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BYIEIX SR BMRPO T L7208 E > Tnd, COMBEERIT 5720 R5E TR,
NBRIE D 7 4 )V ZIEGHIEDIIFE X IT > T b FFEIZ. 74V ZAOMIBR AL X OLEw - X
TFE - HEH - PURIC X 2R AERBEOMBIZE L. 7 AV AT L SEEDF N T %
MABDLET T u—F CTHEEZED TV A, EEMFEED & LTE, 7 A4V ADFREMEOMFIF &
7 ANV ABBNIR T 2 PP - B D 2 OBKE LML o Twd, 2024 FITBWTH, HEE
25| & Ht X SARS-CoV-2 ZHIKIZ & 5 ACE2 AR & R RIPuREED N T ¥ ZZEARIZ DWW T,
FOREELBEEZH SN L T2 BB Y A L AR SARS-CoV-2 1519 A BHEK O FHF A v B X
OB L 720

1) BE 7 £ VAL SARS-CoV-2 I T B HEHIOTH A B LT E

AV AKEF- RN D HHEEAE FRB 7 A VA F &Y , SARS-CoV-2: Spike (S) &EH) &,
TANA L ZHROMEEB L OBERMEZH-TB ), mEEE L Ol - Mkt RE L v
HUCHO CTHEELREE Z RIS 7 A IV AREEAE 2B, MEERE I LHEMN O 74
YRIIBHLT A W ATERE AR TIALEW R FET 5 &L, BRYHIMEICERTE 5, £ 2T, 2024 4F
IZBWTIE, MEBE7A VA FEAEOMENBREEH LT, BEaHERO 7 A » 2170, 0.2
UM @ IC,, &3 BE G B E A A fE S 2 2 L0y L7z (Fig. 1A). TEAMF & LC FHEAE %
prefusion BUCPR B BZ B % H O 5 2 L MHERR S N7z SARS-CoV ® MERS-CoV. SARS-CoV-2 %
Gt panut AV A LRIty 4 VA TEEZ R X-206 OFEIC S KD L7z (Fig. 1B) .
MERS-CoV @ S & F1E ORE & EH % 36 L T insilico THEIK L 72ALEWEED S L% LA HN 2
S, TOEMAETEE LT, SRR CIEBmMA TR DS, IREETIE Y 4 )V A BB HE AR S
N, 2%l b 2008 LEMERTZ2RT 2 EPMR SN, ZDM, SARS-CoV-2 |2 $ 54
ORISR FIPUR ORGSR 2 17V VERBE R O REM 2 fR I L 72,

2) SARS-CoV-2 ZRFRIZHIS L 729 w5
COVID-19 # 5| % Z 995 E A TdH 5 SARS-CoV-2 1Z. ZR A1 K LT TlIT O %2 K
LTCT&7. $74bH,. SARS-CoV-2 1& ACE2 ZZARFERREE R PR BEREDSE Bk T & 122 L L



TWwb, £ZT, 2024 FFICBVTHIEFICH Z e & A WRTOBEV D 2 - B R KICE S
ACE2 R Grat & ML el RE O AL DR E IR A T 2 2 1T 720 T E TOWSE
M5, PrikkBEEE % E D 5 HIMICHEIL L7z BAS (F486V OERME 7 &) R ACE2 AR Ak
EHURRREREE & D ITHE D7 BA2.75 (N460K DR &) 3L T b SNIENT %247 -
72 EG.5.1 % BA.2.86, IN.1 IZB W T, 4|2 BA.2.86/IN.1 Zfti%. XBB.1.5 & i LT 39 &l ko
T3 B R L PR EEYER RBD OB TLHE L T b 2 LRSI 7z, E HIZ.BA.2.86/
IN.1 S-ACE2 & A5 75 128 W T, RBD %% down DIREETH ACE2 ZHEMAKDFHES L TV B A& )
DTHER SN ZHEEEET—7 RBM) 2 HZ ST (BRI X %5 RBM Bk x #E) 2055)
ACE2 LGB T B8 72 e e IR PRE AR X 7z (Fig. 1C-D) o
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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 prophylactic and therapeutic methods for viral diseases.

1) Design and Identification of Inhibitors Against Measles Virus and SARS-CoV-2
Glycoproteins on viral envelope (measles virus: F protein; SARS-CoV-2: Spike (S) protein) are responsible
for virus-receptor binding and membrane fusion, playing crucial roles in determining host range and cellular/

tissue tropism. Designing inhibitors using structural information and identifying compounds with broad



antiviral activity against viral glycoproteins can contribute to infection control. In 2024, we successfully
designed membrane fusion inhibitors utilizing structural information of measles virus F protein, creating an
inhibitor with an IC50 of 0.2 u# M (Fig. 1A). The mechanism involves maintaining F protein in prefusion
conformation and enhancing thermal stability. We also identified X-206, showing broad antiviral activity
against [ -coronaviruses including SARS-CoV, MERS-CoV, and SARS-CoV-2 (Fig. 1B). This compound
was identified from in silico screening using MERS-CoV S protein structural information, demonstrating dual
mechanisms: membrane fusion inhibition at high concentrations and viral replication inhibition at low
concentrations. Additionally, we performed structural analysis of multiple broadly neutralizing antibodies

against SARS-CoV-2, elucidating detailed mechanisms of action.

2) Structural insights into pathogenicity of SARS-CoV-2 variants

SARS-CoV-2 has undergone multiple mutations leading to global waves of the pandemic. Consequently,
SARS-CoV-2 has altered ACE2-receptor recognition ability and neutralizing-antibody evasion ability in each
variant. Therefore, in 2024, we studied the structural basis for the evolution of ACE2 receptor binding and
neutralizing antibody evasion ability of newly emerged SARS-CoV-2 variants by structural analysis. Notably,
in the BA.2.86/IN.1 S-ACE2 complex structure, we first confirmed a structure where the ACE2 receptor
binds even when the RBD is in the down conformation. This revealed a novel receptor recognition
mechanism that allows ACE2 binding without exposing the receptor-binding motif (RBM), thereby avoiding
RBM recognition by antibodies while maintaining receptor binding capability (Fig. 1C-D).
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ARTHTIEL 2024 L 4 HISRFBEAEGRHATZERHME 32 1 4E & L CTERIIE & Luo, Wen-
Ching A L 720 F2IEHEMIZER OWEHF L0055 AU Ei#. 3 BICli# s -7z, 8 A
ZNFREZEADS, 3 AR R 5B L 72,

DUFIZ, 2024 4F 4 A5 2025 45 3 H £ TIXARE S ity S 72 2 D OBFFEHRIZ D W TS
2T %,

(1) SARS-CoV-2 &G EE 41 W F- o[ & EHMT1/2 B X 2 iH#HA RIS 3 2 0%
SARS-CoV-2 2% ML & A 3 2L A RIFEH O KA v, & 2 TARIFZETIX. & Mili
R AS49-hACE2 IZB T, 7/ A8z B & 3% CRISPRCas9 A7) —= > 7 &9 L.
RGGEH BN Z I T A VAR F 2K L7z, €OMHR. TRIM28, TRIM33, BL UL
o)UY AF VIR EE R EHMT1/2 3 SARS-CoV2 HBICHETH L T L 2 HWwWE L 7.
TRIM28 1377 A )V A% T E AR, TRIM33 - EHMT1/2 (X7 £ )V A RNA O#zE. - HE I 5-3
% EDURE I NIz, FFIZ EHMTI/2 OEEFIHEVERE R AL EA] UNC0642 X, in vitro T A b A3
Gz 1006 RELLEFIHIL, ) 7 UNAAY —EREETVTOHMNTIANAEB I OWHEZA 2T &
BT E 8720 RBHEIZ, SARS-CoV-2 HIINC BT 2 HHmE M OBFZED 5 & & H 12,
EHMTI1/2 BESRE 2 FEfE & L7290 A )V ATGHREIE OB S ICEE 2 A 2 58t 3 %,

(2) FIWFWET AV A DOMINBAREABERE & RGN R IC B9 2 W %%

RIVFIFTANVA 1 (BoDV-1) 13, & M &2 ETLFLEN IS SMEISEEM KL 2 5] & 2 3T
Hbo LA L. BoDV-1 1ZIEGeME AV 2RO A m IR IR, F MG LT Bk
HIAMIREZ RE VI ED 0, TOMBRAX 7 = X LT A05813E S < W2 M C
&7z AW ZOMELEIRT 5720, BoDV-1 Z &KV F 7 4 )V AJE (Orthobornavirus) D ¥
Y378 (G) HWTEMAEZGEEONR Y A VA (VSV) a3 E R 5 T2 7z 1
SL72e TORFEZLY . BRIP4V 2O REG Il 2 RIEIC I L SE 5720121, G Yo



ORBME A IEILT A EVNEETHL I EEZHLNII LA FFIC, & MHEKE huP2br © G 7 ~
N7 B 72556 QRGN FEROBHERTH 2 He/80 R L V) B ITE o7z S HITER
FEFTIZE D, BoDV-1 D G ¥ Y87 BI2B1F 5 307 T HDO X FF = VIR TGO I &
BWTHY. COREDPHEAET S ETIRIEC pHGRBETFTTHREVERBEGEZ R L, B0 m Rz
HL B 2 R 2 & 2R Lz AR EIL. SN E TRFHTH - 72 BoDV-1 DMILE A
BREDIRIHICEE R 52 55D THY) ., TMORIVF I ANV RIEY £ IV A% 75 A
VSV EHUI BT B I EGELER .G ¥ YNV EHORREE R AL YOS L R BREICHDRELCHGTAH
bOTH 5,

In academic year 2024, Hoshin Hiramatsu and Luo, Wen-Ching enrolled as first-year Master's students in
the Graduate School of Biostudies in April. And Madoka Sakai, a Part-time researcher, became a Program-
Specific Assistant Professor in May, and then became an Assistant Professor in March. In August and March,
Ryo Komorizono and Hiromichi Matsugo, respectively, transferred to other universities.

Below, we provide an overview of two research achievements reported by our laboratory from April 2024

to March 2025:

(1) Identification of Host Factors Involved in SARS-CoV-2 Infection and Therapeutic Inhibition of
EHMT1/2

The mechanisms by which SARS-CoV-2 exploits host cells remain incompletely defined. To address this,
we performed a genome-wide CRISPR—Cas9 loss-of-function screen in A549-hACE2 cells, using infection-
induced cell death as a read-out. The screen pinpointed TRIM28, TRIM33 and the lysine methyltransferases
EHMT1/2 as critical proviral factors. Functional studies revealed that TRIM28 facilitates virion assembly,
whereas TRIM33 and EHMT1/2 promote viral RNA transcription and replication. Strikingly, the selective
EHMT1/2 inhibitor UNC0642 reduced viral yields by more than six orders of magnitude in cell culture and
significantly lowered lung viral load and pathology scores in a Syrian hamster model. These findings
illuminate previously unknown host determinants of SARS-CoV-2 replication and highlight EHMT1/2

inhibition as a promising avenue for antiviral intervention.

(2) Study on Cell Entry Mechanisms and Infectivity Enhancement of Borna Disease Virus

Borna disease virus 1 (BoDV-1) is a pathogen that causes acute fatal encephalitis in mammals, including
humans. However, research into the cell entry mechanisms of BoDV-1 has been challenging due to extremely
low production of infectious viral particles and a lack of cytopathic effects in infected cells. To address these
issues, we developed a novel method to efficiently produce vesicular stomatitis virus (VSV) pseudotyped
with the glycoprotein (G) from members of the genus Orthobornavirus, including BoDV-1. Using this
approach, we found that optimizing the expression level of G protein is critical for significantly increasing the

infectivity titer of the pseudotyped virus. Notably, VSV pseudotyped with the G protein derived from the



human isolate huP2br exhibited remarkably higher infectivity compared to the conventional He/80 strain.
Furthermore, mutational analysis revealed that the methionine residue at position 307 in the BoDV-1 G
protein is crucial for controlling membrane fusion activity, enabling high fusion efficiency over a broad pH
range and playing a central role in enhancing infectivity. These findings provide important insights into the
previously unresolved cell entry mechanism of BoDV-1 and substantially contribute to improving infectivity
titers in VSV pseudotyping methods utilizing other Orthobornavirus glycoproteins, as well as facilitating

further identification of functional domains within the G protein.
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RO CTld, — M%7 AV ZZE TN A2 CE T BMSER EHT BB w72 FEIc X
0. BHIREE B A OA VIV VI AL VA, TERITIA VA, TFyHo 4V AL EDHMIE
WHITHBE 2 95 2 L 2 HIRL T b T 720 74 )V 2 OMIBLIBARIEERE 2 401 L~ CHLR
THIEIWED, TA VA EEST P07 4 )V ZAERFER, 74 VARG T ay 7§ 5Pk
REEDBFIZD I HA TS, 2024 FFEEIL, il a7 4 )V 2 OMIBEPNEGE % ff#HT L. 5~
AV ADOKBENE LI DS COPI DR EEZR L7z /oy TRITIANVADX I LA AT YN
I2B1F % NP-VP24-RNA HA RO & % Peg L. VP24 12 X 2 R HI I BAE o 45116 75 25 8k % 17 1]
L7z,

1) HEaad 4 v ZAOMENEREICI T 5 COPI DREREFY]

SARS-CoV-2 DF-# 7 A WV AR F1&. MIENO/NMafk — v I RFH X (ER-Golgi intermediate
component: ERGIC) OWEIZIHZE L, /IMEE%EIC L - THIlBRIN g I, =7 V34 b—3
2 X DA s NS, L L, ZO5T A A= AL H0ICR S Twido o AR
JETIE. TVAMESZ I 74 —RETMEST
74— LD 3 WILEFBMEENT 2 T, T
TA VAR T R AT H/MRIZa -y X7 H
BT HZ 23R LA (Fig 1 L), 512,
FIEEFHEMEEICLD, 20a— b7 V7B
COPI #&1K (Coatomer complex I) Tdh 5 Z & % [H
5E L72o SARS-CoV-2 &4 H1121%, COPI & ERGIC
DHMMBBNIREN B R ZALPBE I N, THH Y
ANV ABHEIZE S LT WA A RetkAvRIR S N7z,
ZTCOPIDFEHE & /327 TH 5 COPB2 D3
BEWHT 5 & T8 7 4V 2R ERGIC NIZfE
WT 52 L 2B/BFHMEEMNTCTORLZ, 3612, F
&7 AV 2R OMBEAN ORI R D E B IR
FL. ZORR 7 A VAHIES ARSI T 5 S Fig. 1. Array tomography images of a COPI-

coated vesicle containing progeny virions.
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ERASMI LI L72A%5 T, COPI 28 ERGIC 25 ®D SARS-CoV-2 F# ™7 4 I Z ki D% % it
W2 FCEELRRHAZELZLTVWALI EXRHLNIC RS2,

2) TKRITIANVADXZ VE AT FOREEIEL VP24IZ X % X 7 Vot 7 FORRRERI B

DY)

IART ANV A, EIERMAZG| X3 o et o 24 e i b
T ANVATH Y Z DML GE A O fiF 7 1% mﬁ#&?" s i e
EELBETH o ¥ AV ART DN, By =
BIEEMTH 2 7 4V AF ) L RNA DIEE. - é‘*
BB, B XU A VAR T~DF ) A "
R r—J VT RMIX I LA NT Y FHHE —
S5 TOXZVLFATY FIE 74 NVAK
5 7E (NP) L7 A VAT ) L RNA DI
FERBE SR Z a7 & L. VP24 X VP35 &\ o
eI ANAY YNNI TREREICHEALT
B SN b, FIZVP24IZ, YA VAT ) A
RNA GOHHIRR. X7 L+ 572 Kol
% JRGE ™ £V 2R REAE & v o 7oy
RORBBAT » TWBHTH D ZEDHS g ) geructure of the Ebola virus NP-RNA helical
NTW2A X7 LB 7Y N EORE ik complex associated with VP24.
B X ORI A 7= X2 ERBITH o 72,
AWFFETIE, TRTIANVADTA VAN TNOX 7 LA Hh Ty FikigEZ, 7 94 4 8T8
B HCTIRIT L72o CORSEMITICE D VBFERO X 7 Lt B 73 FOIEARI 4 ) & L HALAS,
2ODNP T FNENRLLMETHALLZ 200D VP24 5T TR SNLZ L2 LML
7z (Fig.2)o F72. BONMEEEHRICE D E, NP & VP24 [, B X VP24 5T RO EAE I
MbZHEEDT I 7RICIERH LT ZER L. Z21Eho VP24 25, 7 4 )V A D RNA G - X
IV HT Y ROMAT - LN EER L G A VAR T AL wo e, X7 LD T
FOEZBELEREZHIET 20T AL v FEL TR ZEZWOLNIT Lz, ABFZREHEIZ, =K
TIANVADEIERA I = XL OFE KRE LHED D725 TR 74V ADWE % BLE S 5 iR
DY AN AVASE ORI S Y (WP

Our laboratory focuses on uncovering the replication mechanisms of highly pathogenic viruses, such as
influenza virus and Ebola virus, combining various electron microscopies with traditional virological
techniques to explore these processes from an ultrastructural perspective. Through a detailed understanding of
viral replication at the molecular level, we aim to contribute to the development of antiviral drugs and

antibody-based therapies to combat viral infections. In 2024, we investigated the intracellular replication
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mechanisms of SARS-CoV-2, revealing the role of COPI in the intracellular transport of progeny viruses. We
also determined the high resolution structure of the NP-VP24-RNA complex within the Ebola virus

nucleocapsid, shedding light on the molecular basis of VP24's regulatory function.

1) Coatomer complex I is required for the transport of SARS-CoV-2 progeny virions from the
endoplasmic reticulum-Golgi intermediate compartment.

SARS-CoV-2 undergoes budding within the lumen of the endoplasmic reticulum-Golgi intermediate
compartment (ERGIC), and the progeny virions are delivered to the cell surface via vesicular transport.
However, the molecular mechanisms remain poorly understood. Using three-dimensional electron
microscopic analysis, such as array tomography and electron tomography, we found that virion-transporting
vesicles possessed protein coats on their membrane and demonstrated that the protein coat was coatomer
complex I (COPI) (Fig. 1). During the later stages of SARS-CoV-2 infection, we observed a notable
alteration in the distribution of COPI and ERGIC throughout the cytoplasm, suggesting their potential
involvement in virus replication. Depletion of COPB2, a key component of COPI, led to the confinement of
SARS-CoV-2 progeny virions within the ERGIC at the perinuclear region. While the expression levels of
viral proteins within cells were comparable, this depletion significantly reduced the efficiency of virion
release, leading to the significant reduction of viral replication. Hence, our findings suggest COPI as a critical
player in facilitating the transport of SARS-CoV-2 progeny virions from the ERGIC. Thus, COPI could be a
promising target for the development of antivirals against SARS-CoV-2.

2) Structural basis for Ebola virus nucleocapsid assembly and function regulated by VP24,

The Ebola virus, a member of the Filoviridae family, causes severe hemorrhagic fever in humans.
Filamentous virions contain a helical nucleocapsid responsible for genome transcription, replication, and
packaging into progeny virions. The nucleocapsid consists of a helical nucleoprotein (NP) —viral genomic
RNA complex forming the core structure, to which VP24 and VP35 bind externally. Two NPs, each paired
with a VP24 molecule, constitute a repeating unit. However, the detailed nucleocapsid structure remains
unclear. Here, we determine the nucleocapsid-like structure within virus-like particles at 4.6 A resolution
using single-particle cryo-electron microscopy (Fig. 2). Mutational analysis identifies specific interactions
between the two NPs and two VP24s and demonstrates that each of the two VP24s in different orientations
distinctively regulates nucleocapsid assembly, viral RNA synthesis, intracellular transport of the
nucleocapsid, and infectious virion production. Our findings highlight the sophisticated mechanisms
underlying the assembly and functional regulation of the nucleocapsid and provide insights into antiviral

development.
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KT TIE, VA VARG X BB AEEOMI & 2 OHEEOMEZOI LT, VA VAL
MO EAEROFEMAREEZ B o Tnb, LRFIENRIT, THHEPADOKEKE 25 bS
¥ —~<7 4 )V A (HPV: Human Papillomavirus) Td %, F7-ELFEMF%EE & LT, LGAI%EFTO#HE
TholzLHwENe MFRT ANV ADITEE 4T > T\ 5,

HPV (&, & + DR RN A S N5 B FRMRRICIER T 2WE A VA THL, TDOTAL IV
ANIHAEAZ TSNS DT TIE RS, EEIRIAED S 0 ERFERAEDO b 0I5 I NS, 72
B DFEDRAMEIZ L o TNNA N A7 B =) R 7 RN T B LMK L NV AT RID Y
DOV TIIFFICFEH ST &L OMENIIE (. TOBEOEERATFLEZ 5N TS,

e MFREY AV ZAOHTBIAFL Y 4 VA (HBV: Hepatitis B virus), C BIJF4~ £ Vv 2 (HCV:
Hepatitis C virus). Z LT D B 97 £ )V A (HDV: Hepatitis D virus) 1&. TNENHHFH LT T - 72
CEBDLIANVATHLD0S, MR EOREZ LT MIESRET LI e TRERFELZTIERES
Uy HREZE, HASANEHEZETSEL T EHMONT W5,

1) HPV #3UCBS 5 Hi%E
EASHNIEIC BT 2 HPV OB MO0 LEFEIC X o THIM SN Twb, 2O A4 VAR
FKALD LR AN IEGE T % 25, € 2 TIRISITBRIEGREICH 5o Lo LGSt o b2 #E T
E ANV ADBIGZTHBL, BXOY A NVZF ) 2 OBERHIELEAL S WEIE R O R FE 5 OMKLA
WCIEEKREDBREE T A VAR FBEEIND T L b, ZOIHIRSLIKAN 7 o A4 v 24 8RR
DAH=ZAN%
XD Z L normal cervix CINT CIN2 CIN3 invasive cancer
ZZEHBE LTWw infectious viral particles ¢ ©g
za)o e
AAE L in
vitro THESE L 7z oo
Bz B 5L RE3E  spinous layer
R % w72 HPV

basal layer
DEBET IV %
dermis
FHELT, 74
WADOI— N7 episome integration

This figure is partially modified and quoted from Nat Rev Cancer 7: 11-22. (2007).
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BB FE OB 2R 5 LIS, kL OFETEE L THY A )V A T & 21bE
Yy DFFMFEER 21T - 720

2) HPV J&YLIC X 2 W5 B HE O b

HPV JEJAZ L B3EE (— IS REMIENS) Raryu—~i o REEEEK. 72755
HEEICRO O N BN, SSICZOESEEIO S THIEICE LT, Fice MEEE T VEER
ZFH LTI 217 72,

3) HBV ORI H3 587 L iB# LD
HBV O V87 B2 5F 2 70 —F VHMKE/ERHLC, b MR 25~ 2%
W72 HBV Fift &Y 7V RIC & - T k2 72872 22180 B B R0 D 72,

The main project is the comprehensive analysis of human papillomavirus (HPV). The infection of HPV is
involved in tumorigenesis and malignant progression of stratified epithelium. The other project is the

development of new strategies for liver cancer caused by hepatitis viruses, which is directed by Dr. Hijikata.

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

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

2) The mechanisms of tumor formation induced by HPV infection
The molecular mechanisms of tumor formation and cancer progression induced by HPV infection are

analyzed with human skin-model culture system.

3) Development of new monoclonal antibody against HBV surface antigen (HBsAg)
The monoclonal antibody against HBsAg was developed and shown to inhibit the HBV infection in vitro

and in vivo.
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Kenya: A systematic review and meta-analysis. J. Epi. Glo. Heal. doi.org/10.1007/s44197-024-00299-1.

Hiromi Abe-Chayama, Takakazu Kawase, Tatsuo Ichinohe, Yuji Ishida, Chise Tateno, Makoto Hijikata,

Kazuaki Chayama (2024). Hepatitis B virus-specific human stem cell memory T cells differentiate into

_18_



cytotoxic T cells and eradicate HBV-infected hepatocytes in mice. FEBS Lett. doi.org/10.1002/1873-
3468.14842.
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WMREBEDOE N TH LREEIREREDREME LT NI YA M MET A VRS 37 BIZH kK
T2VRRTF FEEYE U728 LM S S T MRS E 2 580 L. 2 O 2750 %
HEDTWDE, KIEFE, VARXRTF NIRRT EZBALIZ N T VAT 22y 7T AN 6. Y
RARTF FRIZIDEIIER DR T F FRERN 7 TGS L3820, ORISR T T Mgk
TAP ZWEE LW Z EZHLNIT L,

1) YARXRTF FREMRICE T 2 H 728 7N O

KRS TIE. TAHTFF VLA XTIV ORIEMFH (J. Immunol. 2011, J. Virol. 2013) % jkEri &
LT YA NVZADYRY Y87 EICHEKT 5 ) RRTF N o ik s 2 M &0 T Mo fFE %2 3
MLy VRRTF N0 S THRBOMAEZ DO TE72s LTI N- I Y X ML) RRT
FRZREL THRICIRRT 277 A5 ¥V RO  MHC 7 5 A 1 5018 (Mamu-B*098,
Mamu-B*05104, HLA-A*2402, HLA-C*1402) % A L. —# O X #ifs & AT 22 5 ) K7 F F
PUEIRR O 557184 % B 5 2212 L C & 72 (Nat. Commun. 2016, J. Immunol. 2019, Int. Immunol. 2020, J.
Biol. Chem. 2022) o AAEPEIL ) RART F FRIEINE Z KL NV TN 5720, 77 7 Fv ik
DY) RXRTF FHR/RMHC 7 5 A 1 TH5H Mamu-B*098 % I — F§ A HEn T2 EALZMT VX
V=2 (Tg) T AZEH L7z 2O Tg <™ ZI2BWT, Mamu-B*098 (ZHFE L 724 T DM
JafElc B W CHIEREICB W TR L Twize 720 Mamu-B*098 Tg ~ 7 A Wl 1% CDS Bk T
M%) RARTF FHIETHET 5 & UV RXRTF FEERKZ THISESES SRSz, DL
E2 5, Mamu-B*098 Tg ¥ 7 A3 AT F FREISEZ N $T5720DFH LWETFTVE E LT
EFRTHLEEZZ N,

2) VAERRTF FRFBINEIE TAP R 7F Pk z 8L Likw

Mamu-B*098 5313 HEK D MHC 7 7 A 1 L1357 ) /MEEREISHI T 57 F NEk TAP
2RI L MBS BT HIEF ISR KRR TE 5 2 L 2% h > Tz, £ 2 T Mamu-B*098
Tg Y7 A% TAPKO ¥ 7 A LT EDbE, )ERRTF FRIERED TAP KA MEZFHG L 720 2D
ETFIIZB VT, Mamu-B*098 131 TAP JHARAF I ICHIRE RN H I L. KA CDS Btk T A
N F4AH% non-Tg/TAP KO ¥ 7 A L HARTHEIZHBE L Tz, & 512, Wi CDS Btk T Mifes 5 3%
BEIND )RS F FEEED T IO KA Mamu-B*098 Tg ¥ 7 A & Mamu-B*098 Tg/TAP KO < 77
ZADWTES BV EZ R Lz, 2L T 2OYRRTF FERK THESS=T7 1) v 275
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Viral Peptide Viral Lipopeptide
7;,, () protein antigen lipoprotein antigen
= © '\‘_ Virally infected cells 5 ‘ Virally infected cells __/"

TAP-compromised condition
(e.g. Herpes viral infection)

1) Establishment of a Novel Animal Model for Studying Lipopetide Immunity

To analyze lipopeptide-specific immune responses in a mouse model, we have generated a novel
transgenic (Tg) mouse line that expresses the rhesus macaque-derived lipopeptide-presenting MHC class I
molecule Mamu-B*098. In these Tg mice, Mamu-B*098 was expressed on the surface of all cell types tested.
Furthermore, antigenic stimulation of splenic CD8-positive T cells with lipopeptides and bone marrow-
derived dendritic cells resulted in readily detectable, lipopeptide-specific T cell responses. These findings
indicate that Mamu-B*098 Tg mice serve as a useful animal model for investigating immune responses

against lipopeptides.

2) Lipopeptide Imnmune Responses Does Not Require TAP Transporters

Unlike conventional MHC class I molecules, Mamu-B*098 can be normally expressed on the cell surface
even in cell lines lacking the peptide transporter TAP, which is localized on the endoplasmic reticulum
membrane. Based on this observation, we crossed Mamu-B*098 transgenic (Tg) mice with TAP knockout
(KO) mice to evaluate the TAP dependency of lipopeptide immune responses. In this model, Mamu-B*098
was indeed expressed on the cell surface independently of TAP, and the number of peripheral CD8-positive T
cells was significantly restored compared to non-Tg/TAP KO mice. Furthermore, we found no difference in
the number of lipopeptide-specific T cells expanded from splenic CD8-positive T cells between Mamu-B*098
Tg mice and Mamu-B*098 Tg/TAP KO mice. These lipopeptide-specific T cells expressed effector molecules
including perforin and granzyme B, and functioned as cytotoxic T cells that specifically killed Mamu-B*098-
expressing cells in the presence of lipopeptide antigens. Taken together, these findings demonstrate that
lipopeptide immunity can function and induce lipopeptide-specific cytotoxic T cells in the absence of TAP.
Since TAP is a common target for immune evasion by viruses and cancers, lipopeptide immunity is

considered to be particularly effective as a means to combat such pathogens and tumors (Figure).
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The main objective of our department is to investigate and develop methods, procedures, and technologies
applicable to both basic and clinical medicines as well as to fundamental researche in biology and medicine,
from the perspective of material sciences. Materials designed for use within the body or for contact with
biological substances such as proteins and cells are referred to as biomedical materials or biomaterials. In our
department, various types of biodegradable and non-biodegradable biomaterials — based on polymers and
their composites- are being designed and developed. These efforts aim not only at clinical applications but
also at creating experimental tools essential for basic biomedical research, which provides scientific support

for clinical medicine. More detailed explanation about every project is described.

1) Biomaterials for Regeneration Therapy

We are designing and fabricating 3-dimensional, porous biodegradable constructs to serve cell scaffolds of
an artificial ECM, providing the local environment conductive to cells proliferation and differentiation. As
additional strategy to promote cellular growth and differentiation, we are also developing biodegradable
carriers made from gelatin and its derivatives for the controlled release of growth factors and genes. A new
therapeutic approach that naturally induce tissue and organ regeneration through the controlled release of
various biologically active growth factors has been established, and its therapeutic potentials have been

scientifically demonstrated in animal mmodels.

2) Biomaterials for Stem Cells Technology and Regeneration Research of Cell Biology and Drug
discovery

Technologies for cell culture using various biomaterials and bioreactors have been developed to efficiently
isolate, expand, and differentiate stem cells, precursor cells, and progenitor cells. This research aims not only
to prepare cells for regenerative medicine but also to advance materials and methods for basic biomedical
research. These approaches are also applicable to drug discovery, particularly in assessing drug metabolism
and toxicity. Carriers for low-molecular weight molecules, peptides, proteins, and nucleic acids are being
studied to analyze stem cell functions and genetically modify cells to enhance their therapeutic potential. Cell
culture using aggregates has gained attention in basic biology and drug discovery. However, in large sized
aggregates, inner cells often die due to limited nutrients and oxygen. To address this, incorporating

microspheres has been shown to improve cell function within aggregates.
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3) Biomaterials for DDS

In generally, few drugs exhibit specific selectivity for their target sites. As a result, high doses are often
required to achieve therapeutic efficacy in vivo, which frequently leads to adverse side effects. Drug Delivery
Systems (DDS) are biomaterial-based technologies designed to deliver drugs to the right site of action, at the
right time, and at the appropriate concentration. The objectives of DDS include controlled drug release,
prolonged drug half-life, enhanced drug permeation and absorption, and targeted drug delivery. To achieve

these goals, a wide range of biomaterials is essential.
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The major aim of our laboratory is to elucidate the molecular mechanisms that regulate cell fate decisions in
the process of lineage restriction from multipotent hematopoietic stem cells to unipotent progenitors. Among
various events occurring during hematopoiesis, we are mainly focusing on the process towards the production
of T cells. We are also studying developmental process of thymic epithelial cells.

In parallel with these basic subjects, we are also committed to the research to apply culture method for
clinical settings, where we focus on the regeneration of immune cells that are potentially useful in immune
cell therapy against cancer. We have started a project in 2019 with the support by AMED, in which we
develop a universal off-the-shelf T cells. In 2020, pandemic of COVID-19 took place. We decided to apply
our strategy to COVID-19.
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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 (Fig. 1).

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

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

To address such issues, in the present project, we are going to develop “super universal” T cells that can be
transfused to any patients. As a cell source for such T cells, HLA will be genetically deleted in the pluripotent
stem cells as a basic strategy. In such a case, it is expected that NK cell-mediated immune reaction takes
place. Thus, one of main aims of this project is to develop a method that can cancel such immune reaction. In
2023, we have succeeded in developing the technology by which NK cell-mediated immune reaction can be

avoided.

2) Development of cell-based therapeutics for viral infections using allogeneic T cells

COVID-19, which caused a pandemic in 2020, is gradually subsiding due to immunity acquired through
vaccination or infection, but a certain number of deaths are still being reported at this point. We have been
advancing the development of a cell therapy using killer T cells regenerated from ES/iPS cells for
COVID-19. The cloning of SARS-CoV-2-specific TCRs was conducted at the Sho Yamasaki Laboratory at
Osaka University and the Kawamoto Laboratory at Fujita Health University. At the Yamasaki Laboratory,
TCRs restricted to HLA-A2402, A0201, and B3501 were obtained, while at Fujita Health University, TCRs
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restricted to A2402 and A0201 were obtained. Killer T cells regenerated from HLA-deficient ES cells were
infected with retroviruses to introduce each TCR gene, and cytotoxic activity was measured using B
lymphoblastoid cell lines expressing the S protein as target cells. Cytotoxic activity was confirmed for all
TCRs. An example of a cytotoxicity experiment for one of the TCRs, using an alveolar epithelial cell line in
which S protein was enforced to be expressed as target cells, is shown (Figure 2).

For clinical trials, development research targeting refractory COVID-19 taking place in immunocompromised
patients caused by anticancer drugs is being conducted at Fujita Health University. In Japan, the prevalence rates
of A2402 and A0201 are approximately 60% and 20%, respectively, so two types of T cell preparations can
cover approximately 70% of the population. According to estimates, preparing 10 types of additional TCRs
would cover more than 90% of the Japanese population. This strategy should also be applicable to other viruses,
so we believe it is possible to prepare and stock a lineup of T cell medicines targeting known viruses such as
SARS, MERS, and avian influenza. Furthermore, in the event of a future outbreak caused by an unknown virus,
we believe it is technically possible to develop a lineup of therapeutic T cell therapies within 2-3 months after

the virus is identified.

Ongoing “autologous” T cell therapy
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Figure 1 Development of off-the-shelf T cells to be used for the treatment of cancer
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Figure 2 Killer T cells expressing TCR specific for S-protein of SARS-CoV-II efficiently killed alveolar epithelial
cells expressing S-protein
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The Inter-Organ Communication Research Team investigates the mechanisms underlying host
pathophysiology in cancer and explores how the application of advanced technologies—such as avatars,
robots, and devices—affects human physiological functions. This fiscal year, we significantly expanded our

foundational research based on mouse models into translational studies involving breast cancer patients.

1) Time-series cytokine profiling in breast cancer patients

Cytokines circulating in the blood have the potential to serve as predictors of cancer treatment response.
However, due to individual variability and the limitations of single time-point measurements, identifying
reliable biomarkers remains challenging. In this study, we conducted repeated blood sampling from triple-
negative breast cancer patients at multiple stages before and after treatment to analyze temporal changes in
cytokine dynamics. A total of 69 cytokines were measured at five time points, from pre-treatment to one-year
post-surgery. Comprehensive analyses, including network-based approaches, revealed significant correlations
between baseline levels of cytokines such as IL-1 and TRAIL and the efficacy of chemotherapy. These
findings suggest that pre-treatment molecular profiles could help predict treatment outcomes with a certain
degree of accuracy. This study demonstrated the value of capturing intra-patient temporal changes through

time-series analysis in a clinical cohort.

2) Spatial omics analysis of metastatic lymph nodes in breast cancer

Lymph node metastasis in breast cancer represents a critical clinical issue, yet the mechanisms by which
cancer cells evade immune surveillance within lymph nodes, which are naturally rich in immune cells, remain
incompletely understood. In this study, we compared metastatic and non-metastatic lymph nodes derived
from the same patients to characterize local immune microenvironment changes specifically associated with
metastasis. The analysis revealed a marked reduction of CD169-positive macrophages—Ilymph node-resident
macrophages with antigen-presenting capabilities—in metastatic lymph nodes. Notably, other major immune
cell populations showed no significant changes, suggesting that CD169-positive macrophages may be
selectively targeted. We reported this as a novel mechanism that could influence the effectiveness of cancer
immunotherapy. In addition, we are actively collaborating with Dr. Vandenbon to promote the usage of

spatial transcriptomics database DeepSpaceDB.

3) Advancement of Moonshot research projects
We are actively advancing the Moonshot project “Avatar Symbiotic Society”, aiming to elucidate how
everyday interactions and the use of remote-control devices affect human physiological responses. Through

multi-omics analyses, we are steadily accumulating pioneering data to shed light on these impacts.
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Genome Maintenance in the Germline Cycle and Its Consequences for the Next Generation

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.
Although sperm groups are functionally dichotomized when indexed by sperm surface expression of a
group of molecules that play an important role in the fertilization potential of mouse sperm, this year we
found that removal of one sperm group improved the fertilization rate.
Moreover, through the utilization of mouse models for autoimmune arthritis, we study the heterogeneity

and regulation of arthritogenic Th17 cells in inflamed joints.

1) Elucidation of sperm function using GPI-anchored proteins important for mouse sperm fertilization
potential as indicators

It is known that mouse sperm acquire fertilization potential through a stepwise maturation process. In our
previous study, we focused on the behavior of GPI-anchored proteins (GPI-APs) on the membrane surface
of sperm during the fertilization ability acquisition process. In the previous year, we found that sperm surface
expression of Lypd4, identified using a comprehensive proteomics method, and CD55, identified using a
comprehensive antibody screening method, was used as an indicator to find that sperm populations were
functionally divided into two groups. Furthermore, we found that removing one group of sperm using

antibodies against these groups improved fertilization rates.

2) Molecular and cellular basis of immune tolerance and T helper functions

Immunological self-tolerance is a key immune system and regulates the activation of self-reactive T helper
cells. Breakdown of self-tolerance leads to allergic, inflammatory, and autoimmune diseases mediated by
aberrant activation of effector immune cells.

We generated a reporter strain to visualize IL-17-producing Th17 cells and Foxp3+ regulatory T cells and
evaluated their role in autoimmune arthritis. Adoptive transfer experiments and single-cell mRNA sequencing
analysis were performed to determine whether some regulatory T cells can be reprogrammed into
arthritogenic Th17 cells. We also characterized the heterogeneity of Th17 cells in inflamed joints by single-
cell mRNA sequencing analysis. The results showed that the T-cell subset that maintained arthritis was Th17
cells, and regulatory T cells were not directly involved in the exacerbation of inflammation. In addition, Th17

cells within inflamed joints could be clustered into subpopulations with different gene expression profiles.
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We study an interplay between immune system and self-organs/tissues, with particular focus on its
physiological roles and the mechanisms of disease development when the interaction becomes aberrant.

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

were targeted using genetic or pharmacologic approaches.
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Figure. Control of physiological and pathological immune responses by Treg cells
(Cited from Kawakami & Sakaguchi, Adv Exp Med Biol. 2024)
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Regulatory T (Treg) cells are a functionally distinct CD4+ T-cell subset that plays crucial roles in
maintaining immunological self-tolerance and homeostasis by suppressing aberrant or excessive immune
responses. The transcription factor (TF) forkhead box protein P3 (FoxP3) is essential for Treg cell function

and its loss-of-function mutations cause various immunological diseases such as autoimmunity, allergy and
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immunopathology in mice and humans primarily due to Treg cell deficiency or dysfunction. Foxp3 forms a
large protein complex by interacting with many cofactors, including other TFs and epigenetic regulators.
Upon T cell receptor (TCR) stimulation, target genes of the Foxp3 complex are either repressed (e.g., 112
and Ifng) or activated (e.g., II2ra and Ctla4) . However, it is still unclear how Foxp3 complex acts directly on
its target genes to activate or repress in various Treg cell states from development to maturation, and how the
interactions of Foxp3 with other TFs, co-activators, and co-repressors control Treg cell function.

The Ikaros TF family has five distinct members: Ikaros (encoded by Ikzf1), Helios (Ikzf2), Aiolos (Ikzf3),
Eos (Ikzf4), and Pegasus (Ikzf5). All are characterized by two sets of highly conserved C2H2 zinc-finger
motifs and are crucial for hematopoiesis and adaptive immunity. Ikzf family members, except Ikzf5, are
highly expressed in Treg cells and are physically associated with Foxp3. In particular, Helios and Eos
contribute to the stability and suppressive function of Treg cells, respectively. Interestingly, a recent attempt
through comprehensive mutagenesis showed that variations in the Ikzf1-binding motifs impaired Treg-
specific chromatin accessibility. There is also evidence that germline heterozygous mutations in IKZF1,
especially in the exon 5 region of IKZF1 (called IKES), cause immunodeficiency and autoimmune diseases in
humans. These findings in mice and humans have prompted us to determine how Ikzf1 and Ikzf3 contribute
to Treg cell function and how anomalies in their interactions with Foxp3 may be underlying causes of
autoimmune diseases.

We have shown this year that the transcription factor Ikzf1 associates with Foxp3 via its exon 5 (IKES) and
that IkES-deficient Treg cells highly expressed the genes, including /fing, which would otherwise be repressed
by Foxp3 upon TCR stimulation. Treg-specific IkES-deletion indeed incurred IFN- y overproduction, which
destabilized Foxp3 expression and impaired Treg suppressive function, causing systemic autoimmune
disease. It also evoked strong anti-tumor immunity. In addition, Pomalidomide, which degrades IKZF1 and
IKZF3, induced IFN- 7y overproduction in human Treg cells. Mechanistically, the Foxp3-lkzf1-1kzf3
complex exerted gene-repression by competing with epigenetic co-activators, such as p300, for binding to
target gene loci via chromatin remodeling. Collectively, the association of Ikzfl with Foxp3 is essential for
the gene-repressive aspect of Foxp3 function and that the interaction can be a potential target to
pharmaceutically control physiological and pathological immune responses, especially in cancer and

autoimmune disease settings.
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Fig. 1. Multicellular simulation of bone morphogenesis and proposed mechanism of longitudinal bone growth.
Difference in growth rate between the proliferative and hypertrophic zones induces tension exerted on the
proliferative zone and compression exerted on the hypertrophic zone. Thus, stress anisotropy in the
proliferative zone affects bone development through chondrocyte column formation. Created by modifying
Graphical Abstract in Ref (Yokoyama et al., 2024 (Licensed under CC BY 4.0) ).

Chondrocyte hypertrophy in the growth plate promotes stress anisotropy affecting long bone
development through chondrocyte column formation

The length of long bones is determined by column formation of proliferative chondrocytes and subsequent
chondrocyte hypertrophy in the growth plate during bone development. Despite the importance of mechanical
loading in long bone development, the mechanical conditions of the cells within the growth plate, such as the
stress field, remain unclear due to the difficulty in investigating spatiotemporal changes within dynamically
growing tissues. This study investigated the mechanisms of longitudinal bone growth from a mechanical
perspective through column formation of proliferative chondrocytes within the growth plate using
continuum-based particle models (CbPMs). A one-factor model describing essential aspects of a biological
signaling cascade regulating cell activities within the growth plate was developed and incorporated into
CbPM. Subsequently, the developmental process and maintenance of the growth plate structure and resulting
bone morphogenesis were simulated. Thus, stress anisotropy in the proliferative zone that affects bone
elongation through chondrocyte column formation was identified and found to be promoted by chondrocyte
hypertrophy. These results provide further insights into the mechanical regulation of multicellular dynamics

during bone development.
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Fig.1. Olfactory organoid formation from a single stem cell
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The processes of organogenesis are extremely complex phenomena that involve cellular proliferation,
differentiation, and migration. To gain insight into these processes, we primarily employ pluripotent stem
cells (ES/iPS cells) to recapitulate the development of functional organs in vitro. Through these efforts, we
aim to uncover the molecular mechanisms that enable the differentiation into diverse cell types and their
coordination to form functional organs, thereby elucidating the principles underlying organ formation. In this
year, we established a culture method for generating olfactory epithelium organoids from olfactory epithelial
cells isolated from fetal mice and addressed the fundamental principles governing olfactory neurogenesis.
Additionally, we successfully derived trophoblast stem cells from human ES cells, demonstrating that human

pluripotent stem cells retain the potential to differentiate into extraembryonic lineages.

1) Reconstruction of functional olfactory sensory tissue from embryonic nasal stem cells

Olfaction is essential for fundamental biological activities such as foraging, danger avoidance, and
reproductive behavior, and thus for the survival and reproduction of animals. This function is mediated by
olfactory sensory neurons (OSNs) located in the olfactory epithelium (OE) of the nasal cavity. OSNs detect
odorant molecules via odorant receptors (ORs) and transmit this information to the brain. However, how the
olfactory system discriminates among an enormous variety of odorants present in the environment remains
one of the central questions in biology. In particular, the molecular mechanisms that enable each OSN to
express only one OR out of the several thousand OR genes, a phenomenon known as the “one-neuron—one-
glomerulus” rule, remain largely elusive.

In this study, we established a novel method for generating OE organoids with a pseudostratified structure
from fetal mouse OE-derived stem cells. The resulting OE can be maintained over 30 days. Single-cell RNA
sequencing analysis revealed that the OE organoids contained all major OE cell lineages found in vivo. We
also observed active neurogenesis sustained by resident stem cells and progenitor populations within the
organoids. Moreover, OSNs within the OE organoids responded to odorant stimulation in vitro, supporting
their functional competence as olfactory sensors. Strikingly, each OSN expressed only a single OR,
recapitulating the “one-neuron—one-receptor” rule. These findings suggest that OE organoids may serve as a

valuable model system for elucidating the developmental mechanisms of the olfactory nervous system.

2) Derivation of trophoblast stem-like cells from human ESCs.

Pluripotency is defined as the capacity to differentiate into all cellular lineages except for extraembryonic
tissues such as the placenta, and this has been primarily established through studies using mouse models.
Human embryonic stem (ES) cells are considered to correspond to the epiblast of post-implantation embryos,
a developmental stage in which the commitment to extraembryonic lineages has already completed.
Accordingly, it has long been assumed that human ES cells have lost the potential to differentiate into
extraembryonic lineages. However, recent studies, including those by our group, have reported that human ES
cells can generate cells exhibiting placental characteristics, prompting a re-evaluation of the conventional

definition of pluripotency.
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In this study, we aimed to demonstrate the potential of human ES cells to differentiate into extraembryonic
lineages by establishing trophoblast stem (TS) cells. We first induced GATA3-positive extraembryonic cells
(GATA3* EXECs) and subsequently cultured them under established TS cell conditions, yielding a population
of stem-like cells (TS-like cells) with self-renewal capacity. Through several molecular analyses, we showed
that these TS-like cells exhibited transcriptomic profiles similar to those of previously established placenta-
derived TS cells and human fetal trophoblast stem cells. Interestingly, because GATA3+ ExECs lack self-
renewal ability, our findings suggest that acquisition of self-renewal competence, in a context distinct from
that of ES cells, is critical for the conversion into TS-like cells. Furthermore, we identified the transcription
factor TFAP2C as a key regulator of this process. Collectively, these results indicate that human ES cells
possess a differentiation potential beyond the framework of conventional pluripotency, providing insights that

may contribute to redefining pluripotency based on human-specific embryonic development programs.
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Research in this laboratory focuses on the dynamic aspects of cell surface proteins in bacteria, including
Escherichia coli and Vibrio alginolyticus. Specifically, processes of protein folding, protein translocation
across and integration into the membranes, membrane protein proteolysis, extracytoplasmic stress responses,
and translational elongation arrest-mediated gene expression, are studied using a combination of molecular
genetic, biochemical, biophysical, and structural approaches. In 2024, we identified both cis- and frans-acting
factors involved in the translation arrest cancellation of Vibrio secretion monitor VemP. In addition, we
elucidated the substrate-bound structure of the bacterial S2P family intramembrane metalloprotease RseP and

proposed a structure-based model for its substrate accommodation and cleavage mechanism.

1) Translation arrest cancellation of VemP, a secretion monitor in Vibrio, is regulated by multiple cis-
and trans-factors, including SecY

VemP is a secretory protein in the Vibrio species that monitors cellular protein-transport activity through its
translation arrest, allowing expression of the downstream secD2-secF2 genes in the same operon, which
encode components of the protein translocation machinery. Typically, secD2/F2 expression remains repressed
as VemP translation arrest is canceled immediately. Previous studies reveals that 1) the VemP arrest-
cancellation occurs on the SecY/E/G translocon in a late stage in the translocation process, 2) the arrest-
cancellation requires both frans-factors, SecD/F and PpiD/YfgM, a periplasmic chaperon complex, and 3) a
cis-element, Arg-85 in VemP play essential roles in the arrest-cancellation. However, the detailed molecular
mechanism remains elusive. This study aimed to elucidate how the VemP nascent polypeptide passing
through SecY specifically monitors SecD/F function. First, by genetic and biochemical studies, we showed
that SecY is involved in the VemP arrest-cancellation and that the arrested VemP is stably associated with a
specific site in the protein-conducting pore of SecY. Second, using VemP-Bla reporter analyses, we found that
a short hydrophobic segment (SHS) adjacent to Arg-85 plays a critical role in the regulated arrest-cancellation
with its hydrophobicity correlating with the stability of the VemP arrest. Finally, we identified GIn-65 and
Pro-67 in VemP as novel cis elements important for the regulation. Based on these results, we proposed a
model for the regulation of the VemP arrest cancellation by multiple cis-elements and frans-factors with

different roles (See Fig. 1).

2) Substrate-bound structure of the bacterial intramembrane protease RseP determined by cryo-
electron microscopic analysis and the proposed substrate accommodation and cleavage mechanism
Site-2 proteases (S2Ps), conserved intramembrane metalloproteases that maintain cellular homeostasis, are

associated with chronic infection and persistence leading to multi-drug resistance in bacterial pathogens. A
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structural model of how S2Ps discriminate and accommodate substrates could help us develop selective
antimicrobial agents. We previously proposed that RseP, the E. coli S2P protease, unwinds helical substrate
segments before cleavage (Imaizumi ef al., 2022, Sci. Adv.), but the mechanism for accommodating a full-
length membrane-spanning substrate remained unclear. Our present cryo-EM analysis of Aquifex aeolicus
RseP (4aRseP) revealed that a substrate-like membrane protein fragment from the expression host occupied
the active site while spanning a transmembrane cavity that is inaccessible via lateral diffusion. Furthermore,
in vivo photo-cross-linking supported that this substrate accommodation mode is recapitulated on the cell
membrane. Our results suggest that the substrate accommodation by threading through a conserved
membrane-associated region stabilizes the substrate-complex and promotes efficient hydrolysis of the

substrateswithin the membrane (Asahi ez al., 2025, Sci. Adv., see Fig. 2).
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1) al-7YF )TV Y CERBRTF FIZ& S GPCRIFEFEN R =ZRIK G ¥ ¥ 378 G13 itk

LEéRE (BE7V—7)

PRIESY V80 ETHDBal-T>F 1+ )7 (AAT) &, SERPINA 77 3V — @571
77 —EHERTTH D, AAT I, TTF XA ¥ —ERL MMP HI2 X ) H IV RF VIV RTINS,
Bt7 I B 57%5 AAT-C KiiXTF RPEAESN L, FTA DRI, ~ 7 AHED AAT-C Kl
R7F F (LLF mAAT-C1-35) BNTO=ZBIKG Z VX2 EDGI3 2/ LTH¥A Vv rvay
i b3 5 2 & 2 Lze ABFZETIE. DUF mAAT-C1-35 12 X % G13 ORI 2 T L7z, £
3 mAAT-C1-35 13 N K38 (mAAT-C1-17) %4 LT GDP #5628 GI13 ICEEH & L. GTP IEfF
ETFTGI3-GDP L EDLT =7 ¥ —% 2378 (pl15-RhoGEF) & DA Z T L & %
O L7z RIS, —BHOREKME T 5=V 2% % VREHTICE D AAT-C i 7F F O/
REFHI & MHT I VMR 2 M E L7 X512, G13 - GDP & mAAT-C1-17 DEAEKRD 55 T8 2%
(MD) ¥ 32l =33 IiZX 0, mAAT-C1-17 2L % GI3 DIEWR > 7+ X — 3 3 v OlEEFHE
B2 R L7z (X 1) (Park,
et al., J. Biol. Chem,

2025)0 AWFZEIZ LD, Gai3 oo
AAT-C KX 7 F F A5 f\ _ I:_\:rj_f,,__ [

GPCR JKAFAYIC G13 % ,},;Q} ;r.gi

TS 2 2 & 3 & P T N |

L. AAT AH5T 5 :f-'"-"-'“"'\“'
REORFRIENS  switchll g 4 MAAT-Cr.17 e P s
i S (O

Fig.1 Docking model of mAAT-C1-17 and G a 13 * GDP complex (collaboration
with Dr. Matsumoto and Dr. Okuno at Dept. Medicine, Kyoto University) .
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2) ZH M YAZ VT FIZABECRMBT -5 ONLF A Y7 43T 47 AR

(Vandenbon 7'V —7)

HLRE A DAL D 22 [ Y 72 BL il 2SI AR e MR T 28BNy — > BBIKBE L X ) 1B L T
WHRPEMFT S0, BN A2 )T NI ADT — ¥ X — R DeepSpaceDB  (www.
DeepSpaceDB.com) % %% L 72 (Honcharuk et al., bioRxiv, 2025; Vandenbon and Takemoto, FZB&PE 7 |
2025)s Z @ DeepSpaceDB (2 1% 2025 4F 3 H I T\ 10X Genomics Visium 77 v b7 + — A D 1,674
DI TUDBEENTEY, EHEFBETTOL PBLYYY ZOMES I N—EhTwb (K
200 T—HF =T = I N—ZA LD ZEIERERY — V2 flioTHY TVNOBLEEE A~ %
7774 7TIGERL, BEOB OO BRFREBNY — 2528 03T& 5% (X2B-D),
HAE, 10X Genomics Xenium 77 v b 7 4+ — 2 D% 7UVINEDEDHTE Y, H—HlgL XV o#E
B 383 & 221 O RLRRAE 25 0 B4R YE % DeepSpaceDB I2 X > T X VG52 & 2 HIFL
TWab,

ZHBIUOHE-ME N A7) T NI AT BT AMBEBRFHNORELZR L4 57:
ODNAFA LT HT A7 AFEERFE L0 ST AMBOER N Y A2 ) T M7 2304
YTNVERHT L, R ER L EOLEMDHE Y A — Y a Y EBETFRIICED L) B E 525
PEWLNPI L. 72, R L7237 VAR IIC CD169+ v 7 0 7 7 — V% ) Y3 b
bR L, YAV EDOER ATy Tty el e, ZHM NI VAT NIV AT %
7R D22 28 5 — UFFTIC & > TH S 512 L7z (Maeshima et al., EBioMedicine, 2024) o

NIAF VY TRIGTFBIOY V2 74 Y —#ETOIT7RE—5 —BIIBT 5 4fulk
FHAEH OFFHT R, SARS-CoV-2 &G0 3 % < 7 A DU EREERI O ZAL OFRFT IZE K L 72,

Fig. 2. (A) The number of human

A t';';,ﬁ Condition C o~ les in D S DB f
s of by - B ety s Ttr _ samples in DeepSpace or
kidney Il Cancer . o ! a selection of tissues and
jiver B Respiratary system disease @
et B Cardiovascular system disease £
spnal cora %urma,ws,mdlsme g organs. Colors represent
large intesti Parasitic infection disease = | it - 3
arge intestine Bl imrmane systom diseace @ conditions. (B-D) Illustration
TRICS ] chromosomal disease @ . .
stomaen Etenlral nervous system disease & Camk2n1 of a tool in DeepSpaceDB.
thyris Viral infection disease L
O 25 5 75 100125150 [[]Other Users can manually select
Sample count Expression in region 1 regions of interest, such as

. . ) . different regions in the
B Selection of regions of interest D Expression of Camk2n1 . .
mouse brain (B) and inspect
the gene expression patterns
in the selected regions (C).
We can confirm that gene
Camk2nl has a high

expression in region 1

compared to region 2.
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1) GPCR-independent activation mechanism of trimeric G protein G a 13 by a 1-antitrypsin C-terminal
peptide.

a 1-antitrypsin (AAT), the SERPINA family of protease inhibitor, is an anti-inflammatory protein whose
blood levels increase during inflammation. The carboxyl terminus of AAT is cleaved by various proteases
which results in producing AAT-C-terminal peptides of 20-40 amino acids length. We previously reported that
AAT-C-terminal peptides (hereafter mAAT-C1-35) from mouse act to enhance tight junctions via G a 13 of
heterotrimeric G proteins. In this study, we analyzed the regulatory mechanism of G a 13 by mAAT-C1-35.
First, mAAT-C1-35 binds directly to GDP-bound G a 13 via its N-terminal region (mAAT-C1-17) and
promote the interaction between G a 13/GDP and its effector protein (p115-RhoGEF). A series of deletion-
type and alanine-scanning analyses identified the minimal functional region and essential amino acid residues
of mAAT-C1-17. Molecular dynamics (MD) simulations of the complex structure of G a 13/GDP and
mAAT-C1-17 showed that the binding of mAAT-C1-17 near the switch region of G a 13 stabilizes the switch
II and III regions and maintains the active conformation of G a 13 (Fig. 1) (Park, et al., J. Biol. Chem, 2025).
The present study reveals that AAT-C-terminal peptides activate G-protein signaling in a G-protein-coupled

receptor-independent manner, which is expected to help elucidate the mechanisms of AAT-mediated diseases.

2) Bioinformatics analysis of spatial and single-cell data (Vandenbon Group)

Spatial transcriptomics technology allows researchers to study the spatial organization of cells within
tissues. However, this technology is expensive, and the resulting data is complex. To make spatial
transcriptomics data more accessible to researchers, we have constructed DeepSpaceDB (www.
DeepSpaceDB.com), a database for spatial transcriptomics samples (Honcharuk et al., bioRxiv, 2025;
Vandenbon and Takemoto, FZERPE4~ |, 2025). As of March 2025, DeepSpaceDB includes 1,674 samples of
the 10X Genomics Visium platform, covering a wide variety of human and mouse tissues under various
conditions (Figure 1A). The database also includes a variety of tools for exploring samples. As an example,
one tool allows users to interactively select regions of interest within a sample with the mouse cursor and
compare the gene expression patterns within the selected regions (Figure 1B-D). We are also collecting
samples of the 10X Genomics Xenium platform.

In other projects related to spatial transcriptomics, Hongyi Zhao (&% 5A%% ; M2) is analyzing how liver
zonation is affected by conditions such as cancer. Afeefa Zainab is constructing a bioinformatics approach for
improving cell type predictions. We also contributed to the analysis of CD169+ macrophages in metastatic

lymph nodes of breast cancer patients (Maeshima et al., EBioMedicine, 2024) .
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1) ALZERISRICIE T 2 B O 5 BLOGEY]
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T 5% 510X, B3RS S ki theorem.

_76_



WEDFAET B BVMEZ B0 BELREDNNT A= DL LT, ZILL W28 1
DTHAAEY 2 ¥ AT Jd, BRI ETAET 20 CORBIZLY Ay PT =2 OffEEL,
VAT ADIRBFENE OBRE, TR ON, 2oL, NTF X =71k
T 2R OB ORDL, 2y NI =27 Ol EZ FHT 5 (BRI AL) 2 &HEM
BICURETH B T DFFSEIE. Phyisical Review Research a& I S L7z,

2) XA V7 ¥ SSA DRFE

LA FAFER, BURFHRIIBIT 2 BERBENE LTEH SN TWwS, b FERED
FHEREENCBWT, BESDOT v FLFal—Yay /¥y ¥ al—3 g JI20ED RER
DEAL, THbbBEEIICHT LY AT A0REETFMT LI LA THS, ThFEFTIE
Fald, SRy M7 —27 OREEERE OAD SRERERISN T 5 2 EInE % T3 5 FE,
WEIRENT (SSA) R L CT&7. LAL, Utk vy b7 —2 OO AN ST, BN RIE
BB BCTT B IC3ATILHERH ). THIEINA FAEESHICBIT 5 EEN 2 RETH -
720 COHEERRRT D720, FA L SSA #HME L712RA V7 V#EFE TV TdH % BayesianSSA
% (%6 L72. BayesianSSA (3. B0 DB % BEBi TR S N7 EEL 7 — % 2 H BEEEH 2 Hili L. SSA
TN EEMICHET 5,

Escherichia coli D YLACHEHE DB T — 7 L FET—FIZXAL V7 ¥ SSA Z W L /o450, il
T — & A S NBEERE PRI EICHETE LI Loz, EHIT. R4 TT ¥
SSA THEE SN F8 0 13, RO can s BoGE2NsEs & LTRSS -0
MORERE L BT oD 2 LRI NIz, XA VT ¥ SSA LN A A HEE T 0 X &2
L. COGTOMBIZEHKT 5 LEZTW5D,

3) kkA R EmBIGAI T 2 BERIRIZE
TOMIZ S KOO BRI % BB L, EBAEYFE &R 2T BEETVIZX
%Vl & FEERMGIELC & 2 #2672,

We study biological phenomena using theoretical methods, including mathematical and computational
analyses. By theoretical approaches, we obtain integrative understandings for complex systems, and identify

fundamental mechanisms of biological functions of them.

1) Inverse theorem for the Law of Localization

We have previously shown theoretically that in chemical reaction systems, a substructure of a network can
function as a regulatory module simply by satisfying certain topological conditions. When a substructure I°
of a chemical reaction system satisfies the condition formula: x(I"):= (number of molecules) - (number of
reactions) + (number of cycles) - (number of conserved quantities) = 0, it becomes a “buffering structure”,

and it has been mathematically proven that changes in parameters (such as enzyme activity) within the
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structure only affect the molecular concentration and reaction rate within the structure in the steady state, and
do not affect external molecules or reactions. This theorem is called the “law of localization” and is attracting
a great attention as a fundamental law governing the behavior of chemical reaction systems. In actual
intracellular reaction networks, there may be multiple buffering structures that act as units of functional
regulation.

In this study, we have mathematically shown that the inverse of this theorem is true. In other words, if the
effects of parameter changes are localized to a part of the reaction network, then there always exists a
corresponding buffering structure. This theorem establishes a one-to-one relationship between the structure of
the network and its behavior. In addition, this theorem makes it possible in principle to predict (reduce the
number of candidates for) the structure of a network based solely on observations of its behavior in response

to parameter changes. This research was published in Physical Review Research.

2) Inverse theorem for the Law of Localization

Chemical bioproduction has attracted attention as a key technology in a decarbonized society. In
computational design for chemical bioproduction, it is necessary to predict changes in metabolic fluxes when
up-/down-regulating enzymatic reactions, that is, responses of the system to enzyme perturbations. We have
previously developed Structural sensitivity analysis (SSA), by which we can predict qualitative responses to
enzyme perturbations based on the structural information of the reaction network alone. However, there are
some cases, where qualitative responses cannot be uniquely determined only from information of network
structure. That has been a practical issue in bioproduction applications. To address this, in this study, we
developed BayesianSSA, a Bayesian statistical model based on SSA. BayesianSSA extracts environmental
information from perturbation datasets collected in environments of interest and integrates it into SSA
predictions.

We applied BayesianSSA to synthetic and real datasets of the central metabolic pathway of Escherichia
coli. Our result demonstrates that BayesianSSA can successfully integrate environmental information
extracted from perturbation data into SSA predictions. In addition, the posterior distribution estimated by
BayesianSSA can be associated with the known pathway reported to enhance succinate export flux in
previous studies. We believe that BayesianSSA will accelerate the chemical bioproduction process and

contribute to advancements in the field.
3) Mathematical studies for biological phenomena

We studied some biological phenomena using mathematical modeling by collaborating experimental

biologists.
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T ELTHIRZT 5> T b, HBIZFNTED E 5 742 BB, F I —HIa@pTHlr & o
A D EERNET —~ & LTw5,

AIEFEIXL You Yujin S ADRZEMIER R AR BB LIRS AL, M2 R L7z, T72. W
GHRBES ADZEEE L THTIITb 5 72,

AR, BAFFEE CTHIFE L7z CRISPR A7) —= » Fihiafliv, WEN Y F v — & OIHFEFIE
THED T & 7B ATBIRIER) CDK12 OFHEAI OIS, 72, CDKI2 FEKRZEICHET 2T
[, F7-FOMMNE2ED, e & F 572,

CDKI12 & ZDi#%® CDKI13 IZHRGHIEIZE 595 CDK T, RNA AR 2 7 —E T D C K K X
4> (CTD) IZHBH 77 I /WY ELES D 2FH D) » (S2) 2 V{bd %, CTD DY)
YERALIE. CDK7T S5 FHDO ) %) Vb T A5 ZETRNARY A F—EIHATBE—F—T
IR H B HEARIRREIC. CDK9 2882 &) Y R{L§ 5 2 & TIREMEDIIHEZ 5, CDKI2/1312L - T
CTD D 23S HIZBEASINS Z LT, WBEMENMFREING, Lo T, FICRVWERTDOIREIZ
CDKI2/1312& % S22V VB LIZEE T, CDKI12/13 #[HET 5 & 2D X ) RBE{E T OIEEIMET
3 5. DNABHICE D 5@ (B 21X BRCAL, BRCA2, ATM, WRN, BLM) \3# iz T EA2E L.
CDK12/13 P & 1) B R B BUK T 25380 5 1L DNA 5 O BE BT 5. Z D72 PARPI [
EHHE OEWRBICOFENTRTH ), BUEHHEE L L TR S TWw 5 PARPI BHEAIED
MR LTHIEE SN TV 5,

B2 TEBTEFLOS AN DA 2 TR IC 2 D CDK12/13 FEERI OB & D, V7 1) — T v
A LA L XV TO CDK12/13 F F — Bt fHE K OSHIfa B B EEE. £ 720 BTV C
EWHUEER) BR2 R TR TS R RIS 5 2 LRI L7z S TIZES A CDKI12/13 FH
EHOBFEIAT DN T VLD, BN REEOREIMZ 2 WER N+~ —H— DT R,
FAARIIED AT BV TIZ, HER2 IZ3EH$ % CDKI12 %% co-amplify 3 2 HEFIASH 5 1L CDKI12 2%
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HREHT D, 20X ) RIERICE LTI CDKI2 DEN—EREMNREZRTETIHELD S
A5 A4 D CDKI12/13 BHER % > 7225 AMII S 41OV EREBR Tl MBI R ok o7 2O
L) HERMS CRISPR A2 ) —= 712 & ) #@FEWIC CDK12/13 FEAIES S B b 5 R %
L. BHHECEZEITCERA I = XL, T/ M A~ —h—L LToIsHEZHETZ L &

L7

¥ 9°. CRISPR-activation A 7 1) — =¥ 7 &7\, FEB AT LD CDKI12/13 FHEH Sz~ 2
ZRZTHRFZRE L7z, MakkE LTRY IR T 4 TADB AR Z V720 fE55, $i7 K
F =Y ARF OB EFICE ) BT $ 5 &L OREIE SNz ZORRIZ TR —23
Z W OMfAS CDK12/13 ER OEKZEZTLE S LT L2 BKRT L7720, 7R =Y 2T
W23 B BHER] & CDK12/13 BLEH] O ZE 512 X 2 U iG T % Mk L 7z. CDK12/13 B #l
MTIZ. HHWERETT R b= AT X HMIIHAETTAE L 24 FEF DL L OIS EIT, 48 G LA
BECHRRICE W T R b=V AWBE SN ze TORESMIC, JLT7 R =Y AW TR 5 HEHR %
WIN3 % & PREHAG 4 REEIC7 R b= AHFE SN, SR F TIZIZIZTETOMBIAIER L 720
COIEFIZHENWT RN =3 ADFHEIL BAK/BAX O _EEARCTHIEI N2 5, I ha v Y
TRETOT RN = ADTLHEITR EN72. CDKI2/13 FERLBEEZOFE R BCL2 77 3 — %
X EDOFB BN LR, A2 ) == I CTHE LZUAOP T B b — 2 ZAWTOFRBKT
AR S, FEH HERBIC L ) ETOPRT R b= ARBEOER AT SR I N TEHER T R
=Y ADFEIRI 5 TWEIERHLNE 572,

CDK12/13 [HEFIZIENDENHE TH ). EHT R b — Y AWE S 37 HOREREHIENIC
532 L 13E 212 v, £Z T, RNA-seq (2 & ) CDKI12/13 LED MIT TGO B % AT L
720 BEHGE D k4 o CDK12/13 EHITH RVEIAF CIEBE 2 8BIHAEEZ TB ), K A
A bo ERMA~OBEI X 2 EYOESIL R INT, —F, HBVWEETFTEL LA
BEIGH#E L T A IS S, S2 ) YERALOIHIC X 2B L AR Y A SO RT3
b7z, TR, PLT7 R b — Y ABETFOREENORER Tu Ly v I B E 2. BN
TG RIITTHET 5 S OO, WG FEY) O A 2580 S v, Mg 2B v Tk mRNA = 29K
TLTW,

Dibdo, Pi7 R b= ARFRHER & CDKI12 BERIOPEH X, CDK12/13 FHEDHHFRE S
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This year, our laboratory successfully concluded a collaborative research project with a pharmaceutical
start-up, focusing on the development of a novel anti-cancer therapeutic target, CDK12. Utilizing a CRISPR
screening method developed in-house, we advanced the development of a CDK 12 inhibitor, identified factors
related to CDK 12 inhibitor sensitivity, and analyzed their mechanisms.

CDK12 and its close homolog, CDK 13, are cyclin-dependent kinases (CDKs) involved in transcriptional
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regulation. They phosphorylate the second serine (S2) within the heptapeptide repeat sequence of the
C-terminal domain (CTD) of RNA Polymerase II. Phosphorylation of the CTD initiates and maintains
transcription: CDK7 phosphorylates the fifth serine (S5) to prepare RNA polymerase Il for transcription
initiation at the promoter, and CDK9 phosphorylates S2 to enable transcriptional elongation. The S2
phosphorylation by CDK12/13 further promotes and sustains this elongation. Consequently, S2
phosphorylation by CDK12/13 is particularly crucial for the transcription of long genes. Inhibition of
CDK12/13 leads to a significant decrease in the transcription of such genes. Genes involved in DNA repair,
such as BRCA1, BRCA2, ATM, WRN, and BLM, are typically long. Their expression is markedly reduced upon
CDK12/13 inhibition, leading to a failure in DNA damage repair. This makes it possible to induce synthetic
lethality with PARP1 inhibitors, a strategy that is gaining attention as a way to overcome resistance to
currently approved PARP1 inhibitors.

We focused on treating intractable breast and ovarian cancers and successfully created a small molecule
compound with high anti-tumor efficacy in animal models. This compound demonstrated potent inhibitory
activity against CDK12/13 kinase in both cell-free assays and cellular contexts, along with significant cell
growth inhibition. While several CDK12/13 inhibitors have been developed previously, no clear biomarkers
for patient selection have been reported. Some studies have noted that CDK12 is co-amplified with HER2 in
certain cases of breast and ovarian cancer, and that inhibiting CDK12 may be effective in these patients.
However, our comprehensive cancer cell panel screening using our CDK12/13 inhibitor showed no clear
correlation. Based on this, we decided to use CRISPR screening to comprehensively explore factors affecting
CDK12/13 inhibitor sensitivity, aiming to analyze the mechanisms of drug resistance and enhanced
sensitivity, and to identify potential biomarkers.

Initially, we performed a CRISPR-activation (CRISPR-a) screen to identify factors that, upon upregulation,
influence sensitivity to the CDK12/13 inhibitor. We used a triple-negative breast cancer cell line for this
screen. The results indicated that the upregulation of anti-apoptotic factors reduces sensitivity. This finding
suggested that inhibiting anti-apoptotic factors could enhance the sensitivity to CDK12/13 inhibitors. To test
this hypothesis, we examined the anti-proliferative effects of a dual-agent treatment combining our
CDK12/13 inhibitor with an inhibitor of anti-apoptotic factors.

With the CDK12/13 inhibitor alone, a specific concentration required more than 24 hours of treatment to
induce significant apoptotic cell death, with especially high levels observed after 48 hours. However, when an
anti-apoptotic factor inhibitor was added at this concentration, apoptosis was induced as early as 4 hours after
treatment, leading to the death of nearly all cells by 8 hours. This rapid induction of apoptosis was prevented
by a double mutation in BAK/BAYX, indicating that the enhanced apoptosis occurs through the mitochondrial
pathway. Analysis of major BCL2 family protein expression after CDK12/13 inhibitor treatment revealed a
decrease in the expression of anti-apoptotic factors other than those identified in our initial screen. This
suggests that the dual treatment simultaneously blocks all anti-apoptotic pathways, leading to the rapid
induction of apoptosis.

Given that CDK12/13 inhibition primarily affects transcription, it is unlikely to directly influence the post-
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translational regulation of apoptosis-related proteins. Therefore, we used RNA-seq to analyze the
transcriptional impact of CDK12/13 inhibition. As previously reported, our CDK12/13 inhibitor caused a
notable reduction in the expression of long genes. We also observed a shift of polyadenylation sites to
upstream regions, resulting in truncated transcripts. Conversely, transcription of shorter genes tended to be
upregulated. This phenomenon appears to be linked to a decrease in the efficiency of transcriptional
termination and polyadenylation due to the suppression of S2 phosphorylation.

Consequently, the post-transcriptional processing of anti-apoptotic gene transcripts was affected. Although
their transcription was upregulated in the nucleus, the production of mature transcripts was suppressed,
leading to a decrease in mRNA levels in the cytoplasm.

In summary, the combined use of an anti-apoptotic factor inhibitor with a CDK12 inhibitor is a promising
therapeutic strategy for enhancing the anti-tumor effects of CDK12/13 inhibition. Although potential toxicity
is a concern, we successfully confirmed the anti-tumor effect at a well-tolerated dose in a mouse xenograft

model. These results warrant further development of this promising therapeutic approach.
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The long-term goal of the research programs in the Ito laboratory is to elucidate the mechanisms and
regulation of cell fate decisions in the biology of stem cells and cancer. Stem cells have a remarkable ability
to self-renew, but it is a double-edged sword; while self-renewal promotes tissue repair and regeneration, it
can also be a target of malignant transformation leading to 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
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understood whether such metabolic changes directly regulate development and progression in hematologic
malignancies. Our research has revealed that altered branched-chain amino acid (BCAA) metabolism
regulates chronic myeloid leukemia (CML). BCAT1, a cytosolic aminotransferase for the branched-chain
amino acids (BCAAs), is aberrantly activated during CML progression and mediates BCAA production in
leukemia cells through transamination of the branched-chain keto acids. Blocking the expression or
enzymatic activity of BCAT1 induces cellular differentiation and significantly impairs the propagation of
blast crisis CML (BC-CML) both in vitro and in vivo. In an attempt to understand underlying molecular
mechanisms, we have been collaborating with the Edison lab of the University of Georgia and the Kaji lab of
the Institute for Chemical Research at Kyoto University to develop a new technique that allow us to monitor
the conversion of BCKAs to BCAAs in realtime in live cancer cells. We continue to investigate how the
intracellular BCAA metabolism alters stem cell signals in hematologic and other human malignancies with

the hope that our research can help develop a new therapeutic strategy to treat human cancer.

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

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

mechanisms of stem cell maintenance for these factors.
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Breast cancer regulation by branched-chain amino acids

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

breast cancers.

Defining contribution of neural system in leukemia

Leukemia is hematologic malignancy initiated by recurrent genetic alterations. Although the prognosis of
subtypes with specific gene mutations has improved with the development of molecular targeted therapy, the
S-year relative survival rate of leukemia remains at around 44% because of the treatment resistance.
Elucidation of the disease stage transition mechanism and cancer stem cell maintenance mechanism in the
bone marrow microenvironment is also important in terms of treatment method development. This study
focuses on the neural system in the bone marrow and proposes a model of bone marrow microenvironment
regulation that adds the neural system to the hematopoietic system, which is fundamental to this mechanism.
By applying this model to leukemia pathophysiology and conducting a systematic analysis of hematopoietic
and neural systems, we will elucidate the leukemia pathophysiology and the control mechanism of bone
marrow microenvironment produced by the brain-bone marrow networks. This year, the dynamics of bone
marrow innervation in leukemic mice were histologically analyzed. We are also working on monitoring
neural activity in the brain using a newly introduced mouse strain. Additionally, we plan to use tissue clearing

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

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

1) Mathematical Modeling of Internal Models Underlying Cognitive Impairments in an Alzheimer’s
Disease (AD) Mouse Model

We developed a methodology for mathematically modeling internal models in animal models of
neurodegenerative diseases using a structure learning model, with the aim of enabling early detection of
pathological changes. Alzheimer's disease (AD) , the leading cause of dementia, may be alleviated through
early detection and intervention. However, assessing subtle cognitive changes during the early stages of AD
remains challenging. Computational modeling is a promising approach to explain the generative processes
underlying such subtle behavioral changes by incorporating multiple hypothetical variables. Nevertheless,
internal models representing the patient’s reasoning process have not been sufficiently investigated in the
context of AD. Clarifying the internal model states that lie between measurable pathological conditions and
observable behavioral phenotypes may advance our understanding of the generative processes involved in
early disease stages beyond what can be assessed through behavior alone.

In this study, we assumed a latent cause model as the internal model and estimated the internal states—
defined by the model parameters—in conjunction with observable behavioral phenotypes. We subjected 6-
and 12-month-old App™-%* knock-in AD model mice and age-matched control mice to a memory
modification learning task consisting of classical fear conditioning, extinction, and reinstatement. As a result,
the App™-°F mice exhibited a significantly lower level of fear memory reinstatement compared to controls.
Computational modeling suggested that this cognitive impairment may be due to biased internal states in
App™-6F mice—either toward overgeneralization or over-differentiation of observed information—Ileading to
failure in retaining competing memories.

This behavioral abnormality was also replicated in a reversal learning version of the Barnes maze task.
After reversal learning, the App™-“" mice, when provided with spatial cues, showed difficulty in inferring

coexisting memories for the two goal locations during the trial. Based on these findings, we concluded that

_92_



the altered internal states in App™-“" mice led to misclassification processes in memory modification
learning. This novel approach highlights the utility of investigating internal states to accurately assess
cognitive changes in the early stages of AD and to multidimensionally evaluate how early interventions may

exert their effects.

List of Publications
Mei-Lun Huang, *Suzuki, Y., Sasaguri, H., Saito, T., Saido, T.C., *Imayoshi,l. (2025) Misclassification in
memory modification in AppNL-G-F knock-in mouse model of Alzheimer's disease. eLife (Reviewed

preprint, revised) https://doi.org/10.7554/eLife.105347.1
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ARIHFCId, MR RS IZ U TR 2 R aE 2 BIZE T B DA P & v ) BB Z= RV ik L
Ty KT AT 2 OFERENTH MO M B2 2 5 1 M2z fET A2 LT 1
ML 2> S BRI D 72 2 SRR 72 L HR DB 2 HIG L T\ %o 2024 AEFEIZ BT AT
HEE 4 I 7 ADOKBUBERIREEHINE OB 2 #ED, 22/ b T Y A7 ) 7 b — 2T W% e M fim d Al
WAEWREICT A~ A 7 aifhky —7 » ZHB) Y X7 A MiSA (microfluidic sequence automation) % [
FEL7zo T2 MIERE L BRI OME N % T HEIC T 5 opto-combinatorial index {2 % F % L
720 S5 NFMIHEBEE T O A AN O PR & B AR I3 2 KB EAT 1T 58 7 MECH-seq

(micro-mechanical environmental cytometry with hydrogel-beads and sequencing) % Bi%¢ L 72,

1) EERARNEEZEBT <4 7 aiifky —7 Y AHB Y AT A MiSA OB%
R IE L0 LT LA RSB W T, FER Ultra siow flow
O HEAL & FEBL3 2 Mg A s B 255K 0 5 T i
bo Faid, ST ST REFRISNIBREL A —T >V —
ADIA 7 aiky —r Y AHBLY AT 4 (MiSA) %
PHFE L 720 MiSA 13, JENITHED K 7 4 — FoNy 7§l
Ko T—EDiEZMER L. 10 7 v F )V O Fi A
Ry BNV T OEEB PN X % B Z A Hl AN k) e
59 %0 KA ZZDOMISAZ T ZENATY 5 A £ — Fig. 1. MiSA for diverse applications
Va il o L insiu v —r v 7 OHBMLE HEIEL
720 EBIC. 2 RMOIENHNE Z 7ot — 7 Vv — Tl m bl AN ORI X 0 . fINEIE AR &
LIl A. 7E4RY V37 O~ 4 7 afifk#ik. Cryo-EM (cryo-electron microscopy) Bi%E0D 7z
DY 2T ER ORI & Vo eSO HIIZHEMRETH S Z & 2R L7 (Fig. 1o

2) HIRIBRE & AL T IBLOM A ENT Z WHEIC S 5 opto-combinatorial index {2 D35

ML DL HPEDIERTIZ BTy 1 MIEER BT (scRNA-seq) & BHMEEBIZIITIE D 5 b5
B THETHY ., TNEFNEEDPOMHEN 2 mRNA ZEBUIERE . BEBRRAEERE o 7214
WZafEmEiRIEd 5, AIZINE TS, MldE mRNA 2T 21 Farrve—xzheh
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ML VF T Ly 7 2N 2 8L L 720 B, Z OHLR L 72 opto-combinatorial index % % T,
CDK4/6 FLEANC & o THE S 2 oS A M ORI FE WS 112 31 2 Ml A3 — Pk 551 4 A
r— FOENT 2 DTV 5,

3) JI b O KBIES#NT 2 92819 5 MECH-seq DB %E

ETOMBBIIHIET 2 B2, RO M S FN R %2 2T 5, T E TORITIIE
5 IR DD AMINE 2 ARARIREE IS U GHIRPUE ORI G-9 5 2 EAVRE IR TW»
%o L L, JIFNBREEDDS AR O IRBEER 12 ] T 3508 % 5 = I A D MEFER LT 3 % T
INFETHEL LD o720 £ 2Ty JFEMIE T O AL OMEIR & B AR T-FEBL O KB 2 fif bt %
FEB 572012, MECH-seq EZ2 BFE L 720 AT, BEEN O um D7 A0 — AN v —X
WIZHS AR Z | Ml ONE T 5 2 & THREWBUNRSE Z R %0 Ml VN THGES %
WZONTHREDSHIIM L. S TRBO S VIC X ) DFEIERE 2T %, THAE— A7 V%24
INE—=ZALT 5 2 & T, WEBOMBBIZH 5 H AR KBEDO LTI R 2w, KEEPRERZ L
Vo 2R ER DN OB LR T 5, KT AT A1E, 70—H% 4 A M) —Z w72k
MR I 2 1 A& R IS BUAT S W HEIC T 50 MECH-seq % & 225 Al Ia#k MCF7
WA L. D3I & o TIRIRIREENRAT 55 S EAVRIBE S N7z RFFITL D HSAMINEAS
NFBEREZ AL, IRIRIREANRAT T 2 O %2 B,

Our laboratory aims to develop various approaches to profile the state of single cells, the fundamental units of
life, for understanding how a group of heterogenous cells can create organized biological systems. We here

introduce our achievements in FY 2024.

1) Development of MiSA: an open-source microfluidic sequence automation system for multiplexed
ultralow-volume fluid control

Multiplexed fluid control is a demanding task in various life sciences and bioengineering research. We have

developed an open-source microfluidic sequence automation (MiSA ) that offers flexible and multiplexed fluid

control for various applications, providing a constant flow rate via pressure-based feedback control with 10-

plex capability and transient flow by rapidly opening and closing pressure valves. MiSA is self-contained,

including a pressure source, and employs an Arduino Micro to integrate ten solenoid valves, an off-the-shelf
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pressure regulator, and a flow sensor to balance cost and reliability. We have demonstrated the practical use of
MiSA for multiplexed chemical reactions by performing the hybridization-based in sifu sequencing. To
demonstrate the flexibility of MiSA, we have also demonstrated the extensions of our system for two
pressure regulations under open-loop control in the flow rate by demonstrating three independent applications
for droplet generation, microfluidic spinning of spider silk fiber, and atomization of protein solution. We
envision that this open source will offer resources for researchers to quickly explore microfluidic applications

with an affordable investment.

2) Expanding the capacity of opto-combinatorial indexing for multimodal single-cell analysis

Single-cell RNA sequencing (scRNA-seq) and image-based phenotyping offer complementary insights
into cellular heterogeneity: scRNA-seq provides quantitative, genome-wide mRNA expression profiles,
whereas imaging reveals detailed morphological features and spatial context. To bridge these modalities, we
previously developed an opto-combinatorial indexing strategy that connects image-derived phenotypes with
transcriptomic data. This approach employs a dual coding system—comprising fluorescent and DNA
barcode-based indices—to label both individual cells and mRNA-capturing hydrogel beads, enabling robust
phenotype-transcriptome linkage (Tsuchida et al., Lab Chip, 2024).

In FY2024, we expanded the fluorescence channels to enable multi-target detection and enhanced
multiplexing by spectrally unmixing signals from fluorescent proteins and color codes. The updated method
allows simultaneous tracking of two fluorescent proteins indicative of cell cycle states, along with
identification of 16 distinct color codes assigned to individual cells. Additionally, we increased the number of
bead-associated color codes from 16 to 64 by implementing a multilayer decoding system, thereby enabling
multiplexed analysis of up to 1,024 cells in a single assay. We applied this extended platform to dissect the
molecular cascade underlying cell-to-cell heterogeneity during CDK4/6 inhibitor—induced cell cycle arrest in

breast cancer cells.

3) Development of MECH-seq: a platform for large-scale profiling of mechanically confined cancer cells

During proliferation, cancer cells are mechanically confined by neighboring cells and surrounding tissues.
Prior studies suggest that such confinement can induce cellular dormancy, a state associated with therapeutic
resistance. However, methods to quantitatively and comprehensively assess how the mechanical
microenvironment drives cell state transitions have been lacking. To address this, we developed MECH-seq, a
platform for high-throughput phenotypic and transcriptomic profiling of mechanically confined cancer cells.

In MECH-seq, individual cancer cells are encapsulated in ~90 um agarose microbeads using a microfluidic
device. As cells proliferate within the beads, they expand against the surrounding gel matrix, simulating
mechanical compression. The miniaturized and uniform gel architecture allows efficient gas and nutrient
exchange, thereby isolating the effects of mechanical confinement from confounding factors such as hypoxia
or nutrient deprivation.

This system supports both large-scale phenotypic screening via flow cytometry and single-cell gene
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expression profiling under well-defined mechanical constraints. Applying MECH-seq to the human breast
cancer cell line MCF7 revealed gene expression signatures consistent with dormancy induction under
confinement. MECH-seq thus provides a robust framework to dissect how cancer cells sense mechanical cues

and how these cues influence their transition into a dormant state.
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R TIE, BIEB LR A A = XL 2B L T, BREAEMEN 2/ LTS 2 Hl#H§
B2HEOHEZHIELTWwb, A2 HIEINE TS, #HE Caenorhabditis elegans X< 7 A % €T )V
e LT, BIEMAEDE LB EOMEEHOA =X LD—4xH O L TE 72, BNMEE
ERIEZHEL ) 5V — Ve LTHBNNTH S, FA7HiE, THIEER 7 0 —XT7 vy 7F3hb 2
EDLZCKRIBWOHIZ, FIEVET A NI A ¥ OFEIHNRGVEZ R T HERESH 5 2 L2 L Tw»
Bo IHIT, BILEBERICEDLI P FYTICEHLT S Py FYTHEREA AV VT
T2LHEORMFER. I bay FY 7R LT L4 2 FREOMEICLFy Ly YL Tw
%o

1) D EEAEEREREIC X 2 RIEEY A4 b A4 > Ik o ]

INFETIE, ARTHIEOHEHNE DO —2L LTEZLNTW LA KRIEGE (Diffusely
Adherent E. coli, DAEC) S FHHERE 2T TR IEREENS D DEESNL 2 L, REKLEZFRT
BRI Tl L BRI 2 BMRDAFIET A 2 L 25 A L7z RIEFIHIRRD 1 D TH 5 SK1144
(. O RIEINHIGEDF B
NTW5bHZ END, RifET
I SK1144 #k & Wb ISR %
HEDTWD, B/ v T 500
7 b B X OHEIEED? S, VI
R B ORI Y v 3o
HO—>Th), =727
7y — L LTOMRED LS 200 +
NTw5 Hep & i —>
ELTREBLTWA (Fig. 1)

600 r *+

The hep knockout  Phenotypic rescue by the
attenuates IL-8 hecp complementation
suppression.

400 r

300 r

IL-8 (pg/ml)

100 r

Hep OMIZ b KF- 234 S 0
= SK1144
5728, SK1144 12 b5 ¥ A :
flagellin SK1144
KV Y Tns &7 ¥ F LT (400 ng/mi) Ahcp
AL7ERET AT % Phep
TERLL . SIEHPHIBERE & 22k Fig. 1. Loss of IL-8 suppressive ability of Hcp gene mutant strain.
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ELTHHMICHRR SNLWRILEDLD 5. )7, 6T/ 74 YV E Y FOBBIRNANDEAIZIZ,
HIAFXET) =%V 704 D273 a VefTHIUERDY, &BH A A—V v FEH
DREREL 72 5 T /zo AHFFETIE, LT/ ¥4 VE S FE2RLIWICHRS LT, SERN 2RI
DAZEDLFEOMLZ HIEL T £3, LMl RIERILE: ;7 hi¥ (SPION) & M7=
Ziro7z. OB, IEIZHTE L 72 SPION T HAOIY AR AN Lg% 2 & 2 9EREL /-
(Zou et al. 2024 Chemosphere) (Fig. 2) o

IONS-PG-050, IONS-PG-COO- IONS-PG-NH,*
pKa -3 5 11

L4-Adult

—

Fig. 2. IONS-PG-NH,* were accumulated in C. elegans.

We are studying the mechanisms of aging and infection, and how to control them via food and microbiota.
We have elucidated the mechanisms of the interaction between the microbiota and the host using
Caenorhabditis elegans and mice as model organisms. The gut microbiota is also attractive as a tool to
potentially control inflammation. In recent years, inflammatory bowel disease has been on the rise, and we
have found that some strains of Escherichia coli, which are often highlighted for their diarrheagenic
properties, show inhibitory activity in the induction of inflammatory cytokines. We are also focusing on
mitochondria, which are closely related to aging. We are challenging the development of methods for

imaging mitochondrial activity and developing methods to extend lifespan by targeting mitochondria.
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1) Mechanism of inflammatory cytokine suppression by diffusely adherent E. coli, DAEC

We have discovered that Diffusely Adherent E. coli (DAEC), which is thought to be one of the causative
agents of childhood diarrhea, can be isolated not only from diarrhea patients but also from healthy
individuals, and that there are not only strains that induce inflammatory responses but also those that suppress
them. Since SK1144, one of the inflammation-suppressing strains, is particularly superior in its ability to
suppress inflammation, this study focuses on the SK1144 strain. From gene knockout and complementation
experiments, we have found Hep, which is one of the component proteins of the type VI secretion system and
has been reported to function as an effector, as one of the candidates. Since other factors besides Hcp were
assumed, a library of mutant strains was generated by randomly inserting transposon Tn5 into SK1144 and
screened for mutants with loss of inflammation suppression function. We screened mutants with loss of
inflammatory suppressive function from the transposon Tn5 insertion mutant library. As a result, we obtained
15 strains with complete loss of inflammation suppressor function. We determined the transposon insertion

sites and succeeded in identifying a group of genes involved in inflammation suppression.

2) Development of basic technology for visualization of mitochondrial activity

One of the important targets for anti-aging is the mitochondrial quality control mechanism. The number of
damaged mitochondria increases with age, and one of the causes of this increase is thought to be a decline in
mitophagy function. Therefore, the development of methods to maintain and improve mitochondrial quality
could be a strategy for controlling aging that can be extrapolated to humans. We have developed an in vivo
local temperature measurement technique using fluorescent nanodiamonds, and for the first time in the world,
mitochondrial heat generation in living C. elegans was captured in real time (Fujiwara et al. 2020 Science
Advances) . Thus, there is a possibility that mitochondrial activity can be physically captured as local heat
generation. On the other hand, the introduction of fluorescent nanodiamonds into the nematode body requires
microinjection using a glass capillary, which has been a barrier to the realization of whole-body imaging. In
this study, we first investigated the use of inexpensive superparamagnetic iron oxide nanoparticles (SPION)
to establish a method to orally administration of fluorescent nanodiamonds. As a result, the charged SPIONs

improved the efficiency of uptake into C. elegans (Zou et al. 2024 Chemosphere) (Fig. 2).
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Fig. 1. Analysis of the roles of PIEZO1/2-mediated mechanosensation
among organs
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This laboratory aims to elucidate the physiological roles of mechanosensation among organs. In 2024, we
revealed the role of mechanosensitive ion channel PIEZO1 as a controller of mode of cell migration during

cerebellum development.

1) Elucidation of the role of mechanosensor channel PIEZO1 during migration of cerebellar granule
cells.

During embryonic and postnatal developing stages, tissue morphology often changes a lot. In many cases,
the ordered cell migration is associated with tissue morphological changes. We hypothesized that the
mechanism of cellular mechanosensation may contribute to such ordered migration. We checked expression
pattern of PIEZO1/2 in many developing tissues, and found that PIEZO1 is highly expressed in the cerebellar
granule cells. Through collaborative research, it is revealed that activation of PIEZO1 happened in the
granule cells during migration, inducing calcium influx in the soma triggers the PKC-ezrin cascade, which
recruits actomyosin and transmits its contractile force to the posterior plasma membrane. These data
demonstrate that newborn granule cells utilized the system of mechanosensation in order to adapt their

motility modes in distinct extracellular environments in the developing brain.
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KT TIE Py A W ARIZIBE . 7 A W A EGRE N T 58 72 R IGHERE DO FE % E12 oW T
RxfThoTWVh, LTFICENEhOTuY =7 b %HIET 5,

1) BREFHET A VA (HBV) ORHEEREOMRNT : HBV &H:= 7 A€ TV DR

HBV EZIANDIRATH ), EELREEEGEL S E L, FZE, F2A, Lo oz 72
Eho AR ANDIIE CTHEMICERT LI AL VATH Y, WEBELIC R > TRAZER (v
MEHEE b F 2 AR —%F — hNTCP) A E 7z LA LIFIEIC hNTCP #5335 P v ATV =
Sy 7Y ATHBV I L 2\ 2 EAV A L7z BAE. ERWRE LB O YT 7 VAL
Ve AW ZIDON T VAV 2=y 7 ATIHHRBIERZRMPHIBRK L 2o Tnb L) Rl %E
V. Cy HBV DO~ ZAETF IV 2EMT 5 BT, RASZEIRTH S hNTCP OEE T2 EA L,
POBHRGIEMED 6 DOBEIZT %/ v 777 L7277 X (6KO+hNTCP ¥ 7 &) Z{ER L 72,
O Y A HBV &G B F MGG K HBY 2 &g S 720 etz #FAEICH 72 o TG HBV %
787, HBV DNA et X7z, F72. PLHBV ¥ V8 7 PR O LD RO Sz, )
EHO~ T ADNFIEICIE HBV ¥ ¥ X7 HOMikGt 2% ). HBV DNA %l @I THs % o
EL720 DLk XY 6KO+hNTCP ¥ 7 AE HBV EFDOI T A ET IV E LTHETH 5 Z EH%E IR
[ 3F (/i

2) HiBRIFSE T £ N A A DOEEE (cccDNA ZEEME LIzAZ ) —=V )

HUE, BM &Y HBV 2 MG 5 HiERMEL. ShTuw v, ZOME X HBY #HEY 4 7 )V OMRET
HB. LYY —LIKD cccDNA 2 BHET 2 HEB W72 TH %o LA IZLLTOJFEMIZ X 5 cccDNA
AN E LTHERER ) == 75 HEEEZEZR L LY FIANVRIEAL Y777 —EDfH)
& CHHRO DNA XEEY /4 LI AFNTHIEEIT ) 4 VT 79 —¥ERET ALY
V—LRICHELET Do TOIEY =LY 7 25— PRIETEZHAARZDHEBZI/IEIZA Y
) ==Y Z&4T 5720 cccDNA FHEHID A 7 ) —= ¥ 7RI K o THEEOEMHILEW SR S h
720 TNOOALEYE, BERT - 7 8AH]I T AEE L 2o 72Mfas To HBY ¥ 287 B ok
A2 BHET LI ENTE, LA L, BIIEE TR o 78 L Ot HRIR B X OEILED
OVERKEF Z 0 h o T, MEICEZE L7722 Y Y — 2 DNA (cccDNA 2 Hiflf) DR % 51 &
L7zERA 2 ) —= v 7% % T 27,000 EOLEW D5 2 FOILEW Z 1572, 2 M0 5 & —Ff
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AP ZE R 72 OPFR L, 750 O—HMi2s HBV 8§52 BHE T 5 2 & 2l L 720 £ Dffifl
EUVOALEWRER T2, WBHOEZEIZ X > T 2R LI o FE2 P2 U TICE TR
Gk B LR TE

We study on antiviral innate immunity, development of new therapy for viral infection. Below are our

research projects.

1) Study on the mechanism of hepatitis B virus replication

We established hNTCP tg mice in which six genes correlated to innate immunity were knocked out
(6KO+hNTCP mice). HBV infection experiments were performed in these mice using HBV infection
sources derived from patient sera containing three genotypes, and HBV proteins and nucleic acids were
successfully detected in the serum. In addition, anti-HBV proteins-antibodies were also detected. The liver
was taken after infection, and expression of HBV proteins in the liver tissue was confirmed by tissue
immunostaining. Although three genotypes were used as the source of infection, evaluation of HBV
sequences after infection confirmed that only certain genotypes were infected. The above results confirmed
HBYV infection in 6KO+hNTCP mice retained acquired immunity, unlike human liver chimeric mice.
Therefore, when HBV antibodies were measured in the serum, an increase or decrease in antibody levels
were successfully detected after infection. This strongly suggests that antibody production may be induced by

antigen exposure due to persistent infection.

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

Currently, there is no available therapy to eradicate hepatitis B virus (HBV) in chronically infected
individuals. This is due to the difficulty in eliminating viral covalently closed circular (ccc) DNA, which is
central to the gene expression and replication of HBV. We developed an assay system for nuclear circular
DNA using an integration-deficient lentiviral vector. This vector produced non-integrated circular DNA in
nuclei of infected cells. We engineered this vector to encode firefly luciferase to monitor the lentiviral
episome DNA.

We screened 27,000 chemicals by this assay for luciferase-reducing activity and identified two novel
chemicals. We further chose one of them because the other appeared to be chemically unstable and confirmed
that theis chemical indeed inhibited HBV infection and replication. We modified the chemical structure of the

chemical and succeeded to reduce its molecular mass to almost 50 %, without losing its biological activity.
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Fig. 1. Research Cycle of Primate Model for Infectious Diseases
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Fig. 2 Visualizing Antibody-Virus Interactions
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EOIANRAL 27 I PZLWEAETFTTH IgA BL W IgM 1F 1gG & IARTIE 2 2RI IZ A
A7 5 T IHEGE LTze S YA NVRRT ETANAL 77 X7 A —I2H5MA L T 5
WZH 2059, IgA B I IgM 2SRIRMICHERE T AL 2> TV ALY D 5. S HICET
PSR COBIZICZL D, IgA BL O IgM 13 IgG & RIS, 5077 A )V A BERE I AR T &
72 (Fig2)o ZOBHEIL, BEREZ WD SELWRELDH 5, DLEOHERIZLD ., IgA BX O IgM
AIgG £ D HREWICHAIZIToTnwbHEEZLND,

Fev Tl IgA B X UV 1gM 1d SARS-CoV-2 ZRIRITH LT IgG & Y IRFISHFANEEEZ R L2, Z
NEZITTELZ BRKZDTO 3OO 7 V—=TI25H L7z, OQFRCofEruar) v (75
A Igs) WZIEZMEOH 5D DO, @ 1gG AT 1gAIgM [ EZ D H 5 b D, OFT RToHf
BEru 7)) YICEOH L LD TH S, FTald, IgA BL W IgM 1235 5 7 4 )V A O kiR
BMARDIZO, TANADIL XU —=TI2T7 I BERZBALBN 217 -720 ZKILETY ¥
712 &% &, S371L-S373P-S375F D EHII/NE e VMR DO ZALZFI SR I L, Fab & O 259
H5H I EDRBEENT. Fab S 1 D L7\ IgG DIE ) A5 IgM R IgA & IR OFEZ Z T3 W
LEZONDL, E5ICHDERTH D S371L-S373P-S375F DT K & 2 VG 0B (b %5 &
HEZ L, Fab NDOEELRMMEEZ 76T I ENHLRI L 572 TNOHDHIRIIX, 74V AD Ak
P2 iR 2 L TOIgA BI W IgM OFEEE X BT 2 L L IS PIEREREOHIBICHKTE %
CERFEL TV,

We previously reported that anti-SARS-CoV-2 IgA and IgM can neutralize SARS-CoV-2 much more
efficiently than IgG despite sharing identical 8A5 clone Fab domains (2021). This research focuses on
clarifying the mechanisms of IgA and IgM.

IgA and IgM bound spike proteins with higher avidity than IgG judged by resistance to urea washing in
ELISA, suggesting that multiple bindings between Fabs and spike proteins support the stable association.
Moreover, they bound the spike proteins much more efficiently in conditions where spike proteins are scarce,
probably the basis for their efficient functioning despite the uneven distribution of spike proteins on virus
particles. In electron microscopy visualizations, IgA and IgM exhibited robust viral agglutination capabilities,
in contrast to IgG. Aggregation could decrease the total infection amounts. Taken together, these observations
account for more efficient neutralization of IgA and IgM than IgG

IgA and IgM neutralized the SARS-CoV-2 variants more broadly than the IgG. We classified variants into
3 groups, such as susceptible to all class Igs, resistant to IgG but susceptible to I[gA/IgM, and resistant to all
Igs. We performed mutational analyses to understand viral escape mechanisms against IgA and IgM. 3D
modelling suggested that a small structural change by the S371L-S373P-S375F substitutions weakens
binding, leading to unstable association of IgG, but still allows IgA/IgM with multiple bindings. The S371L-
S373P-S375F substitutions cause a gross conformational change leading to complete resistance.

These findings also highlight the importance of IgA and IgM in overcoming viral escape mechanisms and

provide insights for the development of antibody medicine.
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1) W2 DR R & IR D VR
SRR 191 Rk VESUREL © 23,136 1

2) BT 2 — TVERLA R
SRR 1 145 Rk VEBF 2 — TARE 472 R

3) an=—¥KiEDOKRDOBRLEE & BRI
SRR 1 165 Rk AR - 17,827 11

4) FI VAT =y ADEHR
MR R 2 1 EHIEEL - 1,521 18

5) CRISPR/Cas9 ¥ A5 AIC & % #{n -k~ A DFEHL
Il Z haRL—Y g MR EL - 19 1 TR - 4,490
A vVzrvay MHE L - 13 1 fEHIIEEL - 9,523 i

6) ESODA vV vay
ESHifaD 7 a— 2 14 70— FEFE % 1,972 18

Reproductive engineering team is a support unit for generating transgenic mouse (Tg) , knockout mouse (KO)

and Genome editing mouse (CRISPR) under the animal committee of our institute. We also perform
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cryopreservation of mouse fertilized eggs. Current staffs are Kitano and Miyachi. Results of last three years

are as follows.

1) Number of IVF requests and number of embryos created

Number of strains: 191 Number of embryos created: 23,136
2) Number of frozen embryo tubes produced
Number of strains: 145 Number of tubes produced: 472
3) Number of transplants and number of transplanted embryos
Number of lines: 165 Number of transplanted embryos:17,827
4) Transgenic mouse production
Number of requests: 2 Number of embryos used: 1,521
5) CRISPR/Cas9
Electroporation Number of requests: 19 Number of embryos used: 4,490
Injection Number of requests: 13 Number of embryos used: 9,523
6) ES injection
Number of ES clones: 14 Number of embryos used: 1,972
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Experimental animals, such as mice are housed in our Laboratory under strict regulation of animal
experimental committee and institutional guidelines for animal welfare. Moreover, we have been considered
for long time: how to make gene-manipulated mice more rapidly and conveniently. Recently, genome
engineering methods have been established using 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 50 gene-manipulated mouse strains in this year.
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Cell Processing Facility for clinical-grade human ES cells
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KthES11 2018.05.07 46,XX
KthES12 2018.12.07 46,XX
KthES13 2019.4.11 46,XX
KthES14 2019.12.05 46,XX
KthES15 2020.07.01 46,XY
KthES16 2021.4.12 46,XX
KthES17 2022.6.17 46,XX
KthES19 2023.12.26 46,XX
KthES20 2023.12.26 46,XX
KthES21 2025.1.20 46,XX

# (/&) List of clinical-grade hESC lines established at the Institute for Life and Medical Sciences, Kyoto
University.
(#i) Phase contrast microcopy of clinical-grade KthES11 cells.
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Human embryonic stem (ES) cell lines have great potential in medical research and applications, such as cell
transplantation therapy and drug discovery. We established human ES cell lines efficiently and analyzed their
characteristics in detail. The human ES cell lines have been distributed to over 50 research projects in Japan.
Recently, we have been receiving occasional requests for cell distribution from overseas. We are also
researching the molecular mechanisms of self-renewal and differentiation in human ES cells and developing
techniques for genetic manipulation. Additionally, we operate a Cell Processing Facility (CPF) to develop
core technologies, generating and supplying clinical-grade human ES cell lines. We have established standard
operating procedures to produce clinical-grade human ES cell lines and established a clinical-grade human

ES cell bank, aiming to supply these cells to researchers in regenerative medicine.

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

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

Furthermore, we have noticed that most commercially available media used in the culture of human
pluripotent stem cells contain FGF2, and have been conducting research into replacing it with small

compounds and elucidating their mechanism of action.

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

Several issues remain for the clinical application of human ES cells, such as developing a chemically
defined culture medium and feeder-cell-free substrates. We should establish a standard that reaches
international levels to verify these factors. We have been working as members of the ISCBI (International
Stem Cell Biobanking Initiative) working groups to achieve that purpose. The ISCBI established “Consensus
Guidance for Banking and Supply of Human Embryonic Stem Cell Lines for Research Purposes” as a first
fruit, and we are working to develop guidelines for the clinical use of human ES cells.

Based on this research, we initiated the derivation of clinical-grade human ES cell lines after obtaining
governmental approval for the project. We reported the derivation of the first clinical-grade human ES cell
line, KthES11, in May 2018, and 10 cell lines by January 2025. Frozen stocks of these cell lines are ready for

distribution to research institutes aiming for clinical application of human ES cells.
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of early embryo labeling using photoactivatable Cre recombinase 3.0. FEBS Open Bio. 14, 1888-1898.
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[Ultrastructural pathology for airway defense mechanism]
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[Profiling Dormant Cancer Cells through Mechanical and Transcriptomic
Analysis]

OmF7efZ# © Assiut University Assistant Professor Mahmoud Nady Abdelmoez Atta
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2024. 4.12 HH ¥ - Biology of histidine methylation A SR
(BAL2ERFSET)

2024. 6. 4 =I5 B ) Wnat is essential for self-organization of planar cell @Ry L
(BRI A W FEFT F8 4 o polarity (PCP) not via its global gradient but via local
A T LA - B molecular interactions with core PCP components

2024. 6. 7 Yonggui Gao Structural basis of the SPFH protein complexes with cage AR A 7 A
(School of Biological Sciences, assembly
Nanyang Technological University,
Singapore)

2024. 6.26 Juha Huiskonen JX Restructuring of bacteriophage ¢6 viral particle activates 7 AV A il
(Institute of Biotechnology, semiconservative transcription
University of Helsinki)

2024. 6.26 AR B2 Structural virology studies by using cryo EM facility of v A4 b Al
(Clat S EpNEy N2 7iE Lt e Hokkaido University with JX-Vir consortium
RO FHERE A7)

2024. 6.26 Sakiko Shiga A two-day periodicity governed by the circadian clock Bt
(Department of Biological Sciences, system in a black chafer beetle Holotrichia parallela
Osaka University)

2024. 6.28 Prof. Kenichiro Koshiyama, Tokushima How do we design nanoliposomes that will prey on F 7 YT
University particles?

2024. 7.17 i it 2k 2 fAE S B Al S X 7 A DR SEH Y AT LR
(Research Assistant Professor
Northwestern University,
Simpson Querrey Biomedical
Research Center, USA )

2024. 7.22 I B Multimodal Optical Interrogation of Brain Circuits in il A Mg
Biophotonics Research Center Social Behavior 7 var
(BRC), Mallinckrodt Institute of
Radiology (MIR),
Division of Biology and Biomedical
Sciences (DBBS), Washington
University in St. Loui

2024. 8. 1 Sumit Chanda Building the plane while flying : Drug discovery during RNA 7 A VA
(Immunology & Microbiology, the COVID-19 pandemic
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2024.10.24 Prof. Yeon Soo Lee Locking Head Screw Mechanics for Bone Fracture Fixation AT AT =T A
Department of Biomedical and Al-based Motion Study
Engineering, College of Medical
Science, Catholic University of
Daegu, Korea

2024.10.25 Prof. Shin Yoshizawa, Department of Ultrasound-guided focused ultrasound treatment using F 7 AT
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Academic Centre for Dentistry
Amsterdam (ACTA) , University of
Amsterdam and Vrije Universiteit
Amsterdam, The Netherlands
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(Sir William Dunn School of
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Design of an Artificial Peptide Inspired by Transmembrane AT A =T A
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Mitochondrial Protein for Escorting Exogenous DNA into
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