEMIL % BARD
WIS % & TRIAPET 5815 T % RNA-Seq 22 VTR L7zo SOMHTICE > THOR
7RI IR T I2 DV T siRNA 2 WSO BHi 217, HBV 7/ 2 HBICH 55 5 1m0 b
BHHBIET 2N ORI L7,

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.
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1) Analysis of molecular mechanism of anti-HCV effect by bardoxolone methyl

We reported that bardoxolone methyl (BARD), an activator of Nrf2, significantly suppressed the
replication of HCV genome. 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 HCV genome replication. RNA seq analysis were performed
using the total RNAs from HCV subgenomic replicon bearing 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 suppression of HCV genome replication.

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.

List of Publications

Ohya K., Immamua M., Teraoka Y., Uchida T., Fujino H., Nakahara T., Ono A., Murakami E., Yamauchi M.,
Kawaoka T., Miki D., Tsuge M., Chayama-Abe H., Nelson Hayes C., Aikata H., Ishida Y., Tateno C.,
Song, H-J., Miyayama Y., Hijikata M., Chayama K.: Novel drug resistance-associated substitutions
against pibrentasvir emerged in genotype 1b hepatitis C virus-infected human hepatocyte transplanted

mice, Biophys.Biochem. Res. Commun., 2021, Jun 25;559:78-83. doi: 10.1016/j.bbrc.2021.04.062.

List of Presentation

Uchida T., Imamura M., Teraoka Y., Fujino H., Nakahara T., Ono A., Murakami E., Yamauchi M., Kawaoka
T., Miki D., Abe-Chayama H., Nelson Hayes C., Aikata H., Ishida Y., Tateno C., Song H-J, Miyayama
Y., Hijikata M., Chayama K.: Novel resistance-associated substitutions against pibrentasvir emerged in
genotype 1b HCV-infected mice. The Digital International Cogress 2021 American Association for the
Study of Liver Diseases 2021.

Uchida T., Imamura M., Teraoka Y., Fujino H., Nakahara T., Ono A., Murakami E., Yamauchi M., Kawaoka
T., Miki D., Abe-Chayama H., Nelson Hayes C., Aikata H., Ishida Y., Tateno C., Song H-J, Miyayama
Y., Hijikata M., Chayama K.: Emergence of novel resistance-associated substitutions against

_21_



pibrentasvir in genotype 1b HCV-infected mice. Asian Pacific Association for the Study of the Liver,

single topic conference, 9/2-3 Osaka city university 2021.

_22_



T A v A EGFFEER
Department of Virus Research

Al e il ol 5
Laboratory of Cell Regulation

#n & Bl BE Prof. Masahiko Sugita
B % ARE K Assist. Prof. Daisuke Morita
B % RE HEW Assist. Prof.  Tatsuaki Mizutani

MIREDFH LN TH DAEERERIEDO BRI E LTI N I YA M MET A VRS V87 IR
FTHVRRTF PN E LB LW g2 81 L. 20RO D TV 5, RIEFEI,
TATHFNIA XETVOMGEEZE FANEEBL, B PYRXTF NG FERIET AL LD
(23 Z D& & R L 720 M R RSEREOfRIT 2 ki & L TR L CE 2ifphske <~ 07 7 —
T OMEALEH OWFZE1X. S100A9 5T & Cox2 H&ils D Hgh & F il & U 7218 M 508 O Hil SRS o f# i ~
EFRRELT

1) NIYAMMMELI)ARXRTF FeHid s M MHC (HLA) 7 7 A 15 FOlE

AWRDETIE. TAHTFF VLA XETVORIEMFN (J. Immunol. 2011, J. Virol. 2013) % jri &
LT A NVAYRXRTF N ik d 2 MG EE TMBOFAEZH LI L, VAT F Nl
D THEDORHE D TE /20 T§TIIN- I A M IVEY RRTF F2&EA L THIIICIRT
L7277 A8V MHC 7 5 A 14018 (Mamu-B*098, Mamu-B*05104) %2 L. ) RXRTF
FEKA LBEARO X BRSNS 25 ) RRTF NGOG THEXH S22 L7z (Nat.
Commun. 2016, J. Immunol. 2019)c X 512, U RXTF K &AL 72 Mamu-B*05104 A 1K & 4552
) T M2 2RO A5 L OISR L, UV RXTF FEAOHEETH LIV A M VL7 )
PUDOT I FHAEPEELRTHRIE b =78 LTHEETAZ &2 522 L7 (Int. Immunol.
2020)0 MAZ Ty THTZFNVIZA ZET VR Mamu-B*098 b T Y AV 2= v 7 <7 A% W7 fifk
fEMT 2250 7 A WA RRTF B % 5k 3 A5 5 T M AN &GP, 8012 2 2 5 2 40 9 1] RE
PATRIRE DD %H % (J. Immunol. 2011, J. Biol. Chem. 2020), fii)i, & MZBIF 5 ) RXRTF i
IR OFIERREBIIRTZH L TSN T,

v b MHC 7 7 A | BI5 TS 5 HLA-AB,C 13, WEOLAMAZHFLTBY ., BEE TIC
10,000 Fi 2 8 2 2 W B FAME SN TV 5, T3, SOHRS, THFFNY) AT F N
IRMHC 7 7 A 1 5 FIicib@oa=— 7 i & 7 3 7 BRI % T2 ) & LTY RRTF FiES
HLA 7 9 A 1T IV ERDIAATZ, £ LT, MHC 7 5 A 1 55123 # ¥ FAKAFRIC @2 7
BERZT 5 2 & 28 LT, BEEP CHEEM T ) V&) BT F N L oBEERRNIEE %
TV ) RRTF MRIFRICHEA R L LT 5 HLA 7 T A 1 5182 R L 720 2?9 H HLA-A
EHLA-C BT A ENEN1 7Y WITDWT X Sl ST 217w, 1) ) RRTF R OSPuERS
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FWICHETH L. 2) SVRAFUYBECKWT I /BT v h—L LTHREL, ThZh B R
oy PEFRTZ Y MCNBESNLZ L 2L L720 SNSDERNLHEEGHNIZT ALY
RRTF FPRGT LB TH o720 M7, THTFFNVY RXRT FREEGTERRD, Zhbor
M) RRTF FREAEGTIR) RRTF FERTF FE2EDICHATARNZAET A LD, R
NTF FREEHEAERE T F FEGEE RO SO LB 217572, ZOME. VAF Y F%
P35 BERT v bO—EROMET IV BAZOMHORINZ2ZLIEL I LI12E), 7 M
WERKERE SR Y NI = PFHBEE SN, B v POKRE SRBUKMBREDY # v FOREHEIZE T
TiBLENDLZEZ R L2, SRS ORBIIBAERBTTH 5,

2) BFHER S100A9 12 & B~ 7 1 7 7 — VYL kRS
ARWFZE 8 CHEN. L 72 BV E v MEREE T IVOMNT 2 S R RSEIERTICIZA T ERDSERE L.
ZNDEAT A SI00A9 ¥ V87 EH, b~ 07 7 — YV OEGKRTH 2B RFEDOILK &
MEFRICHEE 2B 2 72 LT b 2 E D L0 % 5 72 (Blood Adv. 2016) . & Z T S100A9 12X %
~7u 77— VR OMIHZ B E LT.S100A9 / v 7 77 <7 X (AOKO Y7 R) &
WHL. Y VRBRY 7 F o TH 5 BCGIZE BT ABPEET VOB 4T 5720 T OFRER, &
Ge RN IEEAL U 72 0F H ER A S100A9 Z A L. BRI B 2iEE M2~ 707 7 —J %
FEMAICFBEST 5 LWL L B olee TOWHFIRICE 22707 7 — VHlNE, HORMAELE
RHRTHABREBELRLTED, EEE, AIKO 7 ZIZBWTIE BCG OHERATLAE L 720 M2 <
a7 7=V OFEIZEDDLUFHER SI00A9 ¥ 7 FIVid, TURSY 7T 0D Y EEEEHRTH S Cox2
DHEBMEZAT) T LS L o 72, ZOFM AR5 TP IIAHTH > 72, 54, BCG K
el AR 2 & HEE U 72 0f b Bk 2 W 720 F AW 2 20 5. ML S100A9 25 Cox2 Ein 71 E—
F—DE A7 FMMbaflilssZ L ax28X kD7, F/2, Cox2 ISHT 2 HFRMER (&
LaFxFy ) aELVEY MEBEET VIG5 L CT.RFFBRTICSHFEINLI M2 70T 7 —
VHMHESN, WFEEM2 2707 7 — D, %R ) F— 3 —
ELTHRBERDIRRIC R B 2 EAVRENTE Y S22 5
& T o TAFHRERIZBIT A S100A9/Cox2 #EIZ. M2 27 10 7 7 —
VOFBORE LT L ORBIRICH G52 L2 RET
%o

Percent survival

50

R SIE & ASARIEIZIZILHEIAS V., & 2T S100A9 ¥ 7 F v o 10 2030 @
WX FHEINL M2~ 707 7 — VIREPRBRAFIEZT TR Fig. 1. Kaplan—Meier plot of
SBAPUNERBIZ BT OIERT 2 RetE 2 A L C AT survival in tumor-bearing

WT and A9KO mice. Balb/
¢ WT or A9KO mice were
inoculated subcutaneously

VORGEZ AT - 720 4T1 FUEMIEZ Wiz~ ZA{HABAE T VT
X BEEERALIC BT % 5 A O35 K ORlifnfg #s, BAERNZH LT

A9KO ¥ 7 A THIfl Sz, 51T AIKO ¥ 7 A DM DA in the mammary fat pad
ARSI ER < 2RI NS 2 L2 R L72 (Fig. 1o with 4T1 breast cancer

S100A9 12 £ 5% 2 117 7 — VEHLOBIE. & ) b AMil cels 5 X 107) at day 0 and
monitored for survival (n

DB ORI B W TEE 2 &HZ Ryt zfiE L. < =3).
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DI FHERE QI 10 72858 2 JRBA L TV %,

1) Discovery of lipopeptide-binding HLA class I molecules

Our initial finding that retroviral lipopeptide-specific cytotoxic T-lymphocytes (CTLs) expand in the
circulation of SIV-infected monkeys (J. Immunol. 2011, J. Virol. 2013) was followed by the discovery of
rhesus lipopeptide-presenting MHC class I molecules (Mamu-B*098 and Mamu-B*05104) (Nat. Commun.
2016; J. Immunol. 2019). Lipopeptide-specific CTLs recognize the amide group of the N-myristoylated
glycine residue, a molecular component which is absent in conventional peptides (Int. Immunol. 2020).
Therefore, lipopeptide-specific and peptide-specific CTLs may mediate distinct pathways for host defense
against viral infection, as suggested by analysis of SIV-infected monkeys (J. Immunol. 2011, J. Biol. Chem.
2020). It is now critical to address whether such CTLs exist in humans to advance our understanding of
human diseases. By the use of database information, we collected an array of HLA class I allomorphs as
potential lipopeptide-binding proteins, which were then assessed for their lipopeptide-binding ability in
ligand-induced complex formation experiments. These selected HLA class I molecules exhibited the capacity
of binding peptides besides lipopeptides, which contrasted sharply with Mamu-B*098 and Mamu-B*05104
that bound only lipopeptides, but not peptides; therefore, we further determined crystal structures of
representative HLA-A and HLA-C allomorphs in a form complexed with either lipopeptides or conventional
peptides. These structural analyses provided evidence for dynamic remodeling of the pocket structure and

hydrogen-bond network upon peptide and lipopeptide binding (manuscript submitted) .

2) Control of macrophage polarization by the neutrophil S100A9 protein

By utilizing our guinea pig tuberculosis model, we have recently shown that the neutrophil-derived
S100A9 protein is critical for the formation of granulomas, an organized globular collection of activated
macrophages and other immune cells, in which neutrophils and M2 macrophages are centrally located and
closely associated. This led us to the speculation that neutrophils may control macrophage polarization via
S100A9 signaling. To address this possibility, we generated S100A9 knockout (A9KO) mice and performed
an intraperitoneal BCG challenge, known to induce neutrophil/macrophage responses in the peritoneal cavity.
The total number of locally recruited macrophages was similar in wild-type (WT) and AOKO mice; however,
the number of CD206-expressing M2 macrophages was significantly reduced in A9KO mice, which was
associated with increased BCG survival. The ability of the ST00A9 protein to induce M2-skewed macrophage
polarization was further confirmed in an in vitro neutrophil/macrophage coculture system, in which
neutrophils derived from the peritoneal cavity of BCG challenged A9KO mice were less efficient, as
compared with WT neutrophils, in inducing bone marrow-derived macrophages to differentiate into M2.
RNA-sequencing analysis of WT and A9KO neutrophils suggested that ST00A9 regulated the Cox2/
prostaglandin-E2 pathway, thereby promoting M2 polarization. We also detected that translocation of
S100A9 from the cytosol to the nucleus was upregulated in neutrophils by BCG infection. Chromatin
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immunoprecipitation with anti-S100A9 antibody revealed that STO0A9 bound the specific region of the Cox2
gene promoter, suggesting S100A9 played the new role as a co-transcriptional factor. In addition,
experiments with the Cox2 inhibitor Celecoxib in BCG-infected guinea pigs suggested that the SI00A9/Cox2
axis proved to be essential for the induction of granuloma-associated M2 macrophages. Thus, the S100A9-
dependent cellular interplay between neutrophils and macrophages may critically dictate host responses
against mycobacterial infection. Our recent evidence indicated that this may be of fundamental relevance not

only to tuberculosis pathology but also to cancer development.

List of Publications
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AECIE, MR 2 © ORI O W LD 55 FH8 . B X OVRIEIRE O Tl %
RS2 L 2@ 0, MRMEOE BN ZFEHEEZHESMIT LI L EZHIBL TS, FEIZ, 1~
F—uAf ¥ 7Lt7¥— (IL-7TR) ORIERIIBIF L. 2704 KARLVEVIZEDIL-TRD
FEHLHIA & R RRRE OBE H FEG. IL-7 & IL-15 EEARMIR O W HI b & BEREMAT 2 H O HFgE 2 6D C
Wb, RIEOWIFERAZ LLTICRHET %o

1) U YoSEREIBRHIIE & Se s ) VB EH NS v FICBT 5 IL-7 & IL-15 O

) UERE L) YRR REMEE A o — <Ml S SN s, A Mo —<Hlilgi, R
Mg OFEA, MR, REZBIT A3 FSF YA M A VR EAT S, A bu—<filladr Sl S
N5 IL-7 & IL-1513. ) Y 28ERE HIRY VN EROFEA: L HEFRICHDO Y A M A4 U TH D, S HIT,
IL-713) 28R EDOIEKICHLETH D, L LR, EERNIZBIT 5 IL-7 & IL-15 OEIIE
IRV, ChETEORMEPEEMRNT LI LR TH 720 RILEICR > T, W20
M7V —FHIL-7 L IL- 15DV R—F —< 7 ZAOERIZEII Lz, PREEINZEHI1Z, ILT &
IL-15 13 FHiRe ) U ME OB ZER A b o — <l & Ml L filg TRl Sz, 2512, IL-713Y
YONENBEAIIE T, IL-15 3 IME N M TREERMIZEILL Tz, 518, BRI v —7
ASHIAF R 72 TL-7 KIB~ 7 A & IL-15 R~ 7 2% HWT, IL-7 & IL-15 ORI B 5 1%
REZHIH LT, Bl ZIX. CXCLI2 #3883 2 5 REFZER A b o —<flifuds g3 5 1L-7 25,
VI BRSO £ =y F Lo TnAH I EATREN T, F 72—l RNA-seq f#ITIC X -
TY Y EOEBDOA M — <M ERICBWTIL-7 E IL- 15 BB L TWA I EH SN
eolze HHIE. HIRY Y 3BkE NK MileoRiBMiieo = v F 283 5 A b o —<flligds g &
NaZENEFFING,

Interleukin-7 (IL-7) is a cytokine important for differentiation and maintenance of lymphocytes. Focusing
on IL-7 and IL-7 receptor (IL-7R), our laboratory is pursuing the following research projects: (1) function
of IL-7R in differentiation, maturation, and response of immune cells; (2) regulation of IL-7R expression and

immune function by glucocorticoids; (3) visualization and function of IL-7- and IL-15-producing stromal
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cells.

1) The roles of IL-7 and IL-15 in niches for lymphocyte progenitors and immune cells in lymphoid
organs

Lymphoid organs and tissues consist of different types of immune cells and stromal cells. The stromal cells
constitute the niche or microenvironment for the immune cells and produce various cytokines that support the
development, maintenance, and response of the immune cells. IL-7 and IL-15 are the major cytokines
produced by stromal cells and are essential for the development and maintenance of lymphocytes and innate
lymphoid cells. In addition, IL-7 is essential for the organogenesis of lymphoid organs. However, because the
amount of these two cytokines in vivo is very low, it has been difficult to directly detect their expression.
Recently, several groups succeeded in establishing IL-7- and IL-15-reporter mouse lines. As expected, IL-7
and IL-15 were detected in mesenchymal stromal cells in the bone marrow and lymph nodes and in epithelial
cells in the thymus. Furthermore, IL-7 and IL-15 were differentially expressed in lymphatic endothelial cells
and blood endothelial cells, respectively. In addition to their expression, many groups have analyzed the local
functions of IL-7 and IL-15 by using cell type-specific IL-7- and IL-15-deficient mice. From these
experiments, CXCL12-expressing mesenchymal stromal cells were identified as the major niche for early B
cell precursors. Single cell RNA sequencing analysis has revealed different subpopulations of stromal cells in
the lymphoid organs, including those that express both IL-7 and IL-15. Future research is still needed to
elucidate which stromal cells serve as the niche for the early precursors of innate lymphoid cells and NK cells

in the bone marrow.

List of Publications
Kawakita, M., Oyama, T., Shirai, 1., Tanaka, S., Araki, K., Abe, S., Asahi, T., Cui, G., Itoh, F., Sasaki, M.,
Shibata, N., Ikuta, K., Hatakeyama, T., and Takahara, K. (2021). Cell wall N-glycan of Candida

albicans ameliorates early hyper- and late hypo-immunoreactivity in sepsis. Commun. Biol., 4: 342.

Kuwano, T., Izumi, H., Aslam, M. R., Igarashi, Y., Bilal, M., Nishimura, A., Watanabe, Y., Nawaz, A., Kado,
T., Ikuta, K., Yamamoto, S., Sasahara, M., Fujisaka, S., Yagi, K., Mori, H., Tobe, K. (2021). Generation
and characterization of a Meflin-CreER™ transgenic line for lineage tracing in white adipose tissue. PLoS
One, 16: ¢0248267.

Adachi, A., Honda, T., Dainichi, T., Egawa, G., Yamamoto, Y., Nomura, T., Nakajima, S., Otsuka, A.,
Macekawa, M., Mano, N., Koyanagi, N., Kawaguchi, Y., Ohteki, T., Nagasawa, T., Ikuta, K., Kitoh, A.,
and Kabashima, K. (2021). Prolonged high-intensity exercise induces fluctuating immune responses to

herpes simplex virus infection via glucocorticoids. J. Allergy Clin. Immunol., 148: 1575-1588.¢7.

Bilal, M., Nawaz, A., Kado, T., Aslam, M. R., Igarashi, Y., Nishimura, A., Watanabe, Y., Kuwano, T., Liu, J.,
Miwa, H., Era, T., Ikuta, K., Imura, J., Yagi, K., Nakagawa, T., Fujisaka, S., and Tobe, K. (2021). Fate

_28_



of adipocyte progenitors during adipogenesis in mice fed a high-fat diet. Mol. Metab., 54: 101328.

Ikuta, K., Hara, T., Abe, S., Asahi, T., Takami, D., and Cui, G. (2021). The roles of IL-7 and IL-15 in niches
for lymphocyte progenitors and immune cells in lymphoid organs. Curr. Top. Microbiol. Immunol.

434: 83-101. In "Bone marrow niche". Nagasawa, T. ed.

Takeuchi, A., Ozawa, M., Cui, G., Ikuta, K., and Katakai, T. (2021). Lymph node stromal cells: diverse
meshwork structures weave functionally subdivided niches. Curr. Top. Microbiol. Immunol. 434: 103-

121. In "Bone marrow niche". Nagasawa, T. ed.

Ullrich, L., Lueder, Y., Juergens, A.-L., Wilharm, A., Barros-Martins, J., Bubke, A., Demera, A., Ikuta, K.,
Patzer, G. E., Janssen, A., Sandrock, 1., Prinz, 1., and Rampoldi, F. (2021).1L-4 producing Vy1*/Vo6* yo T

cells sustain germinal center reactions in Peyer's patches of mice. Front. Immunol., 12: 729607.

BEIRE. A—L, Al — (2021).T V) Y 2SFRO AL EBEBRIC BT 5 IL-7 BT 7 F Vo fkd)
A4k 93, 815-818.

List of Presentations
JBAhE, FIEEM, BIAL. BENEE, AHE— BRFRICHRT 2 1 BEKRY 3RO
Kyoto T Cell Conference %5 30 =i, > 74 >~ 2021410 H 8 H

BIEE, EHE— A MLV RZZ VT INF T4 FEAH LT Th7 MO 5% Rk LI 9% % B
3%  Kyoto T Cell Conference & 30 B8, 4> 74 >0 2021410 H9 H

R —, BEHE, VLBHA A7 04 RAVE L AREREE 7LV —0ffl HATL
U — 2R 4 4. TSA-ISI Joint Session, A%, 2021 4E 10 H 8 H

_29_



PR LR ST BRI

Department of Regeneration Science and Engineering

il el 56 T w5 2 7
Laboratory of Molecular and Cellular Biology

HE¥ = AN Wr Assoc. Prof. Nobuko Hosokawa
] P ik Sr. Lect. Kazunori Hirayoshi
By % WA HE Assist. Prof.  Shinji Fujimoto
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1) ¥ U7 EoNWEEHEN W G)
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Do FAZzB1E WFBFMIZICB VT, SELIL IZIEFICALER Y v 2NV T, BEKRETERTE &
WE RPN EZ T AL ERWE L, 777V —2OEESHESNS &,
SELIL 7 i AR 2SI B IS BT %0 Z D5
BRI, 7057V — A2k 5 TSELIL 7 V82
PRGNS N CTAEL b D EEZ bz, —
HHELZREY VY I Vi do¥ vy B,
MR R e & CHREEMRZTE L. MR %
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Fig. 2. An illegitimate HJ between D1 CE and 12RSS (J2.6) SE, a head-to-head CJ between
J2.2 CE and J2.6 CE, and a SJ between 23RSS (D1) SE and 12RSS (J2.2) SE that
is deleted from the genome.
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This laboratory consists of three independent research groups.

1) Protein quality control mechanism (Hosokawa G)

In the living organisms, newly synthesized proteins obtain their native conformations by the assistance of
chaperone proteins and folding enzymes by a mechanism known as a protein quality control. During this
process, protein misfolding sometimes occurs due to genetic mutations of proteins and environmental
stresses. Misfolded proteins are retained in the ER (endoplasmic reticulum), and subsequently
retrotranslocated from the ER to be degraded by the cytosolic proteasomes, a mechanism named as ERAD
(ER-associated protein degradation). HRD1-SEL1L ubiquitin ligase complex in the ER membrane plays a
central role in this process, by recognizing misfolded proteins in the ER, as well as forming a retrotlanslocon
(Fig. 1). We have reported that mammalian SEL1L protein is unstable, and rapidly degraded when it failed to
form complex with HRD1. Degradation intermediates accumulated in the cytosol when proteasome function
was inhibited. These intermediates were generated by the incomplete proteolysis by the proteasome. It is
reported that proteins with expanded polyglutamine tracts aggregates in the cells, causing polyglutamine
diseases. We found that SEL1L degradation intermediates stimulated the cytosolic aggregation of
polyglutamine-expanded proteins (Fig. 1). These results suggest that protein homeostasis in the ER and

cytosol are tightly interconnected.

2) RNA aptamers are defined as RNA oligonucleotides that can specifically bind to target molecules with
high affinity. These properties make RNA aptamer possible to probe the function of target molecules without
such treatment as immunodepletion. Our group uses this tool 1) to investigate the eukaryotic transcriptional

regulation mechanism and 2) to analyze the function of collagen molecules.

(D Analysis of Transcriptional Regulation Mechanism in Eukaryotes

In the Drosophila Hsp70 gene, RNA polymerase synthesizes about 30-40 nucleotides of RNA after
transcription is initiated, and then stops elongation. This is called Promoter Proximal Pausing of RNA
polymerase II, and is thought to be a stable mode between transcription initiation and the transcription
elongation reaction. Investigating the mechanism of formation and release of the stable complex will help
elucidate the mechanism involved in the transition from transcription initiation to elongation.

Studies using aptamer against TBP and GAF, which are thought to be involved in the formation of the
paused complex, have revealed that the binding of TBP to the promoter is not stable, which may play a role in
promoting transcription initiation, and that GAF has two ways to control transcription: the GAGA sequence
dependent regulation at PIC formation stage and GAGA sequence independent regulation at the post-
initiation stage. GAF is reported to bind not only to basic transcription factors such as TAF3, but also to the
elongation factors such as FACT and NELF. We would like to elucidate how our aptamers can inhibit the
binding of GAF to these factors and clarify the molecular mechanisms of transcription elongation in

eukaryotes.
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(2) Functional analysis of collagen in physiological reactions

Collagen is one of the most abundant proteins in living organisms and is involved in maintaining the
structure and giving strength of the organism. It is also known to function as a scaffold protein in various
physiological reactions such as blood coagulation. We are considering the use of RNA aptamer as a tool to
analyze the function of collagen in physiological reactions. We have so far succeeded in obtaining several
RNA clones by using synthetic peptides containing a-integrin and PEDF binding sequences of type I collagen
as target factors in SELEX. The binding of these RNAs to peptides is currently being analyzed, and it is
promising that the obtained RNAs specifically recognize the target sequences, and act as an inhibitor for

several physiological reactions. We would like to use these RNAs to analyze the function of collagen in vivo.

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

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

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

We had found an illegitimate tail-to-tail joint, which conflicts with the 12/23 rule, between V14 and D1
from normal thymus. This V14-D1 coding joint (CJ) is thought to emerge as follows. An unusual hybrid joint
(HJ) between J coding end (CE) and 23RSS (D1) signal end (SE) is produced by D1-J recombination
event, then the RAG complex recaptures V14 that is flanked with 23RSS and finally forms V14-D1 ClJ. Also,
we could find the alternative HJ between D1 CE and 12RSS (J2.6) SE and a head-to-head CJ between J2.2
and J2.6 on the same allele (Fig. 2). On the other hand, V14-D2 CJ cannot be detected. Then, we newly
discovered that HJ formation almost only occurs between D1 and the most 3’ situated J segment, J2.6.

ATM is one of kinases responsible for the repair of DNA double-strand break. And HJs in 7crb locus had
been shown to exist in ATM-deficient thymus. Remarkably, our data revealed that infrequent HJs can be
formed during D1-J2.6 assembly even in normal thymus. Some oncogenic DNA joinings occur seemingly

against the 12/23 rule. Our data suggest that a rare HJ leads to such gene recombination.
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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
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.

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
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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) Application of off-the-shelf T cell therapy to COVID-19

Whereas our group has mainly developed T cell medicine for cancer, it is possible to utilize regenerated T
cells for viral infectious diseases. Meanwhile, SARS-CoV2 virus has emerged in 2019 and disease caused by
this virus (COVID-19) has spread as pandemic in 2020. We then started a project in which TCR gene is
cloned from recovered COVID-19 patients and produce anti-virus T cells by using TCR-iPSC method (Figure
1). When TCR restricted to HLA-A2402, which is the most frequent HLA molecule in Japanese, is used in
this strategy, the regenerated T cells can cover 60% of Japanese people. Candidate TCR genes has been
cloned in Osaka University and Fujita laboratory, and then selection of the best one from these candidates
will be done in Kyoto laboratory. We have already cloned a total of six TCR genes restricted to HLA-A2402.

Cell production for clinical trial will be conducted in Fujita Health University.
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Figure 1 Development of off-the-shelf T cells to be used for the treatment of
COVID-19

Candidate TCR genes, restricted to HLA-A2402, will be cloned by
collaborators (Osaka University and Fujita Health University), and then
selection of the best one from these candidates will be done in the laboratory
in Kyoto University. The selected TCR gene will be transferred to HLA-KO
universal ES/iPS cells, from which the regenerated T cells will be produced.
Cell production for clinical trial will be conducted in Fujita Health
University.
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When we immobilize a broken bone in a cast or need to be on extended bed rest, we experience a rapid
decrease in the mass and strength of skeletal muscle. This type of muscle wasting, called as disuse muscle
atrophy, is reversed in daily life, and promoted by exercise. In contrast, gradual and generalized loss of
skeletal muscle mass and function in sarcopenia, a age-related syndrome, and in disease-related cachexia
seriously affects quality of life because it is irreversible to date unfortunately. The severe muscle atrophy is
also caused by neurogenic diseases such as amyotrophic lateral sclerosis and spinal cord injury because the
command center or the neural circuit of exercise is affected in these cases.

Our group, mainly Dr. Fuminori Sato, has addressed a key question how skeletal muscle atrophy occurs
under microgravity using adult zebrafish, tropical fresh water fish. We appreciate JAXA’s continuous
supports on our project named “Zebrafish Muscle” and complete execution of the experiments in ISS by
astronauts. We also appreciate wonderful collaborations with Fumio Matsuzaki's group in Kobe Riken and

Yutaka Suzuki's group in the University of Tokyo. All the obtained transcriptome data will delineate
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progression and mechanisms of muscle atrophy in space. Especially, we would like to elucidate progression
of muscle atrophy under micrograivity from its initial phase towards the recovery phase for the first time by
comparing transcriptome data of skeletal muscle after 5 weeks stay in space and then after return to the earth
with those on the earth. Based on these data, we will discuss roles of gravity in the maintenance / homeostasis

of skeletal muscle.

List of Presentations

Furukawa S, Chatani M, Higashitani A, Numagga-Tomita T, Ogura T, Sato F, Sehara-Fujisawa A, Shinohara

M, Shimazu T, Takahashi S, Watanabe T. (2021) Findings from recent studies by the Japan Aerospace

Exploration Agency examining musculoskeletal atrophy in space and on Earth. NPJ Microgravity 7:
18. doi: 10.1038/541526-021-00145-9
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Our group studies (1) the mechanisms underlying host pathophysiology caused by cancers, (2)

physiological roles of enhancers in vivo with the aid of enhancer genetics, and (3) human-device interactions.

(1) Host pathophysiology in cancers

Despite advances in cancer biology, the number of cancer-induced death is still large. In 2019 in Japan,
approximately 380,000 people died due to incurable cancers. Cancer-induced deaths account for 25% of total
deaths in our country.

When cancers are incurable, it is critical to suppress cancer's adverse effects on the host. Cancers severely
compromise therapeutic efficacy, deteriorate quality of life, and decrease survival in cancer patients.

Yet, it is currently impossible to effectively ameliorate host pathophysiology in cancers. This is attributed
to our incomplete understanding of the mechanisms behind host pathophysiology. Indeed, host
pathophysiology in cancers is a collection of multi-organ and multi-factorial abnormalities in various host

organs. It is technically challenging to understand the entire picture of such a complex syndrome.
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We aim to reveal the whole picture of host pathophysiology in cancers. We describe the nature of host
pathophysiology in cancers using multi-omics and seek host factors involved in each abnormality with mouse
genetics. With the aid of this approach, we already found that gut tumor affects a cholesterol-metabolizing
gene cyp7al to exacerbate liver inflammation (Dis. Model. Mech., 2018). We also found that breast cancer
rewires liver circadian transcriptome and causes various problems in the liver (Oncotarget, 2017).

In this fiscal year, we studied a novel host factor involved in cancer-induced metabolic abnormalities in the
liver and adipose tissues. Cancer-induced metabolic abnormalities are diverse. Using multi-omics analysis,
we uncovered which abnormalities the factor contributes to and the underlying mechanisms behind
abnormalities. This study was selected in a talk session at Cancer Cachexia Conference 2021 and we had
fruitful discussions with the researchers in this field. Extending this study, we are now aware of interesting
interactions among various cell types in the cancer-bearing condition. Moreover, we are working on
abnormalities that do not require this host factor but other host factors. On the basis of these, we want to

understand the entire picture of complex pathophysiology caused by cancers.

(2) Revealing physiological roles of enhancers in vivo

Our group aims to reveal the physiological roles of enhancers in vivo via genetic deletion of enhancers,
enhancer genetics. Enhancers are non-coding DNA elements that determine when, where, and how much a
target gene is expressed. Mouse and human genomes encode more than 100,000 active enhancers. Yet, our
knowledge on how these enhancers contribute to organismal physiology is limited: we know in vivo function
of only 0.3% of enhancers so far. Unraveling in vivo roles of enhancers is one of the next important
challenges in genome biology. Our group recently identified a genomic enhancer that enforces proper
apoptosis induction in thymic negative selection, eliminating potentially disease-causing T cells (Nat.
Commun., 2019).

In this fiscal year, we studied a novel enhancer that we identified important for energy metabolism.
Deletion of this enhancer in mice disrupt mitochondrial regulation and liver metabolism. Most importantly,
mice lacking this enhancer became prone to metabolic disorders. Together with our previous publication (Nat.
Commun., 2019), we will keep exploring novel physiological and pathophysiological roles of cis-regulatory

enhancers in vivo.

(3) Studies on human-device interactions

Due to the COVID-19 situation, the use of devices such as remote-communication systems became more
prevalent worldwide. Smartphones are already essential for us. Kids communicate via gaming even when
schools are closed. Many people use avatars in their communications. Yet, it has been unknown how the
heavy use of these devices affects human physiology, giving rise to concerns in our community as
exemplified by “smartphone addictions.” To deal with this, we launched our new study on human-device

interactions. In this fiscal year, we worked on constructing the basis for this new study.

_60_



List of Publications
AREFAR, ANFRHIEE, TTREESE (2021). 10xVisium (2 X B 22 R 5 2V A2 ) 7 b — ARNT . EEREY
39, 14:2200-2204.

List of Presentations
Kawaoka, S. Understanding host pathophysiology in cancers using multi-omics and genetics. The 16th

International Symposium of the Institute Network for Biomedical Sciences. November 11-12, 2021.

Kawaoka, S. Multi-omics approach for understanding human physiology. Measuring mental-health change:

brain, physiology, and gene, Tohoku University. October 29, 2021.

Kawaoka, S. Circadian disruption in diseases: an approach from enhancer genetics. Liason Lab Research

Conference, Instutite of Molecular Embryology and Genetics, Kumamoto University. October 22, 2021.

Kawaoka, S. Remote solid cancers rewire hepatic nitrogen metabolism via host nicotinamide-N-
methyltransferase. Cancer Cachexia Conference 2021. Selected as a next-generation speaker. August 27-
29, 2021.

_61_



FEAE LA S FE AR [

Department of Regeneration Science and Engineering

LR 2R R 0

Laboratory of Tissue Regeneration

#n & HILTHEW Prof. Junya Toguchida

B # & Vi Assist. Prof.  Yonghui Jin

ABFSE 50 P13 RRALRR O BT LR, & e (LRSS 2 B 5 2 Z & T BIERIKBONNEZ 41
LAV TH S L, 2RSS IHBLOBREEZHET A2 L2 HEEE LTw 5, BUE, MO
T=RIZDOWTHIREZ BT L T 5o

1. BEEREHICBIS 2 1%

FHHEMEORIZIE, MESRAERRO R 4 2 M2 5] 5 2 MLERER L T 3 2 M 5 R
(Mesenchymal Stem Cell, MSC) 2SFFEL T3 & ENTWwh, LA L MSC OAREIZE L Tid A
W7 52°% <o MSC % 72 3RS O FHAE PR 2 BB B D W R & % 7201213,
ZDI LR LBMHBLHATD b0 A ZHIR AR AT A & oFEF7EE LT, MSC
DMREEEZ TV, B R O ERBICE T T 217> T %,

2. ZHeMERHING & B 72 B2 R ARk o e
t b iPS flifgiE. HERROWEGREE A3 2 L REERHIIR TH ) ix RIEES - RIS RE SN T
Wb FAITPS ML O FFE L - MR ICE L CFREOMZE 217> T b,

1) iPS %z w724 - K50 LR o it

iPS Alifa 2> & & e Ok E ML %2 LB E T 5 HiEE e T 5 L & IS, T OB 2 I T3
5L TH L Z AT A2 L2 HIBL T b, BoLICBI L CTid, Aise sk o BV E e & %
722 BB bz <. LF A
YEEY TV E R T2 B R
RS L, HIZY A VA - BAERE
Bt gepr EN g = & o [ f
ZEIC T, BRSO a2 J R
MAOBHMEEIC X ) ZWocmicr
BULS 2 2 LTI L 7z, il e s
Petat R ST 5 2 LT 0ER B 1. iPS ML SREE F THEL, TORICIKELHEE L H
A IR A B A ML~ O 5L 3 LTI HEEY T3ZFML7. ToRE 28 HHICIK

) TS M7= Ml B O BB A5, 56 H B3I Rk &
BEBBLTVwS I E&RLT ML S N7,

_62_



Who BUE, 29 —7 XV E RS E LI E I RNA ¥ — 7 =¥ ARHT & B 5 %
LT ZOBROFEM B E WA LT, MM RET 2 FOREE B LTV A,
B B LTI R O I 2 T R3S & ARE  468C L e mBRAI I % 3
TRHERMBEL, AL M) I = FH A 0= (T3) 2RINT 5 2 & TIEARE M E T
FHT LI LRI (1),

3) BRI iPS L & > 7T ] & Al SR

RO 5 RE R
Bo% i, REXIA
W CH R 7 WG T D5
VENRTW RV, FE
DFAN»LBILTE S
&\ 9 iPS i B @ B
R LT, A, KR
E J8 2 H R @ iPS Az
% BT L o RE AR A
SR AT 72 WF g 28
BRI Twb, Fx
X IR TES
HERED1D2TH 5D
HEAT T b 1 e 220
JRE (FOP) {2k L T
REMR I LR IE DR
# 41T\ mTOR ¥ 7 F )V
FLEH], a4 A
HRTHDHZ L E R
L. P29 9 H&D
AF 343 H % TFOP
KR53 a) 820

DAPI PDI MATN3

merge

X 2.

MATN3 T120M MATN3 R209P
mutant

»
, ———

isogenic control mutant isogenic contral

MATN3 {5 FOER (T120M K& U° R209P) % 453" % 2 38 Ph 4 Vi Y B k.
EDBE 2 % &5V iPS ML Z 87 L (mutant), ZIZhh 52 RSB
Jid (isogenic control) % VE% UNE KK 45 % 3535 L7z, Z5HIIC I -CH
JEPIIZ MATN3 2585 L. ER(PDI TER) 25K 2B HEL & h
720

% ke Im] —HEEMREE A R 2 FE i L 7o SIS 29 4FE 9 H A & G S 7 AR RSB
WAy VT —=2 70y o [RGB EII$ 2 3R iPS BB OFZE L IGH ] 128
WC, BREOF RO LR E VT BRI % 5 NCAIZEME 21T o T D . B
RBCE R ZRRE &3 25U LT, BAZE L 72 IERIKE MG & 758§ 5 8538k 2 v CORRB RIS

BE:QJ L7 ( 2)0

3) WA O HRFE

P & (3 P B RARRR I C FE A3 2 B NEG CH 0« BRIR L DR PR IR 3D T2 B 2 il D 4R H C

_63_



b TWEOBIZTINTHMOMRIZL D, ENENOMESI B\ CERE A BT 5 #s
TRBE (FSAN=ER) PPLPCENTETWSLS, BEMICELTIE, 201280
PHTH B TANEFTAN—ERE, H721C5% LRRHERRBEINS ¥ — % v TE Rk
MIFIEA L, B2 2L R CRILEE 5 2 & T MEBEBIR R 7 B 5 A4 N—EROPE % i}
Bl BEOZHREOBRKREZMHO2IIT 5 & L I, MIMLIEROMIEICHG T 51HHMERSLZ L
HIEL T AEAE, WIEAIEIZE T 5 SSI18-SSX Al A Bz T & WFHIEIC BT 525 IDHI &
RFEV) ZODRITAN—ERIIET L ZEML TW5,

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 are investing the precise process of differentiation and searching the fate-decision factor.

As for chondrogenic differentiation, in addition to the method via neural crest, we established the method
to induce osteochondral precursors via paraxial mesoderm and somite, and succeeded to induce hypertrophic

chondrocytes from them using triiodothyronine (T3) (Figure 1). This induction method will be a useful tool
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to analyze the molecular process in the growth plate, and also serve as a platform to understand the pathology

and develop therapeutic drugs for growth plate-related diseases.

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 progressive. Also we have identified an mTOR
inhibitor, rapamycin, as a candidate drug for FOP, and performed multicenter double-blinded investigator-
initiated clinical trial of this drug for FOP from September 2017 to March 2021.

In addition, we have started new AMED project “Development and application of innovative drug-
screening technology using patient derived iPS cells for intractable bone and cartilage diseases” from 2017.
Using the induction methods described in the previous section, we are now investigating the pathogenesis of
intractable bone and cartilage diseases such as osteogenesis imperfecta and multiple epiphyseal dysplasia

(Figure 2)

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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Fig.1. A GFP-positive iPS cell colony converted
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[Tada Group]

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

exploring relationship between the two anti-aging players, ADIPO and stem cell.

1) Molecular mechanisms in iRS cell reprogramming to iPS cell

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

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

2) Plasma and nuclear ADIPONECTIN

Plasma ADIPO functioning in anti-inflammation of the blood vessel and muscle is known as an anti-aging
cytokine, which is mainly secreted from adipocytes, and circulated on blood flow. We found that ADIPO is
localized at nuclei of cells from several tissues, including stem and germ cells. Nuclear ADIPO is
characterized by truncated, and monomeric protein form. Overexpression of nuclear ADIPO induces
apoptotic cell death. Nuclear ADIPO plays a role in micro-RNA-mediated post-transcription regulation, cell-

cell interaction, and chromatin remodeling.
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[Chuma Group]

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

context dependent control (s) of genome

stability and diversification in the germline

stem cell CYCIG. Live imaging of histone H2B-mCherry transgenic mES cells (A) and chromosome segregation
errors during mitotic divisions (B, C)
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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
2021, we attempted to analyse functions of novel GPI-anchored proteins that play important roles in the
process by which mouse sperm acquire fertility. Moreover, using a mouse model of autoimmune arthritis, we
demonstrated that the inflammation-related cell death programs necroptosis and pyroptosis are not involved
in the development of autoimmune arthritis. Therefore, a specific inflammation-related cell death program
pathway is not necessarily required for the maintenance of the adaptive immune response and chronic tissue

inflammation even in the pathological condition associated with a large amount of necrosis.

1) Functional analysis 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. One of them was found to be useful as a marker molecule that divides the sperm
population, suggesting that a group of sperms may control fertilization. In addition, in the knockout mouse of
another molecule, the number of offspring tended to increase, suggesting the existence of a molecule that

negatively controls fertilization in vivo.
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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.

Using SKG mice, a mouse model of autoimmune arthritis, we showed that the onset and aggravation of
inflammatory T helper cell-dependent arthritis is independent of the necroptosis and pyroptosis pathways,
which are inflammation-related cell death programs.

Inflammatory T helper cells, synovial stromal cells, and synovial innate lymphoid cells contribute to
synovial inflammation of joints, but it remained unclear whether inflammation-related cell death programs
(necroptosis, pyroptosis, etc.) could modulate the function of those inflammatory cells.

To analyze whether the inflammation-related cell death programs necroptosis and pyroptosis are involved
in the development of arthritis, the CRISPR/Cas9 system was used for the generation of Ripk3 and Gsdmd
KO mice, whose molecules are key for the necroptosis and pyroptosis pathways, respectively.

Unexpectedly, Ripk3 KO SKG and Gsdmd KO SKG mice developed arthritis similar to control SKG mice.
In addition, these pathways did not affect the differentiation, migration, or activation of interleukin-17-
producing inflammatory T helper cells and Foxp3* regulatory T cells. Notably, there was IL-15 production
independently of the both pathways. This study revealed that both of these pathways are not involved in the
pathogenesis and maintenance of autoimmune arthritis, even in chronic inflammatory conditions associated

with a large amount of necrosis.
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IAFZEE ClE, (1) WEACEAOEA - MR OMI., 7507 LNV ToBR, FeICHEE T
Ml (Regulatory T cellss PAF Treg L W) D% E. (2) Treg ZHEM & 3 2 JEE RIEILE O B,
BRALTEOBAZE, HORER OB, BRI T2 0EEREALOME,. £ 3) AR
PR, FRICHOREMERE K. OBRKN - FEREOHE, 20X L Twh, 2021 F£E, Treg DIHEME
e Tld. Treg DIEE - /LB HE B L ORIEHIHIRHE 1IC D W TIfgE & D 72

Treg DI Foxp3 ZHLE T HEEH T4 v b7 —27 & Treg R T Er ) AL EE
Thbo R, Treg DL L BERBICEHZE LR IRE KT CTd % Foxp3 Min LIS, T Mt
O A SEHEAL L T % CNSO (conserved non-coding sequence 0). CNS3 #HI% & I 4L 5 400 3
et & 200 HiFERFOIE T — F DNA #HI% FLH L 72 (Kawakami, Kitagawa et al., Immunity, 2021) . 3%
12, B FEEEE < OMFLE DNA THELWIRIFEED T <\ Treg DFA-BERBICEE L E 2 b/,
Z Z T, CNSO. CNS3 #igoZh i, 72132 KI5~ X% CRISPR/Cas9 7/ A i
HMCER L7222 A, R 2 KIB L2~ T Z1E, Treg DO T ZRT DA TIEFIZH
B LA, Wi e EFICRIEL 2T AW TOIER 7% Treg 7LD FHE S L. Treg DRIAIZ
L2 MEOHEE LR A CRERBZ I L7z £ 72, CNSO. CNS3 FHIgIE. Treg D MMAN L FE
T\ Foxp3 #In 1O 70— IR & VARMWIAHEAER LTI Foxp3 B F OB 2 #HEi§ %
EEZONTz, BIL, Treg BRREEIR F- OGN R FE DAL LT, JFa— FHEHBOERIZ L 585 T
FHBFEIZL o TH HORIEMATHE SN L WRENEZ R L 72,

Treg iZ. PUEFERAMIE (antigen-presenting cells. PLF APC) @ FLHill#5F- CD80/CD86 DI I %
P9 % 2 & CTlE T Ml (conventional T cells, A'F Tonv & W) OIEMHALZHIHI L TW 5B, D5
TR OWTIFZEZ D LT D2 W 5512 L7z (Tekguc et al., PNAS, 2021)o #—I12. Treg 7%
APC. FRIZEERMIIE EOPUEA T F F /MHC I X o TIHHAL X BB, Treg 12T 5 CTLA-4
X, APC 1= CD80/CD86 & BBAIMEIZH A L. trogocytosis, € 1LIZ#i € endocytosis (2 & > T CD80/
CD86 771 % APC iAo A&V, ZOfE, THMIIZIHE T % CD28 71 %249 % Bl 2 551t
S, TH, F512H 4 — 7 (BURIFEESE) T ARG - 352 3 L 720 & 512, APC 133k
HIF 57 CDSO/CD86 122 Ty PD-L1 25 L THB Y. T KIS IE CDSO & AEAIRFEIZDH % A,
Treg % CTLA-4 %4 L C APC [® CD80 DFEBIZ KT &% &, APC LI free PD-L1 2384 L . &
WZUE$ 5 PD-1" 7 227 % — THillaz bHH$2 2 &12% %, BIH, Treg id. APC 10 CD80/
CD86 LA 71 PD-L1 LHEFESFORBHHZ /LT, F4 —7 T HMlOE IO A R ST
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PD-1'"T7 =27 % — THIBLOMEREL FIHI L TV B 2 EW ST 5720 Hito T\ Treg 12 & 5 APC
o CD80/CD86 FEHMI AL CTLA-4 71 v F > ZHURIZ X o THE XX, CD80/CD86 DIk
BIER, free PD-L1 OFIIMAAHE &, T OMEE APC 12X 5 T MG TEAL 23R S, DA BRI
LS E50A %L, HORELZ DERT 5, 72, 5L CTLA4, $LPD-1 PUADPEHIZ. 2
D Treg A7 1% CD80/CD86 £ & U PD-L1 ZIHHHEZ ML T, +4 =7 THlE, =7 =7 % — THilE
HITTEPAL L. DSAE, HOMEZ S HIHMmT 5 & E 2 bhi,

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 autoimmune diseases, in
particular, rheumatoid arthritis.

The transcription factor Foxp3 plays crucial roles for Treg development and function. Conserved non-
coding sequences (CNSs) at the Foxp3 locus control Foxp3 transcription, but how they developmentally
contribute to Treg cell lineage specification remains obscure. We have shown that among Foxp3 CNSs, the
promoter-upstream CNSO and the intergenic CNS3, which bind distinct transcription factors, are activated at
early stages of thymocyte differentiation prior to Foxp3 promoter activation, with sequential genomic looping
bridging these regions and the promoter. While deletion of either CNSO or CNS3 partially compromises
thymic Treg cell generation, deletion of both completely abrogates the generation and impairs the stability of
Foxp3 expression in residual Treg cells. As a result, CNSO and CNS3-double-deleted mice succumb to lethal
systemic autoimmunity and inflammation. Thus, hierarchical and coordinated activation of Foxp3 CNSO and
CNS3 initiates and stabilizes Foxp3 gene expression, thereby crucially controlling Treg cell development,
maintenance, and consequently immunological self-tolerance (Kawakami, Kitagawa et al., Immunity. 2021).

Foxp3-expressing CD4*CD25* Tregs constitutively and highly express the immune checkpoint receptor
CTLA-4, whose Treg-specific deficiency causes severe systemic autoimmunity. As a key mechanism of Treg-
mediated suppression, Treg-expressed CTLA-4 downregulates the expression of CD80/CD86 costimulatory
molecules on antigen-presenting cells (APCs). We have shown that Treg-expressed CTLA-4 facilitates Treg-
APC conjugation and immune synapse formation. The immune synapses thus formed provide a stable
platform whereby Tregs are able to deplete CD80/CD86 molecules on APCs by extracting them via CTLA-4-
dependent trogocytosis. The depletion occurs even with Tregs solely expressing a mutant CTLA-4 form
lacking the cytoplasmic portion required for its endocytosis. Furthermore, CD80 downregulation or blockade
by Treg-expressed membrane CTLA-4 or soluble CTLA-4 Ig, respectively, disrupts cis-CD80/PD-L1
heterodimers and increases free PD-L1 on dendritic cells (DCs), expanding a phenotypically distinct
population of CD80" free-PD-L1" DCs. Taken together, Tregs are able to inhibit the T-cell stimulatory
activity of APCs by reducing their CD80/CD86 expression via CTLA-4-dependent trogocytosis. This CD80/
CD86 reduction on APCs is able to exert dual suppressive effects on T-cell immune responses by limiting

CD80/CD86 costimulation to naive T cells and by increasing free-PD-L1 available for the inhibition of PD-1
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expressing effector T cells. Blockade of CTLA-4 and PD-1/PD-L1 in combination may therefore

synergistically hinder Treg-mediated immune suppression, thereby effectively enhancing immune responses

including tumor immunity (Tekguc et al., PNAS, 2021).
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DFFEM R A S = X NI RBHTH > 720 RIFZETIE. T X 5 %5 ML E P ORI E 2, &l
DAH )y v TEBECBWTRTHEAXPAONCTHIE2HME Lz, 3, BELEET
SHRER I RICHE D & Bl S & M BE O S IR EE Image-based ET NV ERESE L7z, COET
VHEBIZTHY) Y 7L XA v b REE L. R - i 2179 S L2k ). BHENORE
WA & b 7 ) BRSSO O3 A0 25l L7z (Fig. 1) ZOfE%. BMilizeiEizix. H
FIICR & RO T APER T 2 HIESHFAEL. €O L) RRFOT AERIZ. KEREDZEL
TWALRPHOTH) Y 7TV A Y MORBIZEAET LI EBHLNE ol SHIIT, THY) 7
IL A Y MCAUZENZ, Bz s L OEME OB 2 RIGER L7749 v 7L 2 v
FOHXICHEL TWAHZ EATREE NI,

_83_



A Load . Canaliculus
l l l Canaliculus / Osteocyte process

Osteocyte

Osteocyte process
/

T T T Inters/titial fluid flow

No flow +z flog

15.0 15.0

Maximum
principal strain (%)
Normalized tension

.0 0.0

Fig. 1. Fluid—structure interaction simulation using a high-resolution image-based
model. (A) Construction of a high-resolution image-based model of an
osteocyte process and a canaliculus. (B) Flow-induced strain on the
osteocyte process membrane and tension of TEs. (Yokoyama et al., 2021)
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Fig. 2. Schematic diagram illustrating the significance of intracellular tension (left) and
uniaxially fixed boundary condition in the bone matrix (right) to understand the
formation process of in vivo osteocyte network. (Kim et al., 2021)

This laboratory aims to clarify the regulatory mechanism of self-organization which underlies diverse
biological phenomena through an interdisciplinary approach, encompassing mechanics, life and medical
sciences. In 2021, using high-resolution image-based simulation, we revealed that membrane strain
concentration on osteocyte processes was caused by the ultrastructure of osteocytes. In addition, we showed
that intracellular tension of osteoblasts under uniaxially fixed boundary condition in collagen matrix elicited

osteocyte alignment with induction of osteogenesis.

1) High-resolution image-based simulation revealing membrane strain concentration on osteocyte
processes

Bone remodeling is regulated by osteocytes, which sense flow-induced mechanical stimuli applied to their
cell processes. In the osteocyte mechanosensing mechanism, tethering elements (TEs) connecting the
osteocyte process with the canalicular wall, as well as the irregular shapes of the osteocyte processes and the
canaliculi, are thought to considerably influence the mechanical stimuli applied to the osteocytes. This study
aims to clarify the roles of the ultrastructure of osteocyte processes and canaliculi in the mechanism of
osteocyte mechanosensing. We constructed a high-resolution image-based model of an osteocyte process and
a canaliculus based on ultra-high voltage electron microscope tomography and investigated the distribution
and magnitude of flow-induced membrane strain on the osteocyte process through fluid—structure interaction
simulation (Fig. 1). The analysis showed that local strain concentration on the osteocyte process membrane
was induced by a small number of TEs with high tension, which were inclined depending on the irregular

shapes of osteocyte processes and canaliculi.
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2) Uniaxially-fixed mechanical boundary condition elicits osteoblast- and osteocyte-like cellular
alignment in collagen matrix

Osteocytes differentiated from osteoblasts perform an important function as mechanosensors in bone
remodeling process. While it is understood that the well-aligned osteocyte network along the trabeculae with
slender cell processes perpendicular to the trabeculae surface facilitates cellular sensing of mechanical stimuli
and intracellular communication in the bone matrix, the mechanisms underlying the osteocyte network
formation are unknown. In this study, we developed a new in vitro collagen matrix system exerting a
uniaxially-fixed mechanical boundary condition on which mouse osteoblast-like MC3T3-E1 cells were
subcultured (Fig. 2). As a result, the cells provoked the cellular alignment along the uniaxially boundary
condition. Using a myosin II inhibitor, blebbistatin, we showed that the intracellular tension via contraction of
the actin fibers contributed to the cellular alignment under the influence of isometric matrix condition along
the uniaxially-fixed boundary condition. Furthermore, with their orientations aligned along the uniaxially-
fixed boundary condition, the cells actively moved inside the collagen matrix and exhibited enhanced gene
expression of osteoblast and osteocyte markers. Therefore, our findings imply that one of the mechanisms
determining osteocyte orientation inside the bone matrix is the intracellular tension of the cells under the

uniaxially-fixed mechanical boundary condition.
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The process of organogenesis in the brain, heart and other organs is an extremely complex phenomenon
that involves cell proliferation, differentiation and migration. In order to understand the principles of
organogenesis and to reproduce functional organogenesis in vitro, we have developed in vitro tissue
formation technology (organoid) using pluripotent stem cells (ES/iPS cells) and analyzing the formation
process to clarify the molecular mechanisms by which cells cooperate to form functional organs. In this year,
we had established novel methodology to recapitulate craniofacial mesenchyme induction from neural crest
cells. In addition, we also analyzed the molecular basis underlying the extraembryonic fate conversion of

human ES cells.

1) Establishment of in vitro model of craniofacial mesenchyme induction from Neural crest cells

The most portion of craniofacial tissue is formed by the cluster of mesenchymal cells derived from
transient embryonic cell population called neural crest cells. Those mesenchymal cells are patterned in the
branchial arch, the future craniofacial tissue, to express distinct genes each other, and then contribute to
different portion of craniofacial tissue. There are many unclear points about the mechanism of spatiotemporal
regulation of this patterning in the craniofacial mesenchyme. As a tool to
investigation, we established the novel three-dimensional culture model which T
can induce branchial arch-like mesenchymal cells from human pluripotent stem aggregate
cells (hPSC) through neural crest cells. We could induce both maxillary arch-
like mesenchyme and mandibular arch-like mesenchyme by adding specific

signaling factors to culture medium. Furthermore, in the induced tissue, some

genes were expressed in a spatially restricted manner indicating that spontaneous

patterning had occurred inside the induced tissue. This new in vitro model would

) . ) . ) ) Fig.1. Mandibualar arch-
enable us to investigate the mechanism of early patterning of human craniofacial like aggregates
tissue. This model might be also beneficial for identifying the cause and the way derived from

for clinical intervention of congenital craniofacial abnormalities. hPSC
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2) Induction of extraembryonic cells from human ES cells

Human ESCs are known to represent the primed state of pluripotency and to recapitulate the peri-
implantation stage of human embryogenesis. In vitro differentiation systems using these cells have provided
much insight into how the three germ layers are established from the pluripotent epiblast tissue; however,
little has been known how the amniotic ectoderm, an extraembryonic tissue that shows unique properties to
the primate, delaminate from the epiblast. To understand this, we developed an in vitro differentiation
protocol to recapitulate human amniogenesis and elucidated the cytological features and differentiation
potency of the ESC-derived nascent amnion-like cells. We showed that ESCs gave rise to the differentiated
cells that were analogous to amniotic ectodermal cells of the post-implantation stage of the human embryo.
We also showed that these nascent amnion-like cells produced not only matured amnion cells but also
placental hormone-secreting syncytia that resemble trophectoderm-derived syncytiotrophoblasts of human

embryos. These results will expand our

STB like cells

placental hormone

understanding of the peri-implantation plcentt b

stage of human development, improve

BMP
assisted reproductive technology and /®" . soct
provide insight into how to treat @ ‘ vrcm

development-associated disorders such J @

Advanced amnion

as infertility and fetal growth retention.

Fig.2. Extraembryonic lineages from human ESCs
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AEETIZ, VA NVAELR LTI ZOAGHEOMHEZHE L T2 O TV 5, P
Rt DIRAE & /NI R FERH AT ICEINE 5 LT B0 il R RS iR e ISR 58 L
720 2021 SEICIE AMINE = A X7 A W ADMEAERANTED X ) IS Z KL S5 D02 S0 T
LW MeDIze N FURVENAFTA VT 42T 4 7 AEMTEORRBICH 25T b,

1) nefBIn T ATEREA HIV-112X % 7 4 )V ARG 2 08B (VD)

v MREAET A VA -1 (HIV-1) @ CCRS f&1AIYERR (JR-CSF) @ nef BIRTIZT » ¥ L 220k
BHEEFE PCR % fili o TR S & 72 &Yl IRCSFénef 57— V7 £ )V A % Jurkat-CCR5 Fllig & 31
R e MME~ 7 ARG S 720 Jurkat-CCRS M DIEGFEER T, 2O 7 — VI3 R
DD %% k7% nef AN H T %7 A NV ADIEIEDTER E N nef 77—V 7 4V A % &Gtk D A,
B LGt 9 HH OFMIFIZ ) ¥ 7SR D nef BB THH & N NS - K L7z §XTD
XY RIZBWT, BHEB LMD — D nef B 2 -G L. BRI LS O~ 7 21T\ Tl
TANVAORFIRE LTEH 4 2 & Wl E MAEDOW 5 CTll— D nef LT bR EIN LT LD D
D, o<y ZATIZY) USHEIMIETHE—O7 4 VABKHE S, TS0/ IMEY 4 VAD
BHEE 2 b 2 Db o7z —F. KO DNA & [H—dDIiET £ )V ZZ R W 728 % h o 72,
Nef BIETIC A TIICE R S 872 HIV-1 2> TE ORGSR 2 B35 2 A HETHH 2 LS
ooz,

2)) SFEFELFAIZATT Y DT F—AIEDOTEIEFRBUWN (Vandenbon)

Gene Expression Omnibus (GEO) X° European Nucleotide Archive (ENA) 7% EDAIHT— & X— 2
IZHBLHD RNA-seq 77— ¥ty MIBEBIZTFHEEBERH A=A 2FHT 25 ETIEFICKE LR
W EZMD TS, L1k 68 D M B LU 76 O~ AMIafE & Mik% & 8,796 B LU 12,114
®D RNA-seq 7— 712, 50 DL L7 —FWUH T — 7 70 —%@H L. OO %Ml %217 - 72
(Vandenbon, PLoS ONE, 2022) . & OMELZ 7 v 7 (IEBUL LNy FRERMIEZ &) 2SEmE O
EZFHRHAT— 27203220 E L., kL ESNBEZFREBT— 712w T, HrLVWEERT
WRP T — 7 R— A % #fi{ LT b,

WEAEEE, 1 ML RNA-seq 7 — % TR ENFEBBE T2 T T 57200 LT 7o —F 2L
72 (Vandenbon and Diez, Nature Communications, 2020) o HfE. TO7 7u—F % E 5128 EL. H
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AU 1 ML RNA-seq 721F T 7 <. scATAC-seq X 10X Visium, Slide-seq V2. High-Definition Spatial
Transcriptomics (HDST). MERFISH 7 & D Z2 iz 57— ¥ # S LMoOMHOT— ¥ I #HHTEX %
IR LTVE (M2) HADFHEIZDL ) BT — 7 DERNGITIENTEY . . 5%L D
FTETREREE# R TEERZ S,

eI FEFZE 70y = 7 & LT 7 ANFAHED 1 Ml RNA-seq 8 X O EME 7— %, #&
I BRI D scATAC-seq 7 — %\ 200 T3 O e filL D i & > 7327 B O Infinity Flow 77— % %= &
DOFFFTICEBKL, ~27 07 7 — Y ORI IZB TS Cyclin ] O%E % AT L 72 (Chong et al.,
Science Signaling, 2022) o

In our laboratory, we are conducting research for the purpose of elucidating Virological and Immunological
phenomena. Aso and Kosugi have been enrolled in the graduate program at the Graduate School of
Pharmaceutical Sciences and are studying abroad at the Institute of Medical Science, the University of Tokyo.
Furuse moved to Nagasaki University Hospital. Koyanagi is conducting research to clarify how HIV-1

establishes infection. Vandenbon is developing a bioinformatics analysis method for gene expression data.

1) HIV-1 tracing method of systemic viremia in vivo using an artificially mutated virus pool (Koyanagi)

We created JRCSFénef, a pool of infectious HIV-1 (strain JR-CSF) with highly mutated nef gene regions
by random mutagenesis PCR and infected this mutated virus pool into both Jurkat-CCRS5 cells and
hematopoietic stem cell-transplanted humanized mice. In all mice, bone marrow and plasma have the same
nef sequence, and bone marrow is the source of plasma virus in these mice. The same nef sequence is detected
in both spleen and plasma, and another mouse with lymph nodes. From these observations, plasma virus is
originated from these tissues. Infection resulted in systemic plasma viremia in humanized mice and viral
RNA sequencing helped us to identify multiple lymphoid organs such as spleen, lymph nodes and bone
marrow but not peripheral blood cells as the source of systemic viremia. Our data suggests that this method

could be useful for the tracing of viral trafficking in vivo (Soper et al. Microbiol Immunol. 2021).
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wpi wpi

Fig. 1. Infection of JRCSF¢nef virus pool in humanized mice.
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(Left) The amounts of viral RNA in the mice infected with JRCSFénef virus pool are indicated by lines,
and the averages of viral RNA in WT JRCSF-infected mice are shown with SEM. Each dot indicates the
result from individual infected mouse. (Right) The fold change of the level of peripheral CD4* T cells in the
three mice infected with JRCSFénef virus pool are indicated by lines, and the averages of the fold change of
the level of peripheral CD4" T cells in WT JRCSF-infected mice and mock-infected mice are shown with

SEM. Each dot indicates the result from each individual infected mouse.

2) Analysis of gene expression in various omics platforms (Vandenbon)

Large numbers of RNA-seq datasets in public databases such as the Gene Expression Omnibus (GEO) and
the European Nucleotide Archive (ENA) contain a huge potential for computational prediction of gene
functions and regulatory mechanisms. We have conducted a comprehensive evaluation of 50 different data
processing workflows, applied on 8,796 and 12,114 RNA-seq samples covering 68 human and 76 mouse cell
types and tissues (Vandenbon, PLoS ONE, 2022). We identified which processing steps (including
normalization and batch effect correction) result in high-quality gene expression data. We are also preparing
a new gene co-expression database using the optimized gene expression data.

Recently we published a novel method for predicting differentially expressed genes in single-cell RNA-seq
data (Vandenbon and Diez, Nature Communications, 2020) . We are now continuing the development of this
method. For example, we are expanding the method so that it is now applicable not only on scRNA-seq, but
also other types of data, including scATAC-seq and spatial transcriptomics data, including 10X Visium, Slide-
seq V2, High-Definition Spatial Transcriptomics (HDST), and MERFISH data (Fig.2). Our method is

promising for the exploratory analysis of such data, which will play an important role in the next years.

B Cyp2e1 o- -

1.2 3 4

Fig. 2. General applicability of singleCellHaystack on data from different spatial transcriptomics
platforms. Examples of genes with spatially variable expression as predicted using
singleCellHaystack in (A) Slide-seq V2 data from mouse hippocampus (53,173 spots), (B)
10X Visium data from mouse kidney (1,438 spots) and (C) MERFISH data from human
osteosarcoma cells (645 cells). Each gene has high expression in parts of the tissue, and low
expression in other parts.
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In addition to the above bioinformatics-oriented project, we have been involved in multiple
interdisciplinary collaborations, such as the analysis of single-cell RNA-seq and spatial transcriptomics data
for mouse liver tissues, sScATAC-seq data of early hematopoietic progenitor cells, and Infinity Flow data for
hundreds of surface proteins on 2 million immune cells. We also analyzed the role of Cyclin J in controlling

macrophage metabolism (Chong et al., Science Signaling, 2022).
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AFFEIZ BT, WBAEMCEREIN T 28572 lmiEHD 2 WIZERY TEFEET 5851 %
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A, W7 4 A — % 237 Plagl2 Oi@HIFEBL & ¥ VIEBEREREE S F— ¥ Dytkla® / v 7 ¥
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CETHI LTz #l o 7o titiflifald b2 < &b 3 r AU EOMB AT TERDO=a—a %
FEAET LI L, TR, BIL 7 ZORAMERRD UL E T 5 VP LN IR o7z, BibL B
7T HEEDEAL L CRAENNCE < BRI BT L, S B <) < B{E 13538
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Functional rejuvenation of aged neural stem cells by Plagl2 and anti-Dyrkla activity

The regenerative potential of neural stem cells (NSCs) declines during aging, leading to cognitive
dysfunctions. This decline involves up-regulation of senescence-associated genes, but inactivation of such
genes failed to reverse aging of hippocampal NSCs. Because many genes are up-regulated or down-regulated
during aging, manipulation of single genes would be insufficient to reverse aging. Here we searched for a
gene combination that can rejuvenate NSCs in the aged mouse brain from nuclear factors differentially
expressed between embryonic and adult NSCs and their modulators. We found that a combination of inducing
the zinc finger transcription factor gene Plag/2 and inhibiting Dyrkla, a gene associated with Down syndrome
(a genetic disorder known to accelerate aging), rejuvenated aged hippocampal NSCs, which already lost
proliferative and neurogenic potential. Such rejuvenated NSCs proliferated and produced new neurons
continuously at the level observed in juvenile hippocampi, leading to improved cognition. Epigenome,
transcriptome, and live-imaging analyses indicated that this gene combination induces up-regulation of
embryo-associated genes and down-regulation of age-associated genes by changing their chromatin
accessibility, thereby rejuvenating aged dormant NSCs to function like juvenile active NSCs. Thus, aging of
NSCs can be reversed to induce functional neurogenesis continuously, offering a way to treat age-related

neurological disorders.
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ML OO RNA ORI TII R L 7 V37 B L OEAIK (RNP) & L CTHEME LIERET 5. 4
r¥PIZ. RNP DR - MEEZ8 4 - fiak - R - i E B2 & RNP 20 SRk 4 R BIRICHIR %
FoTMELTWwWAh, REFIUTOL ) REENGFOLNT,

1) UsnRNA O EFEEPEY 2 A% 3 5 K1 Ol &

— K RNA G EW IRk % 2 FE T LS N TR L 7R E 2 5, BIZIE, E FDRTF
4V =24 UsnRNAIZTOEL £ MHEN L XV X7 L7 —BIZ X o T3 K THRAML E %, TOEL
BIZFOZRIZE N OBIEHETH 2 H/NRETERGE (PCH) 27 SR THRESH L7720, 20
BRI EECTH S, Lo L, MILHATUSsIRNA Z A EE 525V X7 L7 —¥IL TOEl 721} T
X WITEEMDSH 5. 2 2 T, Ul snRNA D 3' Kl 2 FE 35 % in vitro R & B%E L. LR
IEALFINCIER Lo FORE, 4 v — 7 20 YRIBGEIET 20kDa 7 » 78278 (1SG20) & H4
NLFVY—2%xGEE LTRELZ. LML, /2 v 2757 YA Ul snRNA @ 3' K Fes %
REMICIRAT L7oRS 3. SO ORT KRR T EDO LD TIE R W Lbh ol 20D D IZ,
U snRNA RAEER UL N T ¥ D OEFEEYH, SNHORTFO /) v 75 IZEXVHENT 22
EDRS DR o720 LLEDORRIZ, 1ISG20 EENLTF VY — LD UsnRNA & UL N T~ b D4y
fRAEMREST LI, FITARE N7 UsnRNA OMEERT L2 L 2RIET 5,

2) BEEAEWY) XY —2OMEEBICED LBk T

BRAEYO) RV — 23K 80 MDY KRY — L% 7L 4 KD RNA 2 SR SN b E K%
BEKRTH D, RTFINEEBG (PTC) 21X LD, U ARY — 2 OGP 1 r(RNA A3HEE
fEERLTEBY, IRNA OEFEFEEXEOO L DICHEREZEAT L2 TY RV — 20Ok
Kb TLEH. BEAEMIZ. 20X RREAEY KV — 22 BIWICEER L THRT 2 mEE
W2 22 2 Twh, bhvbiud, HBIEAEY R Y — 230N Mms] 2 & HEARICI ) 2
EXF bbb 2 A WHLNIT LA, 2O EB3HEAERD) RV — 24 Loz HENZ L THREA
SR 2 AT TR0 V) HIZOWTIE, RWHERMOFEFTH o720 iEIZR-> Thihtb
MIIHEREARE Y K Y — 2 OFRBIBEME I Becl & AT 2RF2H5LTCnwbsZ 2L, 20
KT I BEREA A rRNA ORBUC L DV FEIN L E X F VMLICRETH ), EFIV RV =250 D
BREAZYRY — 2L ) BVBAEEZ D > TS T 5. VARV — A L TORAETME S22 o
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Fig.1 Model of 25S non-functional rRNA decay (NRD)

2N 7 HWTHENTT 5 &, (RNA DLEERNH L PTC L, LY FF VLELE ORI D22/ %D 7%
CHEFRIZHEA L TWizo RIEEIX B3 EAMKRD Y a2 ¥F v & H W72 invitro ¥ X F VLG D
WesE 2R A, Becl 23 < AL AN DT EE 22 AT 247 5 720

In eukaryotic cells, many genes are separated by introns into multiple exons that should be joined together.
In addition, the cell itself is separated by the nuclear envelope into two major compartments, the nucleus and
the cytoplasm. These two types of separations necessitate specific gene expression mechanisms such as RNA
splicing and nuclear transport. Laboratory of RNA system is studying various aspects of eukaryotic gene

expression with great emphasis on “RNA” as a key molecule.

1) Identification of factors that destabilize nascent transcripts for spliceosomal U snRNAs

Primary RNA transcripts are processed in a plethora of ways to become mature functional forms. In one
example, human spliceosomal U snRNAs are matured at their 3'-end by an exonuclease termed TOE1. This
process is important because mutations in TOE1 gene can cause a human genetic disease, pontocerebellar
hypoplasia (PCH). Nevertheless, TOE1 may not be the only maturation exonuclease for U snRNAs in the
cell. Here, we biochemically identify two exonucleolytic factors, Interferon-stimulated gene 20-kDa protein
(ISG20) and the nuclear exosome as such candidates, using a newly developed in vitro system that
recapitulates 3'-end maturation of Ul snRNA. However, extensive 3'-end sequencing of endogenous Ul
snRNA of the knockdown (KD) cells revealed that these factors are not the maturation factors per se. Instead,
the nascent transcripts of the spliceosomal U snRNAs as well as of unstable Ul variants were found to
increase in quantity upon KD of the factors. These results indicated that ISG20 and the nuclear exosome
promote the degradation of nascent spliceosomal U snRNAs and U1 variants, and therefore implied their role

in the quality control of newly synthesized U snRNAs.
2) Abridge that links an E3 ubiquitin ligase complex and nonfunctional 60S ribosomal particles

The eukaryotic ribosomes are composed of 4 rRNAs and 80 ribosomal proteins. We and others previously

reported that the defective ribosomal subunits containing mutations in their 25S rRNAs are selectively
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eliminated from the cytoplasm by ubiquitin-proteasome system (nonfunctional rRNA decay, NRD).
However, the molecular mechanism defining the selective ubiquitination of the nonfunctional ribosomes has
remained elusive. We lately showed a 60S-associating protein, which we name Bec1 (bridge to E3 complex),
is essential for the degradation of mutant 25S rRNAs. Becl is physically associated with 60S ribosome and
the E3 ubiquitin ligase involved in 25S NRD. Biochemical analyses revealed that Becl1 is selectively enriched
on the 80S particle containing a nonfunctional mutant 25S rRNA, suggesting a central role of this bridge

protein in the functional inspection of the 80S ribosomes.
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transcription of the fec operon.
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The research projects carried out in this laboratory are concerned with dynamic aspects of cell surface
proteins in bacteria including Escherichia coli and Vibrio alginolyticus. Specifically, processes of protein
folding, protein translocation across and integration into the membranes, membrane protein proteolysis,
extracytoplasmic stress responses, and translational elongation arrest-mediated gene expression, are studied
by combined molecular genetic, biochemical, biophysical, and structural approaches. In 2021, we conducted
structural and functional analyses of RseP, the S2P family intramembrane protease of E. coli. We showed that
a membrane-peripheral amphiphilic helix named H1 is involved in substrate discrimination and binding. We
also identified FecR, a type II single-spanning membrane protein, as a novel substrate of RseP and revealed

that RseP acts in the regulation of iron uptake by a cell via regulated intramembrane proteolysis of FecR.

1) Involvement of 2 membrane-bound amphiphilic helix in substrate discrimination and binding by an
Escherichia coli S2P peptidase RseP

Intramembrane proteases are a group of unique proteases that hydrolyze membrane proteins within the
hydrophobic phospholipid bilayer. RseP is one of the intramembrane proteases of Escherichia coli. RseP, an
E. coli S2P family intramembrane peptidase. We have shown that RseP cleaves a membrane protein RseA to
activate the o pathway extracytoplasmic stress response, and remnant signal peptides to eliminate them from
the cytoplasmic membrane. We previously proposed a model for substrate discrimination by RseP in which
the two PDZ domains (PDZ tandem) in the N-terminal part of the central periplasmic region of RseP serve
as a size-exclusion filter that prevents the access of substrates having a bulky periplasmic domain to the
active site in the membrane-embedded RseP peptidase domain. However, the structure and function of the
C-terminal part of a periplasmic domain of RseP, named the PCT (PDZ Carboxyl Terminal) region, are not
known. It is predicted that the PCT region of E. coli RseP contains a characteristic region, named H1, that is
predicted to assume an amphipathic helix. A similar H1-like region is commonly observed among bacterial
S2P peptidases that have one or more PDZ domain (s). Our cysteine modifiability assay using membrane-
impermeable thiol alkylating reagent AMS experimentally demonstrated that H1 indeed forms an
amphipathic helix partially embedded in the membrane. Deletion of or proline substitutions in H1
destabilized RseP and compromised the ability of RseP to discriminate and proteolyze substrates, suggesting
that the helical structure of H1 is important for both the function and stability of RseP. Systematic in vivo
photo-cross-linking analysis suggested that H1 directly interacts with a substrate. Based on these results, we
proposed the following models; (i) HI acts as an 'intramolecular adapter' that connects the PDZ tandem and
the intramembrane peptidase domain and keeps their proper arrangement, which is important for the stability

and the normal substrate discrimination ability of RseP, (ii) H1 also acts as an 'intermolecular adapter' that
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interacts with a substrate and stabilizes an enzyme-substrate complex.

2) Identification of a novel substrate and a physiological function of RseP.

As described above, RseP is involved in the regulation of a stress response and the quality control of the
cytoplasmic membrane. Although it has been expected that RseP has additional physiological functions, no
other substrate has been identified. We thus conducted mass spectrometry-based quantitative proteomic
analysis to identify novel substrates in collaboration with Dr. Yasushi Ishihama's group at the Graduate
School of Pharmaceutical Sciences, Kyoto University. We found that the accumulations of several Fec system
proteins encoded by the fecABCDE operon (fec operon) were significantly decreased in RseP-deficient cells.
The Fec system functions in iron uptake by E. coli cells; it catalyzes the import of ferric ion complexed with
citric acid (ferric citrate) . The transcription of the fec operon genes is regulated by Fecl, an alternative sigma
factor, and its regulator FecR, a single-pass transmembrane protein. We demonstrated that RseP plays an
essential for the ferric citrate-dependent transcriptional activation of the fec operon by directly cleaving FecR.
We found that FecR receives sequential processing at the membrane. Our results indicate that RseP is
responsible for the last step of the sequential processing and that the FecR cytoplasmic fragment generated by
the RseP-catalyzed cleavage activates Fecl. Our study unveiled a novel physiological role of RseP that is

essential for the regulation of iron uptake through the intramembrane proteolysis of FecR.
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This laboratory aims to elucidate the mechanism of organ remodelling in response to physiological
changes in the body. In particular, we focus on maternal organ remodelling during pregnancy from the
perspectives of tissue stem cell dynamics, multicellular / multiorgan network, and mechanobiology. We aim
to reveal the crosstalk between maternal body and fetus, and how the remodelling of maternal organs, such as
abdominal skin and liver, contributes to the fetal growth. We also aim to apply the maternal remodeling

mechanism to regenerative and anti-aging medicine.
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1) Delineation of biliary epithelial cell dynamics in maternal liver during pregnancy

In pregnant mice, the maternal liver expands drastically during gestation, which is believed to be essential
to accommodate various metabolic demands caused by physiological changes and fetal growth. Although
hepatocyte proliferation and hypertrophy have been reported, little is known about the dynamics of biliary
epithelial cells (BECs), which comprise the bile duct epithelium in the liver. Here, we show that BECs
transiently proliferate during the early stage of gestation. Lineage tracing revealed that BEC progeny were
retained in the bile duct epithelium and did not differentiate into hepatocytes, indicating BEC self-replication
during pregnancy. RNA-sequencing analysis of BECs identified their early pregnancy-signature
transcriptomes, which highlighted Yes-associated protein (YAP) signaling-related genes. Nuclear
accumulation of YAP was enhanced in BECs during pregnancy but was barely detectable in hepatocytes. In
addition, the pharmacological inhibition of YAP attenuated BEC proliferation and liver weight gain during
pregnancy. Our results delineate the proliferation and transcriptomic dynamics of BECs during pregnancy and

suggest the relevance of YAP-mediated signals.

2) Discovery of anti-inflammatory physiological peptides that promote tissue-repair by reinforcing
epithelial barrier formation

Epithelial barriers that prevent dehydration and pathogen invasion are established by tight junctions (TJs),
and their disruption leads to various inflammatory diseases and tissue destruction. However, a therapeutic
strategy to overcome TJ disruption in diseases has not been established because of the lack of clinically
applicable TJ-inducing molecules. Here, we discovered TJ-inducing peptides (JIPs) in mice and humans that
corresponded to 35-42 residue peptides of the C-terminus of alpha 1-antitrypsin (A1AT), an acute phase anti-
inflammatory protein abundant in circulating blood. JIPs were inserted into the plasma membrane of
epithelial cells, which promoted TJ formation by directly activating the heterotrimeric G protein G13. In a
mouse intestinal epithelial injury model established by dextran sodium sulfate (DSS), inhibition of JIPs
impeded the restoration of TJs in regenerating intestinal epithelial cells, whereas mouse or human JIPs
administration restored TJ integrity and strongly prevented colitis. Our study has revealed TJ-inducing anti-
inflammatory physiological peptides that play a critical role in tissue repair and proposes a novel therapeutic

strategy for TJ-disrupted diseases.
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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. In 2021 we accomplished a project of controlling
cell-fate specification system by a small number of genes identified from information of a network by our
theory. In addition, we have developed research using mathematical models for multiple biological

phenomena. We also wrote and published a textbook on theoretical biology.

1) Complete control of a gene regulatory network of ascidian embryo by a few factors identified by a
mathematical theory

We have many examples of large networks consisting of many species of bio-molecules and interactions
between them. It is believed that the dynamics of molecular activities based on such networks are the origin
of biological functions. To understand the dynamics of complex systems, we have developed Linkage Logic
theory, by which key molecules to identify/control the dynamics of a whole system can be determined from
information of the regulatory linkages alone. We have applied the theory to the gene regulatory network
(GRN) for fate specification of seven tissues (epidermis, brain, nerve cord, endoderm, notochord,
mesenchyme, muscle) in ascidian embryos. From the analysis we found that the dynamics of the network
including more than 90 genes can be identified/controlled by only 5 genes (Foxa.a, Foxd, Neurog, Zic-r.b, Erk
signaling) . This implies that cell fate of ascidian could be controllable just by manipulating activities of the 5
factors, if the information of the GRN is complete. We verified the prediction by combinatorial experiments
of knockdown and overexpression, and obtained the results that six out of seven tissues except for muscle
could be induced by manipulations of these 5 genes. These results, at the same time, suggested that the
experimentally reconstituted GRN might be incomplete and lack information sufficient to reproduce muscle
cells.

Here, we analyzed the GRN by combining linkage logic and experiments, and succeeded in updating the
network system and to control the dynamics of the system completely. We utilized linkage logic theory as a
tool to identify candidates of missing edges in the GRN. We found that one of the candidates does exist
actually. From an updated version of the GRN, we identified 6 key factors (Foxa.a, Foxd, Neurog, Zic-r.b, Erk

signaling, Thx6-r.b). Then, we confirmed that manipulating the activity of the 6 factors was sufficient to
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induce all seven cell types (Fig. 1).

In the study, the linkage logic provides two strong information: (1) a criterion to determine whether the
network structure contains sufficient information to fulfil expected functions, and (2) candidate missing edges
if the network information is not sufficient. We believe that our approach combining the linkage logic and

experimental verification will promote understanding for many biological systems in life sciences.

2) Developing a new method for predicting gene regulatory functions from gene expression patterns
We developed a method to estimate the regulatory function from a list of gene expression patterns under
the Boolean function, and applied it to 13 genes expressed in the 32-cell stage of ascidian. From the gene
network identified previously, transcription factors for each of the 13 genes were identified. Expression
patterns in each cell observed in wild-type and mutants provide information on the output of each gene for
input of regulator expressions. In the following, this is called the truth table T™:{0,1}*» - {0,1}, (n =1, ...,13)
(, where k, is the number of regulator of gene n). Given a complete truth table, the Boolean function
representation is determined uniquely. However, it is usually impossible to obtain complete truth table from
experimental observations. Therefore, we consider a problem of "finding a consistent and simplest disjunctive
normal form for a partially given truth table." The Quine—-McCluskey method is known as a conventional
method for this problem, but this method may need too many searches to determine the simplest form in
practical time. Therefore, we developed a new method. That is, after listing all conjunctions (AAB, etc.),
(i) remove conjunctions whose output is 1 for any s such that T"(s) = 0, (ii) remove conjunctions whose
output is 0 for all s such that 7"(s) = 1, (iii) select the simplest one that matches the truth table from the
possible logical sums of the remaining conjunctions. By this method, we succeeded in uniquely determining
the regulatory functions for all 13 genes. From the obtained functions, we found that some conjunctions are
used commonly among multiple genes. These common conjunctions may correspond to regulatory modules

in cis-regulatory regions. (Fig.2).

3) Mathematical studies for biological phenomena

We studied some biological phenomena using mathematical modeling by collaborating experimental
biologists. The projects include: (1) Studying metabolic reprogramming in cancer cells, (2) Studying a
mechanism for the independent regulation of multiple checkpoints in the cell cycle, (3) Analyzing self-

organizing pattern formations on the surface of vessel cells in plants by a reaction diffusion model.
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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

research.
In the Year 3 of our lab history, Mr. Shafiqul Islam, a PhD student who affiliates with Graduate School of

Medicine, joined our laboratory. However, as the COVID-19 pandemic continued, he was not able to come to

Japan during his first year and thus took a leave in the second semester. He is aiming to resume this study in
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April 2022. Ms. Raghda Khatab continued her research student in 2021 and successfully passed the entrance
exam for the Master course in Graduate School of Medicine. As a stuff member, Dr. Fumihiko Kawamura

joined and started his work in our laboratory.

In this year, we published one of our international collaboration projects we contributed to with our
CRISPR-KO screening technology (Collier et al.). This collaboration was with Dr. Peter Rugg-Gunn at the
Babraham Institute, Cambridge, UK. In a Cell Stem Cell paper published in 2017, his group identified a
series of cell surface proteins that can faithfully distinguish the two pluripotent states, namely naive and
primed pluripotency. Routinely cultured human pluripotent stem cells (PSCs) are in the state called primed
pluripotency. These cells are known to be reprogrammed with an appropriate cocktail of inhibitors and
cytokines into a more immature state, termed naive pluripotency, which corresponds an earlier stage of
human development. However, the molecular basis of naive reprogramming has not been well understood. In
our collaboration, we sought to identify genes involved in naive reprogramming with CRISPR-KO screening
combined with the cell surface markers. We could identify a number of genes that when knocked out either
enhance or inhibit reprogramming and found that these genes were enriched in epigenetic machinery. Among
them, we focused our analysis on polycomb complex1.3 (PRC1.3) and found that this complex suppresses
their target genes during reprogramming and ensure that cells turn into the naive state. HDAC2 showed an
inhibitory effect on reprogramming. By adding HDAC?2 inhibitors into the reprogramming cocktail, we could
increase reprogramming efficiency by twofold. Since there are still genes that have not been analysed, further
analyses would provide deeper insights into naive reprograming and could provide novel ways to generate

these interesting cell types.

In another published work, Dr. Aoki described human niches for hematopoietic stem cell (HSC)
maintenance. Most blood cells are generated from HSCs, which are maintained by special
microenvironments, known as niches, in bone marrow. Recent studies have demonstrated that CXC
chemokine ligand 12 (CXCL12) -abundant reticular (CAR) cells are the major component of HSC niches
in murine bone marrow. CAR cells, which strongly overlap with leptin receptor (LEPR) -expressing cells,
are the specialized mesenchymal stem cells characterized by several salient features, including high
expression of CXCL12, stem cell factor (SCF), the transcription factors forkhead box C1 (FOXCI1) and
early B-cell factor 3 (EBF3), which are essential for the maintenance of HSCs. However, the human
counterpart of CAR cells has not been fully described. In this study, we showed the presence of cells
expressing much higher levels of CXCL/2 mRNA than other cells in human adult bone marrow using a flow
cytometry-based in-situ technique that enables simultaneous detection of mRNAs and proteins within
millions of cells at single-cell resolution. CXCL12"e" cells strongly overlapped with LEPR™ cells, expressed
much higher levels of SCF, FOXCI and EBF3 mRNAs than other types of cells, had the potential to
differentiate into adipocytes and osteoblasts in vitro, and were identified by EBF3 staining in human adult

marrow sections. Although CD271 had been used as a marker for bone marrow mesenchymal stromal cells,
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CD271" cells contained CXCL12"e" cells and CXCL 12" osteoblastic cells. We analyzed the gene expression
of LEPR™ cells isolated from residual bone marrow aspirates of patients with myeloproliferative neoplasms
and found that LEPR" cells from chronic myeloid leukemia patients expressed reduced levels of CXCLI2,
SCF, FOXCI, and EBF3 mRNAs in correlation with increased leukemic burden. Thus, we identified the
human counterpart of CAR cells, enabling the evaluation of their alterations in patients with various

hematological disorders by flow cytometric and histological analyses.
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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
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
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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.

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
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 BCAAs 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.
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We aim to understand the cellular and molecular mechanism of the growth 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 optical 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
levels following pulsed or prolonged light exposure, and which have different activation/deactivation
kinetics. These systems offer optogenetic tools for the precise manipulation of gene expression at fine

spatiotemporal resolution in mammalian cells (Fig. 1). In this year, we have succeded in developing more

-136 -



sensitive and different color-resposible PA-Tet transcription factors.

2) Reguratory mechanism of neura 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 highlight 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. In this year, we have shown that this regulatory mechanism is critically important in the
neural stem cell of the adult mouse brains. 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.
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We study on antiviral innate immunity, develop new therapy for viral infection and study on autoimmunity
caused by dysfunction of viral RNA sensors. Below are list of our research projects.
1) Study on the mechanism of host cell death by viral infection
2) Study on the mechanism of sensing viral RNA by innate immune sensors
3) Use of rice bran derived double-stranded RNA for prophylactic and therapeutic purposes against viral
infections
4) Establishing new animal infection model for hepatitis B virus
5) Screening of anti hepatitis B virus chemicals by using cccDNA inhibition assay

6) Study on autoimmunity caused by dysfunction of viral RNA sensors
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This laboratory aims to elucidate the pathogenicity and develop therapeutic and prophylactic methods for
viral infectious diseases and comprehensively analyzes the infection of retroviruses (HIV, SIV, SHIV) and
Coronavirus (SARS-CoV-2) at the molecular level, cultured cell level and infected individual level (Fig. 1).

Representative research progress in 2021 will be described below.

Long-lived cells among heterogeneous macrophage populations maintain viral load in a highly
pathogenic SHIV infected Rhesus macaque during combination antiretroviral therapy

One major obstacle for HIV cure is “viral reservoir (s)”, also known as long lived infected cells, during
combination antiretroviral therapy (cART) . Although most of effort for HIV reservoir research has been made
on the characterization of resting CD4+ T cells, recently, it is reported that macrophages might greatly
contribute HIV persistence. Honeycutt and colleagues reported a possibility of HIV persistence in
macrophages using a humanized myeloid-only mouse (MoM) model. They only found short-lived infected
macrophages but suspected the existence of long-lived infected macrophages in HIV-1 infected MoMs. To
further support the importance of macrophages on viral persistence, here, a highly pathogenic SHIV-KS661
infected Rhesus macaques were treated with cART, and we quantitatively analyzed several time-course

datasets. During the initial 3-4 weeks of infection, a systemic depletion of CD4+ T cells in the macaques were
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induced, and followed by the later “macrophage phase” in which most of the virus-producing cells are
macrophage. Surprisingly, we found the decay of viral load showed tri-phasic curves under cART during the
macrophage phase. This implies that at least there are three macrophage populations having different
lifespans. We also estimated the half-life of the longest-lived macrophages is around 346 days meaning the
macrophages maintain viral load above detection limit for 3.5 years under cART. Furthermore, using
immunofluorescence staining technics, we identified the viral-RNA-expressing macrophage in spleen of the
macaque with cART. These observations represent the first evidence that heterogeneous long-lived
macrophage populations exist and maintain viral load in years in SHIV-KS661 infected macaques with cART

(Fig. 2).
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Our laboratory was established in 2013 for active and effective collaboration with Primate Research
Institute of Kyoto University. We are investigating the mechanisms for the viral persistency and pathogenesis
of intractable viruses, including human immunodeficiency virus (HIV) and human T-cell leukemia Virus Type
1 (HTLV-1), by employing novel non-human primate models for the viral infection. We also seek to

contribute to the development of new therapeutics and antiviral vaccines.

Evaluation in the efficacy of HIV cure therapeutics in a non-human primate model of HIV infection
Despite effective suppression of virus replication and maintenance of undetectable virus loads for years,
elite controllers (ECs) are at the risk of losing the control over HIV-1 infection and progression to AIDS.
Considering the risks for ECs without treatment, finding the proper timing of antiretroviral treatment (ART)
initiation is indispensable. One problem remaining is to show evidence that ART initiation in the ECs who
still control the infection is reasonable and that ART is beneficial to ECs. The most recent international
guidelines state that the clinical benefit of ART in ECs is unclear, making it difficult for clinicians to decide
the timing to start ART in ECs. Recent research in our laboratory showed that the ratios between virus CA-
RNA and CA-DNA (R/D ratio) in the lymph nodes served as a marker for the level of active virus replication
in a non-human primate model of latent HIV infection. It was also shown that the R/D ratio in the monkeys of
the long-term latency group were significantly lower than that in the loss-of-control group, indicating that this
high R/D may be associated with the loss-of-control. Furthermore, the ART efficiently reduced the active

reservoir size in the lymphoid tissues. These results provide first direct evidence of the lymphoid tissue virus
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reservoir reduction under ART in EC. On the basis of these results, we are planning to examine the effect of
latency-reversing agents together with ART on the reactivation and elimination of the HIV reservoir cells in

the macaques.

Immunization with autologous PBMC:s efficiently activated STLV-1-specific CTL and reduced proviral
loads in naturally STLV-1-infected Japanese monkeys

A small proportion of HTLV-1-infected individuals develop adult T-cell leukemia/lymphoma (ATL), a
chemotherapy-resistant malignant disease with poor prognosis. HTLV-1 Tax-specific cytotoxic
T-lymphocytes (CTLs) act as an anti-tumor/virus defense system, which is impaired in ATL patients. Vaccines
to activate these CTLs are expected to contribute to anti-ATL therapy and prophylaxis. Here, we aimed to
develop a new immunotherapy for activating such CTLs, by using autologous peripheral blood mononuclear
cells (PBMCs) as a vaccine, based on our previous finding that ATL cells express viral antigens and become
immunogenic following short-term culture. To examine this possibility, we used Japanese monkeys naturally
infected with simian T-cell leukemia virus type-1 (STLV-1), which is closely related to HTLV-1. The infected
macaques were immunized with MMC-treated autologous STLV-1-infected PBMCs. We found that STLV-1-
specific CTL responses were markedly induced by the immunization, which was in parallel with lowered
STLV-1 proviral loads. These findings will provide evidence that the autologous PBMCs may activate STLV-
1-specific CTLs and control STLV-1-infected cells in vivo, implying the potential use of autologous PBMCs

as a new therapeutic vaccine candidate against ATL.
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Most viruses have been discovered as pathogens that induce a variety of diseases in the hosts. By the
development of sequencing analysis technology, we noticed that there are still many unidentified viruses, and
most of them are nonpathogenic. Furthermore, retroviruses infected germ-line cells in the past and became
endogenous retroviruses which confer physiological functions in the hosts. In 2021, we discovered an ancient

virus-derived gene regulatory mechanism hidden in the mammalian genome.
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1) An ancient retroviral RNA element hidden in mammalian genomes and its involvement in co-opted
retroviral gene regulation

Retroviruses utilize multiple unique RNA elements to control RNA processing and translation. However, it
is unclear what functional RNA elements are present in endogenous retroviruses (ERVs). Gene co-option
from ERVs sometimes entails the conservation of viral cis-elements required for gene expression, which
might reveal the RNA regulation in ERVs. Here, we characterized an RNA element found in ERVs consisting
of three specific sequence motifs, called SPRE. The SPRE-like elements were found in different ERV
families but not in any exogenous viral sequences examined. We observed more than a thousand of copies of
the SPRE-like elements in several mammalian genomes; in human and marmoset genomes, they overlapped
with lineage-specific ERVs. SPRE was originally found in human syncytin-1 and syncytin-2. Indeed, several
mammalian syncytin genes: mac-syncytin-3 of macaque, syncytin-Tenl of tenrec, and syncytin-Carl of
Carnivora, contained the SPRE-like elements. A reporter assay revealed that the enhancement of gene
expression by SPRE depended on the reporter genes. Mutation of SPRE impaired the wild-type syncytin-2
expression while the same mutation did not affect codon-optimized syncytin-2, suggesting that SPRE activity
depends on the coding sequence. These results indicate multiple independent invasions of various
mammalian genomes by retroviruses harboring SPRE-like elements. Functional SPRE-like elements are
found in several syncytin genes derived from these retroviruses. This element may facilitate the expression of
viral genes, which were suppressed due to inefficient codon frequency or repressive elements within the
coding sequences. These findings provide new insights into the long-term evolution of RNA elements and

molecular mechanisms of gene expression in retroviruses.
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simian foamy virus and analysis of their infection dynamics. &5 44 [n] H A5 E Wy 7 25 45 25 AR IR T
2021 4F 12 H 13 H

HIRFSE R auF o4 V20K ESHBOREE  HARIFEZAEIN 30 FFERLaHHES, 4
Y54, 202146 H 4 H R

HIRFsE Hiflaad 7 4 VA (SARS-CoV-2) (2B B Aged X & vy 55 21 [l H ARPUmscF 4
Way, RUEBHFRCERTE. 2021 4F 6 H 27 H (RFriknR)

HIRFE LMoo VAL HAHEOMEL BRREERBEME NN 70 07 10 THEESR
MMIBEEIF—, T4, 202148 A 25 H FRFrikE)

HIRFE L Ma oA VZAORIEE fEEOMEL 5114 W HARBRAEY X RE T4 2.2021
f£9 H 23 0 (3BfrakiE)

HIRFR BYWoanF A VAMENPSEZ LTI aaF T4 IV AXK HWERFEE—ETHR
I+ —2021, HEESWAFT, 202149 H 26 H (3BFEE)

HRESRE TANVREOA L M ar 4 VA ZHABOML 5 161 BIBUEEYE I F -1
eI = . 2021 4E 12 A 10 B (3RfFa%E)

HIRFEE ANV ETL, BE ANV ADOIIEAL 525 W H AR S EREFSFMARES,
Y4, 20214612 H 19 B (RF#E)
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Research Center for Infectious Diseases
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Reproductive Engineering Team

A M (28 ¥J  Senior Technical Specialist Hitoshi Miyachi
i Mk e JL¥ & 2%  Technical Specialist Satsuki Kitano

<7 AR T — A IR IERGIE T T VAT v —#EE R B RO T T 7 ARG O B
RAEEEILD T VATV 2w 7T R (Tg) /v 2777 <7 R (KO 7/ LfHE<T T A
(CRISPR) DIFREEZIT > TWhoe Tz, AIHTHEA 2 v, RAZRIC L 2~y 2Aan=—
DR, FE= T AMER B X ORGA AN ORIV EESG b TR HETH %0 sEMIZ OV TIEHR—
ANR—=T % THRNTEE 20

https://www?2.infront.kyoto-u.ac.jp/tgkoivf/ #Z 3 M DOFEAIL TELOMY Th b,

1) D SHRRAF

2019 4F 248 Rt 59,031 1
2020 4 267 Rt 44,428 1
2021 4F 215 Rt 40,528 1

2) VI UVAT = v 2 ADER

AR g IR %
2019 4 30 12,554
2020 4 2 938
2021 4 6 3,365

3) CRISPR/Cas9 ¥ A5 A2 X B8t~ ZA DR

AR g IR %
2019 4 97 34,226
2020 4 97 36,184
2021 4 97 38,469

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

2019 248 strains 59,031 embryos
2020 228 strains 44,428 embryos
2021 215 strains 40,528 embryos

2) Transgenic mouse production with cloned DNAs

No of injected constructs No of injected embryos
2019 30 12,554
2020 2 938
2021 6 3,365

3) CRISPR/Cas9

Number of requests Number of embryos used
2019 97 34,226
2020 97 36,184
2021 97 38,469
List of Publications

Oda, Y., Takahashi, C., Harada, S., Nakamura, S., Sun, D., Kiso, K.,Urata, Y., Miyachi, H., Fujiyoshi, Y.,
Honigmann, A., et al. (2021).Discovery of anti-inflammatory physiological peptides that promote
tissue repair by reinforcing epithelial barrier formation. Sci Adv 7,eabj6895. 10.1126/sciadv.abj6895.

Ichijo, R., Kabata, M., Kidoya, H., Muramatsu, F., Ishibashi, R., Abe, K., Tsutsui, K., Kubo, H., lizuka, Y.,
Kitano, S., et al. (2021). Vasculature-driven stem cell population coordinates tissue scaling in dynamic
organs. Sci Adv 7. 10.1126/sciadv.abd2575.
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Center for Animal Experiments

Bz - MiEk R GE¥) ik ¥ Prof. Gen Kondoh
dEEdR GiEB) M EF Assoc. Prof. Keiji Hirota
B # JEH [  Assist. Prof. Hitomi Watanabe

Y TIE, A 24EES v b 1298, 7 A #912,000 ILASEBRBIW & LCMESN, 2
NoOFEBRE O HEWLET - FHEHIZ 1 4. #EHIZ 1 4. D  4. BaliikE 3 4. FEEE)
BE 1844 TIToT\Wwa,

B EBRZAT O 7o TE, Earfmdl - BiEnkC 0 OB & BB % L CHEMET 5 FHDVKHT
R’THob, ZORAZFM-BIES 5720, BIWEBRICIEHET 28513 BIWFEEBRICE 3 2 58 -
WHEL FEERE O N FTEEIZOWTOEFHE B L ONGEE 22l T 5 2 L PERBMF T O
TWwWab,

oML U CHEIETWE - 7/ AE< 7 AOER 2T o Twb, AL, B &5
DHPP S R CEM ORI R R " % 0T T & 7225, JL4E. TALEN % CRISPR-Cas9 7/ A #i 4 i:
% H 726 5 2 AR T - BRI A~ 7 ZMERBA2SFZE S 7z, Bk TD T b 2w
WD AL, AR 60 R E OB TRE - 7 AimE~ 7 ADOVERIZHED 5 72,

Experimental animals, such as mouse and rat 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

Takeuchi Y, Ohara D, Watanabe H, Sakaguchi N, Sakaguchi S, Kondoh G, Morinobu A, Mimori T, Hirota
K. Dispensable roles of Gsdmd and Ripk3 in sustaining IL-14 production and chronic inflammation in
Th17-mediated autoimmune arthritis. Sci Rep. 11:18679. (2021).

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. 2021 Nov 1. Online ahead of print.

Kawakami R, Kitagawa Y, Chen KY, Arai M, Ohara D, Nakamura Y, Yasuda K, Osaki M, Mikami N, Lareau
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CA, Watanabe H, Kondoh G, Hirota K, Ohkura N, Sakaguchi S. Distinct Foxp3 enhancer elements

coordinate development, maintenance, and function of regulatory T cells. Immunity. 54:947-961.

e8. (2021).

Nakagawa, T., Jorg, D. J., Watanabe, H., Mizuno, S., Han, S., Ikeda, T., Omatsu, Y., Nishimura, K., Fujita,

M., Takahashi, S., Kondoh, G., Simons, B. D., Yoshida, S. and Nagasawa, T. A multistate stem cell

dynamics maintains homeostasis in mouse spermatogenesis. Cell Reports, Oct 19;37 (3):109875. doi:
10.1016/j.celrep.2021.109875.

ANEJSH, BEMER] THCOSRIEREICED S THIIOREK T - B3RS - 7573 7H%E
DHI > TB L RERFORET & E OB ] - Hetfhd ki 2 p.203-213. 2021 48 H 31 H
ZET)

BEER [ SRAENE Th17 M X 2 HARAE DL | RAE & g, JoimE a4t 29 % 5 %5 15-17,
2021 4 8 H 20 547

HER THREDH - TEB L RNEQIEF DV F : Pathogenic NIV 73— T HHE & KR IE | - U0 -
BRZEDHWH, [ pkHE H kit p48-53. 2021 4 8 J] 25 FAT

List of Presentations
Ohara D, Takeuchi Y, Watanabe H, Kondoh G, Hirota K : Foxp3+ regulatory T cells suppress chronic

inflammation and fibrosis in the liver by regulating tissue cellular immunity in CCl4-induced liver

injury. The 50" Annual Meeting of The Japanese Society for Immunology. 2021 Dec. 8-10
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Center for Human ES Cell Research

VPR 2L A o0 B
Laboratory of Embryonic Stem Cell Research

HEH % A X Assoc. Prof.  Hirofumi Suemori
HEH % JII3E 5 N BR Assoc. Prof.  Eihachiro Kawase

Falde b ESHILOERIGH Z Bg L 728 B02e 27> T\nb, STNE TITH L L7z + ESHH
Ja bk iZEIN ORI L 2 NZ < DIFZER A LT ST wb . T 72 BS Mifa o Kb+
RN TACD 531 BEEE DN DML, L AEVED E R L O RFE 7% SRS B W TR R OB
MM EEZ B o Twd, b b ESHIMOEBRAFHO 2o OMle 7ot ¥ Fiigcz A L. &b
ES flifak oMz, Kig, BfE, SEREE, LEVEMEIRTEZ D72 2 B Bl g ) ORI #E R O HE
HrfToTWwWh,

1) & ESHBROBI . & EBRRISH %2 g U7z L8 n5e

t b ESAHIERk. & & iPSMilutkZ Lo ML rgtEiirkiE. BRI E R H Al )
V=L LTHIfEENTWD, TN FETITB L7zt b ESHIRRIE 50 7L Lo FZe5Hm 120t LT
GERENE L O REREP LT ONTVE, ZNSOEEEBROBKRATICERT 5 LT, LE
& 7% B % RE AL ORI R IR B O BT & L2 ATV ZOECRIG e b ES/PS Mt & v 5
WIZEBSE CIL I SN Tw 5,

2) M7 at s vy FiEEic X 2R t ES #ila N> 7 O

v b ES Mk e st AR R oA O IS L D L e b ES MO ERIRFI T T ol
AR bz TROHICHIG LT, B iCREmEE L NV Tor b ES MIaMROB 21T 72
DO EHED T E 720 BRI T 5 & b ES M3 A ERSEOREMOMREICET 5

Cell Processing Facility for clinical-grade human ES cells
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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,

llliEZS B H 3
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

COffiix % HWT 20174 6 H X 0 ERRH ES Ml oM 72 BME L. 2018 4F 5 H I3 WO T O
KM e ES MIRa bk o8 7 il i &SGR R R, BA @ KRS L, 2B S N7z, 2021 4 12 A
FTIZ6RDE b ESHIFBOER L AL Z 1T > TWho 5 b AEMBRRD <~ — 2 THIBLE % B %
LTV ZEDRTELLEERZ TN D, & MERBMEFMIIIIRR 7 1 — ¥ T & bR R il
B OMREN R 2SRV E SN TWS, ZO72OE ML OB CHTEER ORI I1X
IVEZL OMBHRPVLEI R D EEZOND, ZD20FA XL H30KOEREZHBEL TS, 5
BAERES 2 2 My ZIZEIRISH % Big L 72BN OWFZERE I I S bk~ PRI & v b
L% b, ZHetEEAE 2 oI RRIERIC B VT, iPS Ml 2. Ak & ES Mfark% #r
7o 7R YU & LTt Rk 5 2 LT BAREOREN - AREom LicE S35 2 & s
fFshs,

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

them to researchers in the fields of regenerative medicine.
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1) Establishment and analysis of human ES cell lines for clinical application

Embryonic stem cell lines are pluripotent stem cell lines which can be propagated indefinitely in culture
retaining their differentiation potency into every cell types of tissues in the body. Since establishment of
human ES cell lines were reported, clinical use of functional tissues and cells from human ES cells are
expected. In Japan, there have been many demands for use of human ES cells on basic and pre-clinical
research. We started to establish human ES cell lines using donated frozen embryos in January 2003 and
successfully established 5 human ES cell lines. We have distributed these cell lines to over 50 research

projects.

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

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

Based on these researches, we started derivation of clinical-grade hESC lines after governmental approval
of the project. We reported the derivation of the first clinical-grade hESC line, KthES11, in May 2018, and
total of 6 cell lines, by December 2021. Frozen stocks of these cell lines are ready for distribution to research

institutes aiming clinical application of hESCs.

List of Publications
Kawase, E., Takada, K., Nakatani, R., Yamazaki, S., Suemori, H. (2021) . Generation of clinical-grade human
embryonic stem cell line KthES11 according to Japanese regulations. Stem Cell Research 54 (July)

List of Presentations

JIHRSENRR, EHE, K& - B RFICB T AR e N ES MR, N F 7 m
BEAICBIT LT — 7 70 —0ORE 521 B HAFARBEASES, Bk, 202243 H 18 H

B, NS LR, KB v b ES MBI ERIC B 2R U F IR E L B 0RA B
21 B HARFAERBFFESES i 20224E3 H 18 H
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Computer Network of Institute for Frontier Life and Medical Sciences
B # (ES e Assist.Prof.  Keiko Takemoto

7AWV A - FAEREREZEINE. A WEB A b A SRR OMZE R % & & IRIICRAE L.
WFZET OiEE) & I8 SRR L TV b, FIRICHEEH WEB — N2 #H LT, BHEOEWIZH %Ik
WL I F—BOMHFRHEEIT>oTW5, T ZLOEAFARGH L X 2724y b
T—= 212X o THAE L, EBREN7F— 7 133LBDO NAS ICIY L rFHE L, F—7OfFLEY
PR EEEEMTL VAT LARHEL TV S,

WEAEROFT 2 0 FHATICE D 54D Zoom ZFHWHATENG A Y v =2 €% 20 7 1 i
HEZBMBL, THOWEHRY 79 v —omEIc%d s & LI~ FE2BLTHEREF2) 71124
T5ZFEDORIEMELT- 720

WEZET A v b7 — 7 EHITMA T IARIIRIEA Y =7 Y — D07 = S il 2175 T b, S4E
FEiX. & PEIE Y £ )V A HLTV OFRIEGSHBIC BT 224 V2D T v F & v ARG Y O
Fric#sb ., 7o F €2 A mRNADBEICENICEE )., BEOBEETOT 0 E— & HIRIREL
TWABIZEPHLNITR ST,

Institute for Frontier Life and Medical Sciences LAN system (Infront-LAN) has administrated by the
information security committee. Research results and other information are actively disseminated through the
official website, and the Institute's activities have been widely communicated. At the same time, an internal
dedicated web server is operated to make reservations for the use of shared equipment and seminar rooms
located in multiple buildings. In addition, we have established a system that integrates a large number of
shared equipment through a secure network, requires experimental analysis data to be stored on a shared
NAS, and safely manages the removal and movement of data.

This year, due to the outbreak of the COVID-19, we held a network security seminar for new employees
via Zoom. All network users are supposed to get certifications of training of e-learning course which is
provided by Institute for Information Management and Communication of Kyoto University.

In addition to network management of the institute, Takemoto has also analyzed data of viral antisense
transcripts in persistently infected cells with the human leukemia virus type 1 (HLTV-1). The study revealed
that retroviral antisense RNAs retained in the nucleus associate with chromatin and have transcriptional

regulatory function.

List of Publications

Ma G., Yasunaga J., Shimura K., Takemoto K., Watanabe M., Amano M., Nakata H., Liu B., Zuo X., and
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Matsuoka M. (2021). Human retroviral antisense mRNAs are retained in the nuclei of infected cells for

viral persistence. Proc Natl Acad Sci USA 118 (17) ¢2014783118
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1. India -Japan Webinar on "Rare Genetic Disorders" by Embassy of India. Genomic Study of Rare Diseases
of Skeleton. Oct. 16, 2020. Tokyo (web)
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[Fitness gene profiling in chemically reprogrammed hepatic precursor cells]
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-163 -



(E2HIRAOD SMLAREER & HEURHE ) D HHBIRZHT]

OWf7eftFEH KBRS RFERE - TSR IO Bk #ox
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OTANVR - BAEERAOZEILFENIZEE  J8E T X7 A6l5  k$E Tk #Bix
ONF ek o OWFFE R

v b EREHROBGERF2FE L. TORBAEICOWTERY Y A2 W THHT5Z L
W L7zo (https://www.nenp.go.jp/topics/2021/20210426p.html) D EKfE~ ™ ZETF NV O#ER%
JElS. & b ES MR O MES; € 7V & M TH %o

[BHSEAREICKSSREFAMEEOMREREICE D < BIEMRFT]

OWFgefEHE  HRRFRFBEESRMZER Hp % Bz

O A NVA - BAERRMZE LRI S A+ 2 Hh =7 250 % Fh #Hi%
OWF7e#E i Sz OWF 78 B
RGBT, ZRGEH ORI GICE 2R 2 HE, FHTLLVEETHS
B ZDOIIE, FHGHROFRB~ — 7 — 2SFEAER W 2 R R 2R 3 2 B 5
VDB B o AT, B~ — 7 — OB L MM Eh B ED XM TR 2 el E TV &

HESETH 2 &2 HIBL TV 5, 3, BHEREGHIE OS5 3 i BN .23 2 7 25 R 4%
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(MBRDRADI) PF VRV a VERBICEATRINAF A D) AHEK]

OfgefRFEHE HV 7+ V=7 K¥/N—27 L —8 Mohammad R. K. Mofrad #i%

O A WA - FAERFEMETLAIEE N+ X h =2 2580 &% Fh %
OWFgefE J OWFZE K4

ML 25KE % 72 71 FHRAC R L CISE T 5 2 EHM BN T WD RIFZETIE, B OIEENEBIAAE
T 5 EMEAs, R 2 R L CHIlB N — B EE R (NO) ARG ERL, TRF=Y R
DFBIZX), B2BETLIVET) Y IEBOREE 2 2WEMBSFEIRSEZ EICHERHL
720 AAEREIX. DHFMIBISE L LT, MBEHNO NOWCHEHT A2 T, BAMISGER T 551
DT R =Y A2 H 2SI Uiz < ZTAEE H kO B Mo L, dE I
S L2 E vy PEHWTERNZIIFRMEMA T2, ZO/RE, AT 208 mce b
ZWHITEN O NO B (F87R3E DAR-4 M HOUHERE) 2B L. 7R F—Y AWM ORETD %
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OWFFE R DR FE

mL

[iEMms - FIEEHIAR = v FOEHEBEICHT 59 FHiE & RS 2N AFA)
OWfgeftE KRR Eabkieifseft BE ER £z
O AN - BAEERAZEH LS wEaER T 250 G X #iz
OWFgefE & OWF7E 5

CNETOMRIZEY ., BRICHIET B/ EH A ¥ CXCLI2 % E5HT 2 /#8400 (CAR i)
A3, EMEHIE OMEFFICLHOM/NES:E (= v F) ORI TH S Z LWL NI -
720 EHIT CAR MM IR RIS FEBLT 2 55K f- Foxcl & Ebf3 25 MEHMN - &1 = v 7 D
K & AEFRRIC U TH B T & CAR MIFLIZ AT H O E La 3Rl s X ORI 2 ftG 5 % 32
R THSH Z & /R E N7 (Omatsu Y. et al., Nature, 2014, Seike M. et al., Gene Dev., 2018) o
. B MZBWTH CAR ML & FIFFFE QRS 2 HOMIBOFIES MR S N7z (Aoki et al., Br. J.
Haematol. 2021) o

—J5, B AIE (CML) €5V Td % BCR-ABL ¥ X 7 # {1 %8 A L7258 M
R~ 7 ZEEOMEHTICE D MO L7295 $0 CAR Ml Tl CXCL12, SCE, Foxcl 7 & O3 M
ML - 351 = > FREREIC LD B IR T ORBUKT 25RO SN2 T, BHIRETIXIZEAL
BHL TR WIREAHOBEE T ORI LARBO 5Nz 2O OBIZTIIINER KAEZR & D A
FLRICE > THESNS CAR MO TICHED 2 BELBIZT THLURENEZ ON
720 F ZTAMIETIX. CAR M DOZEE 2tk - TRBPEALT 25 W T OEmMT & 28 L7z
CAR ML OB EFNT 2 1TV = v FOEE L HAICBT 25 TH#E L MRBEzHO T2 e
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rHBE L7z,

M OMET 249 FEHO< 7 ZETFTWITB W TIHGE LT CAR Ml T LH-§ 2 R D
BIETIZDW T, E ORI D 72012 flox ¥~ 7 ADVER AT - 720 AT L CTIERT & 72w 7 R,
CAR HMBAF B Cre BB~ 7 A KW T 52 L1C X D CAR MIBAF R /R~ Y A 28 L 72, B
£, BoN~T ZOEHREB X OEIMESE T T VEIIBI 450 & CAR ML OREREIZ
LD 2 AT L TV 5o
OWfFe R D83
(FEFs0)

Kazunari A., Kurashige M., Ichii M., Higaki K., Sugiyama T., Kaito T., Ando W., Sugano N., Sakai T.,
Shibayama H., HANDALI Clinical Blood Club, Takaori-Kondo A., Morii E., Kanakura Y., Nagasawa, T.
Identification of CXCL12-abundant reticular cells in human adult bone marrow. Br. J. Haematol. 2021 doi:

10.1111/bjh.17396. Online ahead of print.

(B RICH T 2B AR ELOEMFIEE]

ORF7EEHE  FURRIF LR R AR 5e R /UK fIBL 2%

OY A NVA - HAERMAETILFEMEE medfk7oe 208 Gk X 83
OWFFERE s S OWF 78 R

IO BRI X 5 24 KM B OBREZ 2, EWEIBHREETE L TEIE LRV THEL Tw
%o Z OBEHRERHIBRIE N AR RE 7 P EIS S 5, A BHOIETH %o MiFLH
DOBEHREET ORI L M TH 225 &EFOMIMTY XL Z2HATEY, BEFEEIHE S TE
BINTLBZEPHOLNT VS, ZNE T, BEHKEIPHHEHEETH 2 WL EBOA LR ST,
PHESEE 72 EOMIBL L XNV ST S 2 & %278 L7z (Yagita et al, Science, 2001) . & 512, g
L~V OREH KRR b & et 375 2 L 2B 522 L (Yagita et al, PNAS,2010) . E A58 2 4110
2BV Tid, BEHREHREI O 27 2 Y R—4 & PO EPEEIH S THE I L 2P H6RIILT
&7z (Umemura et al., PNAS, 2014, 2017)

ARILFIFZEIC BT B H REEHRE)2SEIH] S T B 5800 BT 2 OB H R EHPHIF A
DEWHAR R II OV THEN #7720 TORER, BEHIFEHRE A v b7 — 27 O Z S5
&R o TR S AE 9 A W RETE DS H % 2 & AVRIE E 72 (Umemura et al., bioRxiv, 2020) o
INHDOZ ENDL, WEIE. BEHEFFHIRE 2 AMBERHH S A7 L THH EEZ LN TE 72N
AEFEAZ BT HRERTO X A v 7755 ON/OFF &5 X 9 Zilli#liAs s S, Z oML ki 7
BTz ) AT A9 - fE SN TwE 2 ERERLNS,

OBFFEBER DR

(FEF L)

Umemura Y, Koike N, Tsuchiya Y, Watanabe H, Kondoh G, Kageyama R, Yagita K*. (2020) CLOCK/
BMALI interferes with segmentation clock oscillation in mouse embryonic organoids. bioRxiv

2020.10.30.362830; doi: https://doi.org/10.1101/2020.10.30.362830.
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(ips HilRE T/ LREZRAVEHEDSVHARFHRNG* 77— T HROBAL]

Omf7EfEE  BRIEMRSE B RE HiR

O A WVA - HAERFAEF RIS HAERREADE R R Bi%

OWFFEfEE K OWFFER:

ARWEFEIE. S ABUERE R T Mg & iPS Mlldsidr 2 W CTF 7 — THIlBZ AT 2 ke &)
HEIELILEZHMET S, PAPERRNZ THRZEER (TCR) B2 7 / 2L A
Ty MREEEE VT, iPS MO NAENE TCR IR THEAN/ v 7 4 452 LI128 D, TCR OAHE
)7 SR & B WL NV AL, 2L ) ERETF 7 — G oA Tl % %)%
FME 5 52 L kAT,

FIEBRZMEL S 572012, & b T AEE MEAR Jurkat M EEANHEEZF A2y b/ v
74 ey PERRZITVVEALZTCR ZIEL CFEHEESH T LIEI L7z, €2 TiPS Al
THFABRICEAMEEE T A2y b v 24 v gk y NIRRT 0BT 2 7w, 7TaE—
F—DUREHIZIVIELL hty MR ENZ270— Y 2B5 2 LN TE, ky PR TE
70 —2IZBWT, THIIRALFE S &, GO APUERRN T 7 -Gz R o 2 & 2R L 72,
INFE CREGEEORE VA20-1 BIZTO7BE—5 —%, JBRMICEAINEEEZE T2y PO
WIS AT 2 THIENE TCREBIZ TS/ v 7 4 Y L TRz, £2 Ty &0 AWM 2B IR
REEEHT L7010, WEED VA20-1 EinT- & D #EET-HOK 700kb % K& X4, AT VDI
B ZRZ L2 iPSHIBLTA LY bD ) v 2 4V &4T o720 FO/EYE, V-D B HHI % K& & 272 iPS
Mg 2 ER L. NAEME VA20-1 T e E— ¥ — FICEAIMMEZT A2y V22 v 74 v L7z u—
YERBLIENTE, BUE, Zhooruo—r& THIN L HMEFESE T 5,

T L CRHDO D AHUE 2 B & § 5 TCR BIRF D HEED A7z, BARMIZIE, MHC AED A
=7 A VU OESME A MHC ~NT 2 OH VAL, BESIEE L7z PD-1 Btk T Millao &
YTV D TCRafA L BROBR T2y N TEHHBE L7, 209 HIBUHE O &V TCR #
Z¥%, e MiPSHlE»SFELZ THIBNL by A V22 HWCGEAL, G L 5L
72 A, MBI BT E 5 TCR BIZF 2 HHFEET 5 2 A TE& 7 Gttt .
OFFE e S OEEIISHT 5 72012, AR B W THRKERm AR S IIHEAA S ¥ 7L o fifl
ez, ISR T 5 THIFRD > ¥ 7V &)V RNA-Seq T # 47>, TCR L/7S— b 7T %2 17 -
720 BUE, MBHEOE W TCR Bzt y P2 ATERL, LR A VANT & —~fHALT
Wb,

OBWFFEBER DR

(FEFs0)

1. Maeda T, Nagano S, Kashima S, Terada K, Agata Y, Ichise H, Ohtaka M, Nakanishi M, Fujiki F,
Sugiyama H, Kitawaki T, Kadowaki N, Takaori-Kondo A, Masuda K, Kawamoto H. Regeneration of
tumor antigen-specific cytotoxic T lymphocytes from iPSCs transduced with exogenous TCR genes.
Molecular Therapy - Methods & Clinical Development,19:250-260, 2020.

2. 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. Isolation of TCR genes with tumor-killing activity from
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tumor-infiltrating lymphocytes in a tumor rejection cynomolgus macaque model. (G SCHEH HE i H)

(FRFEFHR)

1 SpHRA R KRB, BT, BHE T A 2 BRRE 5 AmEL ey
b3S 2 72 DS APURAR SR TCR BR8N OB . 25 24 Il HARDPAIEFRIRE
(2020 4£ 10 A 8-9 H)

2. PR AR AR, HERE. AKEIG. MG CFHSET. ANEE—R,
PR 3. AR 28 MR RAE. 7 =7 A WL o lEEHRE T Ml & g5 % A3 % TCR #ix
T HHEST 2 6 24 Ml HARDAGEF SRS (2020 45 10 H 8-9 H)

3. BROME. [PD-1WFZEICBIT A [kl ~iPSHILE & =27 4 )& F\ 7228 A SRR o B
51 HARS A 375 X~ Fa5 FeilaiE (2020 4F 10 4 15 H)

4. W& OME. [iPS MIFEHROBA THINLE H =27 A FNEH IS ARERTORTE] 45 b A
AUV —=T+—FA5KE (20204 11 A 21 H)

5. FHRAL TEEEOR. AKBFEGE. MHEE . WA . B RE CTCR Aty MET OB A3
ABUE TSN TCR #AE T 2 WTEME TCR BTN L B ATE % iPS Ml & Mifa &
PET Ml % FAET % . 55 43 1ol A FAEW A4S (2020 4F 12 H 2-4 H)

6. ~FHSEL. AR, R, RIBEAE. BB, KEHE. MHEE T IIFRAL TR
o CPHEET NS OHE 3. B RE. =7 A PV oOEGIEHE T IVICEBIT 5
Bei T il & OMESHEREZ > TCR #inF O HEE . 545 43 ol H AW 342 (2020
12 24 H)

[BARRER & N0 IC & BEMmER MBI FI 5 D ARAA]

OWfgefEE  WRRFER AR ERPE - sES R ANE B B

O A NVA - AR ILFIZE S 25A - Wil 7 vty phl 85 #d%
OWFgE#E# [ OWFZER R

MBS 7 8 LT TP IANRZVHEGFThEA L/ 70T ) Y A—3=T7 7 31— X
> /3— 8 (IGSF8,EWI-2,CD316) &, £ Y77 ) v R Efa LT, 7 bI A=y« 7THAK
2L MO EA ZHIH L Twd, HEELIE IgRDay 7T at v/ v 77
RYARMNT S EICE D, IEFEE MRS X O H I s R T oo s R A RS & R L
720 EIMAIRLER S0 1gsf8 KIE~ ™7 A (IgsfSfohes: Yay-Cre) Tl KA B o> 3 ML s, 5
SRRTERHIE, U AL O E AT & A LB L h o 724 ISR O 5 A 12
FEIZB VT, Igsf8 RIBEMEBHIAZIE, 2> bo—I b LT, fMIIMF 2 ) AL TF L2 L
5. Igsf8 DRIBIFZEF RSB 2 IEHEIMICIZTHEEE B XITS 2w, Bl oBhms X
OFHEERICEET LI L ZWHLNIC L —Hgsf8 DAY T4 2 aF V) v I T NI TAD
T MRS H IR A B T2 L b e oA LV AICX D BB SEHFE SN D~ 7 AHIHEE
TWIIBWT, Igsf8 RIATIEZ, 20 = — KB DOFH X T R AFROYED LD bz, HIE
ML RNA ¥ —7 » A Tld, Igsf8 DKIED, Wnt/f /1 7 = YRR 7 R b — ¥ ABE@EIE T O
W% A L 22 AR OMEFRICEE TH 5 2 L AUR NIz DLl ABFgETId, JHk ik 8%
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EORFEFEICE ), FHEY VX7 THDIgsf8 DAV T4 ¥ aF N/ v 7T b= A ERT

52 ET, M & E e s o 6 B O AHE R 2 W S T L7,

OBFFEH D 155

(CEERH)

1. Koji Jimbo, Takaaki Konuma, Takahiro Ito, Yaecko Nakajima, Atsushi Iwama, Arinobu Tojo.
Immunoglobulin superfamily member 8 is a critical regulator for myeloid leukemia. 138 , £ 82 [n] H A
MR FMES 2020.10.9 — 11 5HF (Virtual)

2. Koji Jimbo, Takaaki Konuma, Takahiro Ito, Yacko Nakajima-Takagi, Atsushi Iwama, Arinobu Tojo.
Immunoglobulin Superfamily Member 8 Is Indispensable for Myeloid Leukemia Via Wnt/beta-Catenin
Signaling Pathway. Poster presentation, 62nd American Society of Hematology Annual Meeting
2020.12.5-8 San Diego (Virtual)

(G CFEFR)

Koji Jimbo, Yaeko Nakajima-Takagi, Takahiro Ito, Shuhei Koide, Yasuhito Nannya, Atsushi I[wama, Arinobu

Tojo, Takaaki Konuma. Immunoglobulin superfamily member 8 maintains myeloid leukemia stem cells

through inhibition of f-catenin degradation. Leukemia. 2022 Apr 13.doi: 10.1038/s41375-022-01564-7

(B FT VN =2 2T LOMERBEICH T SR MBEEFOHRNRIEEEDMFRA]
Omfgeft & HAL KRB THM5eR AR sk #d%

O A WA - BARFENIZEA LIRS AR EESE 8 M—H8 Bi#
OWFgeeE L OWF7e 4

GFTIN) =Y AT A E LT, MSHEEDOR LS 2 FEHOANENY 4 VR —Z2FKL
720 B L72ARY) ¥ —DO Kb % fluorescein-O-methacrylate % F W THOGIES L 72, K5 ¥ 37 Bl
96 7z V7L — bHIZE MIFEAE (HepG2). & %\ id~ 7 A GHZE R H ok o ¥R 45 3 i
(MC3T3-E1) % 1500 cells/well THHif%, 4 HREE R TS 2 LI X DMl EREZER L, 155
N7zR) v — % HIBE | mg/mL & 725 X)) ICHER~RI
. BN L — WS (CLSM) % v CHlHa gt
R%REFRICEIZE L. 155 L2l % OLYMPUS cellSens
Dimension % H W TN L 72,

H B, HepG2 75 7 % Ml B EARNEE~D 2N KX % A
YARY T —OBITEE Z . CLSM W TBIZE LR R 2R HepG2 cell aggregates
o CLSMZIZ L D, fIgHICE FuF I HEE2 D AN KRN
4 RY) =R b H 5 R CHITB R AR OER F
TRITTAZ L bh ol T/, MIBANTORLEIIBIES
N holze ANVENY AL VR < —OMIBEERNEITT
(=S ) I TR At R N i B S VAN 74 S
)% — OPEEAFIC L7205 THBB BRI ER A & dul BB
NEBATT A OB IARER SNz E 5, R =R

K., ZANWVEXRY L VR < —OH Nk
RN T 55 E)
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40 Ry RV~ —id, MEEEANEEROMIBRIZOA L Tnb 2 Ehbhrolze —J, 2 b
O—L& LT, AVKEZEALTW ARV T+ YR v —2lvize 24, 1 KEHNTIHMIE
BERORAEBIAE T HHBEANDBITTE RV LD Aoz TH DML, HV7zMifzic
KAF L 2o 726

BUE. & MIRDIHLRR R  SER el 2 &0 5 7 2 lluse R 2 (EIR L, Bk~ 2 0Lt M
HNBRIED 37 ) N ) — 2 AT D DEREVIRAIT I HEIZ O W THRE 26 TV b,
ORFZEIR D 3%

(F& &m0
N. Morimoto, M. Yamamoto. Effective Permeation of Anticancer Drugs into Glioblastoma Spheroids via

Conjugation with a Sulfobetaine Copolymer. Biomacromol., 21, 5044-5052 (2020).

[Optimization of experimental parameters of single-cell CRISPR screening in
human pluripotent stem cells]

OmF7eftZ#  Wellcome Sanger Institute  Leopold Parts  Group Leader

O A NWVA - HAERFAEF RIS Sl mrs s EE Ry Bidg

Ot 7ekEE L W78 R

BAEFZERIC BT b iPS Mgz v 72 25 AR S0gRNA D3 ¥ 7 )yt )v CRISPR 27 Y —
Y IPERSNIz, e b iPS A, ¥AER Cas9 2 FBLTH DD (77 2 DNAYIWIAHEA S
BIAT 2T %) SEEHIHI N X A4 VG dCas9 2 5H3 5 b 0 (BEIPHIC X ) B(E T3
ZHHIT5) AMERE N, FRFENY VLI CRISPR A7) —= Y ZFAERESN, 2hbo
T — Y DBt 21772 5720 3. gRNA OEWNERFOFB 2l L7245 R, dCas9 ¥ AT A
TIE% { OEMBIZT I LT gRNA B A 2 HE F TICHBE 2 8B 2R S 720125 L,
wtCas9 ¥ A7 A Tld 5 HH £ TOMATHI F. BEIPHIZIZ - Z ) L3 S zh o7z, KITH
T YA )T b= DIEBI BN T2 BAR 120 Ly wiCas9 & dCas9 ¥ AT LA DIZENHEL %)
DR LTe FER, T IS TE L gRNAE A, 2, 3, 4 HEOWTRIZBW T L&
AT LM TRE AT EINT, L LARMIEHEDS S 25T EOTBPREDP 720 RIS, VY7
V)V CRISPR A 7 1) — = ZIZBWT 1gRNA H 72 1) O LM EZ TR D720 50% 57 3%~
TW LT T — & 2B L. METT 2172 o 720 #R BEEOREVEE IS LT, XK
BES % gRNA DSH W S N72356 TIEA0 OMIBEIZIKS L THMAMICAMIZIZ R S5 o072
DO, FEPE DR EIE T RLHHIBI R DOFI gRNA DGEIZIEABENMIBTE 2 ko7, Pk
DT ENL, YT NVEIVCRISPR A7) —= ¥ 7 IZBWTIE dCas9 ¥ A T A DFERLEAH & AT
HY. F/EBRAT— VT 1gRNA D7D 100 il & 5D HRETH L Z EDDbrolz, GHD
YUY T WVENVCRISPR AV ) ==y 7T A 35 LTHELREREZ/HL I LATE,
OWfFe R DR 3K

%L
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[iPs Ml 2 AV LB AICHT B RISHEM CAR-T MlRIREDORRE]
OffF7eEE KR ZER SRR R R BB W R 4 FE 52k MU Bk
Ov ANV - FHAERRSAIETICAMIES HEREASE R K B

[EMm##EE S UBMmMREMARICE (T 5 IR XA HHEIEHER T OHERERTIR]
OfF7eEFE  HERARERE R IRk G
O A NVA - HAERMAETILFEMESE A - 8flllas 7ot Ohg il 2%

(EEFHREYIAZAV=SHELRMAROTENNEFIESE - BERIEOZRE]
Off7efiEeE KBRS A BRREm7ert Al 581 FEEdx
Ov ANV - HARMEMIETIFAMIEE  WRE AR %2 3¢ B

(IS8 =UEATEEHROEEICE VR T 57T/ ZRZBV/-HIREREET VOEIK]
OWfgefiEsm MRy HFiH E— dEHdR

O A NA - BAERRDIZE LR S /4 F T av 258 3 & B
OWfgefEE & OWF7e 4

MME OB L VIBRENLESHTF /7 A — FIVoOMBEHBIE, 280y 7 FAMEEsh
LHMAM I I 2= =2 a v o¥TH Y, MBBOMMRL, FE SMEoOBIEIcHd CEELH X %
HoTwb, REFZEIE, AT ICHIRIBRE T VEER LS TORSL VR 1 55T LNV TR
LIRS Z & ¢, MRS T30, MR H R T oM AN % 8 U CHRER 2518k ML 3 2 141
HMAZ, R - FIET 2 L hHEmEe g T2 L2 HIE L7z,

HFEEAE I L7288 — LA TEZ W, B ol shizF 2/ E2EEL. 20
WEBIC BT BIESY v 37 MO8 % =T 5 2 Bl 2 BAFE L7z 788 — LA TR, K1)
X AL S NN I & AR & FIEOIRE 0 FIREASMEEOIRT /Ny — bshTH D,
RERRY) < — BRI, MAAE N AERIBEEE L ZELT 52 LN TE S, RIFZETIE AERE
PR & L CHIBB sk DB/ (blebs) % WL LML OIE 7 > 82 B % /85 — AL AT
(CHEBE AT AHM 2 R L2 FBICEb b HEE L GPCR TH b F—83 V271K (D2R)
% CHO MBI I8 B USEANLIE CR/NE 2 TR L 720 /NI % R ) ~ —BCPR & 7 AR R 0
B AT BRI - 7225, BHT- I A h~— (PDMS) &84 — VLA LI % Ha 88T
TR S 7zF 7 2R BV CTld, B/MEH RO DR 2 &R ECEA S, 45757 2 IRTCHLHL
LCTW5b I ENBIEE sz, DR AVEHWREEZFFOZ L1, 7 v ¥ T2 FORAER ZBRE
WA ETHGET 5 2 L3 TE 72 TNHOMREZ G E LTHIR L 72 (Nagai et al.,, 2021), 31
. AL PDMS OBIE S ol Sz 2l Z2HEThTH Y, 58, ZONIICBW T
INEHRDWE Y X7 M Z2BAT 5 FEERET 5. TOEMMELINE, SRS o8 s
BAe NI L F 7 BEICBWT 1 5 TRl L TO T Wik i 2 RMICEHic X 2 & o & IFE
INb,

2020 fEFEICIZ S IS MR A A TRRNICR A S5 HE 2 Bas L7z, Mlads 2k 2 i
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5l (RGD) %ZHio 72T F FER) v —REFRICHEAERE L TRRL, 287 — LA TBERM I
CHO Mg 2 #5725 & ¥ 720 CHO IZHB L7288 G & v 3 7 B R4k (CELSR) % 1473
JCRERE S % 2 L TLCELSR 2SHlEEEE I L0 X 9 I 53 2 2 2 MGk % T 9 2 17 - 720 RGD
AL TEETAA VT 7Y VIZBV TR, B v —RERKRE ICEE VDR S 7225,
CELSR {3 RGD &3 L7288 & 2R L7ze S OREIE, 735 — MU Z W RIS O F
BHRMGED T RECTH D T L 2RI L TW5, 5. CELSR ZMlAIAATZ/NY — L N T L CELSR
R UM 2 L5389 5 2 & T A5 - iRIER2VE L A2 A DI Z HIR3 .

NI SRS 28 7 B % TR AR ASHIE S N 723185 F CHRAEG. BEREMNT 9 % 2 & 25T
BECH O, 5 By VS HFHEF v 7L LTORHAPE SN, 720 AL THEEIT-
7oL B E 7V & v CL A o5 FAHEAEH 2 /55 IS8 - Rl 5 2 & T BAEERICD
IS RE R B HM AL TEX 2D OSSN S, 51T Y VXV E, F 7 2% AHNICHE
HELZZALEZHWT, WROZW R EICOHWE I ENRRLENA T F v TORB DI E
Z2Twh,

OBFFEBER DR

(SR S0

Nagai R, Sugimachi A, Tanimoto Y, Suzuki KGN, Hayashi F, Weikert D, Gmeiner P, *Kasai RS, *Morigaki

K. Functional Reconstitution of Dopamine D2 Receptor into a Supported Model Membrane in a Nanometric

Confinement. Adv. Biol. (Weinh.). 2021 Dec;5 (12) :¢2100636. doi: 10.1002/adbi.202100636. Epub 2021

Nov 10. PMID: 34761565. (*Corresponding authors)

(SFRFEF)

1. Kenichi Morigaki, Model biological membrane reconstituted in a nanometric space”, ACS Spring 2021,
202144 6 H (k>4 ) (BFeE)

2. Rurika Nagai, Ayane Sugimachi, Yasushi Tanimoto, Kenichi G. N. Suzuki, Fumio Hayashi, Rinshi S.
Kasai, Kenichi Morigaki, “Functional reconstitution of dopamine D2 receptor into a supported model

membrane in a nanometric confinement”, ACS Spring 2021,2021 44 H6 H (X514 ~)

[PRRX1* #iRADFH—HIERZIC & B b b ERZKIBIEDS TFIERF]
Omfzezed ML AEEREARSUIER (Ey5R) FH MK B
Ov ANV - HARRSAIE LA IEE  MEF RIS SOl il 2%

[RERRICHT B FHEEMBERZHEY 5 ET &S0z

Off7eEFE  FHERZEEARIER 1T B Bd%
Ov ANV - HAERRSAIETIAMIESE MEEERToe 208 Gk X #d%
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7 AV ARG - Aoy REE S0 A 2R R ZE LA
2020 AEEEIL I WFZE R RELE R IR (WFZE 10T ¢ 2020 454 H~ 2021 43 H)

OERE P3 BipkER
TR P3G EEE L CEM 4 h o 2 47 - 72,

(REF v VKRS PEREEICES STLV-1 BEERREENDRFIR]
OWFFefREH « RERRF KRB B AT TSR dEHIZ 2k #i—
O7ANVR - BAEERAUZE L FEZEE « dEBd% =il 217
OWF e -

STLV-1 &G« =7k ¥V 3 BHIZR L. HLPD-1 k% 1 [0l 3mg/kg % 2 MBI RIS THRS- L. W
BEATOAMES X KM M ORI, PRI T 217> 720 PUPD-1 Uik 5-Fthk. ) v 32k
O, ) YRHOMEKR, FEOMBL, RO & ATL 39E % 589 It s s e b o
7oo THIANVAEDORENIAN 21T o728 2 A, HEHIHD 74V ARBDE D - 72K T,
G R —B kO T a4 VAROBMAEE SNz BUE, BREMl 7 a—F ) 7 1. BERGH
FaDIEZAL, RIEILBREICOW TN 2 D T 5,

[PVIA XEFCETS CTL DIBERRBHEEEICRIT ZHE]
OWget £ E - ENEYEM 7T =4 At > 5 — v —E S5 3
O A NVA - FAEERRENZEIT L FEIZES © dE8d% =0l AT B MImE B s, #%
WL 2 3C
OWFFek A

RO 4EFE F TOMFE % S8 S &, SIV Gag/Vif B BSR4 7 4 VR (SeV) X7
5 =1 7 F LEREY VO SIV RIS SUS RN 2 fkfe 3™ % & & b IS. STV R B Ha il 92 5 4 3k
L. K77 F >0 SIV RN CTL MRS O EIRWGHE L LT 5 & & bIT, EYPERIR 2R
FAE R % B L 720 Immuno-correlates f#EBHIZ VT, SIV 475880 T Mg oD 7 — 7 2 IUE - BFEL
TWwWab,

(ZH5FIiPs HIRRAFREERETFRE T HROLE FPT)
Omf7eftFE + mUERKY: iPS MIRBIEZERT  #d% &7 3

Ow A NR - FARERFE L RAIZES © diddz =l 17, 2% R 2

ORFZERA

SHIV J&4Bl e 2 £+ 5- L 72 CCR5 homo / v 27 77 I iPS MIukk (ACCRS iPS Hlfa) Fh sk I i
EWHIIL 2 SHIV e 7 71 7 VI B BENR ML IC X B AR BHERZAT o 720 Btk 4 O 5T,
SHIV @ plasm viral load DZALIEFRO A3, B HENIZ iPS ML R O BRI D475 2 3o, £
72 iPS HERAMIIL DO ERBAIC L 5O A EFL RO L I EREH LTV,
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[ERBETFNZAVE HIV IREREOFMEMAE]
OWfgefiEHE UK PR REMET  #i% R B
O7ANVR - BAEERAUZE L FEZEE « dEBdE =il 217
OWF e A -

BIEE  CTOMEICL D, HIV EBEGE D =27 4 FVIZBWTHE ART 25 HIV ) F— 3 —H A
A HBIE T ERLI LR LT 22Ty HIVERGEIC L D EEWREREE ZoTWD
HIV i REG S VAIC ART 2825- L. V) Y 28RATICEBIT 2 ) F— "= £ IADREIZO VTG
#fToTWwWhe oo TNEFATLTHZZ 4 FILAD LRA HIEERZ 1T\, EWBEHES L V)
YOSERIEMEAL. SRIEVET A P A4 VIRBICET AT RIUEL T A,

@R P3 BiipEER
<A P3G ER L LR 2 oM E 1T 720

[E MERIREFNVERWEIL W ABEMBDTIVFF 2 7 A8EiR)
OWFgefEH - WRIRFER AT RGIE E BT 7 o~ & —  dE#dz 1k 1
OT ANV - BAEERAUZEILFENIZESE « 8% A #R, et =R 7.

KB N B
OWFZEAE:

b MLEERBA e ME< 7 A0 GFP 383 HIV-1 OFFEEERIC B 5 BYHINL O single-cell
RNA-seq ZEBUHNT Z 17\ . GFP Bl & Gsfifie iz < &b 9 oo MERICHHINE 2 L, ZL T
FRICUENaME cD4 + THIEETIE HIV-1 & CXCLI3 238352 &, 4 v ¥ —7 0 UV iFHEER
THOBHEPR LTI HIV-l 28R T 22 el 2 /A L7z $4bH.CD4 + T HlKERE
WC HIV-1 AR IR SR D 5 2 L b o 72,

[#73R HIV-1 ;AR EDFEL)

OWF7eEEE B R PR ZABEE ST eI - T NE: Bk &
OTANVRA - BAEERAZETILFEIZEE - 8% I Fk

OWF7ER A -

HBOBIREGLE TV & LT AV AR & SEBIMINE 2 mHse L <OV C#bT L 72 9 A VAT
OUE—& LT E— 2 ZEEIT A HIV-1 (Fo27VLR=F T4 IVA) 2FHLT, &
RS & 7 A OV 2 5BV THESR I 72 AR T 2 BB 1 RNA RATEEIC &L 0 W L7z 2 Off R,
PI3K/mTOR #EBE DS HE 2l 2 4 5 2 & AR S N7z,

@I1INR - EWEFERE
ANV A - A RERZE & LCEF 20 RO 2 4T 5 720
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[Bardoxolone methyl M B BT %7 1 I RIGFEMHIAF X H =X LDOfRRA]
OWFZeftEY - ERGSERFZET 7 4 V A5 88 EAEEE L —
O7ANVR - BAEER AU L FEZEE « dEBd% 5

[BAREEEMENTF FICEK D ER/NY TR ESEEDRZHA]
OWF7eEER - B RG AE ERERPR FHMED T =G JH
O7 A NVRA - BAEERAUZE L FEZES - BiE N #BE T
OWF7ERc A -

KHFFETIE, 24 T xX 7 v a Y 2EGHFET AR FZ2HEOMICL Y FE L2, PAHIE <
7 XA DG W IA N 7T a Y ORREFETLINRFPHFIET LI L2 WL, K
BWEITo 2o MREREZOEBI. 7074 I 7 ZAFHTHHRLTBY, ThITEL OGRS
FERT % 4T > T & 72 BfEIZ/NHIZHPLC OFER R 7 F RO F 7 EOHAMHRELX1TH & & 12,
B =TI 24T > 720

[Blastocyst A DRI HEXNZFE Z M L X B SMRFEDRF]

OMWrgeft#&¥# : Korea Brain Research Institute Lab Head /& B—

OT ANV - BAEERAOZEILFEIIZESE © Bi# AR D BavEMB =i
OWFZERCE -

AAEREIE. WEAERE £ CITHESL L 72982 Tdh 5 EGTA IRMNIC & % Blastocyst DR HHH I 2 il
EEROIEAL 24T ) FHE Td 5 72H% COVID-19 DHAT L U ZAUUTHE D HERHL - RFTHIR D720, 4
WEHH O BTV & o7z, 2720, LFENZEOF M ZMEIE L, BEE T b 2L FmAfgE
EBOT— &R, FIEMN R EFEZEE LT, & b iPSAIO HESI BIZT/ v 7 57V &AT
W, MR AMEAE S N D T L RMERR T A Z LTI L7z,

[BEETNICH TS FEHE NK HIE3DEHEDAFAA]

OWF7efiEEE + KIRRFRFZBEE SRR Bk Ak &

OTANVR - BAEERAOZETILFENIZESE « Bi% AW Z—. ¥ &A%, iR B =2
OWF7ER 4 -

7 ANV A - FRARBHEDTIE T O B W FEER i R 12 T CX3CRI-GFP ¥ 7 X & Nerl-Cre x R26R-
tdTomato ¥ 7 A # ZCHL L. Nerl-Cre x R26R-tdTomato x CX3CRI-GFP ¥ 7 A #fE L7z, £9. &
D7 ADEHE RRKFEAIER CHANA A =DV TR LIz 25, REBTINVENT:
NK Ml & fg s T 7 XV S N7z HER - SRR ISR S iz, 5%, SOOI AZ T A VA
BN O 2 TS T H BT 55 TH 5,

[AKT SEHEALIC K DR TR EDILAZ]

ORFZEAEE + R NA AR A 2 24258 Bhde IR
OT ANV - FHARMARIET AT - i 21 BE—R BahEME =il
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OWFgEA:

BUE, B35S 813 Gt (Rosa) 26Sor i1 T-HEZ CAG 70 E— ¥ — T IZ loxP-, frt-flanked STOP % & »
b & humanAKT]1 Z3FA L7287 =754 ¥ F R ¥ (% RA TV D, AR hAKTI, (PR
myrAKT A PH. AiEPEIE hAKT1 (3A: 179A, 308A, 483A) @ C Kufllc HA ¥ Z&#@A L7za v A
NS Y MRS Y —I1THEA L, BRI L NV CTRBLOMEEZ 175> T\Wh, 4% CRISPR-Cas9
WX v o4 <y A{filE$ 5,

[Develop a selectable anti-HIV-1 gene therapy vector using Sendai virus based
CRISPR/CAS9 delivery system (CRISPR/CAS9 RIRtE /44 IM1 W AR Z—ICEDL &
REYIR HIV B R FaREDRSE) ]

OmF7efiZ# : UCLA AIDS institute, UCLA School of Nursing, Professor An, Dong Sung

OT A NVA - FHAERMAIEIT L FEMZEE © 2% D &k

OBFFERR

We developed SeV vectors to transiently express CRISPR/CAS9 for co-editing CCRS and HPRT and
testing the efficiency of HPRT/CCRS editing in human CD34+ HSPC. We examined the efficiency of SeV
vector transduction in CD34+ HSPC and determined the frequency of HPRT and CCRS5 editing in CD34+
HSPC. We examined positive selection of HPRT-edited CD34+ HSPC with 6TG, and determined the
frequency of off-target sites in CD34+ HSPC.

(cer5 & hpre AEF- W 42 F —#1E CRISPR/CASY 2Bt v ¥ 4 WA W ANY ¥ — %S L. &
I CD34 B PE M BB BTy cors & hprt ENFIUHTT 2 B In FE R E R Lz, £
FA 4 IWVARY 5 —O CD34 P e~ OB AZD R & & OB B 2 hprt & cerd BiRT
DL ZWGEE L 72 72, CD34 PN BT % hprt BInF#RE/ v 777 MZLk 5
6TG \ZxT T BRI &+ 7 & — 4y P& MGE L 720)

[(55EF Neurog2 DRIRFHED SHMEIC K > THHX h 2 HIERREHIBDOARA]
OWF7eEEE + RBRRFPR 2B i Re bt 7e Rt Bh#e T4k 138

O ANV - BAERFAZET LR 78 - 2% #Il sE—Rp

OWFFERCR -

Neurog2 D572 53 BEREIZ X o THIH SN2 TIHER T ZH S 22T 572912, Neurog2 H35%
7% % SEBLERE 2 /R 3 kR 4 7% s ALE RS O MR RTERAIIE O WUNASE T L 720 Stk 2 b ofilaz v
T Pt Neurog2 $ifk % H\2 7z ChiIP-seq Z 1T\, £ NN OMINLIZ BT % Neurog2 23HIHT 5 T it
ZFEWSH2IC L, BBOEWIZ L > THI SN A BEFHOENEW S 2ICT %,

() ZAREEFRIVT 71 IV AERETIDOHEEERFIR)

OfF7EMERE + KBIORFRFBER AR TERHEIIE - IR Y 4 VA% dEEdZ ARH Az
OT ANV - HARFEIET RIS - Bd Wk B

ORFFERA -
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RIVFTANADBEEHFIZOWTET NV 2R L 72, fiEEFICOWTET A2 LRTE L2
tEBLN 12 X 28l &, MEABEEARICOWTET VA SEME L TR D - 720 20
ZENH, MEBLN IZ X BRIV F 7 A )V AR HEZ, 74V ZAOBBREROHEFIIMA, €L
MDAT v FTTHIFTbN TV A WRENAVRIB STz,

BFHFRBEA A= JILEDHMER S2P O N X 1 VEEDIHE]
OWr7eEs - B R R B R A e R dEddz R Al
OT A VA - BAEERSUZEILFENIZEE - Bd% il 5. Bh¥ falE 1
OWF7E A -

S2P RETR T DN T T ALEIGIAFAET H PDZ Y VT LDV —TIZPA ¥ 7 L IWHEN 5 FLH %
FEALERRRER L 720 BRICARIFZETIZ, ARV OR#ELZITH) 2L T, S2PRET S
DNARREED R L R R S NCIRBOERMER AR L7, £ LT, PA ¥ 7 2 FRRNIZRET
% NZ-1 PiRD Fab Wil 2 K& S 721 AR 28 L, BB 2179 2L TPDZ ¥ ~
7LD ZEBLE OHEE F 1T o 720

(I REMRZIFOVIRICH TS SIV BRHEEDRIT]

OWF7efEEE + BB R PR AP E Ao seRt N MRk 7 R dEZd% R FKER
O7ANVR - BAEERAUZE L FEZEE « dEBd% =il 217

OWFZEAE:

SIVB670 MRS VAL~ 7 Z1%, KWL TO 7 £ 0V A J&ge & Z HU2PE D )V CDA+T Ml o g
J O CDS+T M D3 2 720 7 A W AEMHZ TN BGERD RO bz Z Lo b, FkZ.
) UONRMERIC BT A A A A VEARMBBICOWTHNRZZE A, PR, . TEERTX
TORKE T IFN-y e OV IL-6 FEAMMEAHIE S, €DIF L A EEWY A M A A ¥ ZFRFICEARL T
Wizo Fzy BMPNICB W TIRIMEIRSSBE S, 4 b A VICX B RIEREATR I > Tnb 2
AR E Tz,

(RFET 1 N RICHT B EtEEEEDERIH]
OWr7eEs  BIEFRAR e LA e FHEdesdz L i
OvANVR - BAEERAZETILFEIZES - #i% BH &
OFFERCE -

SLOT e R & N 2 ska#fb L7z TSLOT #2.0)] 2 HWT, 7 v# 7 4 IV AB LU SARS-CoV2
W23 5 W PUAR DI 2 A7 L 2 A, T v I 4 VRIS T APk EET AN A T F—
Y% 23 70—, SARS-CoV2 IZDWTIE 16 7 0 — Y OHURIZHII L7zs 72, SARS-CoV2 D 16
s7a—rDH L, 10 73— 2O TIEHANEEDRSH 5 2 & 2 R L 72,

(LYFI1MNRAZRVWE. MiEidian Ll x h =X LoOEHA]
ORFFEAUERE + AR R B A B AR Felh¥ i 55

-177-



OT AN - BAERAOIZEAT LRI © dE8diR KFERZ
OWFgEAE:

PHICBASE U 72 BB BN PA-Tet ver2 2 L 72 L V F 7 4 W A% VT, Frgstiidesiiia ic
FIRVEY AT L% EA L7z BT Ascll X Oligl2 DNAEMED A F I v 7 %MW Ee s 4 55
T AP L DB L. GRIEBANIC X o TALWICHEIT 572012, SCIREETOBE 217 -
720 Ascll R Oligl/2 DFk 4 R FSBIBIRE 2 3538 L 72 B, At oM bic & X 9 7 g2
#5250 BT,

[IRIX RNA O#IFaNBEHIBOMRA L ZAESF RNA D 3’- 7Ot FTEFORE]
OWF7eftEH - EHERNRER A R ATERT %% wil W

O A NVR - AR LA © % K A, B A0 —5

OWFZERcA

@ ciRS-7 13, HEEZLHEREZ D OBIKRNA (circRNA) TH 5705, MIR & AT 724k 0 & UELS)
(SINE) 7%, ZOHEHRICUHTH S I L 2R L7z S 51T MIR KIFIIZHEA: S5 circRNA
O AEZH O L7,

(2 1SG20 & nuclear exosome 2SHIILAN T3 - 70t ¥ v ZFROL &2 #H 9 222 RIS — 7 » 22
X o THGE L 728558 RNA MRICEG- 35 2 & 2L MIT L 72,

[(ZRFILNADRX Y LA DT FEnEERF DORRA]
OWF7eER - ELEGYEZERT 7 4 VA 13 FEMEE  Ef
O7ANVR - BAEERAUZETILFEZES - #i% BH &
OWF7ER A -

AW CTIIRTERIFIE CHESE U 72 FRIR S 4 TR VA A=V v ZF Y AT 2% T, EBOV ®
NCLS OIRL - Bk ICWETH D 3 DOD I L IVAY 578 (NP, VP35, VP24) I2DOW T, #hZ
NOHEEREEZH) FAL Y - TIJBEF—T2METLHZ L2 HIE L7, REEIZ VP24 7 ¥
IRZEIZOWT, M O/NMlE%EH ) RTF FEF—7 (L AL V) I[ZEH LTI 2D
720 LT VP24 ® YxxL EF — 7725 NCLS ik CEELREHLH) 2 L2 M L. EREEICH
L7

(>a7VDOH—R PHEERREICEADBIIES 1 27 1 v 7 HliEHIEOZA)
OfFFEMERE + AR Z AT ZER Bd% il i
OT ANV - HAERRSAIET I FEMIES © dEHdZ B

[A CRISPR-based reporter of Borna disease virus RNA-to-RNA, virus-to-host

gene flow (RTEMEFRIVF 71 N AEERFIICHKT 5 piRNA DREFIIFZEICAHTIHR)]
OmF7efiZ# : RIKEN Center for Integrative Medical Sciences, Genome Immunobiology RIKEN Hakubi
Research Team Leader PARRISH, Nicholas Fredric
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Ov ANV - HARFEIET RIS © Bd Wk B
ORFZEIEA: -

We determined that no new previously unannotated EBLNs are present in the mouse genome, obtained
knock-out mice, and generated virus stocks for ongoing infection experiments to answer the remaining two
questions.

(Fxld, T RT K372 KFED EBLN BEAEL 2w EHW L7z, £2C /v o7
v R ARERL, RO 0 O BoDV RO A VAR b v 7 OFFEE W92 4T > 720)

(#X7O0—T2HRALESKEEVC VRICHT HRIEREERA]
OWF7efiEEeE « RIGRFPETEZAIZET Bi% il ik

O ANV - BARRAOIZEA LRI SE - #d% ©ZH B2, D#H K4S N
OWF7E 4 -

TLVFIANVADTO NI A TIALNVATH S ¥ 8BRENRMEHEIR Y 4 VA (LCMV) O Z %
AT, ZO048MbEE=F—L, PONA ANV—=T bAZ Y ==V 7 |Z# L7 FRET 71—
7 :Zabton Z BHIE L 720 SAEEIX, Zabton Z HWALEMA 7 ) —= v T b7y MEEY D
W12oW, AELVLCMV EZHRIET L L08Dbh 0., 70 —7HE» HILEWI E To—
HEDOMFFERLHE % Cell Structure and Function iilZ TIHHR L 72,

BIRIOFIINRHTEIII9F T 5 bF—LORREENDIA]

OWFgefEHE BB RFRFBEES R AR ERBI Y % 4o B

O7ANVRA - BAEERAUZETILFEIZES - B #IR %G

OWF7Ec A -

MIREMEATGetafhk (BAC) ZHWTHEI OO F 7 A VADOHMELZ REMT 5L L B2, Hifla
OF T4 IVADRNA LT ) 2 V2L, HBlaaF 7 4V ZAOREEOENT 1T 2 & & I,
PIANZRERA T ) ==V TDISHEIT> 720

[KIZE BepA DHEEEHIFEIIEDRZIR]

OWFgefEE IR ORTUR R PR R #d%  WH #r—R8

O ANV - BARRAOIZEAT LR © #d% il D7, pigeR KM B

OWFFER A

BepA @ His-246 FEIEDEE Z W S 2§ 5720010, AFRILICERZEA L, ZRA BepA DOFERE
NIz FOME, NS DERKTIZ, BepA DT T 7 —EBEMESEEL TH Y, WEIEZS
i Uz B R B ORER S B B BBV 4 328 (LptD) %2 b0 #5239 h 5 720 His-
246 FEIL1X, BepA D77 7 —EHEFED ON/OFF ICBb B AL v F L LTHDEEZ LN,

[COVID-19 ICX3 B iaREDRS]
OWfgeft s  fBAR K PL Puw A VAL ¥ — #ig BT K=
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O AN - BAERAOIZEAT LR SE © % AWk, Bi# &N M
OWF e -

COVID-19 B O AN B ML & 0 PiikEE 2 L. SARS-CoV-2 D S ¥ 238 7 BFF R PL
PR T % B L7z BtEbthomin & 4 v ik % Bk L 72,
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Principles of chromatin nanomechanical dynamics and its
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TR HH R &7 22 TR b g e b R 2 B
kM B

P )0
LEE A C

HEARPBIR S R 7 & % i 272 iPS AL CAR-T g
PEDO B

- 181 -




B LR 27 R A7 e B o 3R 22 A B W FE R
()
EHOW B

LR P2 S H 20y
FLIH it %

PRRX" Mg DAY —VEHRIC X 2 & MR IR
D531 PR

NN N AT Y 2 e
famd Mk %

INA F Xy =7 A5

- M- AT IS X o THIBI SN B TEERED N4
F AT =7 ADRH

K W B

Lk X Hd

FREER A AR FE R WMAEEKRT T X A58 HEPE T AIHRIC AT 72 Foxp3 ZTE 7 A LK —
BB #a% BEM EE degdE y— AL WG~ v ¥ v TR
NNy N R S e MAERT T R 58 FEIMEE - AIERHI = v F O L FEZ M 25

FHEAE O

R BCR 2 2 5 B s v B 1 PE ALY 1
(#l5%)
BN REET G

AR R AR 1
RPN TP Ve

eI TR T 6 i PR - F L 5 o B8 Al & A S0 %
OFHT L 72 ML 2 D 7R A

(ER RGN A ) X—3 3 Y
78t v ¥ — L)

Lk X

MK GBI - IR Y | .
5 — el ot SR 350 5 T RO Y]

e & e e

SR B D 7 RS -

(ACRE Y % s (R RS

KB 2 G R JE R

HH T g B T RSB WETUE~ D AR Z M BB 3505 5 4

Ny v T a v oEO MR

R R R AL - 53T 2o e
B PR BdZ

PR e 1
AR B B

iPS Ml & 7 AR E V728 O I WS APUER
BRI 7 — THIRROFAE

INSERM MONTPELLIER CANCER
RESEARCH INSTITUTE

Dr. Andrei Turtoi, Team Leader “Tumor
Microenvironment and Therapy
Resistance”

A - ML 7 v
Bk Rl %

Towards the Understanding of Individual Roles of
Different CAF Populations in the Progression of Human
Hepatocellular Carcinoma

T A VAR - AR S0 Sl £ 9 3L R EZE S

O FHRaaF s £V AME

gefc A T R4,
HURRR 2% iPS M ZE T TR TS ™ A4 v 2 25500 v I iPS MIEIC BT 5 SARS-CoV-2 &Y - HRGE D FE
Il FUHE AR B A Haw fill

SRR PR AR FE R S e 24 1 2
B ek #Hdz

7 A v A E
W Bk BiR
YRT BTA N ARG
SR B
A I B

Bl a T A4V 2 RS RIS BT

Bl Al SEWNE NS e 2 AT
Hiff B R

7 A v A B
W ke #dx

SARS-CoV-2 % 12 O PEIRFEAT & e B E Bk o B

,;Té

BEARFE ML ba oA v 258
Wt s —
BT B= iz

VAT LA VAT
VI S S €5
TR 7 A L 2 503
BH S iz
VAT A A VARG
B AW B

P g F 7 4V AR A P RIYUR O fEAT

-182-




KBURTEH - S ATEsEe > 5 — il
#
Bk Al R

RNA 7 £ WV A58
R EE R
iy BT B

SARS-CoV-2 |25t 3 % Hifkill € & H v+ 72 COVID-19 ®
5 B ST Al

WK PR AR LR AR B 7
mE B O

RNA 7 £ WV A58
R EE %
e BT B

M2 EHEEa T F A VAR aa
TANRIKT DT 7 F RS

HABRFLE AR FER
KR GK #d%

RNA 7 £ )V A5
R EE %
o BT B

Bl ana A ZERHE DS - IRIRIR O AT &
AT OMET

FHRKE: iPS MR SE T
ik MW iz

RNA 7 £ IV A58
R Bl R
i ST B

BIHRNA A A v FI2X B4 VARG FOBE B
L O BRI O RSE

RNA 7 £ )V A58

BARR PR TER W 5 COVID-19 HMIEHFE D720 O e b A E AN HHE)
K& #— #d% O W73l S 2 7 2 OR%E

e PN R 2T e TR & ™ A v 2558 ER AN 1) ey R EAVAL/ e i = i A I 37
Rk 1V KRR BH OmE Bz T L

O EWPS

WAL ST PRI ST
HA

(Gl Sy D e T i
PH S %

R D 7= WV Y AL 3 A ]

& —
R¥ T kv y—E

By BESe Pl Mk E
7 AV X EGE T TV ST
WIS B

Rl g
BT 7 L5
N i HETE TN
913 BEHIERTERT T A ZBEIEE 2| e gt = 7 g6 > & — BN LA ZEF MBI D CTL OB AR B

5 2 e

UK iPS Ma R 7T
&1 W B

=il BT fEHER
7 A WV R IEGHEE 7OV 58
L ' €

WK R R e AT EREHET VY e s e - S O ST T
WIH R S N EREFET NV EH 7z HIV BUGEEE O SN 7E
LERETF VSN

7 A 4 0 iPS SRR T T SO 2 R
Al

JWR R A e I [Fl F 729 1T
Wbk WHE #d%

TR ™7 A OV RS54
BH EE B

YO BABEL RN & W72 2R T 7 4 OV AR TR
VIR A AR T T o> BRI st i AT

B LR S22 B R o R b S S
KW Wz B

RNA 7 £ )V A58
R HiE %

DNA fE5 5182 & RNA 7 1 LV & & OB DR
wr

BUROR A BRI SE T R e [ B Y
ks —

et HERIR

VAT LA VARG
NI S S €5
=R MY KRR

t ME Y ZAEFT N E VY A VARG~
WFF 3 7 AR

SR GENFFERT ™ £ VA THB
B B FIEWRE

PRI 7 A L R 22050
BH ES B

TAATAIVADR Y7 L AT Pl o

-183 -




OF ¥ n ERGEEE20 P

KEKZERIEE 7T VT 14 THZEt
vy —

W RE FHEAEER

s ra s A M52 v a vaE
S K Bz

W I8 &g & 7 VA ge 2 v & —
B ¥ B E

ey xo% FrEMRE

<7 U7 7 — T QMBI AT O

HEWL R RE R B R vl A8 B 7R

BT v A M52 v a v

JRARARRERT AT K 2 KRR A% R ) ST AR 0 fiit 1)

W T H Ll W B
- I ™ £ L 2 2500 b 54 F TSR A 7 BRI £ L 2 A
B RUE e W S SRR (KRR
e | RS RS A5
iﬁgéfﬁégﬁﬁﬁ@ﬂ*ﬂhﬂ Wl R BRI & 2SI S2P 0 ¥ AT
% Wl T B
SARPRFRFAMBBR R | g e 500 0 LRI Z FEo ® 21251 SIV B IED

I
B HORER B

=il AT dEROR

fiAT

OB R A2 ar B AT JERY
EE FE HERRE

SR
AW R R
HORZ W
FrEg EA BFZER
B thE KRR

L7 F 2T & BRI & AR T M
IZBT 28 &

UNITNE YN QR e 2 e
TG Wi

BRI S AT 2500

K e dEHPE(~20214E9 H)
Bl T2 v A NS 2 Y a YR
A K Hd% (20214E10 H~)

§in 5 [N 1 Neurog2 DFEIMBHE DL KM X - THilEH
S 2 L A e e B o g B

RN & KENA FH A 20 A5
Wb i B

BRI A > 2 7 A 500

KIFE Bz HEHIR(~ 202149 H)
AR BT B (~ 2021 4E6 )
M v A NT 2 Y a v
G K #dZ (2021410 H~)
ARV 55 BT

AN = E €

Fif I e & 7 OVRFgEE v o —
wi ¥ HAE M

AKT G PEAELS & B Al ZE Pk o> 2%

RIKEN Center for Integrative Medical
Sciences

PARRISH, Nicholas Fredric, Genome
Immunobiology RIKEN Hakubi
Research Team Leader

RNA 7 £ v A5
R Bl R

A CRISPR-based reporter of Borna disease virus RNA-to-
RNA, virus-to-host gene flow

AR TR 2R A B R I & v
5 — | BB e
A — iz

BB 207 B
YR HR

R B LGB A2 7oA A Y b —2
DR P

- 184 -




TIERR

REKZEIAIVR - BEERZHRRR
[BEEY - BEEAOSHMAERMTRR =]
[ 1V ARRRE - AdPFEHM SRR R ]
S 2 FEHAMARES

B M 02021463 H19 0 (%)
BAME )T 1 ZOOM IZ &k B+ » 5 4 VBl

B 448 R M #R GHERF Y A VA - FREERERIZET)
[T = v 7 BA » PRESRIC X % STLV-1 KRYLB)REZ B) O fif A7 | Lok MW fEBUR (REARSERZEBE A GRHAITZERR)
[7 7175V iPS M H KBS -8 T ML o AR RTING & B iz GURRAE ips Mk ZERT)

[b ML= ZEFNZ WY A VA EGS O < v F % 3 7 ZfENT )
g A dEEdZ O RFRRL A TE T G E BRI 7 &~ 4 —)
[HHaTF I A NVAHTEZT 2 F TSy MR—20MEEZOIRH] M B Bi% (BRERZERERE S RFER KB #)

[RIFH BepA OB AE T B O AT | H O A QBRSO IER Y. - A2 ET)
[ 45 5 R AL S NI D LR P A2 33 4T 2 B3 D 7] I RIE Wi GERKABE IR R AR R B A )

[ Studies of Cellular Mechanotransduction Pathways from Extracellular Matrix to the Nucleus
TR AT 2 B NOJBE L 7R b—¥ 2 & o |
Mohammad R. K.Mofrad Professor (University of California Berkeley) (532# @ /N4 7+ X 7 =7 A Bl L MREEE)
[RIBES 7 DEHT I IS < EARYERIBHE O 239 I O R
W GRS F—n) =5 — (BYLE AT IR R 8 — - B BRI T — 2)
[DNABRSY £ I Y7 BLUOBNIT > 8= A ¥ MR T OMEREN A7) —= > 7 |
A BHEN T2 =y — (FSFER ISR NB LR ZERT - A driRRe Rt A et v v —)
e b ES ML Hk O N TRGHIE 2 H v 72 BilESS € 7 v D il 3¢ |
M oK =R (EAFR - EEERITIE L >~ & — - WAL 5 R)
[ RLRRRE SRR T & % 4 AR A B AR O Al R B B L2 26D < BB AATT |
Hr R B CGRECRPRP B A RUTER R A BUR . - SEB) R AR PR3 AR A F27)
(BRE A F A H =7 A5 H  SFEE)
[ M - ASEAINE = v 7 D28 & FFA B 555 T 1 & B Rg o i | R G #dz ORBORSER bR Ak i 7e st
FHLERIZ A 351 2 Bk F RERTGZ O AL 22 B T 38 VAN = I | LA~ € a @ e 1SR RE S NS Nl v e 2 1t )
[iPS ML & 7/ At 2 7230 L s ABUSRR RN F 7 — T Ml o4 |
BROBAE B GEHEERRZAAAL 25 o)
[HBLEE 8 > 7 702 & 2% 5 ML e L ) A R oD gt AN T BB ORBCRFEER AR FERT IR e - IR AR
[ MRS 3 & O e RE I 45 0 F B BSR4 D81 7 o B e e v
(S AN T SN e S (3 g N A e 2
[BAFUE~ T A2 AT LRI 7 ¥ H VPR - TER I ORE
HH R e CRBORR bk i e o8
[PRRX1" ML ORI —PEBARIC X B e MIRIERGRIEO 5 TR ] SH W& MordeEde (IR Bl 3 e S e R
[JEREBRBEN NS5 2 A Wi ML s 2 0980 9 2 i 5 1 A A A A 0 i 1] B B UK R A BER A TSE
[T )N =2 AT 5 ORMREE TN $ 2 El oSt Ak o Mila s 35 2R o i |
WA sk EdZ ORI IAEBE LA

-185-



[iPS MNaHA 2 H 72 BT A5 B MR A CAR-T MR i 5 |
Bk A BhE (RREHOR B2 M i B T W R 28 )
[ Optimization of experimental parameters of single-cell CRISPR screening in human pluripotent stem cells |
Leopold Parts Group Leader (Wellcome Sanger Institute)
[ Fitness gene profiling in chemically reprogrammed hepatic precursor cells |
Keisuke Kaji Professor (MRC Centre for Regenerative Medicine University of Edinburgh)
[73% — BN L ARaOFRE I & WIS 2 7 220 & 72/ T BRE 75V OBk
A E— HEEIR (WP REANA F VTPV REIEE Y 7 —)

TR - BEEREMER %15 AARBES

Bl H 202147 H 17 H (£)
Bl 4 T4 VBl ZOOM 7 = ¥ —

B 448
iaary 4 VAR TED L) IR D07 | BH &S (VA VR - BEERAIET #d%)

[HfdaaF e &) LTHERD IS v U7 F  offiaid? | WA B (7 AVA - FERBEETRIIE 802

—186 -



P EROEL I F—

bifiE H AHEE - TR {8 & BV

2021. 2.3 N BE—HR e H KR OALAIGE : A
(SRR BT ALY “EAF T4 774 — KNy 7 v—Tofiesbe
H) dead zone JEHL

2021. 219 & KR MEEIRE 2 H D A HERE RN AR D insilico BT NAF XA =7 X
GRS & 4 L2 B R
FEHT WK RISV

2021. 219 Jeonghyun Kim 3 RICHEARE T VIS & 2 Bl LA B ORFFE INAF AN =T A
G & 4 A - FAEBERHEBF
JERT)

2021. 3.12 I W% Cell type - and layer - specific convergence in core and ~ 25A - #Hifg > 7
(H FHEE R R A7 MEATEVSEBAZRT  shell neurons of the dorsal lateral geniculate nucleus 2
FEHBM A RO MR SRR AT
SE50)

2021. 419 W FHiE 7 ANV AR I BLEAL & OV B O AT DRI 3 ™7 A v 24
(W R A7 I GehE SE R JE AL D)

2021. 419 L KB IHRT YA VA sGP OFERERAT DI & 7 A VR
(MR IEAehE SE A JE L)

2021. 419w WHE R €7 7% LRI oA VAKTTE WG 1 1 2%
(SR B eI BEHE R

2021. 419 wAR H2E - FRIEIET A NAD T A TR NA A=D v 7 e s Wil 4 v 242
(5] 7 JEHSE R FE T ) AT~ OIS H

2021.10.13 Andrei Turtoi Unveiling the Architecture of Breast Cancer WA - R 7
(Institut de Recherche en Using Spatial Transcriptomics v
Cancérologie de Montpellier
Inserm U1194 — Université
Montpellier
Institut du Cancer de Montpellier
Tumor Microenvironment and
Resistance to Treatment Lab)

2021.11.22  FH 53 RGBT 25 & 002§ B F/IMEA Y 7 Vv oD FEY AT A
(BRALAERTJERT iTHEMS) AL

2021.12.14 Qian Yu Mathematical Modeling of Drug Resistance Evolution and 34127
(Dept. Comp. Biol. Med. Sci., Grad. The Optimal Treatment Strategy in EGFR mutated Lung
Sch. Front. Sci., Univ. Tokyo) Cancer

2021.12.15 Taeyoon Kim My Journey in Biomechanics and in Japan INAF A =7 A

(Weldon School of Biomedical
Engineering, Purdue University/
Institute for Frontier Life and Medical
Sciences, Kyoto University)

- 187 -



FEk B4 i

(2022 4E 1 A 1 HBIAE)

OEBREVMIR - BEERFMAFMBEE L@
pife G/ Mok Ok RINR G oA R A& WOk —

OEHFAZV IR - BEEREZMRZBHSES
8 OREUR PRI FE AT #09%)

BT G RURSIaAe A R e B )

i — (KBRS 7 0 v 5 1 Tifget v & — 4T 50%)

— B OUHBRFERFEGE L TR #d%)

LR R SR A bt T2 FSE R )

11 GRS R S b a0 72 Bl )

(T A NVA - FAEEREIIGEATT )

(T A NVA - FAERETEATRITE)

— (A A - FEERENIEITEITR)

o
¥ EE O
H.[.
=

=
H
o

E <
=
MM

HE
H
M

RBREVMIR - BEEMEMAPEEZERZES
<AV ZABRIE - EHFEEERRANERMRRS>

=0 #F B CREER SRR R AT SE T T )
W H YNNCN TR ERE e =))
PhOE OHE B (PRI - R - RO BRRMENENTE Y S~k vy —R)
no B ORGURZEERA ST #00%)
HOE & HE (YA VR - FAEEREISERT S
o %R (T4 VA - AEEREEDIIE IR
Bom E & (AR - FAEEREI )
O B 4 (A4 VR - FEEREEEIE)
<B4£E% - BEREOARBESHERF RS>
W B S (RBOKSRRESR 7 v v 5 1 T v & —FHTHER)
W #& oz (ENLIERSBHNITEY v ¥ — 2 H)
A W R GRS IR #2)
£ W ® — (KBORFEER 70 Y5 1 7TH%L v 7 —$HE#3%)
H O — B OISR ER R A IR %)
oA BT A NVA - PR T R
S %AWV A - AR ST
KB W (VA NVR - FAEERFESERT B

W )V 2R TR ERFTE
<A I AHEHEF >
A% LA B SR TR

- 188 -



< RNA 71V X538 >
Bl IR B BT
FEmE TR s WigEE GEEYD) Rz B E L
KREFBEAE kG, MR, JIEHSE, Lin, Hsien Hen, # 3T, $NAH
Wiek - BERm T JREARRE  AREMZ, PIRE
< BIHIEE Y 1 IV RFEDEF >
Bz WHEE B PR NARR T e BHAEE
FREWPZEE AR % BaldiEE B M IREME GUEHER) - BT
FRRMATECN © RPN RSFBeAE « B« 35, MINEEH, BB, WRIM—, BEMmE, % B 5k 7, SFmeEsk
INEER], FHRBA
<BAITLIVAHE EHG >
HEHEZ I B R SRS
<BAJANVZIRE L£HG >
HEHIZ - 1l Bk Wge R AR — KE£BEE © Song HoJong, 7 H i3
< HH R o3 B >
Y BHEE B REKEL KAEH
KRB 0k FEUAL, sk, TEERHE
< SIEHIEEF >
Bz EWE— B TR, B OSE. B RZ% WI%ER PRl
REBEAE W 05, (LRHA, WM, MBS, ROEEE, AR
e © B3, EERE, BIEE, MEmA T A, R
<IEEREHPEF >
HRPEZ WS MR WL
< JAIVAREDEF>
% B #d% © Charles R. M. Bangham

BELEEEEmEEME
< HRRat%RE SR 3 5 >
e AN RERE C CPOY i B RO
Kb t s R Wiged c REMESR OHEA  hEE—
<EGFMEESEF>
A% WS B ik
Pafrlifi B O RITRET  SBEER - mEAES RIOTY RGEWE - Z2M O, e
REpbed © LAY, SSARAFEF, AU, HMEKW, FEEL, e BIOK— WTERK HLAEE
Gao Linn, Yang Wenxuan, WFEA  BFZEA © S5KEA
FRAE ¢ RAURIL, BEOLRHS, AGAE AR
e R (REELFIZER)  RIPAETF, TREWE, IWARBME REER 7Y FLA7 7L F, IDRER, W15
WEFE R (ZECAFTER) © ARRFSEs, REHMT, MAMYCY, HBEER, Bt #E %
SEETFGEH © AT, ZikR
<BEREFIEH>
Pz AR g WEEGE  EWSIER O BhEC HIHE T ReddEEdR R
NeEBhE o BT, REPERIG, AVPRHTE
FRERTSEE ¢ IR, DR, EWSRI T, VEAE R, AR NEEELY, BHEETY, AKH LT

-189 -



FEWOMER - W% R FHEEE O PEERE, HRIT
GBEME - (B A, BIUHE KRB RS 5, & Fil, AAsER
FERIIEZESAE - 48, Don Pietro Saldajeno  JERINFZEH : 35k MIME  IRFISFILFBFJEH A
<BEEBEREHFSE BEREREIFAR) >
I W EHMIER  EEHT
<HBBECATE>
Bz pOmEL B & ko
FOERE C KHERE (CGRA)  HHBMIER  2EMR IRERE BabeliBiE) - R R AEURK, PERE, RHEEF
WS (FBMER - MmmE  ReEkedk OB K B
WEE GRFE)) - Samse, JNHERA (CRA)  JLFEBFEH © Kz
<REIEST/ LD %HG >
fEZIZ 2 W & FHWMER BN A
<REIES/ LDH HEG >
e BB BREDRSER c JJAAESE JLRNFSEE  MUNSERET BRSER GEWED bk BEE
B E ke RSB c A UL IR

<BEEFTOERFEH>
Bz oEE X dEEGR  REEF B3 G - B
<&£(FBERFIH>

FHYAZ WE el IR

WFZEE © RIG—, BALRE, 4 B EEIESGRE milEmsE Baleik R IeREE T, PR
< HEAFYHEFSEF >

FEHEEZ I R BN RR

POHAEE A ML HaEES KW B FHBAIEE  FHLOA

KEReA kb SCH, Jia Xueqi, ATHR

JemIAFFEE  BUEHSA, HOE bR AR

HHELAJL[RFSEH ¢ Ana Fernandes
<BEEIZHEH>

(K EH)

BES Y X7 LHREFE
SINAFAHZY P>
W% %A #AD 0 OKEYO Kennedy Omondi — Bh#k @ LR HE, HI—I
BHFER C ZHEMTF, & H%E FEHEIEE  CPRIEAR HIOKE
KRR RN, MMREE, RIS, AULEAE, M\TEP, BEASUK, ISR, IDRHE,  Aizat bin MOHD AMINUDDIN,
P, fH T, EARDA, RS B, SARRLZA, AN, BT, £ MK
FRAE IR LA, RAGRERER, B HEF, ASATEOREE, BRIDGE, AER—E B0l B s
<REY T LHIHIEF>
Bz Aok WEEGE  OREME Bh¥C WA EEERTZER (R Mk RMSILEIEH - RHEE LET
JEFERIER - HEEz KBk 0 WANG ZHE, HAO RUOLIN, fGARAZLA, THEHE, BN, FHEE H0HER
SERAE MR, BRI, UK
<Y RFLTAIVRZEREF>
P3% MIFE: AR Alexis Vandenbon
FOENIZEE - ZIRMT Rk CORATE S, MBS

-190-



<IEIEFIE> 2T LGEF>
(REH)
< RNA Y A5 L35>
Bhgo: dbE L RH—
<&FES 27T LAFH>
A% Pali R dEEGE AR M Db MR
Paliife B - hSRELSE i R HESEMED, SENEREY
Regbesk © Zdnth, BLEE, HEbioR, HMOCHE doAEEl, bRz, JhRES
<HEBEEMES T LDEF>
Bz BRI D MEGEF, ORI, M & e AIMTE
Pl 2 KRB, WHET, KO, S0 FEAER  REET
REpbed: - PR #FgER - EARE BEZEAE A EE

<BEEMFIEF>
B AL MEEUE  NIERR O BRZER IR, MBS EEBEER c RIERRED  REEREA - 2R
<#HiiREEZESEF>

P WA B R, VWRRAE, A REEBEC IO WEER  rEE
YO E - FHTER C RBEET
<HA -B#ilS TFIVAEF>
BdZ o PR MEECE  MRERAT BhEC AMEEEEL DNIHiSE
YO E AR T SR MR T IRETRE (BlHiE R MG, IR
TREBE CEBMER) : FabI A 74 AT YRS Vb
KBk 0 £ Ao, 297 by g BELGERA, PR, AR
<BHRETICZANTVIaHE>
Bz 4 BB B CEGRMAIIER) HEHIR © GUY Adam  (EGRFHATTERH
NS SORMEAT (G RHAREgERt) G IS CEGRAITZER B SeR# (EdrRh-Eirseslh)
WP« BELEL (G sest)
PSR AR (CEGRAITIER), B (EaGRAmigerl), afftoa (Earfh=mmseth),
IS CEGRARIER) BB R - SRR (CEaFEirseRh)
Kb« RIGEW (CEMRHAITZERh, AT (EFHAAIZER), YANG Seongchun (CEMAHEWIZER),
SHAKLEINA Polina (Z:fBHA0FSERE), itk (CEMGRARIZER), Anita Banhidi (CEMGRHERIZER)
AEIFE CEGREmigert), ey (CEaRAREER), 7RE—IE (P iigerh), el CEmRmsest),
S CEGRAITGER), IASE R (EGRPARgER), RS <6 (arfhEmsesth)
WFSEE © AlaaJad (HE@rRFHEITZERL)
< IEERHIEF 2 EF >
HEEIZ BHME e e fEiie R oA A
WREHE © % BOE, HRSOE Bltkide R NSRESE, EIRT KR
K& PBisk © Emralino Francine Lianne, Saikruang Wilaiporn, IM Junghyun, ZUO Wenjie — %84 @ 28 523
JEFAFEH © ARHAESE, WEESIE INHEKRE, KEHRN

Wit EEREEET VAR 24—
try—f () PRI
<EREETIHE>
HEREZ  ZWRAT O BRZER  YEESS T, YALCINPISIL  FRERTEH © BIFsET

-191-



BEHiEE KM %
RApREd AR T, R SR, EOREEL B PUE LFEPFTEE R

<A ABRIEET IVHEF >
Bz WINLESC BaifER b B BOBWIER  AARmSET  SEEEER - AIHST
KEFBEHE © TAN Wei Keat, Poonam, KOVBA Anastasiia, Abeer Mohamed Ali Mohamed Kesha, Maureen Kidiga
FTAATYAS Y b AREKST

<71V AHELDEF >
HEBIZ BRI
Replete  deR S —, RAELRS, (E%ZE, HERHM, WikE-& Balrifi R - EX#HT
EFEPEE - |l

PONEMR w5 ¥ BONEPTRE b (BB) S0, BREEESE BUNWRE W B

Wi EEAERRE Y kN
Bz Wik GF) El X g G EHEER B EBIE PulEMRE ol
PafE -y MW, REEIN BHiER T Y
Pl 8 1) —, LR, miE—ES, BT, SRIET
WRZESCRAEAE R« WIE, 2 RS, WM, WLEESE, B B—, knihd
HPEMEE SR TREWRE  WElEz, -, T &

HiffEL ~ ES et 2—1
try—f G kTR
< ERAREZ ST >
- ES Mt r 7o — 7
AERZ  RREWSC, RS FREME c mE E BMEH RECE A IRERE HEEN BIRK
- ES Milis | 7 v — 7
AEZZ - HIEH—E G
<EREMBEAFEIEF>
e bFVH A NI V—T
Iz kST ), EERAN G dEEdE  KEVER G
- PR RS 7 v — T
Iz A R G

B=%5E
FHE CAHBZ RBEERE R BT BME R e B REED BURE - BB
HRAWE RIE BOREE © REOASET  IREME - ARk, EE LA, PN Z

e

-192-



Annual Report
of the Institute for Frontier Life and Medical Sciences,
Kyoto University
Vol.6 2021

20224 12 H1 H %84T
SRR AR AW AT gE
(202244 B 1 HIZ A VA - FAEER RGeS b L E L72)










Institute for Frontier Life and Medical Sciences
Kyoto University




