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Cover:
Negative staining electron microscopy of SARS-CoV-2 particles. The spike proteins decorate the virion surface,
showing the appearance of a crown.

Live-imaging of Hes7 expression in the presomitic mesoderm. Hes7 expression oscillates in phase in the wild type
(upper) but becomes dampened and out of synchrony in the absence of /Lfng/ (lower) .
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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. Our laboratory was newly joined in

this institute in September 2020, and started to research on paramyxoviruses and coronaviruses.

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.

Although the mechanisms underlying MeV and MuV infections in the central nervous system (CNS)
remain largely unknown, our group previously 1) revealed that hyperfusogenic MeVs can spread in human
neurons and in the brains of small animal models, 2) determined structures of MeV-F, responsible for
neuropathogenesis, alone and in complex with inhibitors, and 3) identified MuV glycan receptors expressed
on neural cells. As results of this year’s protects, we confirmed that mutations at specific positions in the
MeV-F protein structure induce the generation of mutant viruses that cause neurological infections. We also

succeeded structure-guided molecular designs of effective inhibitors for MeV in vitro.



2) Drug discovery 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.
We have also produced an S protein that can be experimentally labeled as desired. As the results, a system has
been established to provide it for use in vaccine development, therapeutic drug development, and

immunological analysis.

List of Publications
Ikegame S, Hashiguchi T, Hung CT, Rehbach K, Brennand KJ, Takeda M, Lee B. Fitness selection of

hyperfusogenic measles virus F proteins associated with neuropathogenic phenotypes. Proc Natl Acad
Sci U S A. in press
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The research carried out in our group are focused on a negative strand RNA virus replicating in the cell
nucleus, bornaviruses. Our projects aim to understand the fundamental mechanisms of the replication and

pathogenesis of bornaviruses. In addition, we are investigating the evolutional significance, as well as



function, of endogenous bornaviruses in many mammalian genomes, including humans. Furthermore, we are
conducting the development of a novel RNA virus vector using bornavirus for regenerative medicine and
gene therapies. In 2020, we conducted research on the following subjects.

In the field of experimental virology, we reported research results of following two subjects.

1) Optimal Expression of the Envelope Glycoprotein of Orthobornaviruses Determines the
Production of Mature Virus Particles. Most viruses causing persistent infection produce few infectious
particles from the infected cells. Borna disease virus 1, a member of the genus Orthobornavirus, is an RNA
virus that persistently infects the nucleus and has been applied to vectors for long-term gene expression. In
this study, we showed that, common among orthobornaviruses, excessive G expression does not affect
particle production itself but reduces the production of infectious particles with mature G and genomic RNA.
This result suggested that limited G expression contributes to suppressing abnormal viral particle production.
On the other hand, we found that canary bornavirus 1 has an exceptional G maturation mechanism and
produces a high-titer virus. Our study will contribute to not only understanding the mechanism of infectious
particle production but also improving the vector system of orthobornaviruses.

2) Evolutionary Selection of the Nuclear Localization Signal in the Viral Nucleoprotein Leads to Host
Adaptation of the Genus Orthobornavirus. Previous studies revealed that some genotypes of genus
Orthobornavirus isolated from avian species can replicate in mammalian cell lines, suggesting the zoonotic
potential of avian orthobornaviruses. However, the mechanism by which the host specificity of
orthobornaviruses is determined has not yet been identified. In this study, we found that the infectivity of
orthobornaviruses is not determined at the viral entry step, mediated by the viral glycoprotein and matrix
protein. Furthermore, we demonstrated that the nuclear localization signal (NLS) sequence in the viral
nucleoprotein (N) has evolved under natural selection and determines the host-specific viral polymerase
activity. A chimeric mammalian orthobornavirus, which has the NLS sequence of avian orthobornavirus N,
exhibited a reduced propagation efficiency in mammalian cells. Our findings indicated that nuclear transport
of the viral N is a determinant of the host range of orthobornaviruses, providing insights into the evolution
and host adaptation of orthobornaviruses.

In the project of viral vector development, we reported research results of following two subjects.

1) In Vivo Biodistribution Analysis of Transmission Competent and Defective RNA Virus-based
Episomal Vector. RNA virus-based episomal vector (REVec)is an emerging viral vector system that mediates
long-term stable gene expression in variety of cell types in vitro. However, little is known about its tissue
tropism and persistence of gene expression in vivo. Here, to evaluate the feasibility of REVec for in vivo gene
delivery, we conducted biodistribution analysis of transmission competent REVec and transmission defective
AG-REVec in Lewis rats. Following intracranial administration of REVec, transgene expression was detected
in various tissues. In contrast, transgene expression was only observed in the brain after AG-REVec
administration. In the brain, microglia, astrocytes and neurons were susceptible to REVec-mediated
transduction. Additionally, CD8 T cell infiltration was observed in the brain of these animals.

2) Production of High-titer Transmission-defective RNA Virus-based Episomal Vector Using Tangential



Flow Filtration. In recent years, viral vector based in vivo gene delivery strategies have achieved a
significant success in the treatment of genetic diseases. AG-REVec is a nontransmissive gene delivery system
that enables long-term gene expression in a variety of cell types in vitro, yet in vivo gene delivery has not
been successful due to the difficulty in producing high titer vector. The present study showed that tangential
flow filtration (TFF) can be effectively employed to increase the titer of AG-REVec. Concentration and
diafiltration of AG-REVec using TFF significantly increased its titer without loss of infectious activity.
Importantly, intracranial administration of high titer vector enabled persistent transgene expression in rodent
brain.
In the project of endogenous viruses, we reported research results of following subject.

1) Identification of RNA virus-like sequences using machine learning. Our genomes contain many
sequences derived from viruses, called EVEs. Many EVEs are reported to have been integrated into genomes
of eukaryotes hundreds to tens of millions of years ago, and thus can be molecular fossils for understanding
ancient viruses. Further, some EVEs play important roles in the host organisms, providing valuable insights
into the coevolution of viruses and non-viral organisms. Sequence similarity searches, such as BLAST, were
used for detection of EVEs in eukaryotic genomes. Such conventional EVE searches are dependent on
sequence similarities between known viruses and genomes of eukaryotes, and thus have the disadvantage that
they cannot detect EVEs derived from unidentified or extinct viruses. To overcome the problem, we
developed a novel method for detecting EVEs by machine learning using sequence signatures of known RNA
viruses and their EVEs. Using this novel method, we identified RNA virus-like sequences in the human
genome that could not be found using the conventional detection methods. These findings will contribute to
elucidating the diversity of ancient viruses, the coevolution of viruses and hosts, and genome evolution.
Further, our results suggest that unidentified virus-derived sequences are present in the genomes of non-

human organisms as well, and the method developed in this study will be useful in future works.
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RO EFCTIE, — 727 4V ZE TR 2 TR BMEER F T S« v/ FEIc X
0. IS ZBIE A DAL VI NIV FIAL VA, TERFTIA VA, FTyF a4 VA% EDHNI
NEHEE 2 RIS 2 2 L 2 HIFL T de T2 7 A4V 2 OMITLPNBEERAE % 71 L~V CHR
THIEIWED, TA VA EEST P07 4 )V ZAERFER, 74 VARG 70y 7§ 5Pk
FEHDOBFIZD ATV D, 2020 FF1Z. 4 Y IV U HFI L VADY ) A EEEERE O % H
e LT, YA NAR) KRS X7 BEEEROIER DG ONCTIHT Lz 720 =V TN TY
ANVADZ I LEF+ 7Y FIEEEEZ IS 2T 5720, 74 VA S 87 8 -RNA BHE1kD
=IO R P L7z,

1) £ Y7 NI VHFY AV A OFEN BB O T
AVINVZVHFIANVRARIMBOEL L D<A F AFHRNA 7 A VA LR ) BRESHBOZNTY
J 2 RNA Z 89 5 1B 28 % 20 NTHE I N7/ A RNA & RNA K17% RNA
R AT —VBHEEGRESY VX7 E (NP) & & HITBEIRD ) K%y v 37 B AR (RNP) 2TE
K3 %o D RNPHEMEILY / & RNA OBICHUIHTH 5 A% MBENO &2 TR SN DL D2k
o TV, AREFFETIZEGSHIAL A O & DO FEIR T RNP 2SI SN B %2 W 52T 5 720,
EGAINLIZ BT 5 NP B L UVRNA R X 7 —VRERK T DM N RAE & BRI iT L7z £ >~
TNI T A ARG BT, RG22 S I T NP BX U RNA KR Y) 2T —
YHER N T2/ MRICBFEST % 2 E S22 % 5 720 KIS, NP OF/MEBATY 77 )L (NoLS)
[CERZ B A LR (NPNetsm) 35 X ONE OFFIGFZA SR (NoLS-NP Netsm) 250§ % 75 2 3
REGEL, RNARY AT —EF URVERBUTIAI RBIOTY V ARNAFHTIAI FL
DICHEFEMNIEA L, RNP Z K L 720 RNP L AW SN L H 7 7 2 RNA &% RT-gPCR
T RNP LA % w2 51 [ BEAEE CREAG L 720 NP Nobsmut 2 FI\C RNP % FEHEIE L 7285, 77/
LA RNAZIZEA ARSI NG, NP NS s SHER, S 4% RNP (X, BFAERI RNP & 7% % il 2R
L 720 —77. NoLS-NP Netsmut 2 F-C RS L 72 RNP 22 55K 3144/ 2 RNA =i, BAER NP
ZHOTHRER L RNP 258 EN D57/ L RNA & &A% THJE L. NoLS-NP Nebsmut 7 25 4
S5 RNP 13, B RNP AR L ARG Z R L7z, TNHDOFRN S, NP OB/MERE
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TSRS, - AR Z A3 HHRAEN RNP HAEKROTERICUIATH S 2 EH L E D, B/MEDS
RNP DY & 72 B REME AR S Tz,

2) =NV T IV 74 VA NP-RNA B &R DORE SR

R=WVTNWTIANVAZIRTIANVZAERUET7 4 a7 A VARHIRE L, FEGHIO~ 1 F XH—
AKERNAZT ) L E LTHD, =NV T VT I AL NVADS ) L RNA W ZHDOT 4 VAK S X
8 (NP) & L CIEE AR (NP-RNA #HGHK) 2K T 5. SHITTAVARY AT -
TEUCBEBDOIANAY YT EHDBNP-RNA BHERICHAG L. X7 LA F v 7Y FEBoTOA N
ZRTPICELD AN B, 2D NP-RNA HAMKIZY 7 2 RNA OfzE. - RO RS L LCHiET 5
2 THRL, UA VAR S b ks 2 K723, L L. €O %0 FREEIEH S 5
o TWiEdolze TTTAIETIE, S— VTV T I AL VADR 7 LI F v 7Y NIEEERHZ
HOPIZT 2720, 7 A 4B BEEIC X 5 b T2 2 v T NP-RNA AR ORE ST %2
fTolzo ZOREHE, 3.1 ADIIAAET NP-RNA HAKRO ZRITTHEE 2 ML 2 L IR L7z, 2 ok
Badb LIl RERMRE WAL R = =T v 1L )=V TN T T A VADR TR T/
LR - FENCEHBEE ER ONDLT IV BRAERFE Lz, $72. TNH60T7 IV RIZZ KT I A
WRIIZHRAFESINTBY . TRT IANVAREREKE HC7N 06 b RO R EH72, Thd
DIERDPD, 74T ANVADA T LFF X 7Y FEERT / 25 - EENCEHE LT I BRAH
Y N LW At

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 2020, we analyzed intranuclear sites for influenza A virus
ribonucleoprotein complex formation in order to elucidate the mechanism for genome replication.

Furthermore, we determined Marburg virus nucleoprotein-RNA 3D structure using cryo-EM.

1) The intranuclear site of influenza virus replication

Unlike most RNA viruses, influenza virus replicates genomic RNA in the nucleus of infected cells. This
genomic RNA forms a helical ribonucleoprotein complex (RNP) with multiple nucleoproteins (NP) and a
heterotrimeric RNA-dependent RNA polymerase complex composed of PB2, PB1, and PA. The RNP is
responsible for the replication and transcription of the genomic RNA. Newly synthesized RNP components
are assembled into RNPs within the nucleus during replication. However, it remains unclear which
intranuclear sites are important for RNP formation. We found that all RNP proteins localized in the nucleoli
of infected cells. To further understand the significance of RNP nucleolar localization, we examined the RNP
formation and genome replication using NPs with mutations in the nucleolar localization signal (NoLS) . Two

NP mutants were designed: 1) NP NeLSm with alanine mutations in the NoLS and 2) a reverse mutant where
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intact NoLS is fused to the N-terminus of NP NetSmut' The RNPs comprising either NP mutant were
reconstituted in HEK293T cells, which were immunoprecipitated and visualized by high-speed atomic force
microscopy. We found that the mutant RNPs reconstituted with NP NLSmt formed aberrant RNP structures and
exhibited markedly reduced replication activity. On the other hand, the RNPs reconstituted with wild-type NP
and the reverse mutant NP formed intact helical RNP structures and showed efficient replication activity.
These results demonstrate that the nucleolar localization of NP is critical for the formation and function of
RNPs. Our findings suggest that the nucleoli of infected cells are the sites of RNP formation during influenza

virus replication.

2) Cryo-EM structure of Marburg virus NP-RNA complex

Marburg virus (MARV), a close relative of Ebola virus (EBOV), belongs to the family Filoviridae and
possesses a non-segmented, single-stranded, negative-sense RNA genome. The viral genomic RNA is
encapsidated by multiple NPs to form a left-handed helical structure. The helical NP-RNA tube acts as a
scaffold for the formation of a helical nucleocapsid, where other viral components such as VP30, VP35,
VP24, and L are associated. Because the NP-RNA tube is the core structure of the nucleocapsid and crucial
for transcription and replication of the viral RNA, elucidation of its structure is important for understanding
the mechanisms of MARYV transcription and replication as well as developing novel antivirals against MARV.
Here, we report the cryo-EM structure of the MARV NP (1-395) -RNA tube structure with a resolution of 3.1
A. Based on this structural information, we assessed which amino acid residues are crucial for the
multiplication mechanism via mini genome assays using NP site-directed mutants of both MARV and EBOV
and negative staining of the mutants. These findings are important for understanding the viral propagation

mechanism common among Filoviridae.
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KBTI, 74NV RAEGI L DDA O & ZoHliEDORBEZDO I LT, Y4 IVAE
M OMEAEH O M2 B I o Tnbh, T %id,. FEENADERKE 25 S
Ya—<o A VA EFBBADERE 2 BRFRIANVAE CRIFRIANVATH D,

GEHIN—7)

WH - BN 7V —F1Z L a4 VAMEICHET )., BEREEHF2 e b o—<7 4 L X
(HPV). A5 Wt R DIFFE %2 1T > TWhHo FoHAER L D, AHES APERMB & LT
%%bﬂbfb\éo

1) HPV IZB99 % W%

HPV (%, B PRI RGeS 2R 7 A VA TH Do FFICFESRABRE L OB IZE L. £
FREKNRNTEEZONT WS, REEITHPV OFEBEFLVEZFAL T, 74 IV AEETOKE
RYED LI, i AV AFI O FEER % 1T - 72,

2) Wt #EEE DN

Wt fEEE, FEERLTHEBIEH LTV AW EH TH 5. WL, Wnt @ Co-receptor, LRP6 |25
A3 % #HH & LT Keratin associated protein 13 (Krtap13) % W\»72 L. Krtapl3 O 5RiIFEH A, Wnt
TR 2 G 2 FH 2 W S I Lo MRRAFRIIC Krtap13 Z KB TAH P VAV 22y I v
7 A% TN L. Lymphoma Z 583 2 ALz, BIELHNZH#HD TV 5,

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

are involved in organ development and tumorigenesis.
1) Differentiation-specific replication of human papillomavirus (HPV)

The infectious target of HPV is the stratified epithelium, and its infection caused a variety of benign

tumors. We are now investigating the biological functions of the viral genes in its replication. We are also
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evaluating the antiviral activity of a novel compound with HPV replication platform.

2) Analysis of Krtap13-Induced Activation of Canonical Wnt Signaling Pathway in vivo

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

generated to analyze effect of overexpression of Flag-tagged Krtap in vivo.

(XFTN—T]

THIZNV—=TTIE CRBFHET A VA (HCV) %6 BEIFRY A VA (HBV) OWFZE%E Hl
ICBZoTWh, HRIANVZADERRZ ST LVNVCHH L, ZOREEZD LITHY 4 )V A%
HOPFEEZHIEL TWb, T2, MEICEY. L2IER e MIFHEMIESE 2 v <. R ir&y
AW A EGDWFED & FFFHE 72 & ORI REOFIERIEZ O 0T 270002 BT %>
TWwab,

1) HCV IZBI9 2%

HARIZBWTEZELR CRFLY A VA (HCV) TH 5 EE TR 1b ® HCV (HCVIb) EHFFHAA
OBV ETHISNTWS, ThE THCV EHEEOMNIZ, & LT, BRRICEE
L2, BEMBAOBEINERIEA XN/ HCVIb 7/ 22 W Tirb T & 7225 Fx ik, &
HHROBFAR Y ) AEH T 5HHCVIb B MR Z 72 ISR L TE 720 RIFXZOFFAR
HCV1b OEGIIHE T VML E LT, T F %A 210 v (Tet) ZEHITMZ % 2 & THIEO Gt
PRI A SN2 HCVID 77/ A RNA ORRE DM S 2553/ 2 857 L7z, Z oM,
o Tet i 2 & T MBPNCZO7 7 2 RNA P I N7z, ZOMBLZ TARR#ET 5 2
EC, BERBENZOF ) A RNA BB L, B8 (et T o e E 25 B 7z,

2) HBV IZB9 % W%

413, HBV EAMNE R HBV B4l % Nrf2 {541t Bardoxolone methyl (BARD) THLEEY
BE, MO HBY BEADPHEICEKT T2 L2 AL TS, 2N TOZOIEHETICH
T 5W%EH 5 BARD WHIZ L ) HBV 7/ 2D LG S5 pgRNA D5 FEIPRHE S L 2 L AUR
SN TWize HBV 7/ A DRKEFAR % FI W72 EHT 2> & BARD OFEHEIZ MG L7z & 2 A,
YEDT ) ZEBOGAPUETH L 2/ L7z, F72, TOHE LR - —#@IEZ 1 ICms
ERLTAH, AMOLR— —FHBUKTBBIE I Nz —FH, COFEBINLDY X7 HiE, %
FES 2 mARREZEH L 728 2 A, BARD IZ X BHIHIRIBICITHE L W2 L 25b o 72,

L72%%5 T, HBV 7/ A D Z DI BARD (ZISE$ 5 BRI B 5\ 32 O kTS DEAE
T 5 LRI NI,
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The major purpose of our research group is clarification of lifecycles of human hepatitis viruses, hepatitis
B virus and hepatitis C virus at the molecular level. Development of drugs against these viruses and
understanding of chronic liver diseases caused by infection of these viruses are also in the scope of our
research. To accomplish those aims, we are now investigating the interaction between those viruses and host
cells by using several hepatitis virus culture systems including human hepatocyte derived cells system

developed originally in our laboratory.

1) Development of a new culture model system for proliferation of wild type HCV gt1b

We have established the genome replication system for wild type (WT) hepatitis C virus genotype 1b
(HCV1b) although the present models for HCV genome replication have been made up for HCV genome that
possesses adaptive mutation (AM) to cultured cells. In this year, we developed the model culture system of
WT HCV1b in which the expression of HCV genome RNA is regulated by tetracycline (Tet). The whole
genome of WT HCV1b, KT9 strain, was expressed in the established cells derived from Huh7.5 cells in the
absence of Tet, but not in the presence of Tet. The replication of the expressed WT HCV1b genome was
confirmed in the 3D culture condition, as well as production of infectious HCV particles in the culture

medium.

2) Analysis of molecular mechanism of anti-HBV effect by bardoxolone methyl

We have observed that bardoxolone methyl (BARD), an activator of Nrf2, significantly suppressed the
production of extracellular HBV DNA in several HBV culture systems. We obtained heretofore that BARD
treatment reduced the amounts of HBV pregemonic RNA (pgRNA), through the HBV pgRNA degradation.
The deletion analysis performed to investigate the responsive region of HBV genome to the BARD effect
showed the particular region in HBV region was required to the effect. When the region was fused with the
reporter gene, the BARD effect was still observed even when the point mutation preventing the production of
the protein from the region was introduced, suggesting that the particular RNA sequence or its structure could

play an important role in the BARD effect.
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MAZOFE N TH S [FBIRERE] OFEME LT, YA VA RXRTF FICHT2H L
WINEZ TR L, ZORBHNZHDOTNWDE, RIEFEIZ, ) AT F FHRURY IV MHC 7 7 A 1 57
TFEETNVELT, TONRE) F Y FEFEET 5 & & DI RTF FHRIRO 55Tk 2 i L
720 A AERERSFROMAT RN E U TR L CEphike~ s u 7 v — Y OMEEH O
(X, S100A9 T2 IT& LTEBERENH LI YT FOREEANLHEELLI E LTV,

1) VAEXRTF FHERRZHD MHC 7 7 A 1 5 1O L BhE

PNIZA ZETVICBWCHFED T /7 F)V MHC 7 5 A 1 45 (Mamu-B*098, Mamu-B*05104)
&3 RF VBB % 2T 72 SIVNef & V37 O N K ) RRTF FRH Z2EE L, ) RXTF
N4 AR A5 2= T Al (CTL) #3GPEM b3 % (Nat. Commun. 2016, J. Immunol. 2019). ¥ 72,
Mamu-B*098 Z B L7 T U AV 2=y 77 AIZBWTIE, HBVSI 7 Y X7 EICHKT %)
RRTF FEiBik 35 CTL BT 5 (KRFEEK). 61T, E MIBWTH YV RRTF FEis
% HLA 7 7 A 1 53 F OO o7z (R¥EE). ) ARRTF MR MHC 7 7 A 155 FD
FHR BT S, RTF FFORZHIMUERDO MHC 7 5 A 1 5T L IZREOH MBS L L2 ) O
2H b,

MHC 7 F A 1 57 ORI OREEOIRETH ). —EDFTIH L NIV HEF I
MR SN DRLENDH L, XTF FIIRMHC 7 5 A 1 507084, DMARRICER L -7 F N
IR TAP 24 L CHIBE 5 S /NI AR IS SN-HOR T F FEEAGT 5 2 L2 L ) =it
L. MR T 5, Ho T ZDO3HIZ TAP #EREITIKGFE S 50 — 7. Mamu-B*098 431 Dl
ORI TAP ARREICIRIF L 2 W O RTF FEIIRLRL2HC) Y FOFENHELRE SN
720 AAEFE, Mamu-B*098 0 FOEEALRHCY v e LTY V) VIRERZFE L. HEKRD X
Ll SR 2 I L 72 (J. Biol. Chem. 2020) 0 7 4 )V AEGSILTIE, UV VIREY H Y Ky
ANWAYRRTF FICERIN, 74 IVA)RRTF FERY CTLISEPFEI NS, L EZZ 5N
%o

CNFETRFEESNIZTANVA) RXRTF FHREORTF FRIZ4-5KETH Y. EROXTF
FHUE (8-10 F&2L) LI L CEAREICZ L, THIRRZY M —TOMESAHTH 72, 22T
SIV Nef 4-mer V) RXTF F (Myr-GGAI; Cl4nefd) %6 L7z Mamu-B*05104 A&k & 2 % e
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PN RRAR S 5 T A2 ZEAK (SN45) o i i 2
AL 720 ZORF. SN4S T MR 2 RIEI Y
AFUVRENRT T FOBEEIIHMET BT I Ml
BERERCER L. X7 F R &G 2
MEEH ZHEE L 2w 2 EDH S 5 & % 5 72 (Fig.
1; Int. Immunol. 2020)c & DY KT F Filik D 4§
P, fERA SN TS MHC 7 5 A 1 #2R-RT
FREFRETHD, & LA CDIHTICE - THE
NS ND IREUR ORI AV D TH %,

Fig. 1. (A) An overall image of the Mamu-B*05104:

2) HPPERS100A9 12k 5~ 7 17 7 — VAL Cl4nef4 lipopeptide:SN45 TCR complex is
B displayed. (B) A molecular model for TCR
AGECHESL. L 72 BIVE » M ERT TV DN recognition of lipopeptides is shown.

M5, FERIEERIBIIIFRERPER L. Fh
HRELET B S100A9 7 ¥ /87 EANEMA AL~ 27 07 7 — VDEAIKRTD LA OILK & HEFFIC
HEELBRE R LT D I EDH LML %572 (Blood Adv. 2016) ;. 2T S100A9 12X 5~ 7 1
77— VEREHI B O 2 HIE L. S100A9 / v 7 77 F<w7 A (AKO~X T A) ZiFH L., ¥
VHRIMWT 7 F R ThH B BCGIZX B3 7 ABRGET VONT 247 o 720 ZORER, BERGFII
WAL U720 Bk DS S100A9 Z BEAE L. EYRFNC B 2PKIEE M2 ~ 27 0 7 7 — Y & MY IS
FETHLIEDPWONE oz SOFHERKICE S~ 07 7 — VN, HORMATZHET
LEBMEEZRLTEB Y., EB AIKO ¥ 7 ZI2BWTIE BCG DAL L7, S4EE, M2 <
7a7 7 — Y OFEIZEDDUFHER S1I00A9 ¥ 7 F IV D513k % fRIHS % 728, BCG &Y~ 7 A
255 HE L 724 ER RNA-seq 1T 2720 TDORMR. THRY 7T T VEMEEHETH 5 Cox2 Y
S100A9 2 & W HHAM 2215 Z & 222 & L7z, FEBIZ, BCG EHMEIAD & BBk L 72 A9KO U
WIRO 7O Ry 75 2T Y B2 BEAREFEARGE R ERICHATHE KT Lz, 720 Cox2 (2R
LYFRIHER] (L= a7) % BCG P~ AIHKGTAHIETM2 Y707 7 —UNHE
BN, KR E LTBCG ML Lz SR 72ICHH &5 L 2 o 725 ERIZ BT % S100A9/Cox2
REIE, M23 2707 7 —VOFEORL ST, WEOBBIEHIH BHET5 2 & 2RBT 5,
o0 & DSARIZICIEIBIEN L VW, T T TSIAY ¥ 7 FVICLDFESINL M2~V 710
7 7 — VINEDHKBRFNEIZ T T 2% K BSABUNRBRIC BT HAEE) 3 A W REE 2 A L <, #5254
ETNVOMGER AT > 720 BI6BL6 A T /) —~<filaz iz~ A FHEMHSAETIVTIE, #il
AL BT B DA DHGHIZOWTIE, BARI L AJKO ~ 7 ZARICEILIZ B h 5720 —F. AIKO ¥
7 22 BT B DAL ONEAE R AR < & 2R TITHET A2 & %2 R L7z, S100A9 12 &
=707 7 —IEALORIED, &Y DA AMILOE R ORI B W CEE R 5%H 2 572
TR E AR L, Zo5 T MBI 252 B L Twb,
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1) Structure and function of lipopeptide-presenting MHC class I molecules

In a rhesus model of human AIDS, MHC class I molecules (Mamu-B*098 and Mamu-B*05104) bind
N-terminal lipopeptide fragments of the N-myristoylated SIV Nef protein and activate lipopeptide-specific
cytotoxic T-lymphocytes (CTLs) (Nat. Commun. 2016; J. Immunol. 2019). CTL responses directed against
HBV S1 protein-derived lipopeptides are also detected in Mamu-B*098 transgenic mice (unpublished).
Furthermore, MHC (HLA) class I molecules that are capable of binding lipopeptides have been identified in
humans (unpublished) . Extensive studies of these lipopeptide-presenting molecules are beginning to unravel
their unique properties that are distinct from those for peptide-presenting MHC class I molecules.

Sustained surface expression of MHC class | proteins at approariate levels is critical as an indicator of cell
healthiness. Conventional MHC class I complexes are stabilized by binding self peptides that are transported
from the cytosol to the endoplasmic reticulum via the TAP peptide transporter and subsequently expressed on
the cell surface; therefore, their expression depends on the TAP function. On the contrary, the totally TAP-
independent expression of Mamu-B*098 suggests that they may bind endogenous ligands other than peptides.
We found that lyso-phospholipid species were utilized as a source of ligands for Mamu-B*098, and X-ray
crystal structures of lyso-phospholipid-bound Mamu-B*098 complexes were determined (J. Biol. Chem.
2020).

The peptide portion of lipopeptide antigens is shorter (4- to 5-mer) and less variable than conventional 8-
to 10-mer peptide antigens, and it was unknown how lipopeptides were recognized by T-cell receptors
(TCRs). An X-ray co-crystal structure of the Cl4nef4-bound Mamu-B*05104 and specific SN45 TCR
complex revealed that the amide bond formed at the myristic acid-peptide junction offered a crucial T-cell
epitope while virtually no substantial contribution was noted for the peptide sequence (Fig. 1; Int. Immunol.
2020). These observations highlight novel molecular mechanisms for TCR-mediated recognition of

lipopeptide antigens.

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.
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RNA-sequencing analysis of WT and A9KO neutrophils suggested that ST00A9 regulated the Cox2/
prostaglandin-E2 pathway, promoting M2 polarization. Moreover, the SI00A9/Cox2 axis proved to be
essential for bacteria control. 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.
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AEClE, MR 2 © ORI O W LD 75 FH8 . B X OVREIRE O Tl R %
RS2 L 2@ 0, MRMEOE BN ZFEHEEZHEOMIT LI L EZHIBL TS, 2, 1~
F—uAf4Fr7Lt7¥— (IL-7TR) ORIERIIBIFLHEE. 2704 FARLVEVIZEDIL-TRD
FEHAHIE & R RERE OBE H FEG. IL-7 & IL-15 EEARMIR oW HIb & BEREMAT 2 H O iFgE 2 6D C
Wb, RIEEOWIFERAZ LLTICRET %o

1) £ 7—uf XV 1B TRY ZFVOBEICK 5 T MO RIBEEEREZ /]

Ay —ua4x>r7 (L-7) ETHRE. BMRE. BRY 238k &) 2Bk 45L& E MR
WA M AV TH Do IL-TZHEER (IL-TR) DY 7 FIUREIZB W T, STATS & PI3 F 5 —
EHARELZREZHSTWE, LEL, SO2200RFARED X HIZIL-7 ¥ 7 F V%2 HIH L., Hhk
BT HOPIEHLPIZEN TR o7z £ Ty B2 HIXIL-7TR O 449 FHOF 1 3 o FRIk
HYSTATS & PI3 FF —E L DG ETEHLICKLETH LT L, 452 FHD XA FF = VFRIEDIPI3 F
F—ELDEIILETH AL EIZEH L2 D IL-7TR MRS 7 A Z/E8 L 72, STATS & PI3
FF—BOM DY 7 FIMEEDNFEE X NS IL-TR-Y449F 7 A &, PI3 FF—¥ DY 7 F ViniE
MME T % IL-7TR-M452L ¥ 7 A TdH %, IL-TR-Y449F ¥ 7 A Tld, STATS & PI3 ¥F—E L 7 F L
BEEISNAZLICL), THIRSERLAFICED 2 BIETORHMET L. €OHE T K
EWA L7z —H. IL-TR-M452L ¥ 7 ATl PI3 7 — B 7 F B EINZ7Z2TTlE R <,
STATS ¥ 7 F W FH L ILE L7ze L722%5 T\ STATS & PI3 ¥+ —EOMIZHEEWN R Y 7 F IVE
EPRETWDEEEZ BNz, E5I1T, IL-7TR-M4AS2L ¥ 7 ADENTICL ), TOBAW R Y 7 F v
AU T ML D5, KRS TR OMER:, Thi17 Mg b2 i L Cwb 2 e 2 /R Lz, 72,
VAT THERGIZEGERIC L) OB Y 7V A%E D8 T Aok & ki b
M5 LTwiz, UEDBFTICE D, IL-7TR D Ty 7 F V2B W T STATS & PI3 ¥+ — ¥ AN
RBIRICH . S OBAEDS T IO b, MeRE & BERE 2 BWUNCHI L T A 2 L2 ST L7z,

2) —HDYWBTHIIEY 7Y FOEWHTORAFTASY Y AIWZTCR ¥ 7 FVHRBETH S

op T AL O KREHKE COELHERF (S AT 25 ¥ R) (i, THIBPURZ AR (TCR) ¥ 7 v
EIL-T Y TFND2ONUITH B0 —Fy8 THINEIE. CD27 DFEBIUZ X - TIFN-y pEA R (CD27)
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& IL-17A FEAERL (CD277) W24 A, IFN=y JEAR w8 THIB O KR A F 2 & 2 Z121E IL-15 A7,
IL-17A BEARL S THIE DA X+ 25 2 ZIF IL-T DBETH 5D, LA L, ydTCR 5D 7
By THROEETORAF AY T RZHBELZOPIIHLPITH > T, F4lX, ySTCR ©
BHRLANVEETEELT LT, y8TCR Y 7 F Dy THIBRO R A F A5 ¥ 21252 58 %R
NREZENTELDOTIE BN EER, TCRY BIZTHDOIL U N Y —D 1 DTH A Eyd Z/KIHS
72 (Ey4KO) <7 AZMEH L 720 Ey4KO <7 ZADMHTH 5. Eyd (38T 5 Vyl.l EE 1D V-J
HARZ AL TH B705, @I H D Vy2 EIET (SR ¥ 7SHko T2 % vo T HINBICHIL T %
TCRy #{&T) O VIMEZIZIZEEEEZ 523, BEORAZRET LI Ny —L L THLZ L
Worholze EHIT, Ey4KO =7 A Tld, RO vy2r yo T Ml OMIaBUIE AR~ 2 L DT
FEDVAHRLEDOLNLNDOD, ) V8 & PIETIE vy2r yd THIIEASIRA L CTnwb 2 e 2 Rl L7z 78
T MIZix CD27 & CD45RB DFEHIZ X - T 4 DD subpopulation 12531 S5, Ey4KO ¥ 7 A Tl
CD27'CD45RB"¢" [FN-y BE A vy2' v§ TRIME SRR IICIMA L T Wb 2 L3 ho7ze £ 2T,
Ey4KO =7 A DY) ¥ 734 & ligA 5 CD27°CD45RBMe Vy2* v& T Mgt 7k v b % Hil L Ciil-X72
LZAh, WAERS Y ADFEY 7y b EREL T, TCR OiRE., MgRmEHL NV, TCR ¥ 7
FIVOEEDIREETdH % Nrdal & Egr-3 DFEHPMPLT L TWDB Z EDG o7, TbDE, Ey4KO
XY ATIE V2 BT OWBEIME T T2 2 EICE D, yd TCRFEH & yd3TCR ¥ 7 F V25555 L T
b EDRER SNz, S 512, BAEM< Y R L Ey4KO 7 A5 5 CD27°CD45RB e Vy2+ v§ T Ailllg
HEEL T 1.1 OEATRA L. Rag2 KIE~ 7 ZIBHE L C. 4 BRI % 17T - 7285 5 Ey4KO
~ 7 A% CD27'CD45RBMe" Vy2* v8 T ML, BRI O 7k v MIHRTHREI I wWZ E
Moo lze 72, EydKO ¥ 7 A Tld, CD27°CD45RB"e" Vy2+ y§ T ML @ in vitro "T? TCR HllFLIZ
DAL AR 2L DRIGLTBYD, A5/ =< ST AP DET L TCwi, Bk
FERD 5 0K SRR ICAEAES S CD27'CD45RB 3 Tl DK A+ X & ¥ ZA121E ySTCR 2° 5
DY T FNVPLEETH B REEAIRIE S N7z,

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

cells.

1) Competition between STAT5 and phosphatidylinositol 3-kinase under IL-7 receptor signaling
modulates T cell development and homeostasis
IL-7 is a cytokine essential for immune development and homeostasis. STAT5 and PI3K are two major
signal molecules of the IL-7 receptor (IL-7R) involved in these processes. The tyrosine residue Y** of IL-7Ra
is essential for interaction and activation of both STATS5 and PI3K, while the methionine residue M*? is

additionally required for PI3K recruitment. Nevertheless, how STATS5 and PI3K signals are precisely
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contributed under the IL-7R has not been well understood. To characterize the differential roles of these
signals in vivo, we established two lines of IL-7Ra mutant mice, IL7R-Y449F and IL7R-M452L.
Interestingly, IL-7R-Y449F mice showed decreased PI3K and STATS signals, whereas IL-7R-M452L mice
showed decreased PI3K but significantly increased STATS signaling, owing to a competition between PI3K
and STATS signaling through Y449 of IL-7Ra. The Y449F mice showed markedly decreased T cells and
mature innate lymphoid cells because of the poor survival and proliferative dysfunction. In contrast, only
early T progenitors (ETPs) and DN2 thymocytes were reduced in the M452L mice, due to the reduction of T
cell factor (TCF) -1 expression. Peripheral T cell numbers increased in IL-7R-M452L mice with enhanced
survival and homeostatic proliferation. Although wild type and IL-7R-Y449F mice showed comparable Th
differentiation, IL-7R-M452L mice exhibited impaired Th17 differentiation. Furthermore, development and
maturation of memory CD8 T cells were impaired in M452L mice after Listeria infection. Thus, our study
suggests that the competition between STAT5 and PI3K for the Y* of IL-7Ra modulates the development,

homeostasis, and function of T cells in vivo.

2) CD27+CD45"" IFN-y-producing yd T cells require TCR signal for homeostasis in the secondary
lymphoid organs

Naive aff T cells require TCR and IL-7 signal for homeostasis in the secondary lymphoid organs. y6 T cells
are divided into two subpopulations: IFN-y- or IL-17A-producers, and survival of [FN-y- and IL-17A-
producing yd T cells reportedly depends on IL-15 and IL-7, respectively. However, it remains unknown
whether yd T cells require TCR signal for homeostasis in the peripheral lymphoid organs. To attenuate y0TCR
signals, we generated mice lacking Ey4 (Ey4~'), an enhancer located at the 3"-most end of the TCRy locus.
Enhancers in the immunoglobulin and TCR loci may enhance V. (D) J recombination or transcription. We
found that in thymus, whereas Ey4 loss completely abolished proximal Vyl.1-Jy4 rearrangement, distal Vy2-
Jyl (major Vy gene expressed in y& T cells in secondary lymphoid organs) rearrangement was unaffected,
suggesting that Ey4 activates V-J rearrangements of TCRy locus in a distance-dependent manner. Vy2© yd T
cells in Ey4" mice developed normally in both fetal and adult mouse thymi but were reduced in number in
spleen and lymph nodes. y6 T cells can be divided into four subpopulations by CD27 and CD45RB
expression. In Ey4" mice, Vy2* y3 T cells decreased in peripheral lymphoid organs were limited to the innate-
like CD27*CD45RB"e" [FN-y producers. In addition, Ey4" mice showed reduced TCR surface expression,
transcription, and Egr-3 and Nr4a expression, markers of TCR signaling, in this subpopulation, suggesting
that TCR expression and following TCR signaling are attenuated in Ey4’ mice. Furthermore,
CD27°CD45RB"e" Vy2* vd T cells from Ey4” mice transferred into Rag2-deficient mice were not efficiently
recovered compared to Ey4”* mice, suggesting that continuous TCR signaling is required for their
homeostasis. Finally, CD27*CD45RB"¢" Vy2* vd T cells from Ey4” mice showed impaired TCR-induced
activation ex vivo and Ey4~" mice exhibited weaker anti-tumor responses. Collectively, our results suggest
that normal homeostasis of innate-like CD27*CD45RB"&" Vy2* v T cells in peripheral lymphoid organs
requires TCR signaling.
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WHFGE 7V — 7Tl AEMIBIC BT 5 7 v E RS RO 2 1To T\ b, Hillio
HCHEGRENT T VS EIRERET 5720121, MINICHFET Ay Xa v ¥ Y2 ER ED
T %MD CIE L WEKRIESE 2 TR T 2 BN H 5o MR THEER SN V87 HIZIELWE
KM 2 T L 72 W RE IR IC A D . AROBERE T REYFANC#HidN b, 27 =7 Y I3HFHEY
WCBWTKRRIZEAE SN MBI~ V) v 72 2% VS 7 T BT RlE 2 O T RET I % 7
BExx L TWb, 377 VIR TEERENT3 KD a 1B L Y Hb & o TEHER 300-400
nm OBROGT 2T 5 (Fig. 1A)e TOXIICKELRITT =7 V5T OMMBBNEGE A H = X A

RS 5720, WEY YN GFP WL za 5 —
YT EEE L, MRICEBEIETZEDOE X % live-cell
imaging % W CTIAT L 720 IV O 5 — 7 VI3 RRR %
g BT =7 TSNS EIRICIEE T 5 (Fig 1A)-
GFP-procollagen IV ZE# L T/RMafk2: 5 TV TV E DA
R % 2 8153 L 725K, THAEAY 300-500 nm D/REIZ & -
TH% SN L2 LS IR -7 (Fig. 1B)o 2 D%/
FaD K& XL, lHORAM 7 87 B Eimkd 5/MMo k12
IZFE L TH o720 LA LMk - v DR [ X ) (ERGIC)
DR EEZE RN e, IVEIIT =7 Vi3— BN %
UL 87 LR T HAEEE Tk S A W RETEDRIE
Iz,

ERANE L 3 A0 R e Al I AVPAL/E = () | S Re Ak
WTHIZEZ D 5 L & BT, MEAREE S (ERAD) ZiH
) BEEERDENT BT - T b,
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Fig. 1. A. Scheme of collagen IV
molecules (Kalluri, 2014). B. ER-to-
Golgi transport of GFP-collagen IV.



2) AWF5E5r B Tld, RNA aptamer % FI\V T\ 1) BERAEWII BT 2 G HEEEOMNT B L 07 2) &
HNIZBUT % 37— 25O IZIL) LA TV 5,

OBEAZEN BT 2 i Bk S O i bt

BERAEYOBRT0REBT 2 8B, k4 ZEBECOMEI 225, BAMIZIE, X704y —
LD ETY) 7 B A OEEGIGEALN T OB E IR O G WEHAE G RO, 5 A,
MEKSE VS ZEBETHY) ., TNOHNRRAL—XIZH#EITLRTRIER S 2V, 20 XD RiEE B
DY B, FADPHEIKE R > TWD DL, RGO AN 2 MRS & BT 2 BEofil #iiE
ThHbo TOHMAIZOWVWT, Ya vV aINITOHsp 70 BIETRETRSLNS RNAKRY 25—
Y OMEE LIS (promoter proximal pausing of RNA polymerase 11, $55-FAft4. A 70 5K SO
WCALHIDEBEDDDEEZ END) # BTNV, EILE ZOMBOEEEZ SN THIETT
Ta—F LV EZEZTW5h,

N F TIT, Hsp70 BIE T OIREIZH S TBP B & U GAF IZxF 9 % 45211 aptamer O B 121K
JLTHED, 2627z in vitro BRESRTOMN A2 5. TBP O 7 HE— ¥ —~OfEFIIRE &
BIG L 725 Cldd ) ZEMTIE R \WI &, GAF 1378 E— % — O GAGA FHMKAT I 72 55 5 4f
A HBERE T ORI & . GAGA ECHIFMAF 1Y 2 i B i R O B FE COMEIICE b > Tnb 2 &
SN E L7ze SROLDKRPSHIE, TOE—F — 2B 2BERIBEAEROREE 21T
WABERE DREE L DINT U AR D - TV B HEMR, GAF # 255 & L CTiGH
M HEREMME RIS ~NOE) ) B 2 B Th N B W REMEATRIZ SN 5. 414D TS DR OREREFHT
Z# LT, EBAEYORGHIHBERE OB 720

Q@EHFMCTBIT 53T =7 V55 T ORRREMNT
HERNICRDELSEEINDLZ VXV ED 1D TH 5T —7 i3, EROHEHEFRZ X CoMx
OGO RS U CHRET 2R Y R0 B CTH Do Z DOREREMNTIIIPURD X 9 R 4F R E
FIDSLEETZDS, FER ORAEEDTE N T T — 7 IRIE R RSO B WIR 2 R T 5 2
EMHEL V. A IZHAE, 1AI3F5—7 2O g-integrin B & U PEDF #E A BUY 2 & A 2B AT F
FZHWT, SO ITHRMICH AT %5 RNA aptamer OFEFNZE Y LA TW5, fHEIRSY > 37 B
O RNA aptamer D EJIT TN F TICHE I N TR ws, BIfEE Tl SELEX I & b A
DRNAZ OB —=VIZEFTRHT AT EICEILTWD, 5HIE. SNSHD RNA DXRTF FITHT 5
FEARRAELE IO W TN 2 D T & 720,

3) SAEED. IEHER THIREHEBE CEREELRZSOBEX - THIRL 7% — pHEE T OIEIEH
B72 VD) T I 2 EBBA L DBEIZOWTIHNT 2B o Tw5b (BAG),

1223 rule 12K 35 EHICRZ 5 THIL &7 % — g 8GEET (Terd) V(D) J AR Z

12/23 rule 12 LTy V147 A ¥ b & D1 &2 X ¥ b3S tail-to-tail 1272 7 A% 5 72458 A5 1E 7 M i
POHBI SN2 & ZEERE L7z 2O VI4-DI coding joint (CI) &, DI1-J FAER OB IEIEH
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)72 J coding end (CE) & 23RSS(D1) signal end (SE) %%27:7%%% hybrid joint (HJ) 23U TL %
W, FEWT V14 & DI O CEHLEPIERM RIS E L7zEEZ bb, € THEKIX VI4 &7
AV NED2ET XY IHBFABRICD LD 5 72 EEDFHIZOVTIRRZ, LA LEAS, BiET
Eholze TOZLIXD2-T L) b DI-JHEHERD L X212 VI4-D tail-to-tail i EAB I D LTV
EERRIELTWA, EBE DI & 2.6 DETIX. DI CE & 12RSS(J2.6) SE & A3D%h -7z HI &
12/23 rule 1295 J2.2 & J2.6 £ 27 X ~ b 2% head-to-head (24&E & L 72 CJ % [MIKFICPRFF L 72MiE 2 W
L7z (Fig.2)o

RS DNA YW OB H CEE 2% E % F72 L TV 5 kinase @ 1 2 ATM DK~ 7 ZHgH &
X, Terblocus THI ZHEBIHMINT A LN TE L, bbbz 7 — %1k, EFRIRTDH. HI
NDLER6EVSTHFEDEL T XY MEUTHELLZEEZRL TS, BAJEKE % 5 —FH D onco
gene DFE A 72 DNA PR Tld. RSS ARECHIZSEED HN2% b DD, 12/23 rule KT 5 7 — A 055
ENTWD, SNSDRVPAEOBETHIBZICEL T, HHBEAPES L TWwbDOTE LW
59 W

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.

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. Secretory and
membrane proteins are synthesized in the ER (endoplasmic reticulum), and only correctly folded proteins are

further sorted into the secretory pathway. Collagens are the major extracellular matrix proteins in vertebrates,
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and create the frameworks of tissues, organs, and the bodies. Three a-chains of procollagens synthesized in
the ER form a triple helix and sorted to the secretory pathway. The procollagen molecule has a rod-like
structure of ~300-400 nm in length (Fig. 1A). To elucidate how such large molecules are transported within
the cells, we have constructed procollagens tagged with GFP and analyzed the intracellular trafficking by
performing live-cell imaging. Type IV collagen is a network-forming collagen and the major component of
basement membranes (Fig. 1A). We have elucidated that GFP-procollagen IV was transported from the ER
to the Golgi apparatus by vesicles with a diameter of ~300-500 nm (Fig. 1B). These transport vesicles were
similar to the carriers containing conventional cargoes in size, however, they did not contain ERGIC (ER-
Golgi intermediate compartment) membranes, suggesting that procollagen IV uses a unique mechanism to
exit the ER.

We are now analyzing the intracellular transport mechanisms of fibril-forming collagens using live-cell
imaging, as well as studying the function of the ERAD (ER-associated protein degradation) complexes in the

ER membrane.

2) Our research aims are 1) to investigate the eukaryotic transcriptional regulation mechanism and 2) to
analyze the function of collagen molecules. For these purposes, we use RNA aptamers, artificial RNA

molecules selected from random RNA pools, as target-specific inhibitors.

(D Analysis of the eukaryotic transcriptional regulation mechanism

The process of eukaryotic gene expression is regulated at various levels. It includes nucleosome
remodeling, binding of various transcriptional activators to regulatory regions, PIC (preinitiation complex)
formation, transcription initiation, and elongation, are these steps proceed smoothly. Among these
transcriptional processes, we are interested in the regulatory mechanism of the transition from transcription
initiation to elongation. To understand the regulatory mechanism of this transition, we use the promoter
proximal pausing of RNA polymerase II observed in the Hsp 70 gene in Drosophila, which indicates the
intermediate state between initiation and elongation. To clarify how RNA polymerase II stops and goes into
elongation phase could give new insight into the mechanism of the transcription regulation.

We have succeeded in obtaining specific aptamers for TBP and GAF, which are involved in the
transcription of the Drosophila Hsp70 gene. In vitro transcriptional analysis using these aptamers showed that
TBP on the promoter was not stable after transcription initiation. In addition, GAF was involved in GAGA-
dependent regulation at PIC formation stage and GAGA-independent regulation of the post-initiation stage.
These results suggest that the balance between the stability of the PIC and that of the paused complex may be
involved in the promoter proximal pausing, and that GAF could play a role as a scaffold in the transition from
transcription initiation to elongation. We will continue to analyze the functions of these factors to elucidate

the mechanisms of transcriptional regulation in eukaryotes.
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(2) Functional analysis of collagen molecules in vivo

Collagen, one of the richest proteins in living organisms, is a fibrous protein that functions as a scaffold for
various reactions, including maintaining the structure of the body. Although specific inhibitors such as
antibodies are necessary for functional analysis of collagen, because collagen is highly conserved among
species, it is difficult to produce highly specific antibodies due to the low immunogenicity of collagen. We are
now trying to select RNA aptamers using synthetic peptides containing alpha-integrin and PEDF binding
sequences of type I collagen. Although the selection of RNA aptamer to fibrous proteins has not been
reported so far, we have succeeded in converging to several RNA clones by SELEX method. We would like
to analyze the binding and functional inhibition of these RNAs to peptides.

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

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

Terb V (D) J recombination which 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 last year. This V14-D1 coding joint (CJ) is thought to develop 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 free D1 CE pairs with recaptured V14 CE. Similarly, the other D segment, D2,
can form CJ with V14? Intensive examination, however, could not detect the construct, suggesting that D1 is
more favorable for HJ formation than D2. In relation to D1-J recombination event, we could find the other 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).

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. Our data, however, revealed that specific HJs such as one
between D1 and J2.6 can be formed even in normal thymus. Some oncogenic DNA joinigs occur between
two genes both with 12RSS or 23RSS. It is possible that a rare HJ lead to the gene assembly against the 12/23

rule.
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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.

List of Publications
Nii T, Makino K, Tabata Y. (2020) A cancer invasion model of cancer-associated Fibroblasts aggregates

combined with TGF-$1 release system. Regenerative Therapy14 196-204

Nii T, Makino K, Tabata Y. (2020) A Cancer Invasion Model Combined with Cancer-Associated Fibroblasts
Aggregates Incorporating Gelatin Hydrogel Microspheres Containing a p53 Inhibitor. Tissue Eng Part C
Methods. (12):711-720. doi: 10.1089/ten. TEC.2019.0189.

Campos Y, Sola FJ, Almirall A, Fuentes G, Eich C, Que I, Chan A, Kaijzel E, Tabata Y, Quintanilla L,
Rodriguez-Cabello JC, Cruz LJ. (2020) Design, construction, and biological testing of an implantable
porous trilayer scaffold for repairing osteoarthritic cartilage. J Tissue Eng Regen Med. Feb;14 (2):355-
368. doi: 10.1002/term.3001.

Kuttappan S, Jo JI, Sabu CK, Menon D, Tabata Y, Nair MB. (2020) Bioinspired nanocomposite fibrous
scaffold mediated delivery of ONO-1301 and BMP2 enhance bone regeneration in critical sized defect.

_37_



Mater Sci Eng C Mater Biol Appl. 110, 110591

Tsubosaka M, Kihara S, Hayashi S, Nagata J, Kuwahara T, Fujita M, Kikuchi K, Takashima Y, Kamenaga T,
Kuroda Y, Takeuchi K, Fukuda K, Takayama K, Hashimoto S, Matsumoto T, Niikura T, Tabata Y,
Kuroda R. (2020) Gelatin hydrogels with eicosapentaenoic acid can prevent osteoarthritis progression
in vivo in a mouse model. J Orthop Res. 38:2157-2169

Sulaiman S, Chowdhury SR, Fauzi MB, Rani RA, Yahaya NHM, Tabata Y, Hiraoka Y, Binti Haji Idrus R,
Min Hwei N. (2020) 3D Culture of MSCs on a Gelatin Microsphere in a Dynamic Culture System
Enhances Chondrogenesis. Int J Mol Sci. Apr 13;21 (8):2688. doi: 10.3390/ijms21082688.

Shintani, K., Uemura, T., Takamatsu, K., Yokoi, T., Onode, Ema., Okada, Mitsuhiro., Yasuhiko Tabata,
Hiroaki Nakamura. (2020) Evaluation of Dual Release of Stromal Cell-Derived factor-1 and Basic
Fibroblast Growth Factor With Nerve Conduit for Peripheral Nerve Regeneration: An Experimental
Study in Mice. Microsurgery.;40:377-386

Fujimoto Y, Yokozeki T, Yokoyama A, Tabata Y. (2020) Basic fibroblast growth factor enhances proliferation
and hepatocyte growth factor expression of feline mesenchymal stem cells. Regenerative Therapy15 10-
17

Hanamura N, Ohashi H, Morimoto Y, Igarashi T, Tabata Y. (2020) Viability evaluation of layered cell sheets
after ultraviolet light irradiation of 222 nm. Regenerative Therapy14 344-351

Ardhani R, Ana ID, Tabata Y. (2020) Gelatin hydrogel membrane containing carbonate hydroxyapatite for
nerve regeneration scaffold. J Biomed Mater Res A. 108 (12): 2491-2503

Nii T, Kuwahara T, Makino K, Tabata Y. (2020) A Co-Culture System of Three-Dimensional Tumor-
Associated Macrophages and Three-Dimensional Cancer-Associated Fibroblasts Combined with
Biomolecule Release for Cancer Cell Migration. Tissue Eng Part A. 26, 1272-1282

Hihara M, Kakudo N, Morimoto N, Hara T, Lai F, Jo J, Tabata Y, Kusumoto K. (2020) Improved viability of
murine skin flaps using a gelatin hydrogel sheet impregnated with bFGF. J Artif Organs. (4): 348-357

Osada H, kawatou M, Takeda M, Jo J, Murakami T, Tabata Y, Minatoya K, Yamashita J K., Masumoto
H. (2020) Accuracy of spiked cell counting methods for designing a pre-clinical tumorigenicity study
model. Helion http://doi.org/10.1016/j.heliyon.c04423

Inoo K, Yamamoto M, Tabata Y. 2020) Preparation of cell aggregates incorporating gelatin hydrogel

microspheres of sugar-responsive water solubilization. J Tissue Eng Regen Med 14 (8):1050-1062.

Takahashi K, Kiso H, Murashima-Suginami A, Tokita Y, Sugai M, Tabata Y and Bessho K. (2020)
Development of tooth regenerative medicine strategies by controlling the number of teeth using targeted
molecular therapy. InFlamm Regen. https://doi.org/10.1186/s41232-020-00130-x

Ibrahim N. Amirrah, Mohd Farhanulhakim Mohd Razip Wee, Tabata Y, Ruszymah Bt Hj Idrus, Abid Nordin

_38_



and Mh Busra Fauzi. (2020) Antibacterial-Integrated Collagen Wound Dressing for Diabetes-Related
Foot Ulcers: An Evidence-Based Review of Clinical Studies. Polymers, 12 (9), 2168; doi:10.3390/
polym12092168

Nii T, Makino K, and Tabata Y. (2020) Three-Dimensional Culture System of Cancer Cells Combined with
Biomaterials for Drug Screening. Cancers, 12 (10), 2754.

Kai Shen Ooi, Shafieq Haszman, Yon Nie Wong, Emillia Soidin, Nadhirah Hesham, Muhammad Amirul Arif
Mior, Tabata Y, Ishak Ahmad, Mh Busra Fauzi and Mohd Heikal Mohd Yunus. (2020) Physicochemical
Characterization of Bilayer Hybrid Nanocellulose-Collagen as a Potential Wound Dressing. Materials 13
(19): 4352 doi:10.3390/ma13194352

Miho Watanabe, Haiying Li, Masaya Yamamoto, Jun-ichi Horinaka, Yasuhiko Tabata, Alan W Flake. (2020)
Addition of glycerol enhances the flexibility of gelatin hydrogel sheets; application for in utero tissue
engineering. ] Biomed Mater Res. 109 (6): 921-931 DOI: 10.1002/jbm.b.34756

Mior Muhammad Amirul Arif, Mh Busra Fauzi, Abid Nordin, Yosuke Hiraoka, Yasuhiko Tabata, Mohd
Heikal Mohd Yunus. (2020) Fabrication of Bio-Based Gelatin Sponge for Potential Use as A Functional
Acellular Skin Substitute. Polymers, 12 (11), 2678 DOI: 10.3390/polym12112678

Matsuno, K., Saotome, T., Shimada, N., Nakamura, K., and Tabata, Y. (2020) Effect of cell seeding methods
on the distribution of cells into the gelatin hydrogel nonwoven fabric. Regen. Ther. 14, 160—164.

Maeda, H., Kami, D., Maeda, R., Murata, Y., Jo, J., Kitani, T., Tabata, Y., Matoba, S., and Gojo, S. (2020)
TAT-dextran-mediated mitochondrial transfer enhances recovery from models of reperfusion injury in
cultured cardiomyocytes. J Cell Mol Med. 24 (9):, 5007-5020.

Murata, Y., Jo, J., Yukawa, H., Tsumaki, N., Baba, Y., and Tabata, Y. (2020) Visualization of Human Induced
Pluripotent Stem Cells-Derived Three-Dimensional Cartilage Tissue by Gelatin Nanospheres. Tissue
Eng Part C Methods. 26, 244-252.

Murata, Y., Jo, J., and Tabata, Y. (2020) Molecular Beacon Imaging to Visualize Ki67 mRNA for Cell
Proliferation Ability. Tissue Eng Part A. 27 (9-10): 526-535.

Nakamura, K., Nobutani, K., Shimada, N., and Tabata, Y.(2020) Gelatin hydrogel-fragmented fibers suppress
shrinkage of cell sheet. Tissue Eng. 26 (4):216-224.

Shintani K, Uemura T, Takamatsu K, Yokoi T, Onode E, Okada M, Tabata Y, Nakamura H. (2020) Evaluation
of dual release of stromal cell-derived factor-1 and basic fibroblast growth factor with nerve conduit for
peripheral nerve regeneration: An experimental study in mice. Microsurgery. Mar;40 (3):377-386. doi:
10.1002/micr.30548.

Osada, H., Kawatou, M., Takeda, M., Jo, J.I., Murakami, T., Tabata, Y., Minatoya, K., Yamashita, J.K.,

Masumoto, H. (2020) Accuracy of spiked cell counting methods for designing a pre-clinical

_39_



tumorigenicity study model. Heliyon. 6 (7):, e04423.

Nagasawa, A., Masumoto, H., Yanagi, S., Kanemitsu, N., Ikeda, T., Tabata, Y., Minatoya, K. (2020) Basic
fibroblast growth factor attenuates left-ventricular remodeling following surgical ventricular restoration

in a rat ischemic cardiomyopathy model. Gen. Thorac. Cardiovasc. Surg. 68 (4):, 311-318.

Yoshimoto, Y., Jo, J.I., Tabata, Y. (2020) Preparation of antibody-immobilized gelatin nanospheres
incorporating a molecular beacon to visualize the biological function of macrophages. Regen Ther. 14:
11-18.

Kuttappan, S., Jo, J.I., Menon, D., Ishimoto, T., Nakano, T., Nair, S.V., Tabata, Y., Nair, M.B. (2020) ONO-
1301 loaded nanocomposite scaffolds modulate cAMP mediated signaling and induce new bone

formation in critical sized bone defect. Biomater Sci. 8 (3): 884-896.

Hihara, M., Kakudo, N., Morimoto, N., Hara, T., Lai, F., Jo, J., Tabata, Y., and Kusumoto, K. (2020)
Improved viability of murine skin faps using a gelatin hydrogel sheet impregnated with bFGF. Journal of
Artifcial Organs 23:348-357

Fujimoto, Y., Yokozeki, T., Yokoyama, A., and Tabata, Y. (2020) Basic fibroblast growth factor enhances
proliferation and hepatocyte growth factor expression of feline mesenchymal stem cells. Regen. Ther.

15,10-17.

Takahashi, K., Kiso, H., Murashima-Suginami, A., Tokita, Y., Sugai, M., Tabata, Y., Bessho K. (2020)
Development of tooth regenerative medicine strategies by controlling the number of teeth using targeted

molecular therapy. Inflamm Regen, 40, 21.

Kawaguchi S, Soma Y, Nakajima K, Kanazawa H, Tohyama S, Tabei R, Hirano A, Handad N, Yamada Y,
Okuda S, Hishikawa S, Teratani T, Kunita S, Kishino Y, Okada M, Tanosaki S, Someya S, Yuika Morita,
Tani H, Kawai Y, Yamazaki M, Ito A, Shibata R, Murohara T, Tabata Y, Kobayashi E, Shimizu H,
Fukuda K, Fujita J. (2020) Intramyocardial transplantation of human iPS cell-derived cardiac spheroids
improves cardiac function in heart failure animals. JACC: Basic to Translational Science. 19; 6 (3) 239-
254.

Tsubosaka, M., Kihara, S., Hayashi, S., Nagata, J., Kuwahara, T., Fujita, M., Kikuchi, K., Takashima, Y.,
Kamenaga, T., Kuroda, Y., Takeuchi, K., Fukuda, K., Takayama, K., Hashimoto, S., Matsumoto, T.,
Niikura, T., Tabata, Y., Kuroda, R. (2020) Gelatin hydrogels with eicosapentaenoic acid can prevent

osteoarthritis progression in vivo in a mouse model. J Orthop Res. 38, 2157-2169.

Kanda, Y., Kakutani, K., Yurube, T., Zhang, Z., Miyazaki, S., Kakiuchi, Y., Takeoka, Y., Tsujimoto, R.,
Miyazaki, K., Kawamoto, T., Takada, T., Hoshino, Y., Tabata, Y., Kuroda, R. (2020). A novel topical
treatment for bone metastases using a gelatin hydrogel incorporating cisplatin as a sustained release
system. J. Orhop. Res. 39 (3): 525-535.

Shamsul Sulaiman., Shiplu Roy Chowdhury., Mh Busra Fauzi., Rizal Abdul Rani., Nor Hamdan Mohamad

_40_



Yahaya., Tabata, Y., Hiraoka, Y., Ruszymah Binti Haji Idrus., Ng Min Hwei. (2020) 3D Culture of
MSCs on a Gelatin Microsphere in a Dynamic Culture System Enhances Chondrogenesis. Int J Mol Sci.
13;21 (8):2688. doi: 10.3390/ijms21082688.

Wal—HE. HMAZEZ (2020) F— b7 7 V=l - BRIBIZBUTI D4 F~ T U T VO&RE  NA F
<51 7V 383, 178-183

HAZEEZ (2020) HIACEREM B oSN (&) ~231 FHEEEMEL~  Yano E Plus (KEFREFHNIZE
Fr)

HAZRZ (2020) 254 F~ 7)) TIOVHBSEBUL T 5 JeHeEHE - Myt~ bV 7 2 2 R U 7= FRA 1R 9% -
AR vol.34 NO.1,7-19

List of Presentations

HEALC DR

Y, Tabata. Drug Delivery systems for Biomedical and Life Science Applications. REMIX-Winter School on
Tissue Engineering and Regenerative Medicine. Advanced Therapeutic Products and Their Translation

to Practical Uses. Bangkok, Thailand, Jan14-18, 2020

Y, Tabata. T, Gloriant., Paolo Falcano., D, Mantovani., Guanjun Yuan. Advanced Materials & Surface

Treatments for Bioengineering Applications. THERMEC2020.Vienna, Austria, May31-June5, 2020

Y, Tabata. Significance of DDS Biomaterial Technologies in Regenerative Medicine. Zhejiang University.
Hangzhou, China, July 29, 2020

Y, Tabata. Drug Delivery Technologies for Future Advanced Medical Treatment. LINK-J & UC San Diego
Joint Webinar Series #1 with Kyoto University "Front-Line Nano-Engineering and Drug Delivery
Technologies" online, December 18, 2020

Jo, J.1., Tabata, Y. Preparation of polymer nanoparticles surface-modified with lysophosphatidylcholine and
lipopolysaccharide for an enhanced anti-tumor effect. 11th World Biomaterials Congress, Virtual, Dec
11-15, 2020.

Murata, Y., Jo, J., and Tabata, Y. Molecular beacon imaging for energy metabolic pathway of cells. 11" World
Biomaterials Congress, Web, December 11-15, 2020.

Osada, H., Masumoto, H., Kawatou, M., Ikeda, T., Tabata, Y., Minatoya, K., Yamashita, J.K. Therapeutic
Potential of Clinical Grade Human Induced Pluripotent Stem Cell-derived Cardiac Tissues for a Rat
Myocardial Infarction Model: A Pre-clinical Study for a Cell Transplantation Therapy. American Heart
Association Scientific Sessions 2020, Web, November 13-17, 2020.

Osada, H., Masumoto, H., Kawatou, M., Ikeda, T., Tabata, Y., Minatoya, K., Yamashita, J.K. Transplantation

of clinical-grade human induced pluripotent stem cell derived cardiac tissues contributes to functional

_41_



recovery in a rat myocardial infarction model. European Society of Cardiology Congress 2020, Web,
August 29 — September 1, 2020.

Kanda, Y., Kakutani, K., Yurube, T., Zhang, Z., Kakiuchi, Y., Takeoka, Y., Tsujimoto, R., Miyazaki, K.,
Takada, T., Tabata, Y., Kuroda, R. The local administration of gelatin hydrogel microspheres
incorporating cisplatin enhanced anti-tumor effects with less side effects in vivo bone metastasis model.

Annual Meeting of Orthopaedic Research Society, Phoenix, February 8-11, 2020.

Tsubosaka, M., Hayashi, S., Kihara, S., Takashima, Y., Kamenaga, T., Kikuchi, K., Fujita, M., Takayama, K.,
Hashimoto, S., Matsumoto, T., Tabata, Y., Kuroda, R. The Influence of Gelatin Hydrogel Including
Eicosapentaenoic Acid on the Osteoarthritis Progression in Vivo. ORS 2020 Annual Meeting, Phoenix,
February 8-11, 2020.

ENTO Y ¥R Yy A RRH#HE

FIPIENPNE S EAVANE L7/ S =M 41 SEWNE YN Vit =0 E A e S e Sl = N RSN
2020 4E 1 ) 20 H

HIRE NA AT I TVEMRTETETIEDG S T4 794 =0 A - FARH L BAEMZE-. A&
LB e O FasCEl. KRB 2020 4E 1 H 25 H

M= Biomaterials Technology is Essential to Regenerative Medicine. K%F#Pe#E 72— X [117
AR - I E 2 — A I — 7 4 ¥ 7], AR, 202042 H 7 H

HIMZE  FAERRICB T MBSO EEN: . MRSt B ALY BGRE, a0, 2020 4E 2 /]
21 H

HMZEE o REnN» O FAERBEY VA AE2E 2 TARES . FHEEEY Y R ASAEE S
v 94 ~ seminar. WEB. 202046 H 24 H

HMZRE N F~ 7 TIOVEAM D O A7 A R - SRS B O &) -, [ SR O B 70 55
BB X AW EORE] B &I F—, L, 2020410 H9 H

HMEE BHREEIZ2ESOLFHEEBRNPSARTZIFIATHA VA - ATFTLHNVAL I RN—V g
> LFPI 4 24 MIERRES B Y U ARY v 4 2020, KB, 2020 4F 10 H 28 H

HZEE R E TIAD o734 F 77/ av—nl~FARE Y BT 2/ N4 +
T 0T =~ TVAAYYRI T A, JUEE 20204 12 H 4 H

&l PN T o — i i

HMEE &mEFEEZ L2 A/54 F <7 Y 7 )V . Biomaterials Indispensable for Advanced Medical
Therapy. fll7 KF K7 Pz, A, 2020422 H 6 H

HZE  AREEEE ST - 2O 2ETRY) v — - (EWEZENTED S mEREE 22 5550
F-HA) KIPS &550Falf g, 5k, 202042 H 12 H

_42_



HMZREE MIEEREOREI & 4 X — T ¥ Z O 72O T AN . 45 19 [0l H AR A EEF S BA.
WEB, 202045 H 18 H -29 H
HMERE  FAEERY: . EERFAGER SRR, WEB, 20204£7 H 17 H

HIZEEZ BREBDZ2EOLIHEERBENPOATZTIA THFA VA AFL I NVA I R—T 7
v LFPIEAPE Y R Y7 A 2020, WEB. 2020 4E 10 A 28 H

Wl —HE. HERE ~27u7 77—V OEYRREZHIE - RS 5F 24~ T ) 7IVORSE
541 M HARRE - BEESS, MM 7Yy F (HE+F 54 2), 20204E7 H 89 H

W — BB, AT B, HMEE MRS A =Y VI E R RSy ZF YN — 3 ZAF A D
5. 569 Il E Tt aea. WEB. 202049 H 16-18 H

M BB, . H 252 ElL 329 —Y—arOMIENE AFMIC3HD < ot Hk
BeA A=Y 7 19 M HARFARESSHES, HE, 2020453 H 12-14 H

A B, R, HM %2 ElXag—¥Y—arziunR&oMt - Mo T 5oL F—
R OTHHAL HASD A4 A= v 744 WEB FfERIFE K2, WEB. 2020 4F 5 H 26 H
6 H8H

FH B8, B8R HEZEE Tl 325 —F—a 2L 585018 - MBI O 4 L F—4t:
B A A=Y 7 %36 M H K DDS & FMi £, fiF. 2020 4F 8 H 28-29 H

AT EE—ER. EAAN., BHEE. HMEE ¥ F 4 FaZuvmr b 2 FH L7225k
¥— b ONKEHIE] 2 19 Il H AR A R ESRES. s, 2020423 H 12-14 H

PrEER, BE AT, HMAEE 3 kockEiE s DDS Hiioma ] 12 X A2 ARMEBLSL O RSN
TOFI HARIEFEE 140 4F&, B0 2020 45 3 H 25-28 H

BrimeEs, AT HMERE DDS Bl 2 ARA 2D AR -1k 2 HEL9 % 720 O MMk
ORI ~FAERBFEANOIEZFETFDO 1 DOHIK~ HARIEA|F-SHE 35 F58, BEAR, 20204E 5
H 14-16 H

PR, AN T FHMZEE  AIERIFTE D 720 ORRE T4 2 AR A 7 3 oTllakE o
THA 2 19 B HARFARBFEESRS, M5, 20204F 5 H 18-29 H

BriErEe, FEEL, BEFAT. HMEEZ PARE~ O 77—V D3RI EEA ) —= v
TETIVADIGH 541 M HARKE - BAERFS. BEL 202047 H 89 H

PriEdER, B AT. HMEZRE TGE-p1 IR 2 EH L7208 AREORBENTOFRR %36 HH
A DDS &S, fT, 2020 4F 8 H 28-29 H

VLW EL W —REB. HH RZ YT ) N — 28I Lz /M E FLE 27 ) o — Vgt #
GRF 2R OMELEHOMKES % 36 M H AR DDS 23Sl 4. fliA. 2020 4 8 H 28-29 H
INARIEF] R ME—BR. A FIHD. fRJE TR BB . Hb #E. Bl ZER. 3RS . H

_43_



M REZ HEOZHFZRICNT LIRS M/MMRILEE ) 7 4 7 Y OFREIH T HEEEH 6
12 B f/MRIIAE (PRP) ##E30F5E4. WEB. 2020 4F 12 A 20 H

G, BIEHEA . ERIEI0x, ZEEE. BHEAN, BRE—. HMEZ, &% A
USAG-1 Z =151 & L7 Bl X 2 s O AEGRE OIS 6 19 Bl HARFAEEESAS
¥4, Web (BED). 202045 H 18-29 H

MR, ERE0, BEHFZAN. HMSRZ, BARE— BI% JIFTHA. SiEw i
WX ZHOBAEGRREORIE, 41 B HAKE-FHAEEFS, Web GEE). 202047 H 16
H-8 H1le H

MHEBARER, MAaBE—0. B, R, mANmE). s, SEARRE. =IFEE. &AL
M Z, BHEH EBILY X7 5 F YR G X 372 7% 5 BHEERB R ORA - <7 X
BT T IV TOMGS - 8 49 MIBFHEF S22 Mg, T, 2020489 H 79 H

G ARER, MAE—M, M, ReigE, HEANmE). BB, SEARRE. =EEE. &HE
IR, BHBEW Y5 F oA FaZr vz fniEmiiby 2 75 F YR58 7%
5 HEBGHE. 55 53 0l H RISV A5 iR S AT 45 2%, 2020 4F 9 H 11-30 H

M ARES, A B —B, HREERas, MR, (LA, HPWEBE, KRB, AR, SIEEE,
KVEHEHE, F ML FHEE, B B 25 AT i R A fl 3 2 3B b st 2s A&l o A % 1
ERAEVEIZOWTOME, 4 10 [0 DDS FAEE#M 724, 2020 4£ 12 F 20 H

_44_



PR LR ST BRI

Department of Regeneration Science and Engineering

P g 27 o0 B

Laboratory of Immunology

#n R WA V3 Prof. Hiroshi Kawamoto
HE¥ = (EL Assoc. Prof.  Masaki Miyazaki
B # ¥H &1 Assist. Prof. Kyoko Masuda

FEIMLIZ BV CTIEZ e ML 2 S R LEEDSHRE ST & WA WA O RE O HiRE i B
RAHART %0 FAx OWFERRIZ, O LREREERIZB VT, Akl ER %R Y 550 % 51
BR2MIT 52 L 2HIEL TV, BIMBROLSKREMENLE LTS HhTE THMBIZE
LMABICHEZECCHEZEDTWE, T2 Ml RO SEBROMIED 17> Tnb,

—J. B L7z THIRE 2 V72 50RO S b D T . 2019 4E13 AMED O (3% % 5%
T SIS S WBR TR A 2155 70 Y 2 7 D &G 72, 2020 £, ERBCcHifl o
OF 7 A VAP E T - 720 T, T4 T HBRA 2 HR o w7 4 OV A EGEIZ IS T 2 0
JER BAMG L7z,

1) @R T WA O B3

ARIETIE, FHICTOHRGTELIUAMEI R THIREA 2832 22 2 HI8d . T HREA
VWA VA LRI 2 LA RETH 225, WADOT—)V & LTI AGEOHEIF TV -nwE
ZZTwh, THIRROMEE LT, T HHEOBEZREEMIE (ESMlzd %\ i ipS Mifg) %
E9 5,

BEOTHRZIY L CEETREZMZ THHBEITRT HEZ HLFEOBAICHITDH
%o L. £ &) ZARBMEIL. S, RHD» D2 % EOMENH -7z, FAld. O
R RIS 572012, MERBHHOTA T MO & ERAMICH) #LA TE 72

2013 4RI, THINEA S iPSHIEZ/ER L T, 2o iPSHIEA,S THIEZBAET 2T L2
(T-iPS M) . S HICZ DK, iPSHIRBIC THMBL Y ¥ — (TCR) #ZTE2HEIIELT. 20
iPS ML & T ML % i S ¥ 2 Hika % L7z (TCR-iPS Mifgik) .

BUE, BAREBR T, X/ BHEHLA Oty M3E—TdH 5 iPS Mz N> 7 {b$ % FHED
HDHNTWAS (PSHILA by 7H3¥E), T X9 % iPSMifad 6 AL MCHkz, [y
N R 2T T B BEANBRL L2, REKSARZIZC WERFTE 2, L, 20K
BT, I0FEAELTOHARAD 0% LA N=T& v, T/, TREDHET, TOHET
X —ER DB T NK MHLIC X BIEMARE D 9 2HIW S22k 72 (2017 4F) 6

ZZC I HEO IS TOBMTE 2 UHEO R T HIERAI ORI iy, 207
DI, HLA Z2RE S L HZIEAL LT, SSICFOHEAITREI Y 9 A 006 % W 2 % Hifl & i

_45_



RYAS BVS38

2) FMaut o AN ARGHEDHHIE L LTo T HlER 0B

FHE T M BANI A ZZT TR LT ANV ABREIC DR 5, HllaaF 7 4V AR %
TCR #Efn % 7 1u—="r2 L., TCR-iPS fildikx v C THIRREA ZER T L L w) 70T =7 b
ZBIE L 720 HARANIZZ W HLA-A2402 $#3iPE D TCR 2z (X, 1 FiEH T 60% D NICHGTESL T
MR BAIANEN S o WAl TCR EAZ T-ORIUL, HEl a2 v+ O BENL VEHERKETIT W, 7%
i D TCR BT DY ARIIHABKRF TIT I o R BT 72 M o 5% 138 R FL R 7 T T
o MAIZ20204E 12 HDH 7 T AT HRA ¥+ X ¥ b CTHEHERKFIZ S B2 5 THFEE 25>
Z eI oT,

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). Subsequently, we developed a method to transduce iPS cells with exogenous T
cell receptor (TCR) gene and to regenerate T cells from such iPS cells (TCR-iPSC method).

At present, in the regenerative medicine field, a major project has been promoted by Japanese government,
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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. To this aim, Kawamoto has obtained

cross-appointment position in Fujita Health University, and has started to maintain a new laboratory there.

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 in the
laboratory in 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 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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Candidate TCR genes will be cloned in Fujita laboratory, and then selection of the best one from these
candidates will be done in Kyoto laboratory. Cell production for clinical trial will be conducted in Fujita

Health University.
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Our group studies (1) the mechanisms underlying host pathophysiology caused by cancers and (2)

physiological roles of enhancers in vivo with the aid of enhancer genetics.

(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. Host pathophysiology in
cancers is a collection of multi-organ and multi-factorial abnormalities in various host organs. It has thus been
challenging to understand the entire picture of such a complex syndrome.

We aim to reveal the mechanisms of host pathophysiology in cancers at the organismal level. 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 tunes
hepatic expression of 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 extended the above-described study and
identified a couple of novel host factors that contribute to host pathophysiology. Moreover, we dissected how
these new factors are involved in host pathophysiology using multi-omics. We aim to depict the entire picture
of complex host pathophysiology caused by cancers and to develop novel therapeutics to ameliorate cancer's

adverse effects on the host.

(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: the number of enhancers
whose in vivo function is known is estimated to only 0.3%. Unraveling in vivo roles of enhancers is one of

the next important challenges in genome biology. Our group recently identified a genomic enhancer that
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enforces proper apoptosis induction in thymic negative selection, eliminating potentially disease-causing T
cells (Nat. Commun., 2019) . In this fiscal year, we found other physiologically important enhancers, one of

which contributes to the establishment of circadian rhythm of a particular gene in vivo.
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The objectives of our laboratory are to develop new therapeutic modalities for disorders in the skeletal
system based on their molecular mechanisms by understanding the processes of physiological growth and

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

1. Researches on mesenchymal stem cells

Mesenchymal stem cells (MSC), which exist in bone marrow stromal tissues, have a potential to
differentiate to cells of various types in mesenchymal tissues. Many fundamental features of MSCs, however,
are still unknown, which are crucial for the development of regeneration therapy using MSC as the evidence
based medicine. In collaboration with the Department of Orthopaedic Surgery in Kyoto University Hospital,

we have analyzed the growth and differentiation potential of primary human MSCs.

2. Researches on mesenchymal tissues using pluripotent stem cells
Human iPS cells are pluripotent stem cells with unlimited growth potential, and promising materials to
apply for a variety of medical fields. We have been engaging following projects on mesenchymal tissues

using iPS cells.

1) Investigation for the differentiation process of bone and cartilage cells using iPS cells.

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

to analyze the molecular process in the growth plate, and also serve as a platform to understand the pathology
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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 started multicenter double-blinded investigator-
initiated clinical trial of this drug for FOP from September 2017.

By the collaboration with Dr. Miki Ebisuya (currently in EMBL Barcelona) in RIKEN, Kobe, and Dr.
Cantas Alev (currently in ASHBi of Kyoto University) in CiRA, Kyoto University, we have succeeded to
recapitulate the abnormal oscillation of clock gene using iPS cells derived from patients with spondylocostal
dysostosis (SCD) (Figure 2).

We started new AMED project “Development and application of innovative drug-screening technology
using patient derived iPS cells for intractable bone and cartilage diseases” from 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.

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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[Sumi group]

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

Studies on macro-encapsulation

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

Other studies

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

Additionally, fusion cells for cancer immune therapy and diabetes therapy based on our own electrofusion

technique are also studied. Our projects are gathering expectations for practical realization.
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Fig.1. A GFP-positive iPS cell colony converted
from OG-iRS cell
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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.

_68_



(hE T N—7T]

WMEFGE 7V — 7T, WFLEOZ BETEEIN - AR DS 4 2 v (CEFERYIY A 2 V) 12
BU B ERTEROMA L FHROFIE A 7 = X 2 OMW, F7-F OfFIHED SHRB X A E
{RIGEROEF I O PR & iR 2 Big L TfZE 2 D T 5, IMEZ REMER (ES) Mile <ok 5M
% (GS) Ao BIRMWZE kORI L bAML & TR 2288 e /D, 7/ 2EERER
DNA HH#, Bett Rl EICB D 2 B FRECIBIN 2 3 8BI8Y — V2 RT b O H 5, L
L. SHOAGRRIY A 27V & UIHIIL O AR 2 P O Mg O 75T AR R I BR S T
W72\,

4 1 3HFIC DNA B 2 IR HIE, 7= v 7 B4 ¥ FHIERL MR, DNA s X
O Re i ARE) RE 55 D FE AL B B 1R U 72 BB AR S bR O FF I LD MLA T 50 RIS, IR ne ki
(ES) #Milg=eEdng (GS) Mg E W2~V F 4 I 7 AN ERREBIZ T A7) —= v ZICHEN %
BT FBLA T OBEREIANT & MR R EE OB FEBROM R ZEINAT> T b, T, &
ML) v — 2O GBEERICE T 2 BB N 44 7 x <7 4 7 A, BEENTEANSE) ©
WL ED TV 5,

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

and diversification in the germline stem cell cycle.
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This laboratory aims to understand the mammalian fertilization process and the molecular and cellular
mechanisms underlying how immune tolerance is maintained and self-reactive T cells attack our body. In
2020, we attempted to identify novel GPI-anchored proteins that play important roles in the process by which
mouse sperm acquire fertility. Moreover, we elucidated a critical role of hepatic regulatory T cells in
preventing liver pathology by suppressing inflammatory cellular immunity that can promote liver damage and
fibrosis. Harnessing Treg functions, which effectively regulate tissue cellular immunity, may be a therapeutic

strategy for preventing and treating liver pathology.

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

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

reproductive abnormalities.

2) Molecular and cellular basis of immune tolerance and T helper functions
Immunological self-tolerance is a key immune system and regulates the activation of self-reactive T helper
cells. Breakdown of self-tolerance leads to allergic, inflammatory, and autoimmune diseases mediated by

aberrant activation of effector immune cells.
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Using carbon tetrachloride (CCl4) -induced liver fibrosis model, we found that hepatic Foxp3+ regulatory
T (Treg) cells play a critical role in preventing liver pathology by suppressing inflammatory cellular
immunity that can promote liver damage and fibrosis.

Treg cells are pivotal in maintaining immunological self-tolerance and tissue homeostasis; however, it
remains unclear how tissue Treg cells respond to liver injury and regulate chronic inflammation, which can
cause liver fibrosis.

Chronic liver inflammation induced by injections of CCl4 led to preferential expansion of hepatic Treg
cells that prevented liver fibrosis. In contrast, depletion of Treg cells in the CCl4-induced liver fibrosis model
exacerbated the severity of liver pathology. Treg depletion unleashed tissue cellular immunity and drove the
activation and expansion of the pro-fibrotic IL-4-producing T helper 2 cells, as well as CCR2"e" Ly-6Chieh
inflammatory monocytes in the inflamed liver. Although Treg expression of amphiregulin plays a key role in
tissue remodeling and repair in various inflammation models, amphiregulin from hepatic Treg cells was
dispensable for maintaining liver homeostasis and preventing liver fibrosis during CCl4-induced chronic
inflammation.

Our results indicate that Treg cells control chronic liver inflammation and fibrosis by regulating the

aberrant activation and functions of immune effector cells.
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IFEE ClE, (1) WEACEAOEA - MR OMI., 757 LNV ToBRE, FICH T T
Ml (Regulatory T cellss PAF Treg & W) D% E. (2) Treg ZHEM & 3 2 JEE RIEILE O B,
AL OB, HORIEWRORHEDL, BARS ST A EEREALORE. £/ 3) HER
e, FRICHCORERBEE K, OFK - FBIEREOMM®E, 2L Twa,

2020 4FBE. Treg OHEBEWIZE Tl BIAEEEICHIEHE, Wl LTl O T Ml (conventional T
cells, LN Tonv & B&) % Treg ICARREMYICHRIR T HED> ICDO W CTHIZE R D 720 Treg HEREIC I, Foxp3
ZHLETLMER A Y PT—7 & Treg FFRNT YT ) AU HETH %o HifEEEIE. Teonv
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FVALIZHIHIICERRE L T %25, SR Z BRI, Treg FFRMBLA F VbR I NS, D
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PEROLZ MR L, £ 727 LV F—RUsIxt U TR R 2 38 L 72 (Mikami, Kawakami et al., PNAS,
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BIAEEE & U fkfe L CHEBS SR 12 81T 5 Treg DR ENI OV TR 2 D 7zo S4EEE, Treg & Fi
R T & B/ OffgE 2 #£O, 12YEBEE RN (CML) {G#EICHEPH N5 imatinib 1213 Treg
IR ZAEH 2% 5 2 & 2 I L7z ZEBS. CML 5225 f#HI Tl effector Treg 25 BRI A L
THBY. NEEEHBITIZWPHHR SN H 5 720 Imatinib 1& BCR-ABL 7> ¥ 787 2 L H
ML % 1589 5 A%, off target & L C TS ST 2 2 7 FViF Lek ZHET 5. £ DHE
RIZE D TCR Y 7 F VEHE L Treg DFEIRWGE, WA %2 b 7257, imatinib I 2 Z DA
FiE, CMLIZBE S, DPA—HRISH L TSHITEETH D\ Treg Z AL & U3 5-251] 58 2 K55
THANT L 28 L WERIERLEOT e % BIKR 3 4 (Tanaka et al., J. Exp. Med. 2020) o
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This laboratory studies: (i) the cellular and molecular basis of immunologic self-tolerance, in particular,
the roles of regulatory T cells (Tregs) ; (ii) the strategy for eliciting effective immune responses to autologous
tumor cells, or inducing immunologic tolerance to organ transplants, by manipulating the mechanisms of
immunologic self-tolerance; and (iii) the causes and pathogenetic mechanisms of autoimmune diseases, in
particular, rheumatoid arthritis.

In 2020, we have continued to study how conventional T cells (Tconvs) can be converted to functionally
stable Treg cells expressing the transcription factor Foxp3. It has been shown that Treg functions can be
determined and maintained by the transcription factor network with Foxp3 at a key position as well as Treg-
specific epigenetic changes. In the previous year, we showed that chemical inhibition of the cyclin-dependent
kinases (CDK) 8/19, the regulatory domain of the Mediator complex, was able to induce Foxp3 in antigen-
stimulated effector/memory as well as naive CD4* and CD8" Tconvs in vivo and in vitro (Akamatsu, Mikami,
et al., Sci. Immunol. 2019). Such in vitro induced Treg cells (iTregs), however, do not exhibit Treg-type
epigenome, in particular, Treg-specific DNA hypomethylation. Addressing how Treg-specific epigenetic
changes can be installed in iTregs, we have shown this year that deprivation of CD28 co-stimulatory signal at
an early stage of iTreg generation is able to establish Treg-specific DNA hypomethylation at Treg signature
genes including Foxp3. It can be achieved, for example, by TCR/TGF-f/IL-2 stimulation of CD28-deficient
Tconvs or CD28-intact Tconvs without anti-CD28 agonistic mAb or with CD80/CD86-blocked or -deficient
antigen-presenting cells. The CD28 signal abrogations could induce Treg-type hypomethylation in memory/
effector as well as naive Tconvs, while hindering their differentiation into effector T cells. Among various
cytokines and signal activators/inhibitors, TNF-a and PKC agonists inhibited the hypomethylation.
Furthermore, CD28-signal deprivation significantly reduced c-Rel expression in iTregs; and the specific
genomic perturbation of a NF-xB-binding motif at the Foxp3 CNS2 locus enhanced the locus-specific DNA
hypomethylation even in CD28-signaling-intact iTregs. These iTregs indeed stably expressed Foxp3 after in
vivo transfer and effectively suppressed antigen-specific immune responses. Taken together, inhibition of the
CD28-PKC-NF-«B signaling pathway in iTreg generation enables de novo acquisition of Treg-specific DNA
hypomethylation at Treg signature genes and abundant production of functionally stable antigen-specific
iTregs for therapeutic purposes (Mikami, Kawakami, et al., PNAS, 2020).

In our project addressing the roles of Tregs in tumor immunity, we have shown this year that chemical
depletion of Treg cells is able to enhance effective tumor immunity. It can be achieved by imatinib, an
inhibitor of the oncogenic BCR-ABL protein expressed in chronic myelogenous leukemia (CML) cells.
Imatinib-treated CML patients in complete molecular remission showed selective depletion of effector Tregs
(eTregs) whereas those who failed in molecular remission did not. Imatinib inhibited LCK, a T-cell specific
signaling molecule. Since Lck gene transcription is specifically repressed by Foxp3 in Tregs, imatinib further
reduced TCR proximal signal and thereby induced eTreg-selective apoptosis while allowing effector CD8" T
cells to respond against tumor cells. Thus, small molecules, such as imatinib, which can selectively deplete
Treg cells by exploiting Treg-intrinsic signaling events are instrumental in augmenting anti-tumor immunity

against various cancers (Tanaka et al., J. Exp. Med. 2020).
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Paradigm shift of the concept of the plasma membrane structure

The plasma membrane has been considered to be a two dimensional liquid, with their constituent
molecules, membrane proteins and lipids, diffusing freely in the plasma membrane, the Singer-Nicolson
model widely accepted for these 30 years. However, we found that the plasma membrane is partitioned into
many small compartments, and both membrane lipids and proteins undergo short-term confined diffusion
within a compartment, and long-term hop diffusion between the compartments. These membrane
compartments are delimited by the membrane skeleton and the transmembrane proteins anchored to the
membrane skeleton (Fujiwara et al., 2002; Murase et al., 2004; Kusumi et al., 2005; Morone et al., 2006).
This entails a paradigm shift for the concept of the plasma membrane, from the continuous two-dimensional
fluid to the compartmentalized, structured system. This could be found because we have developed high time
resolution (25 microseconds) single-molecule tracking techniques (Kusumi et al., 2005) . If more than one
molecule is observed at the same time, the single hop event would be masked by averaging over all the
molecules under observations. Without high-time resolutions, the residence time within a compartment for 1

millisecond to 1 second could not be detected.

Newly identified characteristics of G-protein coupled receptor; transient dimer formation in the
plasma membrane

G-protein coupled receptors or GPCRs are the largest family of membrane receptors, and have been
studied for their importance. In particular, for class-A GPCR, since late 1990s, some groups have reported
that they work as dimers, which is totally opposite to the previous classic model that they work as monomers.
By developing quantitative single fluorescent-molecule imaging technique in live cells, we found that formyl
peptide receptor or FPR, a chemotactic GPCR mainly expressed in neutrophil, forms very transient dimer
with a lifetime of 100 milliseconds even at the resting state. We also determined the two dimensional
equilibrium constant of FPR between monomers and dimers by examining the amounts of dimers at different
concentrations of receptor molecules. From these observations, we finally succeeded in charactering dynamic
equilibrium of GPCR between monomers and dimers, which was the first time determination ever for any
membrane molecules (Kasai et al., 2011). Moreover, we found that another GPCR, dopamine D2 receptor,
also forms transient dimers with the lifetime of ~70 milliseconds, which is increases by 50% upon addition of
an agonist (Kasai et al., 2018). This means that the transient dimer becomes slightly stabilized upon agonist
stimulation, suggesting that transiently formed dimers have some meanings in GPCR functions. In addition to
our findings, other research groups also reported that class-A GPCR forms transient dimers and oligomers in
live cells (Nishiguchi et al., 2020). Based on these results, it was found that the dynamic dimer-monomer
equilibrium is probably a newly identified characteristics of class-A GPCR; both monomeric state and
dimeric state of GPCRs co-exist at any moment, while they're dynamically exchanging with the dimer
lifetime of ~100 milliseconds. Furthermore, the transient dimerization of GPCR seems to be related to its

signal generation and regulation.
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Fig. 1. In silico perturbation of Sema3A compared with corresponding in vivo experiments. (A) Cancellous bone
morphology in Sema3A-deficient mouse femurs. (B) Bone volume fraction (BV/TV) and trabecular
number (Th.N) in Sema3A-deficient mouse femurs. (C) Cancellous bone morphology in Sema3A-treated
mouse femurs. (D) BV/TV and Th.N in Sema3A-treated mouse femurs. (Kameo et al., 2020)
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Fig. 2. Apoptotic cell shrinkage and NO production in mechanically stimulated
osteocytes. (A) Schematic of mechanical stimulation applied to osteocytes
using a magnetic tweezer. Cell morphology/intracellular NO was
microscopically observed (B), followed by quantitative analysis (C and D)
before and after applying mechanical stimulation. (Nakao 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 2020, we developed a novel in silico experimental platform to investigate spatial and temporal
behavior of bone remodeling regulated by mechano-biochemical couplings. In addition, we showed that
applying mechanical overload using a magnetic tweezer to osteocytes evoked the apoptosis mediated by

intracellular nitric oxide production.

1) Development of an in silico experimental platform to explore bone remodeling

Bone homeostasis via remodeling can be disrupted by an imbalance between bone resorption and
formation, resulting in metabolic bone diseases such as osteoporosis. Even though the underlying molecular
and cellular mechanisms of bone remodeling are now being clarified, the complexity of intercellular signaling
makes it difficult to predict the changes in bone morphology during bone diseases and their drug treatment. In
this study, we developed a novel in silico experimental platform to integratively explore bone remodeling by
linking microscopic molecular/cellular interactions to macroscopic tissue/organ adaptations. Using this
platform, we conducted in silico experiments to investigate the morphological changes of cancellous bone in a
mouse femur subjected to mechanical loading. The in silico experiments successfully reproduced pathologies
of metabolic bone diseases due to loss of mechanical stress and abnormal expression of signaling molecules.

Furthermore, in silico perturbation of a specific signaling molecule (Sema3A) enabled observation of the
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spatiotemporal dynamics of bone remodeling, which is difficult to achieve in vivo (Fig. 1). As a clinical
application of the proposed platform, in silico medication experiments was shown to provide a powerful way

to predict the therapeutic effects of drugs against metabolic bone diseases.

2) Elucidating the mechanism of osteocyte apoptosis induced by mechanical overload

Bone damage causes local mechanical overloading to induce osteocyte apoptosis, which is suggested to
promote the bone resorption at the damaged region. Despite the importance of the osteocyte apoptosis with
regard to the structural integrity of the bone, a direct correlation between mechanical overloading and
osteocyte apoptosis remains still unknown. In this study, we for the first time revealed the mechanism
underlying apoptosis in mechanically overloaded osteocytes, focusing on intracellular nitric oxide (NO).
Primary osteocytes isolated from mice calvariae were subjected to quantitative mechanical stimulation using
a magnetic tweezer. Consequently, a drastic increase in fluorescence intensity of a NO indicator (DAR-4 M)
in response to stimulation with a large magnitude force was microscopically observed, accompanied by early-
apoptotic cell shrinkage (Fig. 2). In the presence of a NO synthesis inhibitor, L-NAME, the cell shrinkage
induced by the mechanical stimulation was suppressed. Thus, we proposed that the mechanically overloaded

osteocytes underwent apoptosis in a manner mediated by the intracellular NO production.
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K2:FNH 4 FORBESZHERBE AN — 2 EROWEIHNT VT L%

(olfactory epithelium; OE) D4 IV ) 4 N & AE#$ 2 8 2 . L7z

fatE 135 HH (B13.5) O 7 ANSLM EEZRI L, ¥ > 7V V2508 L 721 Matrigel (20
BL7z0 £ 22 EREN OB ORI 4B 2 = v FHF (Niche factors) Z I LEG#EZ 1T -
72 (B 1Do ZofR, 52 10 HEMETY A MROZWICHEAISBR S, F#E30 HEET
MeFESN720 T ZO=ochi k2R ER A VT A R EIES,

WLEREA N ) A Rl d 2Mlafliz mfEd 5720, gz 1ro72, oK. B LA
WA A NGBR3 % Tujl. B o IEiEMle G & SCRpfiiie) (2533
% Sox2 ZFHB L TV M EZENTVWEZEPHLNE L o7z, 720 MEEA VT /4 FD
M apical ¥ — 47 —T& % aPKC 2L TEH Y. TDF WA/ 4 N7 apical-basal il % Ff -
TWh I EHRENTz IV A4 FNOBLAFER & JE#EIE I apical-basal Bl 1Y > T g &
R LTEBY, B ERA VT ) A FIIHENICS ERNOBR EE 2L TWwb EEZ 55,

WA VAT 7 A4 FIZE TN 5 MMM 0REEZ XD FEMICNT§ % 7289, single cell RNA
sequence (scRNA-seq) Z1T-o720 ZOFEFR, W EF A VA 7 4 FiZid, AERNOWR - 2Rk 3 %
FIEEFMEOMBAZTENTVLE I EPPLNE R oz £ FNAT /7 A4 FHOBMREMILOK
PR, invivo & FERIC | FEHOADREZFEAREZ I L TE Y, Th b OBRHITIZ R VP
T2 AN T DIEEERRT ZEDPORALIREBIZH L Z b ols (M2)o SHITWE
ZHRROFEB Y — v & MR O RBIEA EE 2 MR E R T4 F 2 F ¥ RO FBR
5 — VBRI D 5 2 L bR ENIze TNODRERNP S B ERA VAT 4 FIRBE AR
DHERAD AL T 57200 —NVE LTIHHTAIENTELLEEZLNS,

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 developed a novel methodology for in vitro formation of functional olfactory epithelium from stem
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Figl : Organoid formation from mouse embryonic olfactory stem cells

cells.

The olfactory epithelium (OE) is a pseudostratified epithelium derived from the olfactory placode
composed of cells with different functions. In contrast with the central nervous system, the mammalian OE
retains a lifelong ability to renew neurons and rebuild functional neural circuits in response to injury.
Therefore, the OE has studied as a model for neurogenesis, neural circuit formation, and organ regeneration.
In mammals, each olfactory sensory neuron (OSN) expresses only one functional odorant receptor (OR)
gene in a mutually exclusive manner—a phenomenon called the “one-neuron-one-receptor” rule. Moreover,
OSNs that express the same type of OR project their axons to a specific target glomerulus in the olfactory
bulb (OB) —a phenomenon called the “one-glomerulus-one-receptor” rule. Based on these two rules, mice
can maintain neural circuits for olfaction throughout their lives to detect more than 100,000 different
odorants using about 1,000 ORs.

In recent years, organoids have been widely used as models for organ development and disease. The use of
organoids allows us to recapitulate tissue development in vitro and to observe the process in detail, which is
not possible with conventional animal models. Although organoids of various tissues, such as cerebral cortex
and retina, have been reported, there are currently no organoids of olfactory tissues.

In this study, the olfactory epithelium was harvested from embryonic day 13.5 (E13.5) mice, dispersed into
single cells, and embedded in Matrigel. Niche factors, which are necessary for the maintenance of stem cells
in the olfactory epithelium, were added to the cells and cultured (Fig. 1). As a result, cyst-like three-
dimensional structures were formed and maintained until the 30th day of culture. These three-dimensional
structures are referred to as olfactory epithelial organoids.

To identify the cell types contained in the olfactory epithelial organoids, immunostaining was performed.
The results showed that olfactory epithelial organoids contain cells expressing Tujl, which is expressed by
olfactory neurons, and Sox2, which is expressed by non-neuronal cells (basal cells and supporting cells) in
the olfactory epithelium. In addition, aPKC, an apical marker, was expressed inside the olfactory epithelial
organoid, indicating that this organoid has apical-basal polarity. The olfactory neurons and non-neuronal cells

in the organoids form a layered structure along the apical-basal axis, suggesting that the olfactory epithelial
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Fig2 : Mutually exclusive expression of OR genes in OSN and odor responses
in olfactory epithelium organoids

organoids structurally mimic the olfactory epithelium in vivo.

We also performed single cell RNA sequence (scRNA-seq) to analyze the cell types and cell states of the
olfactory epithelial organoids in more detail. The results showed that the olfactory epithelial organoids
contain almost all cell types that constitute the olfactory epithelium in vivo. About half of the olfactory
neurons in the organoids expressed only one type of olfactory receptor, as in vivo, and these olfactory
neurons were found to be mature, as they showed calcium responses to odorants (Fig. 2). These results
suggest that olfactory epithelial organoids can be used as a tool to analyze the developmental mechanisms of

the olfactory nervous system.
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FFFRZETIZ, VA NVAF LR 5P LOEGHLOMAZ HIyE L TR Z O T, 2020 4F
KO ENDARG B IR U720 BRAEIZIEFAT R R LA R S 9 5 & & DI R FICE N
FLTWD, MO RRME LIRS AZE L 720 IME A X7 A4 VAHEFRHNTED X912
BIPRS00 WS 2T B Z D72, /N7 2K V1 single cell RNA-seq (scRNA-
Seq) T DI=dDA ¥ 7+ =T 4 7 AN FLEORSE., HlFEAT@HEF R IaF Y4 VRS
T AT =X RILCSIM L AR BT 2IEFT— & OIRNTICH 725 T b ERTIE HIV OFFRIEY:
BT B 21T > T b,

1) & ME= 7 A %o 72 HIV-1 RYSHBR o St (V)

HIV-1 IfiliE & CD4 Btk T IO T 2 BT 28WET LV TH 5 b MM~ 7 2
(b ME~™ R) |2 GFP Z3H HIV-1 288 L. GFP Btk 4 v ZBEAEMBLO 1 gL v b &7z
HOFR D FEBLBE T NT 25 e CH 5 2 L Z#/R L72. GFP Btk CDATMlfe% 7 ) 2 —% 4 & Cl1 12 &
D H—HMEfk L T, scRNA-Seq AT Z 17\ R LA RI 7 e 7 7 4 VO RTIE
Mo IR v T aATo 120 TORER T A IV AEAEMILIEA R & D 9 DOHEMIHTFH I N/,
ZOWEFNO HIV-1 H5B CTH 0 B CD4 T Milask (follicular CD4 T cell-like) Mifa#ETdH %
7 FAY — 4 Tl&, HIV-1 & CXCL13 ZWIFEIZEFHBLL Twizo 72, HIV-1 BRBDO 7 5 A5 — 5
EHIV-1 IR D 7 9 25 — 7 TIXHIV-1 MR RN A >~ ¥ —7 = a ViFEEs T (ISG) #f
& LTHRM L7 common ISG DR EIMED > 720 2 D common ISG 1Z. AT — &% X— Z Gene
Expression Omnibus (GEO) 75, Mifgflidtiio 1SG & LT 104 1™ ISG (common ISG) & Hlifgfii
IR ISG Z R L7 K D b oZze T4b b, HIVIERIZE o Th o L bMNICHES
N5 ISG DT E A LI, EEd common ISG DE L Tho7zo —H. & MEx T A6 IS Nk
HIV-1 [ EGHife D 7 9 A5 —5 L7 A5 — 7 OMTHRHENRLZ 2 #ZT & LT, HIV-1 {33
DT AE— 7 TiX HIV-1 ]l 53T CTdH % SAMHD] DFERENE D> 720 7EH A ~ CXCLI3 %
SRBT AHERE A ¥ — 7 20 VEFEEE TR T 5 HEF D, AN TO HIV-1 D%
A RICHG LT bR Z B L7z (Aso et al., Cell Reports, 2020)
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2) YUYTNVELVBIUNIVYZ RNA-seq ¥ ¥ TV &M L@ F BN NV F U R Y)

LA 7 — & S O— 7 2 7 v 7T THIIEY 72y FTHRIL TV L5 o7ty
FTREHL TV RVEET (DF ), FRPYEIEMZE T, DEG) OB EETH %,
singleCellHaystack & @74 L7z DEG % ¥l 57200DH L7 7 u—F % Bl%E L7z (Vandenbon and
Diez. Nat. Comm., 2020), BEfFO7 7u—F LB L7-E 2 A, ZOFEOREIX. £ OYHELT
BOI A5 Y TIMEL WS ETHE, NIBLUEEDO 1Mild7T—% £y b2MHL T,
M72bDT7 70 —FAEMETDEG v —7—#z 2 FHTE 52 &, £ LT IULE ST
ThbIEerRLize TNHDRERIZ, singleCellHaystack 2522 7 » A7) 7 b — T DH5HI
bENLT T —FTHHI ERRLTWS (Fig 1)o

KHEIN TR REBE BTty FOMITIZE Y, BIE TR L COHE X 7 = X 428
SRS TE ZWRESIRE V. L2LAEYEL, ShH0T—F 1y Mo LIRICbIz5
EWAE R JE 3 5 FEIIREHE I N TRV, 22T, #2385 2048y P T —
7 &N T 27200 50 DHRR L7 — Y WUWHT — 2 70 —DRGHENTETo720 b7 —27
O—%, 68 Dt B XU 76 D~ AMINLHE &Mk ZE @iET 5 8,796 3 X U 12,114 D RNA-seq 7 —
FIZWH L7ze @Y %7 — 7 1IEBULE Ny FRRMIE 7 70 —F ORI L D, HIZF oI
v b =7 OEARIEIZH L 720

frodeFMZE 7y =7 b LT, 1T —% 2R LT, #EIlB L ORIEISEORE 2 7 =
AL LT 5, 720 HARY Y 73ERIZEBIT 5 Regnase-1 (Nakatsuka et al., European Respiratory
Journal 2020) BL O~ 27107 7 —VIZBIF A VEGF ¥ 7 F IV EDOREIICBIT 5 St18 (Maruyama
et al., Cell Reports 2020) D] Z b L 72,

3) ZAMET T —FI2X %7 4V ARYUEREOMY (i)

T ANV REGSEDFERE 2 . TS B X ORI A F0 B0 O 3 BURGWE 2 50 CTHfET 2
72D DR TEIEEY & 4T 5 720 BEAEERICHEAE LM a g2 4 )V ZAEGHEIE, RIEFEICA Y HART
DIWATAILR L ze WIZEASEE 7 7 A5 —5RIEO—HE LT, EET—IRITBL 20D
FHRIZH DY AZFHIICOWTIRF 21T - T & 720 BN ROW L D0 9 oSl e L
THRETHIENTE, FANEE LTHRIZBIT B IATOHPIRY / R 2 JE Rk O k72 EiEL
(248 A NIOHEEHEH (Furuse et al., Jpn J Infect Dis, 2020), 7 7 A ¥ — 2SE#FE sk Lk &)E T L
TBY., RN ENEIEIROAND 7 TAY =D E 507 &%) 9 52 & DFEH (Furuse et al.,
Emerg Infect Dis, 2020). A2EF % & X IZERGE D WA LHRETE TV O, (Furuse, J Infect,
2020) % EVH S,

F72, 2019 4R ICHAE LT A V) T TOT v B EGRATOEFAEH % fENT L (Ipadeola et al., J
Infect, 2020). HHOBEOSNZRVICB W TEISFEZ LD L) ITHTa2RENZ T O
(Ipadeola et al., ] Glob Health, 2020) o #7217 £ )V ZJEGHEDFEA R/ L D Kl TW72Z2 D3 Hh o
ffgEe LT, SESERIPREET A VA S DORKEEN A V37 PIZOWT, 74 ) EYDRK
JED O BRI £ T2 WIGICIRET 2RI E 7 4 — )V FIZE TR oz 1 15 8 THERI D 7 —
TIRNT 24T 5720 ZDRER. RS VA VAL RKEEHRAME DL DI LR, 74 /T4 VADEK
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IR S 2235 Z AT E 7 (Furuse et al., Clin Microbiol Infect, 2020) o

4) HIV-1 FREGOMERE / FRGTELICBS 2 0 FEP Ot (GER)

HIV-1 EHH I BT BRGSO X, KNS D7 4 )V ASEEHERR I L TR & 2 BERE
o TBY., RMMORENRKD SN 5, HRIEGMNIEOFIEMEILTEEIX. RN 5 OB IRIES:
MIMABRZNC O 035 EWIFF SN T W5, £ 2T, IRIEGLREBOMR B X OFIEMALICEE§ %501
B DN 217> CT\0be TNFETICTOE R AL V¥ X7 HO—FTH % BRD4 HNFIRIEGIR
ROFIGHALICEG T2 EDBHLNE Lo TWDEA, HADBITICE), ThITHIESRTY
BWTHERNAAL 27 7B HBREGRBOMFFIZHFG L TWDE 2 EPHL TR o7z #HHl
RIENTOFER, TV 22T 4 v 7 LENDPERLTWEZ b o TE/, F/2, shRNA A7
V== v 72k ), mEMEHERNT-TH 5 DSIF/NELF OFIEHILIZ BT 2 &% E O D T
Wb,

In our laboratory, we are conducting research for the purpose of elucidating Virological and Immunological
phenomena. Shimura has been enrolled in our lab. Kosugi enrolled in the master's program at the Graduate
School of Pharmaceutical Sciences. Koyanagi is conducting research to clarify how HIV-1 establishes the
infection. Vandenbon developed an informatics analysis method for single cell RNA-seq (scRNA-Seq)
analysis, and Furuse is involved in the COVID-19 cluster countermeasure group of the Ministry of Health,

Labor and Welfare to analyze epidemiological data of SARS-CoV-2 infection in Japan.

1) Characteristic analysis of HIV-1-infected cells in humanized mice (Koyanagi)

We carried out omics analysis of HIV-1-infected cells including single-cell RNA-seq level from
hematopoietic stem cell-transplanted mice (humanized mice) infected with GFP-expressing HIV-1.
Transcriptome analysis was extended into single-cell RNA-seq (scRNA-seq) (Koyanagi) and dimensional
compression analysis of the clustering profile data was performed (Kei Sato). HIV-1-producing cells were
classified into at least 9 subpopulations. Cluster 4, a group of follicular helper CD4 T cell-like (Tth-like) cells
with high HIV-1 expression, clearly highly expressed CXCLI3. In cluster 5 with high HIV-1 RNA and cluster
7 with low HIV-1 RNA, common Interferon Stimulated Genes (ISG) (Aso et al. Front. Microbiol. 2019) as
a group of HIV-1 target cell-specific ISG was low. On the other hand, as a gene whose expression level differs
between cluster 5 and cluster 7, the level of SAMHD1, coding an HIV-1 restriction factor, was high in cluster
7. We found that the subpopulation with high level of the chemokine CXCL13 and the subpopulation with
low level of the ISG may contribute to the spread of HIV-1 infection in vivo. (Aso et al., Cell Reports, 2020)

2) Gene expression analysis using single-cell and bulk RNA-seq samples (Vandenbon)

A common step in single-cell data analysis is the prediction of genes that are expressed in one subset of

cells but not in others (i.e. differentially expressed genes, DEGs). We developed a new approach for
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predicting DEGs, called singleCellHaystack (Vandenbon and Diez, Nature Communications, 2020) . The key
advantage of singleCellHaystack compared to existing approaches is that our approach does not rely on the
(often arbitrary) clustering of cells. Using artificial and real single-cell datasets we showed that our approach
can predict DEGs and marker genes with high accuracy, and that it is fast. It is also a promising approach for

exploratory analysis of spatial transcriptomics data (Fig.1).

Fig. 1. Example application of singleCellHaystack for prediction of DEGs in spatial transcriptomics
data of the mouse anterior brain. a—c Expression levels for 3 high-scoring DEGs predicted
by our method. Each gene is expressed in different parts of the brain.

The large amounts of publicly available gene expression datasets contain a huge potential for
computational prediction of gene functions and regulatory mechanisms. However, the best approaches for
extracting as much biological information out of this data as possible remain unclear. We are conducting a
systematic analysis of 50 different data processing workflows for inferring gene co-expression networks. We
applied these workflows on 8,796 and 12,114 RNA-seq samples covering 68 human and 76 mouse cell types
and tissues. We showed that the choice of suitable data normalization and batch effect correction approaches
can significantly improve the quality of gene co-expression networks.

In other collaborative projects we are analyzing regulatory mechanisms in hematopoiesis and the immune
response using single-cell data analysis. We also analyzed the role of Regnase-1 in innate lymphoid cells
(Nakatsuka et al., European Respiratory Journal, 2020) and St18 in regulating VEGF signaling in
macrophages (Maruyama et al., Cell Reports, 2020).

3) Multi-disciplinary approach to understand viral diseases (Furuse)

Furuse has been involved with outbreak response against COVID-19 as a member of the national task force
called Cluster Response Team at the Ministry of Health, Labour and Welfare. He mainly analyzed
epidemiological data and gave advice on risk assessment. Some of the work there were published in 9
academic papers. The achievements include the followings: epidemiological characteristics of COVID-19
outbreak in Japan (Furuse et al., Jpn J Infect Dis, 2020), investigation on cluster of COVID-19 cases in
communities (Furuse et al., Emerg Infect Dis, 2020), and development of statistical model to calculate

probability of having infectious people at mass-gathering events (Furuse, J Infect, 2020).
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Furuse was also deployed to Nigeria for Lassa Fever outbreak response in 2019 as a WHO consultant. In
collaboration with researchers at public health authorities of the country, differential in epidemiological and
clinical characteristics between Lassa fever confirmed (positive for laboratory test) and suspected (test-
negative) cases was revealed (Ipadeola et al., J Infect, 2020) . Furthermore, strategies to determine emergency
phase for such endemic diseases at resource-limited settings were proposed for better response in the future
(Ipadeola et al., J Glob Health, 2020) . Also, a prospective cohort study was conducted in the Philippines to
elucidate the comprehensive disease burden of respiratory viral infections in children, covering from
household, primary healthcare facility, to hospital. The study discovered a significant disease burden and
impact of respiratory syncytial virus infections as well as a considerable etiological implication of rhinovirus

infections (Furuse et al., Clin Microbiol Infect, 2020) .

4) Molecular mechanisms of maintenance and reactivation in HIV-1 latency (Shimura)

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

molecular mechanism.
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Fig. 1. Live-imaging of Hes7 expression in the presomitic mesoderm. Hes7 expression oscillates in phase in the wild
type (upper), but Hes7 oscillations are dampened and become out of synchrony in the absence of Lfng
(lower).

2) fREEHIIC 1) 5 Hesl DIEBIRE) D 5:E]

FfE i T ld Hes1 % Hes5 D FEH A% 2 B JE I CIREY 9 5 2%, € OERICOVWTIZ LD
PoTWhpolz, Z£2TC, Hesl BaT 0264 v ba vz L 2&R~ 7 A (Hesl intron (-))
AfEL7-L 2% (X2A). Hesl OFHAMAAL U THIREpAES L 2w BB L7z (M 2B),
L72%%5 T Hesl DFBIREI S AT FA L T2 LIZBWIA I YT DRI T AT 74— NNy
TVMAFT B EDDoTze L L. TOERT T ZIEERNIIH A IBD LIS KR 5B05
RIFABMPEICRE LRI SN D 5 720 Hesl OFEHIRE) O P85S D522 E Hes3 X° Hes5 I K -
TRIEEIND Z EHREBENZD T, Hes3 (-/-);Hes5 (-/-) ¥ 7 AIZBI) 5 Hesl intron (-) DORJF
w720 Hes3 (-/-);Hes5 (-/-) =7 ZFUIFITIEF TH S A T 212 Hesl intron (-) 2% E A5
5 &, R OB A LRE ISR E N R S, NFEIC L o7z (M2C)s MLEA S, Hesl D
BIREY X IR 2 R IS TH B T DL NIk 5 72,

-107 -



Fig. 2. The significance of Hes1 oscillation in neural
development.

(A) Schematic structure of wild-type Hesl and Hesl

intron(-) genes.

(B) Hesl oscillation in neural stem cells. Hes1 oscillation

is robust in wild-type neural stem cells but becomes

dampened in Hes1 intron (-) neural stem cells.

(C) Brain structures of Hes3(-/-);Hes5(-/-) mice and Hes1

intron (—);Hes3(-/-);Hes5(-/-) mice.

We found that gene expression oscillates with a period of about 2-3 h in many biological events and try to
elucidate the significance and mechanism of such oscillatory gene expression. Particularly, we have been
focusing on neurogenesis and somitogenesis. The expression of the basic-helix-loop-helix (bHLH)
transcription factors Hesl, Hes5 and Hes7 oscillates autonomously by negative feedback, and these
oscillations drive oscillatory expression of the downstream genes. Recent studies revealed the mechanism of
synchronous Hes7 oscillations in the segmentation clock and the significance of Hes1 oscillations in neural

stem cells.

1) Coupling delay controls synchronized oscillation in the segmentation clock

Individual cellular activities fluctuate, yet are constantly coordinated at the population level via cell-cell
coupling. A notable example is the somite segmentation clock, in which the expression of clock genes, such
as Hes7, oscillates in synchrony between cells comprising the presomitic mesoderm (PSM). This
synchronization depends on the Notch signaling pathway, and inhibiting this pathway desynchronizes
oscillations, leading to somite fusion. However, how Notch signaling regulates HES7 oscillation synchrony is
unknown. Here, we established a live-imaging system using a new fluorescent reporter (Hes7-Achilles) to
monitor synchronous HES7 oscillations in the mouse PSM at single-cell resolution. Wild-type cells can
rapidly correct for phase fluctuations in HES7 oscillations, whereas absence of the Notch modulator Lunatic

fringe (Lfng) leads to loss of PSM cell synchrony. Furthermore, HES7 oscillations are severely dampened in
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individual cells of Lfng-null PSM. However, when Lfng-null PSM cells were completely dissociated, HES7
oscillations showed almost normal amplitudes and periodicity, suggesting that LFNG is mostly involved in
cell-cell coupling. Mixed cultures of control and Lfing-null PSM cells and optogenetic Notch signaling
reporter assay revealed that LFNG delays the signal-sending process of intercellular Notch signaling
transmission. These results together with mathematical modeling raised the possibility that Lfng-null PSM
cells shorten the coupling delay, thereby approaching a condition known as the oscillation/amplitude death of
coupled oscillators. Indeed, a small compound, which lengthens the coupling delay, partially rescues the
amplitude and synchrony of HES7 oscillations in Lfng-null PSM cells. Thus, our study reveals a delay control
mechanism of the oscillatory networks involved in somite segmentation, and indicates that intercellular

coupling with a proper delay is essential for the synchronized oscillations.

2) Oscillatory expression of Hesl regulates cell proliferation and neuronal differentiation in the
embryonic brain

The expression of the transcriptional repressor Hesl oscillates in many cell types, including neural
progenitor cells (NPCs), but the significance of Hes1 oscillations in development is not fully understood. To
examine the effect of altered oscillatory dynamics of Hes1, we generated two types of Hes! knock-in mice, a
shortened (type-1) and an elongated (type-2) Hesl gene, and examined their phenotypes focusing on neural
development. While both mutations affected Hesl oscillations, the type-1 mutation dampened Hesl
oscillations more severely, resulting in much lower amplitudes. The average levels of Hesl expression in
type-1-mutant NPCs were also lower than in wild-type NPCs but similar to or slightly higher than those in
Hes1 heterozygous mutant mice, which exhibit no apparent defects. While type-2-mutant mice were
apparently normal, type-1-mutant mice displayed smaller brains than wild-type mice and up-regulated
proneural gene expression. Furthermore, proliferation of NPCs decreased and cell death increased in type-1-
mutant embryos. When Hes3 and Hes5 were additionally deleted, neuronal differentiation was also
accelerated, leading to microcephaly. Thus, robust Hes1 oscillations are required for maintenance and

proliferation of NPCs and the normal timing of neurogenesis, thereby regulating brain morphogenesis.
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Fig.1. RNA transport factor PHAX promotes DNA damage response via regulation of
histone H2AX expression
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In eukaryotic cells, many genes are separated by introns into multiple exons that should be joined together.
In addition, the cell itself is separated by the nuclear envelope into two major compartments, the nucleus and
the cytoplasm. These two types of separations necessitate specific gene expression mechanisms such as RNA
splicing and nuclear transport. Prof. Mutsuhito OHNO's laboratory is studying various aspects of eukaryotic

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

1) ISG20 and nuclear exosome promote destabilization of nascent transcripts for spliceosomal U
snRNAs and U1 variants

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 TOEI. This
process is important since mutations in TOE! 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 knock-down (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) RNA transport factor PHAX promotes DNA damage response via regulation of histone H2AX
expression

PHAX (Phosphorylated adaptor for RNA export) promotes nuclear export of short transcripts of RNA
polymerase II such as spliceosomal U snRNA precursors, as well as intra-nuclear transport of small nucleolar
RNAs (snoRNAs). However, it remains unknown whether PHAX has other critical functions. Here we show
that PHAX is required for efficient DNA damage response (DDR) via regulation of phosphorylated histone
variant H2AX (yH2AX) , a key factor for DDR. Knockdown of PHAX led to a significant reduction of H2AX
mRNA levels, through inhibition of both transcription of H2AX gene and nuclear export of H2AX mRNA,
one of the shortest mRNASs in the cell. As a result, PHAX-knockdown cells become more sensitive to DNA
damage due to a shortage of yH2AX. These results reveal a novel function of PHAX, which secures efficient

DDR and hence genome stability.
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3) Abridge that links an E3 ubiquitin ligase complex and nonfunctional 60S ribosomal particles

The eukaryotic ribosomes are composed of 4 rRNAs and 80 ribosomal proteins. We and others previously
reported that the defective ribosomal subunits containing mutations in their 25S rRNAs are selectively
eliminated from the cytoplasm by ubiquitin-proteasome system (nonfunctional rRNA decay, NRD).
However, the molecular mechanism defining the selective ubiquitination of the nonfunctional ribosomes has
remained elusive. We lately showed a 60S-associating protein, which we name 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 Becl 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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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 2020, we revealed
the mechanism of the proteolytic activity switching of E. coli BepA, a periplasmic protein involved in
biogenesis and quality control of LptD, a central subunit of LPS translocon. We also investigated the fine
interaction profile and a functionally-important cis element of VemP, a Vibrio secretion monitor protein that
regulates the expression of the genes (secDF2) involved in protein secretion through its translational arrest,

and proposed a model of the arrest-cancelation processes of VemP.

1) Elucidation of the regulatory mechanism for the protease activity of Escherichia coli protease BepA

Escherichia coli periplasmic protease BepA is a dual functional protein involved in the assembly of LptD, a
B-barrel outer membrane protein required for the biogenesis of lipopolysaccharides. BepA possesses both
chaperone-like activity (promotion of LptD maturation) and protease activity (degradation of misassembled
LptD). The regulatory mechanism of the BepA's functions, however, remains to be elucidated. The recently-
solved BepA structure showed that the His-246 residue (H246) in the loop region containing helix 09 (a9/
H246 loop) coordinates the zinc ion as the fourth ligand to exclude a catalytic water molecule. BepA mutants
with an H246 mutation or a deletion of the 09/H246 loop exhibited an elevated protease activity in vifro and
degraded LptD on the normal assembly pathway in vivo. In contrast, disulfide bond-mediated tethering of the
09/H246 loop repressed the LptD degradation. These results suggest that the protease activity of BepA is
usually inhibited by His-246, but expressed when His-246 is dissociated from the active site zinc ion as a
result of the movement of the a9/H246 loop. We propose that the protease activity of BepA is reversibly
regulated by structural change of the 09/H246 loop that enables the His-246-mediated switching (histidine

switch).

2) Mechanism for translation arrest—cancelation of Vibrio secretion monitor VemP

VemP (Vibrio protein export monitoring polypeptide) is a secretory polypeptide that plays a central role in
monitoring cellular abilities of protein export mediated by the Sec translocation machinery in Vibrio species.
VemP has a unique translation arrest sequence near its C-terminus. When protein export of a cell is
compromised, translation of VemP is stably arrested via specific interactions between the arrest motif and
interior regions of the ribosome exit tunnel, resulting in up-regulation of its downstream genes secD/F, whose
products facilitate the protein export. It has been suggested that, although VemP translation arrest occurs
transiently even under a normal protein export condition, it is rapidly canceled on the Sec translocon by an
export-coupled pulling force. However, it remains largely unclear how the arrested-VemP is targeted to, and
the translation arrest is canceled on the translocon.

To clarify the mechanism of the VemP-arrest cancelation, we performed systematic in vivo photo-cross-
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linking analyses targeted to the entire region of VemP and found that the arrested-VemP interacts with SRP
(signal recognition particle) and PpiD (a membrane-anchored periplasmic chaperone) as well as expected
factors including components of the translocon and a ribosomal protein. Our genetic analyses showed that
SRP and PpiD are crucial for the VemP-arrest cancelation. A detailed comparison between the disappearance
rates of the crosslinked products and the rate of the VemP-arrest cancelation using a recently-developed PiXie
(pulse-chase and in vivo photo-cross-linking experiment) method allowed us to determine the order of the
interactions of the arrested-VemP with these cellular factors during its maturation processes. These results
strongly suggest that the arrested-VemP is first targeted by SRP to the Sec translocon and then interacts with
PpiD. Further, we showed that PpiD directly interacts and cooperates with SecD/F for canceling the
translation arrest of VemP. Finally, we demonstrated that the conserved Arg-85 residue of VemP is a crucial
cis-element that confers the PpiD-SecD/F dependence to VemP and plays an essential role in the regulated
arrest-cancelation. Based on these results, we proposed a scheme of the arrest-cancelation processes of VemP,

which likely monitors late steps in the protein translocation pathway.
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B8 & ROAEFEALCARIEZALIIIS U Tk - W35 54 F 3 v 7 ZlE#CTh 5o 413D
By SHIZPRIR T B IR O IR 12 BT Rzl A & BEREYE D & v Tox3 Bk o B A
FasiEAd s s 2 & L, 2 oMo MIBIZER O aSMAVimenin® ffZ 5353 % Igfbp2 7%
EOWNEY 7 FIVIHKAET A Z L 2 Hiis L7z (Ichijo et al., Nat Commun. 2017) o A4FEFEIL, Tbx3* 3
JECHI RS ORI iy & I BLBRRE 2 AT U720 37, Tobx3* FLECHINEIZ I PHOMINEIC ADAMS OF8H %
8 L.EGF-ERK ¥ 7 F IV AEHAL L CTREEI 7 9 A% — (EPC) 2K TH I EEZMLNITL
720 F 7oy H—HBREHENT ORE R S Tox3" JEECHIIIE I ER ICIE 0L L TRE2 SHRS
BT RIZED I EDTM o7z —I Ty REEEREEL O K 9 (ZHIFH P2 W #E T Tox3* ZEEEH
FaAsfilie & UCAAAE L. EPC ZEFRIICHERF L T /2o Tbx3™ ZREHINE O REZ2 N ARAE L 72 B
B2 5 2002 5 72O B2 O Hi— il & (R - S BURAT %2 J205 L 785 R, IR i 9 A= 12 1
555127 7 A% —OHG LADRD b N7z FERE RN T8 TlE #rE258igE S .,

Fig. 1. Vasculatures induce dermal/epidermal remodeling in dynamic skin
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A0 RSP TR R IS ATIE L T iz 72, MAHEZHEST 2 SHRENICE T 5
Tbx3* FJEMINE & EPC O IMBAPH S . B2 FHET 5 & Tox3* BEMEATEFE I iz, &
SIZIEMB R &2 Al L TR 728 2 A, MEHESFE SN, TS LT Tox3" 3
JEMINY & EPC 28 L7720 F 72, B2 aSMA Vimenin® flIE O I & Igfbp2 D3I D . Mk
WAKAET B 2 e D5 o7z0 TNHDORERNL, MENEE ERED)EFY) V72 FEL, Kk
TR A LICADLE T ZEORELMEZHIH L T2 2 EPHLNE L7 (HM 1), IThb
DFERIZEOFAEERICEMTELEEZOND,

2) plasmid of synthetic CRISPR coded RNA target sequence-equipped donor plasmid mediated gene

targeting (pCriMGET) ¥ A7 A D3

Crispr/Cas9 ¥ A 7 A&, ME R ME DY 4 WV R 7% EOISKREIE T 2 PEBRT 5 72D ITHO g T
ATFHELTHLNTE Y, EES AfERATE LTSN, ZhETREY T AR Ty b, £
7T 74 v v aFE kA RETIVAY T Crisper/Cas9 ¥ AT A& W27 7 AlENThbITETw
5o LUy HIE§ 2 R EN OB FEAAEOMEREN IR, £z, HIYOH
BN ENOBIZFIHIAT Y A N T 7 b OVERR, A7 15% ORRLH E 2 F2BRE 135 < OREH
ETNZERTLEDPD Y BRI A~ — MIHW OB YRR 2 LT % O RFEDE
HDHENT WD, kit AR 2 ELEIE S =7 T4 Y777 A3 Fa HWORMORE & [H
FRIZ Crispr/Cas9 # HHWTHIMI§ 45 2 & T/ v 7 4 MKRDSB W RETH 5 2 &2 Sz, 4
X2 DOF P A ICIT, Crispr/Cas9 YIKIELH 2~V F 7 0 —= Y 74 4 b Ol Aid L 72 pCriMGET
(plasmid of synthetic CRISPR coded RNA target sequence-equipped donor plasmid mediated gene
targeting) 77 A I F&AVEH L. CAG promoter-EGFP Transgenic (Tg) < 7 A, Thx3 #ix T HEIZ
3xFlag-24-EGFP % 4 7 L — ATl A L 72 Knock-in (KI) %7 A\ B X U Clec4f #EAx{HEIZ IRES-
hDTR-2A-EGFP % A » 7 L' — A T A L 72 Knock-in (KI) ~ 7 ADOBAZKII L7z (Fig2). AN
Fid. B OBIEF LR OBIZ 0 500585 05571, Befl, € L Ta X b 2 KIEICHKT &
B REMEAVRIE S 7o ARWFFRISAAERL Scientific Report IZFEEK S 7z,

Fig. 2. Scheme of Knock-in and Tg mouse generation via pCriMGET system.
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1) Vasculature-driven stem cell population coordinates tissue scaling in dynamic organs

Skin, an essential barrier, is a dynamic organ that expands and shrinks flexibly in response to physiological
changes in body shape. We have previously shown that the epidermal basal layer of rapidly expanding
abdominal skin of pregnant mice harbors highly proliferating interfollicular epidermal stem cell (IFESC)
progeny that expresses Tbx3 necessary for their proliferation and skin expansion. In this year, we have
investigated the functions of IFESC-derived Tbx3*-basal cells (Tbx3*-BCs) in skin expansion and their cell
fate after parturition. We found that Tbx3*-BCs shape basal epidermal proliferating clusters (EPCs) by
inducing ADAMBS-ERK signaling in their neighboring cells. Single clonal lineage tracing revealed that
Tbx3*-BC clones emerge in the abdominal epidermis during pregnancy, followed by differentiation after
parturition. We further found that in the plantar epidermis, where high level of BC proliferation is maintained
in homeostasis, Tbx3"-BCs are sustained as long-lived SCs to maintain EPCs invariably. We showed that
Tbx3*-BCs are vasculature-dependent IFESC populations, and identified mechanical stretch as an external
cue for the vasculature-driven EPC formation. Our results uncover vasculature-mediated IFESC regulations,

which explain how epidermis adjusts its size in orchestration with dermal constituents in dynamic skin.

2) Genome editing with the donor plasmid equipped with synthetic crRNA-target sequence.

The Crispr/Cas9, a well-known immune system that eliminate exogenous genetic materials in specific
eubacteria and archaea, has been applied to the genome editing in model animals, which are mouse, rat, and
Zebrafish. However, the generation efficiency of gene targeted animals has been low yet. In addition,
researchers needed to spend a lot of time and efforts to construct the gene targeting cassette and check the
genotype of generated animals, so that some researchers have developed new gene targeting methods.
Recently, it has reported the new knock-in method, which was targeted gene locus and gene targeting plasmid
including homology arms were cut off by Crispr/Cas9. So, we developed the plasmid of synthetic CRISPR
coded RNA target sequence-equipped donor plasmid mediated gene targeting (pCriMGET), which had
ctRNA (or sgRNA) target sites on 5'- and 3' ends of MCS in advance, and we established CAG-promoter
EGFP Tg mouse, 3xFlag-2A-EGFP in-frame knock-in mice at T-box transcription factor3 (Thx3) gene locus,
and IRES-hDTR-2A-EGFP in-frame knock-in mice at C-type lectin domain family 4, member f (Clec4f) gene
locus with CriMGET system (Fig.1). It suggested that pCriMGET system was very powerful method to save

researchers’ efforts, time and cost in establishment of transgenic or gene targeted cells and animals.

List of Publications
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—124 -



List of Presentations
INHBET BEXT A4 Moy v 7Y a yOREEFET LRGSR TF FOFEE &
Bro 8573 I H AN AW . AR B, 202046 HOH-11 H

Yukako Oda, Fumiko Toyoshima Dissecting the mechanism of tight junction induction upon inflammation

9543 AR, R o4 VBME, 20204 12 H2 H -4 H

FRGRRIL, BTG AR, AR 4sse, bSO X, wHily, BE T CRISPR Cas9 EfnTf¥—7 v
FAYTEMIBI LN F—75 A3 FORS 443 M HAGFEWFEEES, * v
F 4 VB, 2020 4 12 F 2-4 H

FHRE, BECT RO EEEEZ MRS ALY 4 53 7 XL Z20nTRBOME 5
27 IR ZE &, > 54 >~ 2020 4 12 H 15-16 H

-125-



Hfy > AT AFFEER
Department of Biosystems Science
Laboratory of Mathematical Biology

B Y Prof. Atsushi Mochizuki
HEH % VI IR Assoc. Prof. Masashi Tachikawa

A Tld, BHEREREERY I 2L —Y g VR EOBRmNTER HWT, AL OMmIIC
PHMATYG, BEMNTFEZHVLZE T, BHHICHAL VAT AN LTH, TheXAiT 5
AEM B ZE ZENRTE L, ERAEEZTWD, 2020 FFI2BWTIE, #am2s Pl L7245
S OBIEIC X MBS Y X T A DRl & A Y E L OIFEMRIC I D ER L, £
720 ALEROSRDOIRD TV E Ay DT — 7 EEP SRETLH LW BE L2, 2o, 8
DEGHGIH LT, HHTFVEHWZE2 B L 72,

1) % v M7 — 7 SIS0 ZBERA T L 72D EGEE I X 25 LS 2 7 2 il

P EORIBIZE Y £ DAY BLHMOBRZTIMHENEH T 282 A v F 7 —
I VAT B NT D ZEDPIRENTET TNH VAT LAEERIMEY T &4 F 37 AHS,
HEMBEGOREIZELEEZEZ N TS, BlZIE Y OMPFET 7@ ) ORL RO LT D9
EEBYATAELT 90 U EOBEFEHAOHIEZ ELEEFHEA Y b7 =2 DEINT
Wb, —HTHIEA Y b7 — 27 IZMHEEHOBERZTZRLTEBY ., 2OEHITIZ TR YT
A—=F 2 RELZITNE ¥4 T IV AZRETELVWEEZEZOLNTE 2, THITH L TEA I,
HHA Y b7 — 27 OWEZ T 06, —HOEELRGF2RETE BT, ML T&z, 2
OHEIZ I NI, Ay M T — 7 OREREIZT
2 BHPFE % Feedback vertex set (FVS) % i
WS HZ LT VAT LAERD YA
FIZAZBM HHTEEETTH5S,
COHEICHEDE, EEOFYHE AT
M oAb > A 7 & Ol FE 8 % 4T - 72,
FVS & LTED LN 5 DD#IET % AL
INIETEAL D B W IZ IS 2 25 8 ) DHEEE
WIS ER 2 1T 5 720 HIEFEERO#E RSG5
N7 B O BIZFRIOL R, I
FEAETHIEINS 78 ) OIS LRED
IH 6N EELI LG ol KYD
B Ay T — 7 OfFHRIZ. Mluobz Fig. 1. Controlling cell-fate specification system by FVS

genes.

-126 -



FHHT 5 BT, BIEEETH ) L5
TIERIBIFR S AR B & L ARIR S I
AR ARSTE | PN NES EHE S
FERF DAL TR W 72 e HIR & & O I [F] b
FETH b

2) ALRERIE Y AT LD %E A v T

7 =7 DIBIET NS 28 LWEE

s DA

AR T < IO SR I3 81

IZOBHBD, Fy P T =7 2T

2IEDHOLNT VD, CDOYAT A Fig. 2. Decomposition of bifurcation condition/behaviors of an
RO T A F 3 7 A0S M0 4 B example network. Left: theoretical analysis, right: numerical
fEAVE T, & HIRSE M)  results

W MEDZALT 5 2 & THEERO

AT b L DIE, EZEZOLNT WA, KIS, BIRICH L CHIRBEEIZENICED 720 B
DIREDLE & 7 B &9 MM 2L, LIS Y AT A OBOFIICHEK TS EE 25N
Bo —HTHMGIGA Y N7 — 7 O ONT L, BB RERE 2 METH - 720

SR AL Ay b — 7 OREGETEMZE T 6 ALFDUL Y X T L O EH O S fFNT 237 §g T
HBHIEEWHOLNII LIz, BANIZIE, (1) ALFROEA Y M7 — 2 ZE0HEIC L. Zheh
DWEENR G Z T B 5D E LT, Ay NI =7 2RO5EGENE2 5252 ENTES, (2)
TNENOMGHEZIIN L, BIZFHFEL ) /37 A =5 2 ZGS%, &y T —27 ETHRET
&5, 3) TNZENOTWGREE» TG 2Wz Lz &, FEEHHZRIWHE LAY bT—7 |
TRETE b, Fig. 21X DO DEBHMEEI R TE LML Sy VT =2 OFIZRLI F vy T —
7 DERGHERE 72 TILHA UG R DR D BV 2 RET & 5 Z OB L, By X7 2 Ok % B
WIS 5 BTl TERIZRY) ) b

3) MA RGBS 2 BB REZE

BOVOBRMN R AEMBIRI L, EBREYSE ERFEMEZ TV, FEET VI B PRl L5
BRMERIELC X 2 0T 2 D 720 BARIICIE, (1) FEHRERICB 232 70 3 Y5 FofEizon
T, (2) WPPEEORBIZBT 5 HEHREN Y — Y BEICOWT, 3) MRHERICBITAE D
) VS TREBEREBIEOMEE Ay NI = BEOARN S TFHT L. kL ETo 7

In the laboratory we study many biological phenomena by using theoretical methods, including
mathematical and computational analyses. By theoretical approaches. we obtain integrative understandings

for complex systems, and identify fundamental mechanisms of biological functions of them. In 2018 we
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accomplished a project of controlling cell-fate specification system by a small number of genes identified by
our theory. We also developed a novel mathematical theory, by which important aspects of dynamical
behaviors of reaction systems from network structure alone. We also studied some biological phenomena

using mathematical models by collaborating with multiple groups of experimental biology.

1) Controlling cell fate specification system based on network structure

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

2) Structural Bifurcation Analysis in Chemical Reaction Networks

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

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

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

from the structure of metabolic network.
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List of Presentations

YHHR #EHETAY N7 =27 OREICIED CHIgEmE Y A T A O (FBEFEE) ZEHK
FIRHES L I S — | ZEAY (ZEEET), 202041 H 10 H

UHHW AT ATLADRELITENE LY T =2 ORZTIHI S TFIT S RfEiER) e
LEFORBO¥R, F 94~ ,20204 8 H 26 H

YUHSH HHRLTF— OB A5y VT —2 Y AT A0 (B H A4
LS REMM Y Y RI I AL ,F 542 2020429 21 H

-129 -



Hfy > AT AFFEER
Department of Biosystems Science
sl i 58 A 5 0 B
Laboratory of Stem Cell Genetics

Wk B Prof. Kosuke Yusa
A HEigr Assist. Prof.  Yusuke Tarumoto
VR EE Assist. Prof.  Gohei Nishibuchi
HAR K Assist. Prof. Kazunari Aoki

EEE N
RN .

WoERIE, 2018 4E (P 30) 4E 10 HICHBLICRRE L2FZEE TH 0 . IZFLEMIRIC B 5 IHE
B T2 BT & LT & PE Rt o Ko bR X O bEofMH, 72, e b
DAL DOBFEN B % AT O L BEREfNT % 1725 7 —~ & LTHI%E 21T > T b, iE
RN T S S % ZHEMAN D EELET —~ L LTnb,

WFEEAIER LT b ZAEmARE D IR0 E AMO) 7V — b 21ZIFHE T T2 LT
Elco ¥ WRZEEEARICEI L TIE 2019 AEEEHIC AR EERIIME L (A7) TN TEH LD 1S
%o 7273, 2020 AEREICIIEE ML B L O F AW A O M FEERR IS L4 T E L a0, Bz
192 TE, —l) ODBMGEZKRDZENTE 2, 20 MMREBASY v 7D 7 Vv — T,
4 BE D ER—EEBDSRBRRFEL Y RE L, AFRZTOWEH Z2HB L2, ZHIZXD) 3HED
V7= bR ARG EI D HIG T & 24K & 72 5720 £72. Raghda Khatab & A 23
ged: (EBBFA) & LTHREICb 5 72,

ARAEF, TRFTHEHDLTHED CRISPR-KO A7 ) —= ¥ Z{EIC X B2 AMBBOAAE - sl
HBAE T OMRENHER L ) Bl SN -BEEmE T b 2agfEamm (AML) 1I2Bb 5 2 %
O THERBRNT £ 721G HRIS A DO REYEIC B 2@ Ui 2172 72D T, T O Z DUTF IR
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F9. —DOHIEL A b ¥ 7T IVILEEE KATT IS5 2 BEREMAAT Cd 5o CRISPR-KO A 7 1) —
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i~ ZDQEFMBIPSABICER TE 72, IS OfFFIE SIK FLEH 25 MEF2C #4719 7% AML ®
BHRICHEITHHLILERLTEY., BT SIKIHERDOS LR LUREZRAT VS,

Our laboratory, Stem Cell Genetics, was newly 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, which
we have developed using the CRISPR-Cas9 systems, namely CRISPR screening. We then conduct detailed
molecular analyses on hit genes with a particular interest in transcriptional gene regulation. In addition, we
are also interested in developing novel genetic tools that are broadly applicable for a wide range of biological

research.

Two years have now been passed since the lab was established in 2018. In addition to the basic cell culture

and molecular biology equipment that was introduced in the previous year, we were able to acquire more
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equipment in 2020 and thus our laboratory is now fully equipped. A new staff scientist, Assistant Professor
Kazunari Aoki from Osaka University joined and started his work in our laboratory. Ms Raghda Khatab
joined our laboratory as a MEXT scholar.

Previously we catalogued cell-essential genes in acute myeloid leukemia (AML) cell lines using CRISPR-
KO screening we developed. This year, we published papers describing the molecular mechanism and

possibility of clinical application for two genes, namely KAT7 and SIK3.

KAT7 was identified as a cell-essential gene specific to AML cell lines carrying MLL rearrangement. This
rearrangement creates oncogenic fusion genes between MLL and various partners. The frequency of MLL-
rearranged AML is ~10% and it is associated with intermediate to poor prognosis. The major treatment for
AML is chemotherapy and this has not been changed over several decades. Although the overall survival is
improving, patients with MLL-rearranged AML commonly become refractory to such treatment. Previous
studies identified a few candidates for targeted therapy, which have been under clinical assessment. From our
own CRISPR screening, we identified KAT as a novel essential gene in MLL-rearranged AML and conducted
follow-up research.

Upon KAT7 knockout, AML cells carrying MLL fusion gene show reduced proliferation associated with
increased levels of apoptosis and CD11b myeloid marker expression. Molecular analyses revealed that
H3K14 and K4K12 acetylation were lost in KA77-KO cells irrespective of MLL genotype. To confirm whether
KAT?7 essentiality is uniquely associated with histone acetylation activity, we expressed HAT-dead KAT7
mutant and inactivated endogenous KAT7. Cells expressing HAT-dead KAT7 lost H3K 14 acetylation and
concomitantly show reduced proliferation as well as increased CD11b expression. This strongly suggests that
HAT activity is essential for KAT7 function and that HAT inhibitor may have an anti-cancer effect.

To investigate the association of KAT7 with MLL fusion, we analyzed KAT7 binding sites by ChIP-seq and
found that KAT?7 is strongly bound to a fraction of MLL fusion protein targets. These includes essential genes
such as JMJDI1C, PBX3 and MEISI. Upon KAT7 knockout, expression of these genes was rapidly
downregulated, suggesting that KAT7 is essential to support the expression of MLL fusion target genes.

We have initiated development of KAT7 inhibitor in collaboration with RIKEN and hope the success in the

development and the future clinical use.

SIK3 plays an important role in the expression of lineage-defining genes and metabolic controllers through
the regulation of transcriptional co-regulators. Assistant Professor Tarumoto used kinase domain-focused
CRISPR-KO screening during his postdoctoral research at Cold Spring Harbor Laboratory (Vakoc lab) and
identified SIK3 requirement for AML growth (Molecular Cell, 69, 1017-1027, 2018) . Epigenomic analyses
have revealed that SIK3 is critical to maintain the function of lineage-defining transcription factor MEF2C in
AML by phosphorylating histone deacetylase 4 (HDAC4), a repressive cofactor of MEF2C. Considering that
high MEF2C expression is associated with poor prognosis of AML, MEF2C is a critical target in AML.
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However, direct inhibition of transcriptional factors with small molecules is still challenging.

In the collaboration study with Dana-Farber Cancer Institute, we evaluated whether chemical inhibition of
SIK3 attenuates AML growth in mouse model by suppressing MEF2C function using a newly developed tool
compound YKL-05-099. First, we confirmed that SIK3 inhibition strongly suppressed colony formation of
AML cells, but not normal hematopoietic stem and progenitor cells, suggesting that there is therapeutic
window of SIK inhibition in AML. YKL-05-099 treatment to AML cell lines in vitro led to several defects in
epigenetic and transcriptional regulation related to MEF2C function as observed in SIK3-KO cells in vitro,
which confirmed the on-target inhibition of SIK3 kinase activity by YKL-05-099. Furthermore,
administration of YKL-05-099 to mouse models of MLL-rearranged AML (mouse AML & human patient-
derived xenograft transplantations) significantly attenuated AML development in vivo and extended mouse
survival. These data indicate that SIK inhibition is a potential therapeutic option in MEF2C-addicted AML.

We are currently improving the potency and specificity of SIK inhibitor for use in the clinic.
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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
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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. In the study, we found 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 collaborate with the Edison and Arnold labs of the University of Georgia and have
shown that BCAT1 promotes intracellular BCAA production, not their breakdown. With this new technique
we are able to visualize in realtime the conversion of BCKAs to BCAAs in live leukemia cells. We continue
to investigate how the intracellular BCAA metabolism alters stem cell signals in hematologic and other
human malignancies with the hope that our research can help develop a new therapeutic strategy to treat

human cancer.

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

Throughout lifespan, multicellular organisms rely on stem cell systems. After birth, tissue stem cells
maintain properly functioning tissues and organs under homeostasis as well as promote regeneration after
tissue damage or injury. Stem cells are capable of self-renewal, which is the ability to divide indefinitely
while retaining the potential of differentiation into multiple cell types. The ability to self-renew, however, is a
double-edged sword; the molecular mechanisms of self-renewal can be a target of malignant transformation
driving tumor development and progression. Growing lines of evidence have shown that RNA-binding
proteins (RBPs) play pivotal roles in the regulation of self-renewal by modulating metabolism of coding and
non-coding RNAs both in normal tissues and in cancers. 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

-137-



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 biologic activity of Msi2 is regulated.
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 lead 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. 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).
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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. 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)
2)
3)
4)

5)
6)
7)
8)
9)

Study on the mechanism of host cell death by viral infection

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

Study on the repression mechanism of type I interferon gene expression

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

Establishing new animal infection model for hepatitis B virus

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

Study on Severe Fever with Thrombocytopenia Syndrome virus (SFTSV) using animal infection model
Development of new anti-inflammation therapy for SFTSV infection

Study on autoimmunity caused by dysfunction of viral RNA sensors
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Fig. 1. Research Cycle of Primate Model for Infectious
Diseases
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MPERZEHM T 27200, X ) Z4EeETEBEEOPHHNGENEEZHE L7z, ZOFEBRTIE, SARS-
CoV2 ANA 257 X ETaA—T 4 7 L7257 £ WV A%, SARS-CoV-2 DIEGZ R TH 5
TrXFT Y AR 2 ZEA LM S ¥ 72 (Fig. 2). 4 OMIfEIZ O W THRET L 72
KEid. & 3% CRFK AMfEAs. 7K HEK293T Aifig & Hik LT 10 &2 2 L asbh o 72,
— 7 HIV OEGe e He 3 5 72 OB 815 DEAE 7F A b7 VR 7L v iR 3E1L. CFRK
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Fig. 2 Neutralization assay using pseudo-type lentivirus
covered with spike protein of SARS-CoV-2 and ACE2-
expressing cells.

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 2020 will be described below.

Development of a neutralization assay for SARS-CoV-2 using a pseudo-typed lentivirus

Respiratory tract infection caused by the SARS-CoV-2 (COVID-19) was firstly recognized in 2019. As of
the end of January 2021, the World Health Organization has announced that more than 100 million people
have been infected by COVID-19 and 2.3 million have died. There is a strong demand for the development of
preventive and therapeutic methods for this infectious disease, which has become a major problem
worldwide. In this study, it is safer to evaluate neutralizing antibodies against SARS-CoV-2 using a
pseudotyped lentivirus that combines HIV with a luciferase gene introduced as a marker and the outer protein
gene of SARS-CoV-2. Developed a highly sensitive neutralizing activity measurement method. In this study,
we have developed a safer and more sensitive method for measuring neutralizing activity to evaluate
neutralizing antibodies against SARS-CoV-2, using pseudo-type virus that consists of HIV with the luciferase
gene introduced as a marker and SARS-CoV-2 spike protein. In this experiment, a pseudovirus coated with
SARS-CoV-2 spike protein was infected with cells introduced with angiotensin converting enzyme 2, which
is an infection receptor for SARS-CoV-2 (Fig. 2). As a result of examining various cells, it was found that the
cat kidney CRFK cells were 10 times more sensitive than the conventional HEK293T cells. On the other
hand, DEAE dextran and polybrene reagents commonly used to promote HIV infection have been found to be
ineffective against CFRK. When the neutralizing activity of commercially available COVID-19 convalescent
sera and neutralizing monoclonal antibody was measured using this measurement system, it was found that

neutralizing activities of IgA and IgM type antibodies showed more than 100 times higher than that of IgG
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type antibody that generally used as antibody drugs. This result is an extremely important finding for

developing a therapeutic method using an antibody drug for COVID-19 in the future.
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WO TIE, EREETFVEHW - MUEREY A VA (HIV) b b THIBAIIEY 1 LA
(HTLV-1) £ OuEiAEEY 4 )V ARGSEICE T 5% 247> Tw b,

HIV BEBHRE DA T 72368 - S HIFe

AHFFE Tl FrB HIV G R E 7V % Tl HIV EGSE O MR TER A I 0 72 R iR
I ZE %2 4T > T b AT INFETIC, KB TOAF - EBFEHIES THE D=7 4 F NI
BIMEE AT 5 [t HIV] 2 v TR HIv-1 BREERBEET VAL 72, TOE
TN E T = N—H 4 ZEEFEZHE L. HIV BRIBEREOFHE & A 7 2 258 L 72,
fi )5, iPS Fily & 7 A mEHAN & 0 L 72 CCR5A32 MBI o B 2 i e Liz#iz %
HIV BGHEEE, B X O PKC IHHILIEDB X O Bet FLESE 2 A S b7z HIV FREMEILIC X % shock
and kill FEEIZOWTHGET 2D TV 5,

1. HIV V=N — DMLk i / BT : HIV B R REE 7V ORI IC L 0 O 5%E
DWRISFCEI D) — by O —F —IZHEB LB REGIREB L 22 2 &, @V V36
WEHLL OB~V S — T Ml (Tfh) 128V C HIV HEAFHL L T b 2 & (bW 5 [active
reservoir]). BV ¥ /8ffilZHB1F 5 VRNA:VDNA H (R:D t) B X O&Getk HIV &1k (qVOA)
2 & % active reservoir size * FFBE <\ WKL, »ORRENICERET 52 Hikma ML L2
. @FRIEGINCEBIT % RD & qVOA T/RE 1S active reservoir size 23l I S92 O BRI
£ % HIV B R Rt G IRREA~DBAT (loss of control) # XBEL TW5bH Z &, #H 5 A
L7- (B, M GesciEfi) . HIV ERAICBWTINOLDOEREZEALIZ L IINETHL Z &
AT IEERIR AR I BT 5 HIV RGHEEO A A GES A L CRELZMAZ RIS 2 B
DEMFFIN D,

2. iPSETE T AMEN 2 G L7z CCR5A32 &I DB RiNEE © 7/ L fmE P 2t
ML THIV-1 &4 &7 % —Tdh 5B CCRS DRERERIAZE (ACCRS) BI U~ — 7 —#ZT*%
T ATV IPS HIA~NEA L, 7 u— v #EEHI 2 8% <. EiiiEiifias s ) v ke~ s
77— IO ERE R A L7z ACCRS A iPS Al HI k& Mg (ARS-iHSC) DEE
L7 % #ESL L7 CA7R. i1 Molecular Therapy - Methods & Clinical Development, 2021)
BAE. VRN D ARS-HSC HRBAL/ S 1 v N EBEZ 1T\, ARS-IHSC DFHINDO L EE
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. CD4+ T M~ D bFE, R5-SHIV BEHIHR RIS OV THE LTWw5b,

3. UH— "—#iik (shock and kill) HEFHIEWIZE : PKCIEMALETH LT 7T) 7 M O
WFERTH D 10MA-1 (FUERRES - ATLEI% & o 3LFFSE) A%, BET HEETH S 1Q-1 LD
PEHIC X BAHZERRIC K D IR HIV EGsfifutk 2> & o)) 22 HIV 358G EB L O, KL X
VO TG - SIEMES A M A4 VIR EWT 5 E 2P LML (B, il &
Pefmirb) o BUE, R VERICEB ) 5 HIV Y = N—OFEEILSE (LRA) B X OPLHIV 3
(ART) #5-12 & 2 W BEREE X OV VRO - AR % 5 iR I 5 % o
ThTh s,

HTLV-1 J&GE 70 & LT STLV-1 HREG =K V0« BT O] & Z oIt Hnke

e THIREE S £ v A (HTLV-1) (& APE THIBE F % (ATL) < HTLV-1 BY 3 i
(HAM) DJEHT A VA TH 5o ARFETIE HTLV-1 F 1 ) 713H 100 T A & S, DK 5%HS ATL
R HAM OIS 5 ENTW S, iy, HREAOHAZRERETH S =k ¥ IVid, HTLV-1 12
R L MY A VATHS STLV-1 THVEIGTERELTWA I ENHREEINTVED, TOJH
HIZHLN TR B ol FAD=F VIV F— MK (N=300) X 0.O=7k ¥ STLV-1 §t
REFEZRIZ TR 66% TH D 2227 F IV MERISEIZIZIZ 100% OB ZIR L., @ STLV-1
IRGEARIC B 2 Puffili. 727 £ v X DNA BEMREE (PVL) B X "2 O8E /54, HTLV-1
Fr V) TRBIAGELHPLTVAEZ L, O=F ¥ FIVOFEHMEG R T O AR EHE O
AFEGAED ) , ED T L 95F 725 STLV-1 BIEGEEORIN & %> T b 2 & 25 R Sz,
PLE XD STLV-1 HARIEG = & ¥ ¥ Iv i, HTLV-1 BEF &G0 K& G O LI L [0V 7245 H 2 Bh ) &
ThVEEZ LNz,

BIRZE N Z &2, STLV-1 IEERIIC H BEREDIC S HTLV-1 & BWHIREZF L TWAICH DS
TSR YFNICBIT S ATL 2 HAM OFIERIZIZE A LR S, COREKNZHESLZ LT 5
JE T BB O UG \CBR H WD E 2 5 b HTLV-1 JEHIZ B\ Tid CD8+ T MlaIS & A3
ANWVAFIEICEEREZEHE2HSoTWEZEPHLNE R > TV, TNEBE X, STLV-1 EH:=
R UFENICBIT S STLV-1 SN T LS IO WTHRT 21T - 720 V) v SERBEIREZRIC L 0 383
3% tax mRNA (%, CD8+ T MDA T Tl CD4+ T MDA L g L <., SHE R AH 3R
HHNTz, 5T, PURSH CD4+ T HIE % R 9 5 2 L2 X D). CD8+ T HllfEA 5 D IFN-y FEA:
RO HNTze TNHDOFER LD CD8+ T MMLISEAY STLV-1 HIICEH G L TW b Z EAVRIRE
720 F 72 STLV-1 J&Ze =7k ¥ IV IZ HTLV-1 OFE 7V & LT, M50 )IS 5 O BERE AT 22 56
JEFFH T 7 F Y OFBICERTH D EE 2 bz BUEY AV AFFRIY CD8+ T Ml iFEm w7 7 5
N EBIIE TR RIED RIS DO W TG 2 D T b,

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
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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.

1. Evaluation in the efficacy of HIV cure therapeutics by the non-human primate model of HIV
infection.

Recent advance of antiretroviral therapy may result in infectious diseases caused by HIV-1 infection to be
controllable. However, it is not yet possible to eliminate HIV-1 from the body and thus the infected carriers
must take medicine through life with the risks of adverse drug reactions, emergence of drug-resistant virus,
and viral reactivation under the immunocompromised status. Currently, a number of studies for HIV-1 cure
have been conducted to date, whereas breakthrough toward clinical application awaits further extensive
investigation. We have recently established a novel macaque model of HIV-1 latency suitable for the basic
and preclinical studies for the cure of HIV-1 infection. In this model, the macaque-tropic HIV-1 generally
does not establish persistent infection without ART in the cynomolgus macaques due to efficient control by
acquired immune responses, irrespective of the development of ordinary acute viremia the virus. The virus
can be re-inducible by transient depletion of CD8+ T cells, indicating the presence of reservoir. Importantly,
active HIV reservoir cells are observed in the follicular helper T lymphocytes of lymph nodes, as shown by
the successful detection of unspliced viral RNA by qRT-PCR and infectious HIV-1 by quantitative virus
outgrowth assay. We will therefore be capable of directly evaluating the efficacy of our HIV cure therapy on
the basis of the reduction of the reservoir size by using periodically biopsied lymph node samples from the
infected macaques, which is too hard to conduct in ART-treated healthy patients. Our proposed cure strategies
include (i) transplantation of induced pluripotent stem cells (iPSC) -derived hematopoetic stem cells (iHSC)
with defective CCR5 as modified by CRISPR/CAS9, and (ii) shock and kill therapy by using latency-
reversing agents (LRA) and ART.

2. Japanese macaques naturally infected with STLV-1 as a nonhuman primate model of HTLV-1
infection: analysis of the transmission dynamics.
Simian T-cell leukemia virus type-1 (STLV-1) is disseminated among various non-human primate species and
is closely related to human T-cell leukemia virus type-1 (HTLV-1), the causative agent of adult T-cell
leukemia and HTLV-1-associated myelopathy/tropical spastic paraparesis. Notably, the prevalence of STLV-1
infection in Japanese macaques (JMs) is estimated to be >60%, much greater than that in other non-human
primates; however, the mechanism and mode of STLV-1 transmission remain unknown. The aim of this study
is to examine the epidemiological background by which STLV-1 infection is highly prevalent in JMs. The
prevalence of STLV-1 in the JMs rearing in our free-range facility reached up to 64% (180/280 JMs) with
variation from 55 to 77% among five independent troops. Anti-STLV-1 antibody titers (ABTs) and STLV-1
proviral loads (PVLs) were normally distributed with mean values of 4076 and 0.62%, respectively, which

were mostly comparable to those of HTLV-1-infected humans. Our initial hypothesis that some of the
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macaques might contribute to frequent horizontal STLV-1 transmission as viral super-spreaders was unlikely
because of the absence of the macaques exhibiting abnormally high PVLs but poor ABTs. Rather, ABTs and
PVLs were statically corelated (p < 0.0001), indicating that the increasing PVLs led to the greater humoral
immune response. Further analyses demonstrated that the STLV-1 prevalence as determined by detection of
the proviral DNA was dramatically increased with age; 11%, 31%, and 58% at 0, 1, and 2 years of age, which
was generally consistent with the result of seroprevalence and suggested the frequent incidence of mother-to-
child transmission. Moreover, our longitudinal follow-up study indicated that 24 of 28 seronegative JMs
during the periods from 2011 to 2012 converted to seropositive (86%) four years later; among them, the
seroconversion rates of sexually matured (4 years of age and older) macaques and immature macaques (3
years of age and younger) at the beginning of study were comparably high (80% and 89%, respectively),
suggesting the frequent incidence of horizontal transmission. Together with the fact that almost all of the full-
adult JMs older than 9 years old were infected with STLV-1, our results of this study demonstrated for the
first time that frequent horizontal transmission may contribute to high prevalence of STLV-1 infection in JMs.
Of note, most of the infected macaques exerted STLV-1-specific T cell response which efficiently suppressed
the viral transcription in the infected CD4+ T cells by IFNy, which may contribute to the poor pathogenicity
of STLV-1 in the macaques.
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TA NI A ERE TSRS [HEA] & LTRRSh, REMEINTE 7, LarLlh
MBOREDT ) MEFTEMOFEEIZL Y . AERNRREFIIIRFEEDO 7 A VAL SAFEL.
ZOIFEALIIMENETH L Z ENGD o TETze T2 TA NV ADZHITIIME FE O AL HEML D
) DAV IAAT TEIL] L. WL L 727 A VA X D GEDSHT LWIEREZ Do 2 L S
Pl o TE o 2020 FEICBWTIE, AEMEY A VAICHFET S RNA Y AL X~ SPRE DY
D NIRRT O ONCHEREIT 2 B o7z 720 RMFAICART A/ ALY A TICHRERT
HA3T7F =3I =T A NVAZETIVICIEHREMEY A VA LfEFEOEICHT 20582 B ko
725

1) WIEMEL e £ )V AHE RNA =L X~ | SPRE Df##i

Lhay A4 Aid, iR 4V AERO 0B Z TR EHE TS RNA L X 2 &f
FLTWAH, BT HEROERL ba v 4 LV AIZBITS RNA L XY OB EIZHS TRV,
T4 TLLE, WAEEL a4 VA (ERV) ICHIKT % syncytin-1 15T O mRNA 2BV THEHIET
RPNV — L L THARET S SPRE EIFIEN A RNA L X ¥ b EFIZELTWD, REEDOH
22Tl 2 O SPRE ASRMMZEEN 724 8D ERV 7V — 7 THE SN TV A IEEHFI#HTL x>~k
THNI3DORGFEINTEINEF — 7L ORI NTVWE Z L 25 L7z, BAIENT O F. SPRE
FHADOTA VAR P SIEROP SR EH S, SPREGEHAL bav L VAIHEED D DT
HbHI DRI NIz, SPRE IZEHT / A TR SN o7z—T, 12T XTOWFAET /
Ao, €oav—Hid, METI ~BTERESCRLZ STz, THIE—HED [SPRE
LMo A VA IZEBHAIET ) ANDRAD R 8 TR CTHIITE D EETE 28 %
ALTWwS, HRLMOIANVADBBHAEOL b a7 A VAL IZRLLRAMORNA L XV &G
T LR L TEZZE W) M. ERV HEROIEGHZHIH RNA L XV PP TUE—F — T
N =D X HITFEET ) W BT BN R HIHECY) TH S Rtk 2 Rk 5.

2) RYHFNXILAIHEARATT + —3I =T VADBIRANRRIANT & 517 a— ¥ OfER

T —=I—TIANVRIE N, ¥ U, 2% EOMAHED O HEE SN T 5 IEREEO L
FETANVATHY), TNENOFELIEMMEEZBI LTS, Ll FISWICEAT 7 + —
I—=UA VA (FFV) 34 =4 a» 585 E0 5 aREY\OFHIRE;HER I LT b, FhlFk4
. R M FATRESINIZAR YNV < R THED FEV OB TBH %2 BT L7z ZOfEFR 4 =
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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 2020, we conducted the
comprehensive, functional analysis of an RNA element, SPRE, derived from mammalian endogenous
retroviruses. Also, we studied feline foamy viruses from the domestic and wild cats in Vietnam as a model of

the evolution of non-pathogenic viruses and their hosts.

1) Analysis of the endogenous retrovirus-derived RNA element, SPRE

Retroviruses utilize multiple cis-acting RNA elements for efficient viral replication, but it is not clear how
are they in ancient retroviruses tens of millions of years old. It is also uncertain whether such retroviral RNA
elements are incorporated into host genomes as endogenous retroviruses (ERVs), which were inserted into
the host genomes by germ cell infection. We have recently found that an RNA element called SPRE, which is
originally identified in ERV-derived syncytin-1 mRNA as a gene expression enhancer, is a post-
transcriptional regulatory element shared in distinct mammalian ERV families and consisting of three
conserved sequence motifs. Sequence analyses defined that the SPRE-like elements were are not observed in
currently prevailing retroviruses, suggesting that this element is unique to the ancient retroviruses. The
SPRE-like elements were detected in almost all mammalian genomes but not in bird genomes. Their copy
numbers in genomes varied widely among host species from one to several thousand, suggesting the multiple
and independent invasions of “SPRE-harboring retroviruses” into mammalian genomes. These findings will
also provide the new implication that ERVs are sources of hidden RNA elements, and they may be potential

regulatory elements in host genomes like ERV-derived promoters or enhancers.

2) Genetic analysis of feline foamy viruses isolated from leopard cats in Vietnam and construction of
the molecular infectious clone
Foamy viruses are non-pathogenic retroviruses that have been isolated from various mammals including

monkeys, cows, horses, and cats, and they co-specify with their respective hosts. However, the frequent
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cross-species transmission has been reported in feline foamy viruses (FFVs) from domestic cats to wild cats.
In this study, we analyzed sequences of FFVs isolated from leopard cats in Vietnam. The results showed that
the FFVs from domestic cats and leopard cats were very closely related. Furthermore, comparisons of the
amino acid sequences of the Env and Bet proteins, which are both related to the host specificity, showed more
than 97% similarity in these proteins and no specific amino acid substitutions between FFVs from domestic
and wild cats. To analyze the biological characteristics, an infectious molecular clone was constructed from
FFV derived from a leopard cat. The clone-derived FFV replicated efficiently in domestic cats’ cells. These
results indicate that FFVs have not evolved to adapt to the wild cats from the domestic cats and suggest that
the risk of cross-species transmission to other wild felines in which FFV infection has not yet been confirmed

was demonstrated.
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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

AR T — J I AV ABYEBREM BB XD T T 7 AR OB IREZ 1 Lo
NG VAV 2= 2RI R (Tg) /v 2777 b7 (KO) OEREZREITTo T, T2
WTAEmZ R, A ZBIc X s~y 2aa = —ofi k. RE~ Y AEE B X O 4 s H o
RGP HEAR b TR HE T d o iX?T Tl CRISPR/Cas9 ¥ A 7 A & V7R FHE < 7 A O/ER S
EiiL TW5o fHIIZOWTIEdR— A R=TV & TR 22 E 720w,

https://www?2.infront kyoto-u.ac.jp/tgkoivl/ #Z: 3 ER DOFERII TREOMY) TH %,

1) D SGHRRAF

2018 4F 228 Rt 52,601 1
2019 4F 248 Rt 59,031 1
2020 4 267 Rt 44,428 1

2) FIUVAT = v 2 ADER

AR g IR %
2018 4 21 8,773
2019 4 30 12,554
2020 4 2 938

3) CRISPR/Cas9 ¥ A5 A2 X B8t~ ZA DR

AR g IR %
2018 4 56 25,081
2019 4 97 34,226
2020 4 97 36,184

Reproductive engineering team is a support unit for generating transgenic mouse (Tg) and knockout mouse
(KO)under the animal committee of our institute. We also perform cryopreservation of mouse fertilized eggs.

Current staffs are Kitano and Miyachi. Results of last three years are as follows.
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1) Freezing embryos

2018 228 strains 52,601 embryos
2019 248 strains 59,031 embryos
2020 228 strains 44,428 embryos

2) Transgenic mouse production with cloned DNAs

No of injected constructs No of injected embryos
2018 21 8,773
2019 30 12,554
2020 2 938

3) CRISPR/Cas9

Number of requests Number of embryos used
2018 56 25,081
2019 97 34,226
2020 97 36,184
List of Publications

Cui, G., Shimba, A., Ma, G., Takahara, K., Tani-Ichi, S., Zhu, Y., Asahi, T., Abe, A., Miyachi, H., Kitano, S.,
et al. (2020). IL-7R-Dependent Phosphatidylinositol 3-Kinase Competes with the STATS Signal to
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Kuroki, S., Maeda, R., Yano, M., Kitano, S., Miyachi, H., Fukuda, M., Shinkai, Y., and Tachibana, M. (2020).
H3K9 Demethylases JMJD1A and JMJDI1B Control Prospermatogonia to Spermatogonia Transition in
Mouse Germline. Stem Cell Reports 15, 424-438.

Ochi, S., Imaizumi, Y., Shimojo, H., Miyachi, H., and Kageyama, R. (2020). Oscillatory expression of Hes1
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Center for Animal Experiments

Bz - MiEk R GE¥) ik ¥ Prof. Gen Kondoh
dEEd% GiEB) M EF Assoc. Prof.  Keiji Hirota
B # JEH [3£  Assist. Prof. Hitomi Watanabe

T, AHITCAERE S v b 111, <7 A 5 12,000 IEASEEREY & L CTfESI Nz, Zh
SOEBREWOHEN LT - ER2EI% 1 4. #EIR 1 4. %1 4. Bl E 3 4. JEF B
H18%4TIroTWwWb,

B ERBREZAT O 7o TIE, Earfmdl - BpEakC 0 OB & BUE % L CHEMET 5 FHDVKHT
R’THb, ZORAZFM-BIES 5720, BIWEBRICIEHET 2513 BRI 2 58 -
WHEL FEEREN O N FTEEIZOWTOEFFHE B L ONGEE 22l T 5 2 L VERBMF T O
TWwWab,

oML U CEIETWE - 7/ AE~ 7 AOER 2T o Twb, AL, BRI &5
DS R CEM ORI R " % 0T T & 7225, JL4E. TALEN % CRISPR-Cas9 7/ A #i 4 i
% H\ 726l 5 2 AR T - IR IR A~ 7 ZMERBA2SFZE S 7z, Bk TD T b 2w
WCHLD AL, AR 40 DL EOBIETHE - 7/ At~ 7 AOEEICHD - 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 40 gene-manipulated mouse strains in this year.

List of Publications
Takeuchi Y, Hirota K, Sakaguchi S. Impaired T cell receptor signaling and development of T cell-mediated
autoimmune arthritis. Immunol Rev. 294 (1):164-176  (2020).

Ikeno Y, Ohara D, Takeuchi Y, Watanabe H, Kondoh G, Taura K, Uemoto S, Hirota K. Foxp3+ Regulatory
T Cells Inhibit CCl4-Induced Liver Inflammation and Fibrosis by Regulating Tissue Cellular Immunity.
Front Immunol. 15;11:584048 (2020).

Das N.R., Miyata H., Hara H., Chida J., Uchiyama K., Masujin K., Watanabe H., Kondoh G., and Sakaguchi

S. The N-Terminal Polybasic Region of Prion Protein Is Crucial in Prion Pathogenesis Independently of
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high viability and fertility using microfluidics chip cell sorter. Scientific Reports, 10-1: 8862 (2020).
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Center for Human ES Cell Research
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Laboratory of Embryonic Stem Cell Research

i€ Kk WX Assoc. Prof. Hirofumi Suemori
ARt 31T || b5 YANA Program-Specific Sr. Lect. Eihachiro Kawase

Falde M ESHILOERICH Z Bg L 728 B028 27> T\nb, TNE TITH L L7z + ESHH
Ja bk iZ EIN ORI L & N < DIFZER D LT SN Twb, & 72 ES Mifa o KoL AR
RN AL D 531 BEEE DN DML, L AEVED F R L O RFE 7% SRS B W TR R OB
MM EEZ B> Twd, b b ESHILOBRAFHO -0 OMle 7ot » Fiigcz A L. &b
ES flifatk oMz, Kizg, B, SWEREE, LEVEMEIRTEZ D72 2 B Bl g ) VPR IE BRI O HE
ErfToTWh,

1) & I ES etk & BRI %2 B U7 8n5e

t b ESAHlERk. & & iPSMilutkZ Lo M LrgtEimairkiE. AR R MI G R H A )
V=2 L LTHIfEENTWD, TN FETITB L7zt b ESHIE#RIE 50 7L L oFZe5Hm iz xt LT
GERENE L O EEREP LT ON TV D, ZNSOMEE EBROBKRATICERT 5 LT, LE
& 7 B % RE I ORI R IR B O BT & L2 ATV ZORCRIF E b ES/PS Mo
BOWTEHNTIAKEH I TV S,

E S HIIL DR KOFFEIIE DL REMICH 275, HiEF A —TRIE T 54 2RO 2 FFHOL IR
D) HERE LB L TID220RELXITERT LI LB LNIIEIN TS, T4 =T
NI T T4 ZENZHARE ) BAEMNOLREMEMIIGEWEEZ RO LEZ LN TWE Y, ThHD
RENRED L ) ITHEIIBITT AO0EHO N Th A o7 FA L NRSAL Ein T2 M5 s &
LZLTHA—=T /7T I8 LDOFHICHYLT HIRBICZEEINLILEZRN L, CORRIEIZD
2IREBHOBITOS T A A = A LOMHICESGTLIDOEEZONS,

2) M7 vty ¥ ZHBC X 2R b ES M > 7 DR

v b ES i TSt F A R B O ORI L D e b ES MR O BRI T Ol
EAHEZ GN7ze STNHITHIG L T2 il GMP LNV To e b ES Mgtk o 2479 72
O OHEMZHED T & 720 WRBIZEICHH T 5 & b ES MRS A ERRFOREMEOMREFICHET 5
PHNCHD & KM N T B RE vl & 45 7o fat YRR 2 ED D % o Afiield € O & 13
THEY, & b ESHBoB s s LTERE—-DbDTH %,
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COffiix % VT 20174 6 H X D ERRH ES Ml oM 22 BMG L. 2018 4F 5 H I3 WO T O
IRH e ES MIRa bk OB 7 it i 2 SCER AR B, BA @ KRS L, 2B S 7z, 2020 4F 12 A
FTIC5 oL b ESHIBOER LB EIT7R > T\wWbo 5% b ERBIRD R — 2 CTHllL kK % B <
LTWL e TEDLLEZ T VD, SHRIERT 2 A by 7 IZERICH % B8 L 72 ER/L o 5esk
BIIC B S AR &4 R F RIS S b 2 &1 B,

% Re LM 2 Tl 22 IR B RS R B T iPS MBI 2. A e b T ES MR % 37 72 70 38R
e LTk 2o 5 2 & T BAEEROZEM - AREON HIZHES 35 2 L3RS 5,

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
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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

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 5 cell lines, by December 2020. Frozen stocks of these cell lines are ready for distribution to research

institutes aiming clinical application of hESCs.

List of Publications
Yamauchi, K., Ikeda, T., Hosokawa, M., Nakatsuji, N., Kawase, E., Chuma, S., Hasegawa, K., and Suemori,
H. (2020) Overexpression of nuclear receptor SA1 induces and maintains an intermediate state of

conversion between primed and naive pluripotency. Stem Cell Reports. 14, 3, 506-519

Kawase, E., Takada K., Suemori, H. (2020). Kyoto hESC cell resource for regenerative medicine. Stem Cell
Research 49, 102020.

List of Presentations

N RR, W, PR RELE . RS 3R 4 VA - FAERREHIEITIC

—164 -



B AEERA e b ES HMARkOBI, A by Z/ER L Z O R OMEEE 545 19 [l H KA R
AR, REE, 20204E3 H 13 H

—165-



A WA EREREAER A Y P T — 7 VAT A

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

7 AV ZAFAERBHAZERT X, A3 WEB A4 2 SRR OMFZER R 7% &2 IERITHE L Tw
=7\ WEHEH WEB # VT, HEOEWIIH 2L I F—ZDPHELITToTwb, /2 %
CORMAMAKGHEZE X272 Ay NI —=212X o THE L. EBAN 7 — 7 13380 NAS (12
W FLorFEEL, T—VORLEVRBH ZLEIIEHRTL VAT LALZHEL TV,

SARFIIHR 2 0 F OFATICE D Zoom IS THITEN G Ay b =7 F 1) 74 B2 % ik
L7zo T72WEAED S DBEHIHTDH o 20520 RIC Lz kv M7 — 7 Ehitkiio—&
BIOEHRT 7 AKRA 2 P OFEHIEHREZIEL, AELEH LT VLAN OB 2175 72,

e A v b7 — 7 EHITMA T IARIZRIEA Y =7 =D F =S il 217> Twb, B b
RO ZONEMEL har 4 VA (ERV) ZWFEMLE LT, ¥ Y =47 4 v 7 RFEEBIHIEE
HER ERV OR72TIRENBIRZ 5> T, S4EEEE, LINE O SUTR ICHFET AT v T2V 2T
OE—%—%%—%v h& L7#H A FRNA & CRISPR-dCas9-VP64 |2 & % il TG AL D FEER 7 —
YERBH L. L1 OT yF A7 aE—% —2NEMWALS 2 & lasd b / fih 5B 59 5 8151
BRSNS Z & 2HG L.

Institute for Frontier Life and Medical Sciences LAN system (Infront-LAN) has administrated by the
information security committee consisted of three staffs (Prof. Koyanagi, Assist. Prof. Takemoto and
Technical Officer, Mr. Geshi). Infront-LAN has provided a variety of network services, including E-Mail,
WEB-mail, WWW, File-sharing, online reservation of seminar rooms, SSH and all Outgoing TCP services
except for P2P. We got a network domain for this new institute and built two WEB sites and a mail server on
the university hosting service systems. This year, due to the outbreak of the COVID-19, we held a network
security seminar for new employees via Zoom. We also collected a list of network devices and wireless
access points for all laboratories of the Institute, which had been a pending issue since last year, and
organized unnecessary devices and VLANSs. All network users are supposed to get certifications of training of
e-learning course which is provided by Institute for Information Management and Communication of Kyoto
University.

In addition to the administration of network, Takemoto has studied the effects of LINE-1 antisense
promoter (L1 ASP) which located in the L1 5' untranslated region and acts in the opposite direction. We
stimulated L1 ASP activity using CRISPR-Cas9 technology to evaluate its biological impacts. Activation of
the L1 ASP upregulated the expression of L1 ASP-driven ORF0 and promoted cell proliferation.
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[BHEICH T D MR/ N1 7 A Z2HHY 2 REFETEES O]
OWF7efiEE" WK P RFABEEAZER TN B Bd%

OTANVR - BAEERAUZET LTS mEEARTar 258 ki X #d%
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AWFZEEREIZ. RNA 7% TdH % Regnase-1 (Regl) & D7 7 I 1) —4FTdh 5 Regnase-3
(Reg3) IZHEH L. BHEIMICEBIT 5 v 88k - I 2o A oL peE % 3 %5 mRNA ZEtk
TEIASREOMIHZ HIE L7z 2 E TlZ.Regl & Regd ® ~H/RIH~ 7 2 DFRBIFHT 5 5 Regl
& Reg3 23 Y SERGALICEBEREEZ AL TWA I LD h o TW2AS, D55 1o RE X
LN TR h o7z, HaE#H HId Regl & Regd A% V) /7 3BRFIEKAINL & 0 & L oL aetE Ll
WBWTY 3skE I xaf FOLoEMICRCESG 352 &2/ L7z, BAMIZIE, Regl &
Reg3 O /R~ 7 A X JHHEIIETIZKG A 720, IREEIRC £ 0 RIVZk 2 v 72 IR 2
i~ A 2 VR UNT 247 5 720 FFIC, S MEHI IS HE 5 % & T single-cell RNA 3 — 7 L. 2 A AT
DFERIZ X D). Regl/Reg3 —H/RIBMAL TIZ, WA LY » kR MigomA L I zuf R
MR OBEMA RS B, T 1 MEEEFRIUTB W TD Regl/Reg3 —H/RIAMINL TIEXY >~ 732k
RBETFORIURT LI =0 FREETFORB AL LTROOLNTZ, TROHOMHTITLD,
Regl/Reg3 IZ L » CHIBI SN B BT L LTNkbizZFWE L7z SNEFTY 2707 7— I T,
Nfkbiz (G HIHA F- & LT IL-6 OFEB Z EICHIEHT 2 & S TW7e25, Bl B0 %
ST uA FMLIZBIT AEENIHO N TIE R0 o720 £ 2T\ ReglReg3™! <7 A0 LR L72Y
Y ONERGRATERAII R 2B .35 2 12X D, Regl/Reg3 12X %) v /8ERGALHI A 5 = X 2 % f#HT
L7zo ZOMINRIE Regd HMURIRTIZY ¥ 8Bk MLEEE 2 520 %2\ 25, Cre ¥ ¥ 287 B 2 S8 BIFEE
FTHIEIZED Regl ZRIESED &, vy ARBA L [ABL, ) BRI EDI RO Sz, )
¥ SEGRETERAIIIAR I BV Ty Regl & Reg3 & Nfkbiz mRNA & FEA3 52 &2z, —ERIEMIL
TUE Nfkbiz BHEHL ANV THFELIIMT 22 LWL L k572, & 51T, Nikbiz il 53
RIZBWT, FAEM oM TIE B ML OREEICI R, CD11b D I = a4 FRMEO 5L
RO HNTzo TDZ EH S Regl/Reg3-Nikbiz il #llfili 235 fiak MEMIEIZ B 5 ) 8k - I 20
A FOAbo Bl B 2R EHE R LT LI PO L o7z,

Dby ARIERIBFZEIC & 0 AT IR EE 2 BB BRI~ 7 AR L CL ERBERIC X 5 IR AR
(2 &0 FREEIG I IRAT ML L2 < OFFRHER DR b7z, DL EORIFERCR T BUEam ki
BAEM T CTh %,
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1. 17th International Congress of Immunology, 2019/10/19-23, Critical roles of endonucleases Regnase-1
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DOMNEAEW A ERICOWTHLNCIT LI 2 HWE Lz,

AIFIZETIE, S E THEE D TE 72, BHEEET &M b L5 B1R 2 31 9 #(m 13
23 EH L7z (Umemura 5. PNAS,2017), CO#EfETE Y P&, BIREZLIZ, e MOKA LA
YOTREMET L Ebh ol (ERREMT) . 51T BIREWZ & 12, GSEA T2 5, Z
NS DBEILTHEZ up-regulate THYAY —BIZTHBHFEAET LI EDRDRoTc, TRHEDT ENDH,
CORAY —HIZTIZOWT, BEHIEHER OG5 & BEIENR % 5] & 2 3 O 2t 2 o 72,

T3 COVAY—#MIETE NFIH A7) MARFNICHBFETE 5 BSAHMEHL L7, In
vitro T, 2D ESMfaZ 5 LifE L. BEHIEI 2 R S 72, TR, v A ¥ —#BIZ T ORIUR
FHZ, BEHREETOREMiED5 | ER I ENLEZ b o720 EHI1Z, invivo T, TNLHDT A
¥ —BAR A5 BEH R OO0 & FR I, SRR 2 SR T O 2072, ZD720
2 BRI L ORKEREE T, SOYRY —#IZTE2 PR IH A7) VKFEWICHEBFET 5
ESHIlaZ FHWT, FATI T ADOMGERE Lz FXFIHA4 2 VIZE-T, AKRNTINSE TR
¥ —BInTFORBFEET o 720 BERE 2 0L Lo 2T &0 BEHREHS D W T,
REHERTORAEZ ) TV I AL DT —TELNVI T2 T—E LRI —%ZHEALTBE, #
HIEET O BEBENO R % 1T - 720 Bl %2 BAAT L 724550, SO D~ Ry —# T ORBFHEL L
7oREIZ D A, BEHREHE L OBRE & . BRI SR SND RN H 5 2 LAURE S 7z
(BefmdEfii) . 2512, TS OMREN 2 BETRBEN S 50T, D5 PETH L, THITK
D, KERITEROAIHICE & 5w, BEHRFFOMB AW AN E R OF 72 20 % B S 223 %,
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2. SRHAGATHER Y X2 &AL, 55 34 MIBLIGEE TV < 7 A (SAM) F&filiths  wid
July 13,2019 (450 a i)
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[A5—=45VENT X ) BEFIEREE RNA 7749 —0REEBEEFAEADFIA]
OWfgefts BRI TAm B MY B %

O A WA - BAERFHEWIZRA AL FDIZE S MR REiRE =0T P —k WA
OWFFERe# K OWFFE R

BATMERIIBWT, a9 —F VIIHETAHRNAT 7YX —DRAY ) — =7 % Systematic
Evolution of Ligands by Exponential Enrichment (SELEX) {12 & o CTHEHE L 724558, # 40 FiF D 7
U— %D ENTEZ, LAL. BoNn o0 u— 2200w Tag—7 UGl
fliL7z& 2 A, To 0BT - 72,

AWFFETIE, RNA 7T 79X —DEMNE LTRRIIT—F 2T, 257D 3
HOLEAMEZEML, ¥ VX2 EMBNEHT 2T IV BENEHT 2ILFERRTFF (=3
EOLHANRTF P, 5 TFEH 9,000 #bbwnic, 22T, a7 UGy N 7HTHAA
YT Y a2Bl BB\ Tt EEHRE AN OREELY Td % Gly-Phe-Hyp-Gly-Glu-Arg & % W &
Lys-Gly-His-Arg-Gly-Phe-Ser-Gly-Leu # & 3 O ANRTF FE2EME L TERENEIRL 72,
SELEX 2 X5 T80 X7 LA F FD T v ¥ Al Z &8 RNA 74 75 2 bARXRTF FIHE
FTHRNAT TIX—DRAIY) ==V T & 7oT20 EXRTF NIIHTEAZ ) —= 7 TRLNT:
KEWO a0 == 5820 %2 B IR, TN5DT v ¥ LAHBOBY|% DNA ¥ —27 T % —|C
Lo THE Lo TORE. ENENDAZ ) — = ¥ ZITB W THREE OFZBRRCH ST S 45 555
% #3725 Gly-Phe-Hyp-Gly-Glu-Arg BLHI 2 H 5 X7 F FICHTE A7) —= 2 7 Tid, 24 DR
FIDOW 5 A —Td o 720 Lys-Gly-His-Arg-Gly-Phe-Ser-Gly-Leu it Z 3 A5 X7 F NI 5 X
7)== 7T 23O ON 7M. 6, SEAENENFE LD TH -7z, ZOFERIT.
FNENDIESLEANRTF FICH L THEET S RNA A SELEX 12 & o Tl SNz 2 & 2RI
LTwWa,

G, RSN -MHEZE TS RNAZHEL, TNODO3ELHAXRTF FBLFaT—7
NIRRT BREETNVY 7 T v A BLOERMNT T A€V HIBHEICK - Tl 5%,
OWFFER R A3
(FRFEFHR)

FEE . BAME. MR, P (257 VO PEDF EAEHB LA v 77 VA
FLEICH 3% RNA 77 % < — DR | 5 42 M HARGFAYFRFESR 209F 12 H6H ()~
A AR )
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(ips HilRE T/ LREZRAVEHEDSVHARFHRNG* 77— T HROBA]
Omf7efEE  BHEEMRSE B RE HiR

O A IWVA - HAERFAEF RIS HAERRADE R R Bi%
OWFFE#E S OB FE R

ARWEFEIE, 2SABUERE R T Mg & iPS Mlldsidfr 2 W CTF 7 — THIlBZ AT 2 ke &)
FRIELIEEHWET 5, PAVERRYZ THBZER (TCR) BIZT27 ) AfwEL D
Ly bR TS Mle O NAENE TCR IR THEN/ v 7 4 9§52 L1228 ), TCR O #
758 BR S BV REBIL V2 FE L, 2N D EME TR I — 5o muwEA T i 2 5h=%
FERT 2 2 & il AT,

FFEBREMEL T H72012, ¢ b T MR Jurkat AR A& ZF A2y b/ v
74 EHty PEBETVGEALZTCRZIELS I EEL Z LI Lz £ 2 TiPS Mg
Th. MICEAREEET Iy b v o2 L e hty NREDPHRZ 0 Wi 21To72 D
KA iPS ML Tldy FAIMMEBIZT Ay PPIELL /v 74 vy Ehizrua— 3B oniz2s 7
oy PRI NT 70—V 2HRBHIENTE Lol Iy PEBEINTZ7 10— TR,
Puromycin INPEER 723 PGK 70 E— % —IZ X VBT & TH 52 €O T2 E— 8 —iFHEA
iPS M IR REMEAE 2 b7z, €T TPGK 7HE—% — %, iPS ML CTIHMEATR W 2 & 28
MOENTWD EF-la 7HE—F =ML 726 2AH, IELLS Aty MR N7 u— 0 % FHE
IBHIENTEDL L), by NERTE /27 80— I2B T, Puromycin i PEE(R
TE2REZETZOL, THANEEFESIE, BVDPAPIERRN T 7 -z Ro>Z L 2 Wil
L7zo EDXHIZLT, 7/ stk by Pz T, iPS Milad 5 25 ADTEKER F
7 — THINBZ R & K AT 2 HEOMLIID) L7z GasCimdEmit) o
OWFFERER 23
(FEFw L)
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T, Ichise H, Kobayashi Y, Iwaisako K, Terada K, Agata Y, Nakamura K, Saito M, Narita S, Ogawa O,

Habuchi T, Kawamoto H. Cytotoxic T lymphocytes regenerated from iPS cells have therapeutic efficacy
in a patient-derived xenograft solid tumor model. iScience 2020 In press.

2.  Nagasawa M, Tomimatsu K, Terada K, Kondo K, Miyazaki K, Miyazaki M, Motooka D, Okuzaki D,

Yoshida T, Kageyama S, Kawamoto H, Kawauchi A, Agata Y. Long non-coding RNA MANCR is a
target of BET bromodomain protein BRD4 and plays a critical role in cellular migration and invasion
abilities of prostate cancer. Biochem Biophys Res Commun. 2020 Mar 18 doi: 10.1016/j.bbrc.2020.
03.043.

(SFRFEF)

1 kEPaiG. SEH R, SRR B8R DRAE, BIHE . TA . Generation of CTLs from iPSCs
transduced with TCR genes: development of “TCR cassette” method. 5 48 1] H R IgiZ F B A
(2019 4F 12 H 11-13 H , #E42)

2. SFHR A SEBEECSE. KEFHIE. WHE WA % B PRIE. Development of an efficient
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method to introduce TCR genes into the endogenous TCR locus by genome editing and cassette
exchange. 5548 Inl HARIEAAHRES (20194E 12 H 11-13 H , IER)

3. B BUE PPSHIRASHALZ THIRE h =27 4 PV iAW ARIEREORYE. ik
Pre=— XM T 5 [BARMEBRAM (BFATR T2y ¥atV)] BKTT Y AT
EHE TS REHHEME T +—F 5] (2019459 A 20 H , 5T#EK)

(MRS MER) v — 2 AV -RHMRBREEFBADRFTIN) =2 AT LORRE]
OWfzetFEH  HILKFRZEBE TEMZeR A Hak %%

OTANVR - BAEERAZETILFEZEE AR W E— Bi#
OWF7e#E 8 e OWF 78R

B SRR DRI A 2 T BETEDL ST TINY VAT AR ETAHILEZHN
E LT, WSRO FIZOWTIRE L7ze T4b b, MIREEZHTHANKREY [ 2R
R —EHWT, TOMBEERNICHIT BEREIZOWT, it Ml N T ~ o M
BRI FARX=T 2 TN 2 AT o 720 WFZEI 208 U<, iR &R ) ~ —ICGRHEZ N
L CHEA S 720 T 0SB SR R NERI S A § 5 Z L kR LTz /2. BN UF T IR b=~
HRAERR 2> & 72 ZHIBEERICKT L. 0 F T UNY) =Y AT A2 TP AR O—D2TH 57
WVEFF<A T ViFEAR (17-AAG) ZIEHI S 8728 25, 17-AAG Bl & LR U<, (KR CHll oy
FEIHIR R 2R $ 2 & = R 72 L7ze 2020 4EEESLFAFZE T3, wstiiid 2 P U CRLRR Z VRS 12
DVWTHEZED DL FETH D, LTS, W S NIRRT OV TR S,

bivbiid, 7F7I)N) =Y A7 L8 LT, EAOHELZ 1 DOMBITHT S, ZAVFXRY
4 v & ERSGE L7z 3 K1) < — Poly[3-dimethyl (methacryloyloxyethyl) ammonium propane sulfonate-
co-poly (ethyleneglycol) methacrylate], P (DMAPS-PEGMA) %# &K L7z, X5, o017
VX)) = AT AH, HEEEE L 2B O AT L, Milgste Rmn3 en &, BEE#
EEZONDLEMICE DMANERPICBIT S 2 8, EHICFFVYILED Y (DOX) & a ¥
Tar— b TH5ZEICKDPIATEERL) A EERWE L, RIfETIX. e N FT T
2 b=~ HERAAR (A-172) 22 5 72 2 S EEK) 300 pm OMFLEERHN~D DOX 154 P(DMAPS-
PEGMA) DOBATHEENIOWT, HELL —F —BEE, 7 o ICmE R L — 9 — B 2 1
WTBIEE L7z ZORR GF T U N — Y A7 2%, BEEE 10 53R E A0 SRR
T HMMBPICRAT L. BER 60 0B ICITHILEEARNERIC O BT T 5 2 Ldibdr oz 612, B
i & & ITHMIBEHR RN O FOEIREAS < 2 ) . BITROMINAVR®R S /e —J7. DOX H
MTIE, BE 2 BHRZICBW T, DOX &, MITBEERADIHIIAAET SN £ - Tz,
2020 AR EEILFIIZE Cldy 40 F 7)) N — 3 AT 2 OMBR EVERHEIC OV C Sl ik % R
LT, MilafEEGRMiast~ ) v 7 AR LOREEZ O THREATLTFETH S,

WIZ, PUASAHIE LT 17-AAG Z VT, A-172 205 7 A i A o Ml B i ppsl sh 1z >
THET L7z TORER, 0TI NY) — 3 AT AIALSFHEE S872 17-AAG (X, 17-AAG Hiph & It
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B LT, 10570 1 ORIREE CHIIISREIIHIRI R 2R L7z EHIC I MY FIVAIZ A2 26 7% 5
LB AR A W52 2 L2 X o T MR B2 560 L7z T of5, Wi 3 HEOR Mg,
17-AAG Bt & L CL # 10 00 | BEICHIHI SNz TROEDFRIZ 3TN =Y AT
LD EEANIRANRE L. FEL72HIIRATHER LTS 2 L 2RI L TW b,

iy _ERLOMFZEBCRIZOWT, BUE, WA E T T %o
ORF 7B AR F
(F& &m0
N. Morimoto, Y. Oishi, M. Yamamoto, The Design of Sulfobetaine Polymers with Thermoresponsiveness

under Physiological Salt Conditions, Macromol. Chem. Phys., 221, 1900429 (2020).

[#ARREhHE & EFHERHRF ICE D { BHEBED RO EILARIT)

OWfgefiEE  HRRFRFPBRES R Hy % iz

O A NWA - BAERRMZEILFIZE S N4+ 2 Hh =7 250 2% Fh #i%
OWF7e#E 8 S OWF 78R

HHERIEG RO RN T A 7-2DICIIEEELT TR GEOFMPEETH L, L LD
O WM 70 AR R & SRR AR D 720, B 5 BRI BB OB I T 25581200
TIRHWPTE 2V, AIFZETIE. MRS X OEAERERE LDV TERE - BRI TV
AR L. o HRERR IS BT 5 5 R B AN 2 Al B R 2 28O X B - P RE Ze Bl 2 BT 5
CLEHMELTWS, AFETIEE S, FEZBAHEED 7 F V0T PR, BLO, %
THl L FFEMEO A v 7)) Y TRF OB R EK SIS T LT, BEE L Bt L7
B2 R SR ENRE 2 BT 7 VAL L7z RIS, SEHIERRT 2 T 7 VL3 % 2 & CHRERE R
HOPG % RERELRBILE T AANEIR L 720 S 512, HE LB 7V & w373 >
Sab—varEELz. TOB 77 KRIRE»SRIL 7253 B0 X~ A 71 CT mifgz i)
BLAA—YR—ZAMHFBRERETVEMELTHEHA L. BEEMEEROEKSG I 21—V 3
Y ERAT o TR BRI S B A v T Y IR L) BT VS ERIE L WETY
YT DFENENDFEHFRG LM Z2 252 1L o> T BEZBET S & MR
9 B HANRRANAEIE T NS X I = X LATRE N,

OWF e R D 285

(FRFHEFHR)

WY, BRMER, ERR, HPR BFRBEEET TV E WS RERERRO S = IS T 53
HIENRMENT. 55 37 M H ARG RH#FRFAMES, 20194 10 H 12 H, A

(BEEAHIOIES ) LREHEFOMBEHR ) -2 T]

Off7efizeE  EVAFFERFSENBILA e EH #F— EEHER

Ov ANV - HAERMAIETIAMIEE willddEzesy bk Za #%
ORfF7e#EE K OWFTEn AR
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HEEDPREEMEL CEZe AN H3 O 9OFHDY ¥ 58 (H3K9) % X FIVLT HEERBEA
f& G9a/GLP iZ. H3K9 & DNA @ 2 flifH{D X F VAL Z iFE T 5 2 & THRMWEE T O~ I %
(Tachibana et al EMBO J 2008) . 4 RIOFITH Tlx, <7 2 ES MZIZA T G9a/GLP 12 & - THf] %
NTVWAEETICGFPLAR—Y—% ) v 74 Y L2V A= —HfilgZ W, ZDGFP L AR—% —
O BEIH] 2 8 U CL et o FF Tl L TV % CRISPR-Cas9/gRNA 54 75U —/ v 7T
FREHWIZAZ ) —= 0 7R FEE L. G92/GLP @ Lt « T it T T B din B P K1 o R #E 1
BRI o720 TOMERE. G9a, GLP Z4ETHIZ, G9a/GLP & &K% MK L G9a/GLP Dz G
F5-3 5T DNA A F WAL ZHIHT K1 &\ o7z G9a/GLP DEEEIHICF S5 2 & H%%5
Mo TVBHTFET TR INFE TZORRENM SN TV Ad o 2N T2 B E L7z B,
INSFHICHE SNAWNTHBED L ) 12 G9a/GLP 12 X B HEIIHNCE S L Tw b H, Z OO
A% DTV 5
OWF e R D 285
L

(B2 - BHEHDORTF X H =X LDOREHA]
OWEREE LB RFERBAIER i e %
O A WVA - HAERFAETILENEE madbAh T A58 i X 2%
Ot 7EkEH fz O 78R
basic helix-loop-helix %! D #x B K - Scleraxis (Scx) DRI~ A Tld, M - B O #IIE L b
NaH (K1), K- WHEEEZOSORIEFISTHRENL Z D5, Sex @ LU TR - 8 O 41
W ZF L0143y T =0 PFHET B LR INT VS, AIFFETIE, Sex DM - B 75
5B % enhancer % [FE L. £ OFEI % Hill i3 2 x5 K
FOFEEEHONIZTHZ L ZHIFL 72
Heat shock promoter 68 (hsp68) @ minimal promoter & LacZ
reporter & H 3 5 Asshsp68SlacZpA N7 ¥ —1Zx 7 A Sex D7) I
SHIE A ML AR A THESE L 72 transgene Z VT, I 135 HO
Transgenic (Tg) ~ 7 AR T enhancer i % % f#HT L 720 Sex #1n
FO Tz & 5.3 kb OFIRIE, 10.8 kb D7/ LG E [F U &
%) 7 - B R SR Y 2 iR B 2 4H O i R S A T W (X
2)0 2T, 207 7 AHEBEBEICM AL L T BRI
Asshsp68lacZpA X 7 % — |2 ¥ A L. transgene % i 5t L 72,
transgene = SZAGINIC~ A 2 af vz a vy, lBAE13SH
D Tg <7 AMITHB T X-gal G112 & - T LacZ DIFE % T L
Ty Scx O - B B 2 FEBLR IR DAL Y 3A A &2 4T 5 726
CNFETIZ53kb DT/ AFIRHND 1.9 kb DWiH 12 enhancer i
Whd s Z 2L TWAE, —H. Sex @ promoter #HIH % & T LScx KR TADT ¥ LA

. . . IBIFALT S BLDTH
43 kb D% J LWiH R promoter £ U b EHD 3.6kb DA AWK (ﬁikijjet:{“‘gfl}ip ﬁi)
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T, B - BTRRSREY Z2 enhancer TGPEIIMII K 22 2o 720 53 kb DT/
LMD 1.9kb ORI, 43kb D7 AWl & 5 HIT—HEBE L T
H7% 43Kkb D7 AWTFIZIE, FFRY % enhancer I PRIZBIN SN Tz
WOT, 43kb D5 AT LAGEM L 2 W EUSI R - B S SG Z g
illf#l 24 9 enhancer 2FET 2D TIE LWL EZ TWb,
in vitro C 1&. TATA box % % Tv Scx promoter 5 38 % promoter-less @
luciferase X2 ¥ —Td % pGL4.1[luc2] \Z1E )51 & ¥ IR A A A, Sex
2RBTL7y ORI O EEL MBI N YA T2 a v
L+ Dual luciferase assay {Z & - C promoter {1 % #i2 L 7o 72, minimal
promoter % A3 % pGL4.23[luc2/minP] 12 10.8 kb D7/ 1 fHIs % Ml 55fb L 72
3.6 kb, 5.3 kb, 1.9kb, 4.3 kb ® DNA Wi Z3HA L. 7 v ML Z T,
Dual luciferase assay Z 175720 € DA, 1.9 kb O#IRIZ, GG MED 2. SexLacZTg i
MINTW5B, BIfE. Sex promoter & AHEAEH 27 2B Z FET 5 (E13.5)
728012, enChIP |2 & BT 2 HED TV %,

OWF e R D 285

(FRfrakE)

HEWY AT L2 MET ABOBEE AT O A Ak - HARMYE 55 HEES (O]

50), 2019.

(kad)

1. Sex ZHuL& L7 - B - e Sy OfERedlE - 354 Hid, 76 HIME : The Bone, 33 %,
99-104, 2019

2. M- BT T4 T [ MR O HW A L fmE AUk B - KEMERE, 63 5.
83-88, 2020

eESEETEF 2RV, wiERHMROIETE - 21X H =X LOER]
OWrgefEE TR FERFBAMGR AR IIH B el
O AN - BAERAIZEAT LRSS  FE Y A7 A6lES T K Hife  dEHdz
OWFgeE J OWFZE %4

R H OB ZHL, S OCHPRMEROTE ML TH L =2 —1 >y, TA Y
A M AV TFr VYA MEREARTELHLEEL > T b, kT o B5E M5k o
P Ty bHLH BB F35 4 F I v 7 @R RN — V2R T T EBHLNII R D D2DOH 5
A, TORENERICOWTIREZAW L AL v, RIFJERETIX, Ltz Y — V2w,
FFEEEMIILIC B 1) 5 bHLH M B RN T 05 A4 F 3 v 7 REE TR Y — 0 2 NTIICEBEL, £
DRBENEROMHZHI & L7z,

<7 AEROKWERHFHTIE, AV T7 2 Fud A ik (OPC) oA+ ) IT7 2 Fu
A LB B W TG N Oligh2 2SR EMN B 2o Tn b T E PG IN TV 5, K
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e TiE. ShODIRERFICEH L. I TIINERORBEEL ¥ 1 2 T 7 X BMEE & v TR
MBI L 720
KIZ, Oligl/2 DIEBIITE & SLIRVET 5 72012, FEFBMEES N+ 2 e IS ZE B 2 Ml la vk 2 1

L7z Bt I ES A E VW 720, AN D F X — T W R AT B A EEA

otz DD, EFEMEHEFESHMBETHHL VDL M7 ARV Y EZBATHI LT, %

AR OVER 2 EGIZT 5 2 N TS 7. HHBIZX ) BRI CHIHTE %, Gald/

UAS Y A7 A (GAVPO % &) R, T b IH A7) VFERY AT A (PA-Tet ¥ AT &) & ik

AREIZEA L. JEHRSHC X D Oligl2 D@ s FIRIIGIM 2 I 5 L7z &2 EET L2 L1

X0, k% 7 Oligl2 DFEHENEZ N TRIZHRIE L, AiEEsflie ORI 0biZ 5 2 2 50 B &2 Bl

HThob, SO EFEMEENOANVAT ) A FEEENTEZHIRIAE, BT EOWNH 2 ED 5 2

EWTETe G invivo IV TORRBENTASITEEIC 2 5 L WIFF L T 5,

OBFFERER DR

(FEFs0)

1. Kobayashi T, Piao W, Takamura T, Kori H, Miyachi H, Kitano S, Iwamoto Y, Yamada M, Imayoshi I,
Shioda S, Ballabio A, Kageyama R. (2019) Enhanced lysosomal degradation maintains the quiescent
state of neural stem cells., Nature communications. Nov29; 10 (1):5446.

2. Yamada M, Nagasaki C. S, Suzuki Y, Hirano Y, and *Imayoshi 1., Optimization of light-inducible Gal4/
UAS gene expression system in mammalian cells., in revision.

(Fa3)

Yamada M, Nagasaki C. S, Ozawa T, *Imayoshi I. (2020) Light-mediated Control of Gene Expression in

Mammalian Cells. Neuroscience Research. Mar; 152:66-77.

(SARFER)

INHECS . RIGEG *. 45« AigailiaiZ B0 5 bHLH BRG K F 0 5 4 F 3 v 7 588l

BEAE . 2019 4R EE HAMRER 22 &, Bk, 201947 A 25 H 28 H

(HSEAMRLE T 3 RS /-8 MlRIC X 5HNIEEDRICET H185]
OWfgefEE  KIRRFRFBER AR O ES R 25 —5E 0 e Wi
O ANV - BAERSZEH RS AR EESE B ®2 B
OWFgefE & OHF7E 5

AWFZEIL HEIEVERAESE I Bl ] T (bFGF) & ZI/IMRIMAE (PRP) OIFBRLT-&HE 14 ~ ¥ =
757N (1G + P(G)) ZHWAZ LT, B 2 IRMHREME (ASCs) DA T ) REH
BRI Z 2 HBEZWHLNITAIEEHNE L

F3, SRR IGHP(G) %, 10ug/ml © T T 7+ — BRI & o TR S &, 5 dRER - 3%
AERGRER 2 1T o 720 Z DR, IGHP(G) &, I F 7 F—E¥HEWTIZBWT 7 HFEE CTHfE S,
FAR T, GF O ZE B2,

KIZ GF (bFGF. PRP) Z{RINL7-8HCTF v b OREE & 0 BRI L 7208105 ki fia 2 B5 28 L
HIRLBE = 2 WST a3 % W 7206 ¢ Bt B35 o4 b4 £~ (HGF,VEGF) % ELISA
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(R & D Systems #1) THEMHU L 720 #&%. bFGF 7213 PRP O HMGRINRT b id, SLEER: H I X CTig
Mg oMBEEE L . FIENOTA M A4 VIREOFE 210 L2 B® 72, bFGF & PRP & HIZ#N
L7-Reid, e ds X OV bFGF % 7213 PRP O BUMGRINE L X 0 & iMifa o MIfa sy fise & 4

M A VIREORE R L E2RD L,

I SD KT v I 8 Mt D~ D IR HR MR AL 2 1T, SRR Z F 725
HIRLREAE DS v DICHHRRRIC T T B2 M) L7z AT ABWIE. PBS & IG #X— A2, P
(G). ik HAR, IR Lafladbez e ek E L, AMITEMILd 0. AN
Faze L& L7z 8. WhH EoFSBAMBER. W7 HHIZBWTIGHP(G) BEXZ Do
CHBR L CHBICE VWA /R Lz, /2 HE fefaTid, itk 7 HETH. AR SO 128
WAL THBY, IGHP(G) B, PBS+P(G) X, GF EHCR 1 0 F B I o 85t % 3R 720 F 72,
IG+P(G) #ETIZZ WA GO BRI — 22 Ra b L 72 i (R 2 52D 7225, itk 14 H B CUcs e
2oL, g 28 H H ClIAMRRBE 20 720 M b7 Rt TilE, ik 2, 7. 14 HHIZBW T,
Fehli L 728l 2558 A7 L T 2 PR, GF IR F o B PIC, MENEMO~—7 —Th %
CD31 O3B Z2RDT2. T2, Bz LENIZBWTH, GF BRI Tld CD31 %8l 3
Wize WIEHPEGA TIX, itk 28 HH TO IG+P(G) #EB L U PBS+P(G) BEICBWT, BRHILZ
ASCs DFRAFFRALIZ, Myo-D DT % 78D 72,

TN BT ] IR & A Y = 7 % TV VI, Ml BEGE R O R it 2 ks & . BRI
OHEEF ) R EIEE T LT, BHOKNERR L EHO, BREBEFEDFOH LICERITH S S
EATRE S NIz LA LA L -8l A, Rk L 22 fdiE~ b L, i1 &2 c X %
DMV TIE, BEREHE 2 G0 X 5 R IRFPLETH L EEZ DN D,

OWFZE R D83

(KBRS 2)

= R, BT RESE T IR, IR RS S [ B i AR - & A >
D7 Z TV E IR H R o 5 Rk N R ] (55 9 [l DDS F 2R R I 58 43
2019.12.22 5UHR)

(KRBT /) LBRIRICED S MIEENS FREE. FEOUAEEORA]
ORf7efEeE  BALEMIERT - L ERAE - > & — - 5 BEIR AR ZE T — 4

i HE F—2Y —F—

OT A NVA - HAEREMAIEF L FEM7EE AP RSO FOH Sl 292
OWFefEt S OWFFE R -

Je RPEMIEAE (congenital scoliosis: CS) . AHEN) B EIZHUE (spondylo-costal dysostosis: SCDO) 7
EDOHHEDRBEFIREOBMAE CRIMIMLD 5\ IZEEHEK) 24> 7+—aFartry bod L, G
70 BER T - R E &SI L7z, b N7zkifkk b 7/ & DNA 2l L. 4 exome fif
P& ). BETEREZRRE L. TOME. FHEORAIIE G-I @R T TBX6 O T L VD
{Z 725 % CS. SCDO (Z[fE L7z (Otomo et al. I Med Genet 2019) o TBX6 25235 W S iz BHD
O L) DALY ¥ 8ER X ) P OHMFZE2 T iPS Mg 2 852 L, ind b IR EE 2 & Ry iR~ & 3535
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L. TOBBIZBITE2F YL —2a VOREZMKRLIZET A, TBX6 BIZFORBUKTICLY, £
DO TMBIETORHAIMET LTWAEZ LA o- 72 (Otomo et al. ] Med Genet 2019) o
FITHPEE Coe P ALZ Rt (PS) MRz BRFEICHEES 5 LI, FHED%E

% REBEN (in vitro) THBLT %2 E T VO, (Matsuda et al. Nature 2020) D 7z2®1Z, SCDO @

KBS — o ¥ AfFHNT 24T - 720

OBFFEBER DR

(F&Fi3C)

1. Otomo N, Takeda K, Kawai S, Kou I, Guo L, Osawa M, Alev C, Kawakami N, Miyake N, Matsumoto N,
Yasuhiko Y, Kotani T, Suzuki T, Uno K, Sudo H, Inami S, Taneichi H, Shigematsu H, Watanabe K,
Yonezawa I, Sugawara R, Taniguchi Y, Minami S, Kaneko K, Nakamura M, Matsumoto M, Toguchida J,
Watanabe K, Ikegawa S. Bi-allelic loss of function variants of 7BX6 causes a spectrum of malformation
of spine and rib including congenital scoliosis and spondylocostal dysostosis. ] Med Genet 56 (9):622-
628, 2019.

2. Matsuda M, Yamanaka Y, Uemura M, Osawa M, Saito MK, Nagahashi A, Nishio M, Guo L, Ikegawa S,
Sakurai S, Kihara S, Maurissen TL, Nakamura M, Matsumoto T, Yoshitomi H, Ikeya M, Kawakami N,
Yamamoto T, Woltjen K, Ebisuya M, Toguchida J, Alev C. Recapitulating the human segmentation clock
with pluripotent stem cells. Nature 580 (7801):124-129, 2020.

(%/\7%%)

)

1. & N7 ARNT OIS —= Y U7 ARSI B S e 72002 , iJIZRER , ki
REFFREAMTER R A B 55l 3% , 2019.05.09.

2. BRWIEBDT ) AT, W)IZEE, New Insights of Molecular Genetics on Growth Disorders, 2019.
06.29

LT AERIZOWT IGEREE, 5 46 1] HEREE - BEEE & RIEOEEE X 2019.08.03.

4. WREERE D NN LOES - B2 B 5 720 OIEGEMGE . SRR, WIS
2019.10.03.

5. BWEBOBW L HHRICINT 2 RKBES RICT — 512X 27 ) AENT —BRAEHEEZ B, it
JUZEER, BIF A 7= > 7+ 3 F—,2020.01.15.

(i35

1. Genetic study of skeletal dysplasia, [ 188 , tiJIIF2EE , APSS-APPOS 2019, Apr 4, 2019.

2. Genomic Study of Bone and Joint Diseases-Study of Genetic Disease in the Genome Sequencing Era, I
9, WGEER , HALBERE R34 e 5] 7% 3% (Master program for Clinical Pharmacogenetics and
Pharmacoproteomics) ,Jul 4, 2019.

3. Bi-allelic Loss of Function of Segmentation Clock Genes, TBX6 and LFNG Causes a Spectrum of
Malformation of Spine, including Congenital Scoliosis and Spondylo-Costal Dysostosis, [15H , jt)I[75
HB , 14th ISDS meeting, Oslo, Norway, Sep 14, 2019.

4.  Genomic study of skeletal dysplasia in the personal genome sequence era, I15H , {tiJ11 AL, 4th National
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Pediatric Genetics Congress, Sep 25, 2019.

5. Genomic study of Diseases in the Genome Sequencing Era, [ 15 , #iJIIZERE , H 1] P& 228} 27 e S AR
ZEHTt X F—, Dec. 2, 2019.

6. Genomic study of Diseases in the Genome Sequencing Era, [ 158 , #l8)IIZEEE , At 5 1hF P& 27 Bedis e &
Ft 3 — | Dec. 3, 2019.

(BEHBTZO/H0OSREEHRX D/ N1 FAI—FHE]
OWfe#EH HV) 7+ V=T K¥N—2 L —# Mohammad R. K. Mofrad  #(3%
O A NWVA - HAERFAETILFEIEE N4 A XD =7 A58 5% Fn i
OWFFE#E S OB FE R

AN A FBER IS S % 9 2T fllgdhd SN~ OHEE G FEHERZ I L ofnEIdE
WCTHDo MDD EFHZNIILHINLBEROEANMZB T, HEkET 7 F ¥ Lo
sfbid, MANICAD Z(ZET 572008 L %5, ZORBMIZB VT, fMldsts SN~
INEEZH ) DIIEEERDOMIET D % 720, BWEKOREIEIAE ) WITEDZILIZBE AR ORI
FHTHLEZOND, RWIETIL, HEY V2B Y ) ik, BEROEEAICBWTZ O
M2 LS ELEENFTH L EDWIUIED X, HAEDTTHEENRDT /) A7 — VL RXVIZEBIT S
FEEREAT o 720 RIS (AFM) % H W CHlllE B CERAROMYEZ JlE L 72455, € ok
ERERICE o THML, S HIC, ZOWICIEY ) U HAEELREH 2RI LTWDE I LHIRS
N7zo TNHORRIE, 7V A NIIBE L THEKRE 77 F Uik & ok z it L7720
WHIEEISNTZEEZEZIOND, ZOX N /N Fa T —wigaid, MK ESA R - Hik 2 72/
AHKR T2 OB IZ BT BRI AN E PH O )35 R i 2 I L. < Ok e Ml NG e & 2840
T5 2L THDLOMUIRER ML Z 8 2 il 3 2 BB OMIIC BT, RN RN 5 2250
Th5b
OWFFERER DR
(FEF L)
Nobuhiko Nakao, Koichiro Maki, Mohammad R. K. Mofrad, Taiji Adachi, Talin is required to increase
stiffness of focal molecular complex in its early formation process, Biochemical and Biophysical Research
Communications, Vol. 518, No. 3, pp. 579-583, (2019). DOI: 10.1016/j.bbrc.2019.08.091
(SARFER)
MRBEE , ZERE , BAED THAKOERICBIT 2 5 ) v OI#N5%E, ARS8 32 [N
ATV =7 ¥ 7EEHS , No. 19-302, 1A14, (2019.12.20-21), 4R

[PRRX1* #iIRADF—HIERZIC & B b b ERZKIBIEDS TFIERF]

OWFFefEE IR R BER AR EWER (1) FH WK SRa74EEE%
Ov ANV - HARRSAIE LA IEE  MEF RSN DE POl i 2%
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(V=99 - ANy DKy T TTFINOMBRERERIEREDRZA]

OWf7efiEE®  BRGmAH AR R PRy i Kl e

OvANVR - BAEERAZETILFEZESE mEEARTav 25 FH 6 B8R
OWF7eE s S OWF7E R £ -

V=v 7 -~y Ty 7 (Sonic Hedgehog; Shh) 1ZMEFEAIZ BT 2 LB H L MIE 53 fb D 125,
B ORFSRICB T 2B OMERFRWI L &, &5 4 73— ATb 7o THEROBEREMERE D 72
OO E 2 ) AT (Y7 FVHT) Thdo LML E (238 E) A7—-V1
BWTELL Y =7y MEETORBEITEESI N, TN L o> THREEOZ MRV EA B SN D &%
A HNBD, T A OBIR T DR IZHEA TV vy,

HEEHE OIZDIENC, Bl MR ar BRI C BT Shh @ ¥ — 7 v MR T OERE T\,
CDK18 > WDR17 % L OHERENHOEIR T %2 L 1M L. £ OREREINT 2 D T 5, ARILFBFSE
Tl V2w 7 ANy VRy ZICE > TREMFBEINLBIZTO 2 OOBIETERS Y A2 E L.
Z DR L XV BUT 5 HERE % AT L 720

CDKI18 & WDRI17 (&2 NZ NI B\ TR O AR EIZ 58 < FEBL L. Shh 12 X - THEH
MFHE SN L, #BIETIZ CRISPR/Cas9 2 L ) 7/ MMIHEE AR A A U S, T ORIM % fF#T
L7zo ZORRE, WIND MBI TIE R o 7205 ERICEAEP RSN/ E 572, CDKIS
DN Z . S4ERE X WDR17 DT %2 F124T - 726
(1) CDKI18 EIA TR~ T A DR

CDKI8 (& Shh ¥ 7 F WIZ X » THIAATHE S L, Shh KA I M Ic B 535 2 e g
TOMILL XNV TORMP SIS oTE. T2 BE < IR EIIE TIE R Do 7225,
ZERIE A S HH U 22MIHB 12 BV Cid Shh ¥ 77 F IV ASiFE$ 2 s B o B AT & g, —#R oA
ABETEY (5 232 8) O VBRI SN ARHR L o7z,

(2) WDRI17 EIEFER <Y A DIEM

WDRI17 15T ER~ Y 2 S EWUEHIETIE 2o 7205 Ml E & HITEREAH IS A @I 5
CEDBWS IR o7 EBRICNIEEZRAN/ZE 24, B TIRRFEO Y 4 ZHEZE ML T
720 2T, Wl EOREE NG E 2 A, —FOKRIVE Y OGWEIBP L TnWDLI L
D). WDRIT 232 DFNVE » DOFEB 2 i 2R 2 O 2 L AVRR I 7z,

MR A2 RN 2 5. WDRI7 XML OBNICHERE L, X ) AR EEAKREZRRL T
EIZTRBERHESTLIEARBEEINL, 2Ty TOANZALEFHEMNERL TW5S,
OWF e R D 285
(F 30)

1.  Akiko Hori, Hitomi Watanabe, Rie Takeda, Ami Inoue, Minori Kadoya, Tomo Ichikawa, Manabu Shirai,

Gen Kondoh, Keiji Hirota, Noriaki Sasai. “Essential Roles of a Cyclin Dependent Kinase in the
maintenance of the Shh signal” # /i
2. Minori Kadoya, Noriaki Sasai “WDR17 is essential for postnatal metabolic regulation”. # i H
(SFRFEF)
) e, R WSS PSR R, BRHEER] , I [CDKIS 12 Gli3 @V R & A
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L T Sonic Hedgehog #%#% % S35 | %5 42 M H ARG FAEWFRES (WM 0 2019 4F 12 H)

(B FHRZRAEE T OMHEERFRIC & S REH 2R ORRE]
ORF7EERE  REARFAAMERE - Skt > sy — R & #&
Ow A NVA - HAEREMAET I FEMZEE  WEAFEEREWRR 2 123% h#E
ORfF7E#E# K OWFFERR

BAVEAGHA . B, HE, B OERIACHHIN TS, LA LGS, KISk
DZAERIE, B, T OMER, B0 &MIm RE L, FHIARETSH D X ) AR 2k
W2 R DRFEA RO 5N T B, HEEH IR, RN LKL LT, M HERSERLERF
DEZREROBRTICHG T2 RN LTwa, T72, SRR EISH M 280 & LT, MV
ENIZBUT B K51 O 2 B L 72 BAR OBFICH ) ATV S, £ 2 TR T, ik
SHEHERFOMY B LRy — % =12 X 2 RIS B0 RIJE 2 ka7 K FHiskz
FEREERFIZOWTIE, ZRHERBRICE D SSERIKTAMEZ 2502 e L7z WIS, kv
V=5 =2 X B RS TR IE ORI T, SRS L R MR Lo v AT
DER S HHAM 2 ML L. SHERRIERHS T Ol RIVRE IS B0 2 TR 25l § 5 2 L2
L7zo Sl BT HERSERIER 72T 25 M 2 a2 05 FETH S, £z, IV —
5 — & TR EA 2 IS H L. ARSSERE B Ot R4 1 ORRREIANT 2 D T & 720
RIS, RIF7EE SRV 7272 & T LR Y A VA - BAERF AT (AR - B4
PEHE O Sl e i AL A FE ) O JEFEFI - SLEFZEESE B X O BIARE O ARIZIE < EIALHT L K
FEI

ORFZEIER D 3%

(SFRFEF)

1. [RYRALFHTAAIBIT 4/ X=2 3 YOfI] R &, % 43 [ H ARSRA 2 7ES. K

g 2019 4F 8 H 23 [
2. [ Accelerating animal research by mouse reproductive technology ] Toru Takeo, Naomi Nakagata, Mini

Symposium at Khon Kaen University, Khon Kaen, Thailand, 2019 47 H 5 H
3. [Mouse Reproductive Technology] Toru Takeo, Naomi Nakagata, TT2019 Workshop, Kobe, 2019 4f 4
A 11H

[Hypothesis driven loss-of-function screen in mice for cooperating genes involved
with the canonical WNT signaling molecular class of hepatocellular carcinoma)
OmrzefizE FWEH T KRS Vincent Keng  #EHI%
Ov ANV - BAERRAM 7T 7S il sy Bk En &
Ot 7ekEE L O 78R

MR A > FERENZ B G- 2 IR 2 %K %729, invivo CRISPR A7 V) — =V 7 &7 o 72 fifi
HL72A 4 FRNA 7475 =13, =7 2L TRBLIS % 3600 #IZ 1T 55 DT, ZRp
#7= & & HIT Sleeping Beauty b 7 ¥ AR U ANMARATE SONTF VAR Y FA4 T —

xR
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% Sleeping Beauty it 3 5 X U Cas9 B¥ 3 % 76813 % < 7 A~ hydrodynamic injection 12 & 1) &
AL, TFHIBEANDOEFEA 21T oz BRL AT = VHMER, 4 FRNA BFFDO bT U A
R VEBALIZTIV—=T00, HRICEVEDPADVR O Nz, RS AERZ ZhEhzt))
ML, EDHA FRNA Z2RFET 20, KT =7 O H = 24770 5720 #i% NR DA A F
RNA %Z top hit E LTHHM L, A7V ==V IFPREBLTWE I EAVRENTz, F220MIZH Z
NETHASN TR WEETZRIBLTBEY, GG LR 2170 TETH %,

(¥R ES fIROFI—HE D EERFIT)
OWrefiEE  BREZERRAEAE L 282 %
O A NWVA - HAERFAHET LS madAhra A58 g X 2%
WA ERE Y R VR 1S3% B

OWFFEfEE K OWFFE R

4 OWFRETIE, Venus & LAE—F —ICHWAEETF Ty 7K D, 7 &2 ESMIKICR
MO —VEDAFAES B Z & 2 g L7ze ARIEFBIZE TR, 2o ES Ml Ay —1k2s, ES #igo
FATEAREREBOENZRET LI EEZHOLNIL, 51T A2 BET 2GR T 25
EL7ze 72, FAZ, €T T X Migfiliez BS MlaRROIRE~NER S & 2150 L& % [ 58
LTWeds, CoOBBBOIREVPESHMIEFAETHL I &2, F XA TP OERIC LD GE
L7z 2512, A DH72IHEE L7z ES Ml o #5b % flH 3 % EIs 122w T, kA
HIECTOMNT 2479 72012, GFP#EIET 2/ v 7 A4 ¥ Liz<y Atk z2ER L 72,
OWf7e R DR 3
(SARFER)
Kyoji Horie, Hitomi Watanabe, Yosuke Nishimura, Hikaru Watanabe, Masahide Seki, Akio Seita, Kagayaki
Kato, Yuichi Wakayama, Jun Sese, Yutaka Suzuki, Takuji Yamada, Gen Kondoh, Junko Yoshida. Identifying

the heterogeneity of ground state pluripotency in mouse embryonic stem cells and elucidating its regulatory
mechanism. £ 42 [0l H &AW 573404 2019.12.4 b

(iEmE#AR - AIEEHIR= v FOEHE ZHiHT 52 FHESO/RENA)
OmrgefizeE KRR RFEBeA G 7eft K& kA #3%
OTANVR - BAEERZUZEH LTS mEERTar A58 ik X #d%
OnFgekEs o ORF TR

HERHE OO IN L TOMIEIZ L), FHICAHFET 57 TA A ¥ CXCLI2 Z ¥ 4 Ml
(CAR M) 2%, EMEHEHINEOMEFFICUHOBUNESE (= v F) DL BRI TH 5 Z LA
RENTz, E 61T CARMNEIZHF RIS =5 BLS S 85K T~ Foxel & Ebf3 2%5E Mg - 1=
F O L HEFRFIZUIHTH H 2 & CAR ML T H O L a3l s X ORI 2 b3
AR TH H Z L HH S D27 o 72 (Omatsu Y. et al., Nature, 2014, Seike M. et al., Gene Dev.,
2018) —7. EMAEBEMEAIMR (CML) €7V T3 % BCR-ABL ¥ * J a1 %8 A L 725 5%
e~ A (Agarwal, P. et al., Cell Stem Cell 2019) %5 % F\ 7= P 2 fEHTIC L V. CAR il
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"C CXCL12, SCF, Foxcl 7 EOEIMEAEMN - &1L = v FHERE IS LHO BT OFBUK T 25580 S
7272 T% L, EHIRED CARMMETIZIZE A LB L T2 WA OEIR D53 F A2
B HNTz TO KD BBIZTIIMER FIEL EDA P L AL > THE SN D CAR ML DL
(BEREIKTT) ICHb 2 HELBAT TH L TREMDE 2 bee £ 2 TARETIE, 11=vF 0%
BreglERI T FVRERE 2] = v FOEEZHIHT 20 FHEEOMY 2 HiE L7z,

[1] CAR M FBLL T B H 4 A7 4 24K H L Tofrsfla, Ilirl, Osmr, Pdgfra, Pdgfrb.
gpl30 % & flox ¥ 7 A&V D 5 WIZATF L. CAR MIFBAFRN Cre B~ T AZ KM T 5 2 &1
L0, CAR Ml R RIBE~ Y A 2 FR L7z BUHE, 5o~y 2 &2 W CEISEM &S T 7
VEER L, BHEl e CAR ML ORI ZLOMNT % #£17 L T %,

[2] CAR MIBLDZEF M- TEWNZ B LA 2 WA OEE T 2 AR E L7z, PTHIRE
T & L CORBEDS TSI NAERFIZOWTHEH Lin vitro DRERBFIT 2179 & & $ 1 in vivo 2
B LB O 72012 fl