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Lysosome formation in quiescent versus active neural stem cells. The master regulator TFEB induces lysosome

formation, which leads to maintenance of quiescent neural stem cells.
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We study on antiviral innate immunity, develop new therapy for viral infection and study on autoimmunity
caused by dysfunction of viral RNA sensors. Below are list of our research projects.
1) Study on the mechanism of host cell death by viral infection
2) Study on the mechanism of sensing viral RNA by innate immune sensors
3) Study on the repression mechanism of type I interferon gene expression
4) Use of rice bran derived double-stranded RNA for prophylactic and therapeutic purposes against viral
infections
5) Establishing new animal infection model for hepatitis B virus
6) Screening of anti hepatitis B virus chemicals by using cccDNA inhibition assay
7) Study on Severe Fever with Thrombocytopenia Syndrome virus (SFTSV) using animal infection model

8) Development of new anti-inflammation therapy for SETSV infection



9) Study on autoimmunity caused by dysfunction of viral RNA sensors
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Macrophages are one of the most multifunctional cell types performing important roles in development,
host defense, homeostasis, and tissue repair. They are present in virtually every tissue and display diverse
phenotypes depending on their anatomical locations where they perform specialized functions that are
essential for normal tissue physiology and homeostasis. Additionally, a variety of diseases are associated with
the disruption of tissue-specific macrophage functions. Aberrant macrophage functions contribute to a broad
spectrum of pathologies including cancer, metabolic diseases, atherosclerosis, asthma, inflammatory bowel
disease, rheumatoid arthritis, and fibrosis. Thus, uncovering the specialized functions of tissue macrophages
is critical for the understanding of normal tissue functions as well as for therapeutic implication for human
diseases. Currently, we are focusing macrophage functions in tissues, such as testis, kidney, and adipose
tissues. Additionally, we recently identified novel mesothelial cell type which may play a role in the

regulation of body cavity immunity.
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FAoOWEREIZe bL YA VATHS e b THIBEIE Y 4 )V A 1 £ (human T-cell leukemia
virus type 1: HTLV-1) K O'e MafEA 4~ 4 )V A (human immunodeficiency virus: HIV) OHf%E % 17 -
TV, HTLV-1 13 A T AL EIIM (adult T-cell leukemia: ATL) R°hk 4 7 SiE PEEE B O A & 72
0\ HIV 30RO & ) REEAIRE (=4 X) 25T, Thbsoe bl ba
AN ANZTG AT G R & i LRt g 2 M3 A A MR E L THEREEZ2ERT S,
F 4 1L HTLV-1\ HIV Q782 U T “ A 7“7 7 4 VA" DT 2179 L 12, 2 OHFIC
SEM L 7R ORISR 2 HEAE L T B,

1) HTLV-1 Ot bR & J8 03 A BT O it
HTLV-1 &G O A RN TOAAE, B2 HTLV-1 709 A VAD T T AgHE < 1 F AFHIT
K% 32— F &N 5 Tax & HTLV-1 bZIP factor (HBZ) 2SE 2% % £7-3 . Tax i HTLV-1 DiE5:
RIETEAL L, 7 A4V 2 OBEL R
RIFIZUHTH B —F HBZ 12k
ML 71— F )b Ba 5l |2 8 3 70 )
ERITEEZONS, Tax I 7%
WAY Y7 ETHBHH, ATL Ml T
DFEBLL XU DIEF IR Z L2 5,
BVBACBT2EBEIVLHITE
Moiz. FAld Tax & HBZ OB L
ANOVHSHfiE ATL flifg & FBLL T %
ATL fll B2 #& MT-1 J OF KK-1 % H v,
Tax & HBZ O & EZ D W THEH %
To720 TNHDOMIEKET Tax b L <
EHBZ%Z /v 7 ¥ r35hE, T Figure 1. Transcriptional changes induced by transient Tax
MIZB VT O MBI FE SN2 expression

LS S T A O A A e (a) Tax is transie.ntly. expres?ed in a small subs‘et of MT-1 cells.
» ) (b) HBZ expression is negatively correlated with that of Tax.
WCUHTH DI EDVW SN E R o720

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



WIZ Tax DAL EGFP (d2EGFP) % #5389 %5 L R— & —#illd MTIGFP 23 . L ¥ 4 &5 7 A
RN 2 T o728 25, Tax 3T —#OMIL (0.05-3%) ICHIHLTBY., ZL DYLAEZT OIS
F— 3B THEIENHL NI o7z (Fig. 1) ZORTRIE. <K —EBOMABIZ FERER FEH
T 5 Tax 25 MT-1 OFEFFICUHTH H I L ER LTIz, ¥y 7 IVb)VER PCR OFEHE, Tax FH
HIHE AT B0 NF-«B RS S S R 7 A b — Y ZBIET 2SR L TB Y, Tax IFRBMBO
HIUZHL 7 R b — ¥ ZBE T OB & BRI LA LT AMRENREL Tz, &
NODOFEN S, MT-11d Tax ORI L72HD, TOREPFERT LI LTI DT A M —
VAW EMERE L, BRE L CENOMEREZ RIS L TWA EEZ BN ARG LT, K3
ETNET 2 —F =Y I 2L =T 3 VIZLEBMREEER ATV, FEERTHIZE S N7 Tax OFEIBE)RE &
M2 BT B 2 DS N E o7z,

—} HBZ 134 TD ATL EFI THRBIMM TE %, HBZ % CD4 Btk T VU & /S BRICHREAICTH

THHBZ NI VAV 2=y 73T X (HBZ-Tg) MR %, Mgkl oW RiEs T Y 73
RIIET S EH S (Fig. 2)» HTLV-1 OFFEMEICHEDO T A VABIZTTHIL LEZ BN D,
RZE Z & 12, HBZ i I3 EER
ENTF N TEHORLE LT, B
REMURNA & L THHBEL TV 5,
HBZ RNA 1% HTLV-1 &4 Tl
FIENIZHFEL, L omFHE
LT OHRE % Bl 3§ 5. ARWF5E
2 Cld. HBZ RNA D% 1B,
RNA & L TEHT %90 FHFI2o
WCRIT &2 DT %,

HTLV-1 &GN 1 Tax O — @Mk
RBlLE L HBZ D% V37 & RNA
WX RLLERBHEICED, 18
F O BB FFEBL OB e % B
AL CTHBY ., HTLV-1 Db 74
KRV THLEEZOND,

Figure 2. HBZ causes T-cell lymphoma and inflammation

2) HTLV-1 X9 % SR Ot & ihHRER T

HAM 3 T3 Tax LU HBZ (2R3 2 IEISEDTLHE L TV 525 ATL BETIEEFEPIKT LT
W5, PLCCRAPURE A L) A~ T2 X B iEHHED L IdEmstiaf g o ATL BF BT 550
EINERMBN L2 2A, BAEMEMIF L TV A —HOREFATIZINS DY 4V APEIZHT 5
T IS EATEEIL L T b S eV L7ze BLEOKRED S 7 4 )V 21T A RIEIR SRS
ROFHRICHELTnE EEZ ONL, Fa OUIFEE TGS O RN E)EDS HTLV-1 & GeH
EHPL TV AL THIRRAIFEY £ )V A 1 (simian T-cell leukemia virus type 1: STLV-1) J&F«=
RPNV VT, HTLV-1 727 F Y ORF % 1T> T\ b,



3) HIV-1 B RIERGOMERE / FRGTEALICBY S 2 50 FH5 O b

HIV-1 EHH I BT BRGSO TE X, KR 5 D7 4 )V ASEEHERR I L TR & 2 BERE
EhoTBY., ZOHE., RMMOMREIRD 5N, HRIEGMBOFEMLHEE L. KNS
DOFRIBHBIR O %25 LHIfF S TWwb, 2T F4 T RIEGIRE O MR L X O
PG LR 2B 2 0 TR ORI 217> T\whd, TNETIZTOE R AL V7 VS HO—Ff
Td % BRD4 DS RIEGLRBOFHFEALICHE G35 2 25 SN Tn 575 Feld, T E T
HEINTOWRWHEBTOE F XA V7 U7 AP IRERIRBOMFFICH G L TWwbL I 25
M L72e OISR ORE, TET 22T 14 v 7 RBAEDPBERLTWD 2 EAIRENT,

Both human T-cell leukemia virus type 1 (HTLV-1) and human immunodeficiency virus (HIV) are
pathogenic human retroviruses. HTLV-1 promotes clonal proliferation of CD4" T cells, which leads to adult
T-cell leukemia (ATL), while HIV destroys CD4* T cells resulting in onset of acquired immunodeficiency
syndrome (AIDS). Our research objectives are to understand the molecular mechanisms of virus-induced

diseases, and to develop novel therapeutic strategies through research of these viruses.

1) Mechanisms for persistent infection with HTLV-1 and malignant transformation of infected cells

HTLV-1 provirus encodes two oncogenes tax and HTLV-1 bZIP factor (HBZ) in its plus and minus strand,
respectively. Tax is a potent activator of viral replication and many signaling pathways involved in cancer
development. Tax expression is generally suppressed in infected cells to evade host immune system.
Therefore, its precise roles in pathogenesis remained unclear. Live-cell imaging revealed that a small fraction
of HTLV-1-induced leukemic cells expresses Tax at a given time, and its expression level is drastically
changing in each cell (Fig. 1). Experimental data of single-cell analysis and computer simulation show that a
small number of Tax-expressing cells are needed for the maintenance of leukemia. Tax is inducible in
response to various stresses. This limited Tax expression is required to maintain the whole cell population
through inhibition of apoptosis. These results suggest that Tax efficiently protects cells from cell death and
enhances virus production under stressful conditions. It is an elaborated strategy of HTLV-1 to evade host
immunity and enable persistence in vivo.

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

gene expression.

2) Analysis of anti-HTLV-1 immunity and development of novel immunotherapies

Immune response against HTLV-1 antigens such as Tax is generally suppressed in ATL patients. We found



enhanced T-cell response against Tax and HBZ in some ATL patients who achieved complete remission by
treatment with mogamulizumab, which is a humanized monoclonal antibody against CCR4, or HPSC
transplantation. These results suggest recovery of immune reaction is associated with efficacy of the
treatments and prognosis. We are now developing new vaccine against Tax and HBZ using Japanese

macaques infected with simian T-cell leukemia virus type 1 (STLV-1) as a nonhuman primate model.

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

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

molecular mechanism for that.
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The researches carried out in our group are focused on animal-derived RNA viruses, especially negative
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strand RNA viruses replicating in the cell nucleus, bornaviruses. Our projects aim to understand the
fundamental mechanisms of the replication and pathogenesis of bornaviruses, including emerging
bornaviruses, such as avian bornaviruses and variegated squirrel bornavirus. In addition, we are investigating
the evolutional significance, as well as function, of endogenous bornaviruses in many mammalian genomes,
including humans. Furthermore, we are conducting the development of a novel RNA virus vector using
bornavirus for regenerative medicine and gene therapies. In 2019, we conducted research on the following
subjects.

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

1) Involvement of ADAR?2 in self and nonself recognition of Borna disease virus genomic RNA. Cells
use the editing activity of adenosine deaminase acting on RNA proteins (ADARs) to prevent autoimmune
responses induced by “self” dSRNA, but viruses can exploit this process to their advantage. BoDV, a nuclear-
replicating RNA virus, must escape nonself RNA-sensing by the host to establish persistent infection in the
nucleus. We evaluated whether BoDV utilizes ADARs to prevent innate immune induction. ADAR2 plays a
key role throughout the BoDV life cycle. ADAR2 knockdown reduced A-to-I editing of BoDV genomic
RNA, leading to the induction of a strong innate immune response. These data suggest that BoDV exploits
ADAR?2 to edit nonself genomic RNA to appear as “self” RNA for innate immune evasion and establishment
of persistent infection.

2) Development of a highly sensitive detection method for parrot bornavirus 4. Avian bornavirus
(ABV) is the causative agent of proventricular dilatation disease, which is fatal in psittacine birds. ABVs
have spread worldwide, and outbreaks have led to mass deaths of captive birds in commercial and breeding
facilities. We developed a reverse transcription-loop-mediated isothermal amplification (RT-LAMP) assay
for the diagnosis of parrot bornavirus 4 (PaBV-4), a dominant ABV genotype. Using this assay, we
successfully detected PaBV-4 RNA in cell cultures, brain tissues, and feces. We also developed methods for
simple RNA extraction and visual detection without electrophoresis. The sensitivity of the newly established
RT-LAMP assay was 100-fold higher than that of the real-time PCR (RT-qPCR) assay. Accordingly, the RT-
LAMP assay developed in this study is suitable for the rapid and sensitive diagnosis of PaBV-4 without
specialized equipment and will contribute to virus control in aviaries.

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

1) RNA virus-based episomal vector capable of switching transgene expression. We have recently
developed an RNA virus-based episomal vector (REVec), based on nuclear-replicating BoDV. REVec can
transduce various cell types for a long-term; however, a major challenge to the practical use of REVec is the
lack of a mechanism to turn off transgene expression from a target cell. Here, we developed a novel REVec
system, REVec-L2b9, in which transgene expression can be switched on and off by theophylline-dependent
self-cleaving riboswitch. Transgene expression from REVec-L2b9 is suppressed in the absence of
theophylline and induced by administration of theophylline. To our knowledge, REVec-L2b9 is the first
nuclear-replicating RNA virus vector capable of regulating level of transgene expression, which will expand

the potential for gene therapies by increasing safety and usability.
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2) RNA virus-based episomal vector for efficient genetic modification and differentiation of iPSCs.
A gene delivery system that enables efficient and stable stem cell modification is critical for next-generation
stem cell therapies. In this project, we analyzed susceptibility of human induced pluripotent stem cell (iPSC)
lines from different somatic cell sources to RNA virus-based episomal vector (REVec), and demonstrated
highly efficient REVec mediated transduction of iPSCs. Using REVec encoding myogenic transcription factor
MyoD1, we further showed potential application of the REVec system for inducing differentiation of iPSCs
into skeletal muscle cells. Treatment with a small molecule, T-705, completely eliminated REVec in
persistently transduced cells. Thus, the REVec system offers a versatile toolbox for stable, integration-free
iPSC modification and trans-differentiation, with a unique switch-off mechanism.

In the project of endogenous viruses, we reported research results of following subject.

Endogenous viral elements (EVEs) are heritable virus-derived sequences present in the eukaryotic
genomes. We previously discovered that EVEs derived from bornaviruses, RNA viruses, are present in
genomes of a wide range of mammals and named them endogenous bornavirus-like elements (EBLs). To
understand the biological significance of EBLs, we have been focusing on EBLs encoding functional proteins
in the hosts. To do so, we screened EBLs by a combination of molecular evolutionary and molecular
biological analyses, strongly suggesting that an EBLN derived from an N gene of an ancient bornavirus in
miniopterid bats (miEBLN-1) encodes a functional protein in the bats. miEBLN-1 was integrated into the
ancestral bat genome more than 12 million years ago and its deduced amino acid sequence showed
approximately 44% identity to those of modern bornaviruses. We observed that miEBLN-1 is expressed as
protein in several tissues of a miniopterid bat. Because the bornaviral N gene encodes nucleoprotein that
encapsidates viral genomic RNA, we analyzed the RNA-binding activity of miEBLN-1, revealing that
miEBLN-1 protein binds to RNA both in vitro and in vivo. Although the detailed function of miEBLN-1
remains unclear, our findings could provide a proof-of-concept that mammals can capture genes from RNA

viruses and utilized their original properties for cellular physiological functions.
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ATl — W% 7 AV R AR TP 2 TR TSR i1 B e 2 w72 B &
0. BHIREE B A DA VIV VI AL VA, TERITIA VA, TyHo 4V R EDHIE
NIRRT 2 L 2 HIEL T b, T 720 7 A )V ADOMIBLNIEGHEERE % 751 L~V CHLUF
FTHZ LWL, A NVABIEE BLET P07 4V AEEIER, YA VARG E T Oy 7§ HPUK
EHOBFIZOI DA TS, 2019 4FEZ A Y ITNVZ VI AL IWVADT ) LSy r—3 v 7
DA ZEKE LT, HINLIEEO A Y 7 VZ U7 4 VADF 7 DA EAEH OFMT %47 -
720 Fl20 A YT NI YT AN AR ZIH]IT 52 L THISNTWARETHT A NV AD—D
TdH 5 244DI 7 A WV AIZDWT, D7 0 — YRR ML L7z,

1) £ Y7V VFI L NVADS ) L5 A HAE R O b

A VITNEZ T ANV AEGHAL L7~ A F A—ARED 7 7 4 RNA (VRNA) #dbD, TNE
MO VRNA XK IAAAET A IERIARE & . TSP ENFRE TR SN TwD, 7.
VRNA O A ¥ O IERIERFFIR A & BIERFEIRIC T TOFRUITII G WM TRE 2\ r =T v 7 7
FIOVECHIHAETE Ly C ORELHIAHS VRNA D7 A WV ZRLF~NOIY IARIZUIHTH 5 Z LB H LT W
o TANZHIEBRBIIBVTIZ, —2DTH7 AV AR A2 8 FFH D2 5 vVRNA AV EIRAYIZHL
DRAENDRIRW T ) 280 r =DV THPTbN T WL I E WL > T0Wh, —J, ED
W7ETid. vRNA B OMEAEHASERIRG T ) 2839 r =V U ZICE L TwW A Z e S hTn
o LMUT AN =V Y FICEHETH ANy r—3 272 7 FIVELHIAS vRNA A EAEH
WEDEHNIZHG L TWEONEIRMHO T ETH S, AWZETIE. & FTHfTLTWw5 HINI Hi
B OFEERERK (A/WSN/1933) DEEB LUy 7 —Y v 73 7 F VRO vRNA % in vitro &5 L.
TV T N7 vt A 2T in vitro BEE T IZBI1T 5 vRNA B EAEH OENT #1475 72, 8 FEEH D
VRNA M OHAEDEL 28 X7 D9 H, 15 X7 TvRNA BMHEEHAPED LNz ZhHD9) B,
IBRT7TTY KD LIS KISy r—I v 7y 7 F Vi &4 L7z RNA B ELER SRS 5
CENHSE o Tz BIREEWL Z &2 8 FIH O VRNA 1TV H 5D vRNA & HEAMEH L Tw
72 T3 K& S KDy r—T 2 7Y 7P IVEHIBTEN TN R 5 vRNA A HAEH T
LR RO NIz TORRIZ I K E S KDy r =3 V7V T FNRENENR L D vVRNA
EMBEAMEMT A2 LT, 8HHHD vVRNA 234G LB AR Z T T 2 R Z R L T 5,
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2) RETEA Y INZVFIL N AD 70— Ui RDMEN,

KIBT ¥ (defective interfering; DI) 7 4 VAL, A VAR TAIZIY AFNE2DICHEELR /Ny
=TT I VERRELICEE. YA NVAEAEMRERO -2 KK LDl VA NVAT )
AEHTDHIANATH A, A VINVIZYHFIANVATERSBENIEATHE DIV IVAD—D
Td 5 244D 7 4 )V A 0Z, FHIEGe U 72 GeME A4 ~ 7V U £ OV ZA OB 2 P 5 2 & DS S
NTW5h, 244DI 7 A WV AE, YA NVARY 2T —EHEAY PB2 Z2 B TE LW, HERDOTE
Tl 244D1 W 4 )V A Z ST AR O ANV IS— [ VA ZRESELUENH o720 LA L
COHETIE, NVIR=T L NVADPELET H) A7 03H 0, HRERLTFREE LTHHTE v,
ZFITCARMETIIZOREZWIRT 5720, PB2 BBMMBZH VT DI VA VA% 70— VR T
BFEERMELTAHZ L2 HWE L7z, PB2 SV E T KIBARDFEB % b S F 2 I 2 72 244D1 7 A
WARIVIN=AY 23T 4 7 AETEH L. PB2 EHE 2 HFWICHEE T 5 AX4/PB2 il 12 &Y
KL A, TOBEIANVAIEDO DI VA VA Z 7O — VEE#ET LI ENTE, 55172 DI
A NWAZBAER WSN 7 A VR L HEJesE/-8 2 A, DI 7 AV A=K I B AR WSN ™7 £
WVADRG I U720 SOREDLS. DI ANV AL B AL VT IVI VY 4 )L A OBEFEEH D 2
H = X LDFHR, DI 7 A IVADHT 4 IV AEADISHPFREI NS,

Virus infections are accompanied by numerous morphological changes in viral and cellular components.
Our laboratory aims to elucidate the replication mechanism of influenza, Ebola and Lassa viruses from the
ultrastructural point of view, by using different microscopic analytical methods such as electron microscopy
and high-speed atomic force microscopy. In 2019, we analyzed vVRNA—vRNA interactions in the HINI
influenza A virus genome in order to elucidate the mechanism for genome packaging of the virus. We also
generated a purely clonal defective interfering influenza virus, 244 DI virus, which has a potential for

antiviral therapy by interfering with the replication of infectious virus.

1) In vitro VRNA—VRNA interactions in the HIN1 influenza A virus genome

The genome of influenza A virus consists of eight-segmented, single-stranded, negative-sense viral RNAs
(VRNAs). Each VRNA contains a central coding region that is flanked by noncoding regions. It has been
shown that upon virion formation, the eight VRNAs are selectively packaged into progeny virions through
segment-specific packaging signals that are located in both the terminal coding regions and adjacent
noncoding regions of each VRNA. Although recent studies using next generation sequencing suggest that
multiple inter-segment interactions are involved in genome packaging, contributions of the packaging signals
to the inter-segment interactions are not fully understood. Herein, using synthesized full-length vVRNAs of
HIN1 WSN virus and truncated vRNAs containing the packaging signal sequences, we performed in vitro
RNA binding assays and identified 15 inter-segment interactions among eight VRNAs, most of which were
mediated by the 3'- and 5'-terminal regions. Interestingly, all eight vVRNAs interacted with multiple other
VRNAs, in that some bound to different VRNAs through their respective 3'- and 5'-terminal regions. These
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findings in vitro would be of use in future studies of in vivo VRNA-VRNA interactions during selective

genome packaging.

2) Generation of a purely clonal defective interfering influenza virus

A defective interfering (DI) influenza virus carries a large deletion in a viral gene segment and shows
potential for antiviral therapy by interfering with the replication of infectious virus. However, because a DI
virus cannot replicate autonomously without the aid of an infectious helper virus, clonal DI virus stocks
without contamination of the helper virus have not been generated. To overcome this problem, we generated a
clonal DI virus with a PB2 DI gene by reverse genetics, amplified the clonal DI virus using a cell line stably
expressing the PB2 protein, and confirmed its ability to interfere with infectious virus replication in vitro.
Thus, our approach is suitable for obtaining purely clonal DI viruses, will contribute to the understanding of

DI virus interference mechanisms, and can be used for the development of DI virus-based antivirals.
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RKOETIE, 74NV ARG L B2 BBAREOIHE ZOHEEORE LD I L T, V4 ILAR L
BB OMELEH O M2 B I ko T0h, ERMFENSRIE. TEHSEPADERE 25 b3
Ya—<o A VA EFIBBADRENE 225 BRIFRIANVAE CHRIFRYANVATH 5,

EHIN—T)

W - N7 V=713V ey AV AMERIZEE ). BUAEZEA2P e PSEa—< 7 1 L R
(HPV). MIIIAS Wat BB DI FE 24T > T\ b F-PAMZER L 0, AHE S ADEBEMBI & LT
SMLTW5D,

1) HPV IZB9 5%

HPV (%, B F RIS 2R A VA TH Do FFICFESRABRE L OB IZE L. £
FRFERNKRTEZ2 6N TWh, RIEFEIZHPV OBEBEFVZRH LT, 74V AT O8E
D LI, Hiv 4 VAR O EE % 1T - 720

2) Wnt #EEE D fFT

Wt FEEE, FAERLTEIEIEH L TW A 5WEHTH %, BJINE. Wnt @ Co-receptor, LRP6 |2
A9 H#H & LT Keratin associated protein 13 (Krtap13) % FJ\72 L. Krtapl3 Ol FEIH AT, Wnt
AL T 2 HZ WO 22 Lz, MRRFRRMIC Krtap13 2 HIBHT L V7 v AV 2=y o<
7 2% % HWT#NT L. Lymphoma # #5383 2 H AL L7z, BEDBIT 2 ED TV 5,

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

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

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

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

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

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

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

(XFTN—T]

THZNV—=TTIE CHBFRT A VA (HCV) 7% 5N BT A VA (HBV) O#FZE% il
WBIZHoTWa, HFRIVANVADAEFRRZ T LNVTHH L, ZORRE D EIZH7 4 VA
HOBMIEZHIEL T, T2, MEICEY. LER e MFHRS 2 v, oMbk
AV A BB DWFFED S WFFHE 72 E OB R B ORIEREZ W S5 0T 57200582 B %5
TWwWab,

1) HCV 129 5%

HARIZBWTEZELR CRFLY A VA (HCV) THL#EME T 1b O HCV (HCVIb) IZIFFEDA
EDOBRDPEBVI ETHOLNTWAS, TN FE THCV EEM oM., & LT, BRI
LW, B~ @InZR_AEA SN2 HCVIb 77 A2 W TiThb LT & 72H% iR, &4
. BHEHROW AR ) A% A9 5 HCVIb B2l R 2 # 72 1R L7z, T HCV 7/ A HEHL
EEREZMOTEDOT ) LGOI 21T o728 25, BISERIN i L CTEAEM HCVIDb
& EEEREGEREZENE L TR WERAI OB TEICR & @RI 2o 7208 HEEAREZ T
W9 % HCV ¥ VX7 B &2 & L72PLHCV I § 2 &AM A > 72, 72, [l—d HCVIb
) N EREEMBE W 2GAa T, %o Hev 7/ 28BN L T, EE I TR
FEENTWD HCV 77 A EBUIRIER DR E N o 722 &5 5 FER HCVID O 7 7 A B OMEFRZ I
KAIDTE F W F AL B ] Rk AR S 7z,

2) HBV IZB9 5%

F 41X, HBV #EAMIE R HBV & G4HlifE %2 Nrf2 1514 /b#] Bardoxolone methyl (BARD) "THLELS
% & M~ D HBV BEADPE BRI T T A 2 R L7z TN FE TOMSEL S BARD 12X %
PLHBV 2R3 Nrf2 A7 7% D O LRGN 5 D OWBFAET H T LA o 7zs F72. BARD WLHE
I2& 5T, HBVpgRNA % & 4ofifdl HBV RNA =2MK F L 720 HBV pgRNA #25.\ZF4 % HBV 7
AL TOE—F - HWLR—=F =7 v OFEED 5 1E BARD 13 2 O8R5 % #iil 3
52 Eid%ho7ze —7i. pgRNA O OMES A 5. BARD LHIZ X 1) pgRNA O 5 A i S
NBWEEMATRIB SN2 2D EH 5 Nif2 A HBV HllRKT-T3 1)  fBi2H BARD (2 & 0 il X
N5 16 LR F AR 2 W BEED IR S 7z,
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The major purpose of our research group is clarification of lifecycles of human hepatitis viruses, hepatitis
B virus and hepatitis C virus at the molecular level. Development of drugs against these viruses and
understanding of chronic liver diseases caused by infection of these viruses are also in the scope of our
research. To accomplish those aims, we are now investigating the interaction between those viruses and host
cells by using several hepatitis virus culture systems including human hepatocyte derived cells system

developed originally in our laboratory.

1) Analysis of genome replication of wild type HCV gtlb

We have established the genome replication system for wild type (WT) hepatitis C virus genotype 1b
(HCV1b) although the present models for HCV genome replication have been made up for HCV genome that
possesses adaptive mutation (AM) to cultured cells. Using this system, we observed that the WT HCV1b
genome replicated with lower efficiency and showed lower sensitivity towards anti-HCV reagents against
HCYV replication machinery but not HCV genomic RNA than the AM genome. The efficiency of WT genome
replication maintained in the cells was much higher than that of transiently transfected genome suggesting the

presence of unknown cellular factor affecting the efficiency of WT HCV genome replication.

2) Finding bardoxolone methyl as a new anti-HBV reagent

We have observed that bardoxolone methyl (BARD), an activator of Nrf2, significantly suppressed the
production of extracellular HBV DNA in several HBV culture systems. Therefore, the molecular mechanism
of the anti-HBV effect was investigated in this study. We obtained the results suggesting that the anti-HBV
effect of BARD was likely to be exerted both in the Nrf2-dependent and -independent manners. We also
found that BARD treatment reduced the amounts of HBV RNAs including pregemonic RNA (pgRNA) . HBV
core promoter reporter assay demonstrated that BARD did not suppress the transcription of HBV pgRNA. By
contrast, we obtained the results showing that one of the effects of BARD could be enhancing the HBV
pgRNA degradation. These results suggest that Nrf2 would be a host restriction factor for HBV and that the

unknown restriction factor affected by BARD would be present.
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WMREBDOAAL V7 —<Th5 [IREME] OBEMLE LT, 74 NVAYRRXTF FIZHT5HL
WIRIEIE S DA I HE SR IS o gE 2 D TV B RIEFEIX, SN TICEM L) RRTF
FHIRF NV MHC 7 5 A 1 5 FOFEAFERZ S L1, ¥ M) RXRTF FRSTFORIEZ HIE L2
We B L, BEELERDz D -7z, 0. FERERIEONIELEM & LT, MERFEK %
W9 B 5P ERKF- & L CRE L7z S1I00A9 (275 H L. RI4EEEICHIZ L72 S1I00A9 / v 7 77 + <
7 A EWH L7 E R BB L7z ZORE. FhEkic X 2~ 2 a7 7 — DB H S 2
ERD, S DICEPADHEREANOEGARENDDOH 5,

1) VRRTF FHERRZHEI L N MHC 75 2 1 5 FOREE X Hk 5 E O i

7 R EORMRBEBEHDO—DOTH A N KM IV AF VERIBHiIX, 7 2 /87 ORI EE
B AR 2T TANAY VX EORIZH I ) AF VBBHMIKSEZTAI EIZLD, T4V
ZDOFEPEICHE L G LA BT 2 D OVFET 5o —H YV A XETF NV EEH LR
IR, SOOIV RAF VBB R 2T AVARTF R, Thbb ) RXRTF F2ERE L
72 LW THIBIDE OGFENH L 0L o lze BB URRTF FEFEA L. CDS B lEHifufs &
P T M E R T PRS- & LC W MHC 7 7 X 1 40F (LP1 40 F) PSRE S 7z
(Nat Commun 2016, J Immunol 2019) .

VARNRTF FRBINEET A 5 FVIIBC TR S, B2 23NN T&7. —H. e D
LP1 T REEBTH L7205, & MBI B ) RRTF FEILEOFIECHERE. WENERICD
WTIHEKIAE LTARTH 5o TN T THZE I NZ2VIV LP1 5 T HEO FRIREE X A5 Sk & AT
DFERP S, ZOPEFREETMOFH E LT, IV AF VEBEAZIWT 27200 K& L, BkEORE
WAy M BRT v M) BEETLIEDPHLN LS TW, 2T 2OB KT v M
EEBET AT I JERIZEH L. insilico T2 d L1121 JHiZ B2 5 N MHC 7 5 A 1 (HLA-D)
DA B b LPEMD T O AATZ, RWT, invitro T RXRTF FEARERAD S HARW
23D HLA-I 2T L L TR L7z S50 2TDH) BD2HMITDOWTIE, HLA-L: 1) AR
7T F FEEERORE M E ORI L, ) RRTF FREAREMEFNICEILE L, EH50
HLA-1 5 220w Th, YV LPL T L kR 3 AF VIBIIRKE CBREDOE W B A7 v ML
MENTBY, VARTF FEEGICBITS BARTY v MO EEMEIVRE Nz (Fig. 1). /2. 2

_31_



NSD5TDY) RRTF FPEFERAEN DE
AL B NIZ Y RARTF FEER T MRS E D
ARV XVToGEEX HIWE LT, FF A
VI 2RI AETNVEBA L7,

2) WFHER S100A9 2k =7 a7 7 — Uk

L

ROEFCTHEL L72ENVE Y MEKET VO

FERT 2> & KEA% A 3R PR L 1 R Bk 2 SR AR Fig. 1. Structure of the lipopeptide-bound HLA class I
L. ZNDPEAT S SI00A9 7 VN7 DS 1% heavy chain: beta-2 microglobulin complex (left
VAL~ 2 07 7 — S DELKTH A panel). The myristoyl group of the ligand fits in

with the B pocket of the antigen-binding groove

JEDII & AfEFFICEE 2 E 2 R L T0 D

CENW L 57 (Blood Adv2016)

ZTSI00A9 I2 &k B~ s v 7 7 — VRO Z I L, AI4E RSB L7z S100A9 / v
777 YT A (AKO ¥ R) 2N L72ZE 2 M L7z 7 V#iRT 7 F Y #TH % BCG %
< AERENICEG- L. BHEEE~Y 797 7 — PO MIUM2 L EBGEL 728 & A, BigE
B M2~ 2787 7 — Y OFE) AJKO ¥ 7 ATBWTHEFICHEESI N TWw, /2. BCG#
HBRERH NI 707 7 — DI o THEBEICRE T 2 P ERZBEEL, 74— T3 7 295
g~ u 7 r =YL OLRERET o572 L 2AH, WERMFHRERTAONSE M2 Y707 7=
AHIEREDS AOKO FHPERCTIRBEE S Tz, S 512, BCG &5 | MM HOMIENAEREIZ, AIKO
XY ALCBWTAHBLZBA 2RO 7 (Fig. 2)o LA EO#EFRIL RGN IRME L 725 ERAY S100A9
RIEA LRI W THERO M2 3 7 0 7 7 — VIREAPRBIICHFE SN T LI28 D,
WORMEGAZHET LEEPMESINL Z L 2R L TBY ., IR OWRREIZBIZ % < 5
TAHILZMIRRTHLDTH %o

—J5 REREOLIE & DS ASRE O LRI
A HLS100A9 ¥ 7 FMIZ X ) s n

M2 X707 7 — JINEDKAL A I

720 ThH P ABUNREEZ BT L)
THWRMEZEEL T, HPAET VO
WAL Z AT o 720 FEBR BIGF10 X 7/ —=
Mo~ 2T HMEE 7 VT,
AIKO < ™7 A2 BT B 2 A MO itz Fig. 2. Intraperitoneally challenged BCG microbes were
BRI RCRACHATBIE Sl T S i oo et
R\ 72 L, S100A9 2SHASAEKRIZ B L (*, P<0.01).

% 7 AINE D B4 5 R 4 A2 % A % W] hE
PEDIR SN2

(right panel).
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This laboratory aims to establish the molecular and cellular basis underlying what we call “lipid
immunity”, a collection of multiple immune pathways directed against lipid antigens. We have recently
detected cytotoxic T lymphocyte responses in rhesus monkeys that are targeted specifically to viral
lipopeptides and determined the molecular identity of rhesus lipopeptide-presenting proteins. In 2019,
candidate molecules that were likely represent human lipopeptide-presenting molecules were identified, and
their X-ray crystal structures were determined in a lipopeptide-bound form. We also addressed how lipid
immunity may impact on tissue responses in tuberculosis and discovered a role of the neutrophil SI00A9
protein in tuberculosis-associated granuloma formation. S100A9 knockout (A9KO) mice that we established
in 2018 proved to be valuable for delineating cellular pathways in which neutrophils control macrophage M1/
M2 polarization via SI00A9 signaling. This novel principle has now been addressed in the context of not

only tuberculosis pathology but also cancer biology.

1) Identification of human lipopeptide-presenting molecules

N-myristoylation occurs for some viral proteins to dictate their pathological function. On the other hand,
host immunity appears to have evolved the ability to sense the lipid modification of viral proteins. By the use
of a monkey AIDS model, we discovered that a group of classical MHC class I molecules captured
N-myristoylated lipopeptides derived from the SIV Nef protein and present them to cytotoxic T-lymphocytes.
Thus, these allomorphs, collectively termed LP1, represented a novel functional pool of MHC class I
molecules with the ability to act as lipopeptide-presenting molecules (Nat Commun 2016, J Immunol 2019).
However, it remains to be determined if human LP1 may exist.

Rhesus LP1 molecules contained exceptionally large and hydrophobic B-pockets to accommodate the
myristoyl group of lipopeptide ligands. With the assumption that human LP1 molecules may also contain
large B-pockets, we performed an extensive in silico analysis and selected eight candidates. Their potential to
bind lipopeptides was assessed by ligand-induced protein refolding assays, ending up with the identification
of three lipopeptide-binding HLA class I (HLA-I) allomorphs. Thus far, we have successfully determined the
X-ray crystal structures of two HLA-I molecules complexed with lipopeptides. We have now established

human LP1 transgenic mice, hoping to reconstruct human LP1-mediated immunity in mice.

2) Control of macrophage polarization by the neutrophil SI00A9 protein

By utilizing our guinea pig tuberculosis model, we have recently shown that the neutrophil-derived
S100A9 protein is critical for the formation of granulomas, a globular collection of activated macrophages in
which neutrophils and M2 macrophages are centrally located and closely associated. This led us to the
speculation that neutrophils may control macrophage polarization via SI00A9 signaling. Therefore, we
generated S100A9 knockout (A9KO) mice and performed an intraperitoneal BCG challenge, known to induce
neutrophil/macrophage responses in the peritoneal cavity. The total number of locally recruited macrophages
was similar in wild-type (WT) and A9KO mice; however, the number of CD206-expressing M2 macrophages

was significantly reduced in A9KO mice, which was associated with increased BCG survival in the peritoneal
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cavity o these mice (Fig. 2). The ability of neutrophils and the SI00A9 protein to induce M2-skewed
macrophage polarization was further confirmed in an in vitro neutrophil/macrophage coculture system, in
which neutrophils derived from the peritoneal cavity of BCG challenged A9KO mice were less efficient, as
compared with WT neutrophils, in inducing bone marrow-derived macrophages to differentiate into M2.
These observations highlight a novel role of neutrophils in dictating M2 macrophage differentiation. We
predict that this may be of fundamental relevance not only to tuberculosis pathology but also to cancer

development.
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RAEF T, A2 © ORI O Lo 7 MG, B X ORI O HI AR %
fRIHS 522 L 2@ 0, MMM B ZEHZHLMITLI L2 HIBL TV, FRl2, 1~
F—uaAfFr7LE77— (IL-7R) ORIERICBITHHERE. 2704 FARVEVIZL S IL-TR D
FEBLHIE & P beRE OBE H FET. 1L-7 & IL-15 FEAEMIE o v #AL & BRBERENT % Fh DS IFZE 2 St C
Who RIEDHIFERE A L FICRIKT %,

1) FHIMERA P —<HRE 7 T4 RE2Z2FV2RBL,. T7TFA KR F D70 E— % —il

HTD Cre Ml Z BHICE > THIRIIEMIZEND

FRHICBU SIS A » o —<HlE2 5 %2 2 M/NRBEIC X > THZ 5N TV 5, IRkl
SHELEESNLTA M ALV THDLT T4 RKA7F VIZPHEIRR - PLBIIRELIE 2 Fo & & b2,
) URERO LR BEGE, BRRE A HIHI T A C L THEEEH Z KT, 7T 4 KA 7 F VidEfo v
TF V2R o — <M L EFEMRE TR I TV S, ThET T4 R A7 F o7
E— & — I T Cre BIET 25T 5 M T v AV =2 (Adipoq-Cre) 2SHRIGHNNGL 2 HF B ARy
T HEVIREROBELFIHE LTV D, LA >T BMA MO —<MBEET T4 RA7F U %
FHHLTWAELE) DIERZHEEL T v, 2T, COMEEZHALNITAH7-02, 8 MmO
BRI 2ZOFHOK A M a—<MBERO T 7 4 A7 F ¥ mRNA &% iRk o 515
LRI L72. Z ORGSR, PDGFREVCAM-1" A b 1 —< AR ML & T 2 503 BLE %2R
L7225 BHoMENEME, o2 o —<fifa, &l CiEBBREIMEA,» - 720 KIS, Bl
IZB1F % Adipog-Cre t 7 ¥ A Y — » OFERFERE %2 X5 729, Adipog-Cre; R26-tdTomato L 7R —
7= AR L7 TR, 8 Ml Tld PDGFREVCAM-17 A b 1 —<HifLD 94% & HaHLH
fa 2% tdTomato Btk TdH 5 DI1Zxf L. MMM, &3z &Moo X b o —~<fillg TiBks
(X 10% 23§72 %2 o 720 720 Adipog-Cre THEMIIZ S5 PDGFRAVCAM-1+ A b 1 —<ffifig &
Cre Ml A 2 W% % 38813 % PDGFRAVCAM-1" 2 0 —< M H CEHATH 722 &2 5,
PDGFRB'VCAM-1" A b u—<flifgix 7 74 X427 F U BICEHL TH—-LERTH S Z L A%
Polze BT, 8 HEED Adipog-Cre; R26-tdTomato; CXCLI2-GFP ¥ 7 A & fi##ir3 % &, CXCLI12-
abundant reticular (CAR) MIfED1Z & A &Y Adipog-Cre TREMIIZ ENTW 2o I, FHEX b o —
~ ML A E S, IRIRIE. BRI b T 212 A LT b 2 Lh 5. Adipog-Cre DFERY
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FERMEO MM X B2 ZLZ T L7zo T OFKER. 4 8. 24 D Adipog-Cre; R26-tdTomato ¥ 77
A TlX PDGFREVCAM-1* A B —<HilaDZ NN 84%. 91%. BHFMILDOZNEN 1%, 21% 7°
tdTomato BFECTH o720 F72. A% 0 HOFHTIIREEMIZIZE A BB TEX 20 o 7208 Atk
1 HHZIZEERRO2MREmMAR o h7z, 3512, IL-7 EAMIE L Adipog-Cre DEEHNE D
fre X5 72012, 8 Ml D Adipog-Cre; R26-tdTomato; IL-7-GFP ~ 7 A % f##T L 720 & D5 5.
PDGFRB'VCAM-1* A b B —< LD 57%. 36% H3ZF N Z N tdTomato"GFP*, tdTomato*GFP ~Td -
720 RIZ. Adipog-Cre DEERYMNBFFEIYIC IL-7 % KIE &7z Adipog-Cre; IL-7-flox/flox ¥ 7 A % fif
Md5be, BRICBITZBMBOSMEIE LI EEINL, DLELORRENL. Fi#i0D PDGFRE
VCAM-1* A b 0 =< MR 7 74 KA 7 F 253 L. Adipog-Cre b7 Y AV = I2X DR X
CEEMIZEINEZEVRHLRE o7,

Interleukin-7 (IL-7) is a cytokine important for differentiation and maintenance of lymphocytes. Focusing
on IL-7 and IL-7 receptor (IL-7R), our laboratory is pursuing the following research projects: (1) function
of IL-7R in differentiation, maturation, and response of immune cells; (2) regulation of IL-7R expression and
immune function by glucocorticoids; (3) visualization and function of IL-7- and IL-15-producing stromal

cells.

1) Mesenchymal stromal cells in bone marrow express adiponectin and are efficiently targeted by an
adiponectin promoter-driven Cre transgene

Stromal cells in bone marrow (BM) constitute a specific microenvironment supporting development and
maintenance of hematopoietic cells. Adiponectin is a cytokine secreted by adipocytes. Besides its anti-
diabetic and anti-atherogenic roles, adiponectin reportedly regulates development and function of
hematopoietic cells in BM. However, it remains unclear whether mesenchymal stromal cells in BM express
adiponectin. Here, we show that PDGFRSF"VCAM-17 stromal cells express adiponectin. Lineage tracing
revealed that a majority of PDGFRF"VCAM-17 cells were targeted by an adiponectin promoter-driven Cre
(Adipog-Cre) transgene. Additionally, the Adipog-Cre transgene targets a minority of osteoblasts at younger
age but larger populations are targeted at older age. Furthermore, the Adipog-Cre transgene targets almost all
of CXCL12-abundant reticular (CAR) cells and that most of the stromal cells targeted by the Adipoq-Cre
transgene are CAR cells. Finally, deletion of IL-7 by the Adipog-Cre transgene resulted in severe impairment
of B lymphopoiesis in BM. These results demonstrate that PDGFRS"VCAM-1" stromal cells in BM express
adiponectin and are targeted by the Adipog-Cre transgene, suggesting broader specificity of Adipoq-Cre

transgene.
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1) ¥ U7 HoNWEE N W G)

WHFGE 7V — 7Tl HAEMIBIC BT 5 7 v 7 E RS RO 21T T\ b, Mo
HCEGRENT T VS IR T 5720121, MINICHFRET Ay Xa v ¥ Y0 ER ED
&40 CIELWERREEZ KT 2 BN D 5o MMafkiZid, BiP L WHRENRY yXua »
¥ ORI EDBFAE L, F o3 B EHEROBLNE 2o Tnh, 33 v X1 Y Th S ERA3
X, BiP IZHE Y V7 A ZFPELZD . ATP KIFHREZREL 72D T5 2 LICK->TBIP ¥ ¥
R YA 7 VEHRHEL TS, —HTiRIEIC% > T, ERA3 IE5W SN T, Mllgstcosy 3 r
EWEEHICHEDL L Z LB SN TS, FA72 513 ERAj3 #Y SDF2 B X UF SDF2L1 & 9 /Miafk
Uy EREGEAREIEE TS Z L2 RO, 4 WAA7- 5. SDF2L1 %% ERdj3 & Ak
T AT LIZX > TERG3 ZMIRENICEDOTEB &, MIANTY yRu v L LTHRETE 2 X
NRFLTCWB Z LRSI L7z, 720 ERAj3-SDF2L1I HAMKRD ¥ v xu iM%, HilakH
BIOKWELZV I EF Y by 7 E % v THE L ERA3 B0 ¥4 £ D § ERAj3-SDF2L1
BAEKROFRE N Y v RO ViEEERT I 2HS
M L7ze 512, ERG3 I 4 BIRZ KT % A%
ERdj3-SDF2L1 i & A 13 # N Z N ERGG3 B £ O
SDF2L1 &2 50 T b ~\T 0 4 miKZ KT 5 2
EAIRENTZ. DLEOKENS, b7y X7 E
mEE O —mEHONICTHIENTEL
(Fig. 1)

Bl & Fe Ty Ntk Y v 87 B OKERERTR, 2
VA A A PAY/ & TN K | ANP ¥ V] gs S ik
72, MR # (ERAD) % {09 A KO AT
LEOWE R T> T\ 5,

Fig. 1. Model of the formation and function of
the ERdj3-SDF2L1 complex.
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2) AWF5E5rEF CTld. RNA aptamer % FI\V T, QEBAWIZ BT % WG HI R O T I L @4 K
WIZBIT 23T =7 V5T ORI ATV,

OFEAZAEWI BT % HE G B O g b

B OB T DR 5 ORI CTHRBT 2 #881E, X7V FY—2D)EFT) V7,
i 2 DR EIG LR F O & BEHBEAROEER. BB, MREOLE Vo 72BERES A
LA—=RIZHET L RT NI SR, 2O X)) bk ERS - USRI b S L AIZon
Ty a3y avNT hspl0 BIZ TR EDEEXET VY ATLAELT, MHTAZEZHMEL
TWb, WAIIFICZOBELRTOEBIZEDLLHFD 1 D2TH5SH GAF IZIFEH LTS, ZOKT
X ERROEBEOWVONIZEHDL o TR E I EPHHEINTVE, €2 T, ZTORFIIHT S RNA
aptamer & VT, —#EOIRGEAE I D 5 O N FHMAE/EH ZHEST 5 2 & T, GAF 2585
DEDL D BB DDY, FZFOMBEREORNT-LOMEEHICEA2DDTHE0EHHL
7onWEEZTW5D, TN E TIZ GAF F#52 19 RNA aptamer OE R L. £ DOFERE% in vitro HRE:
RICBWTHNTL72E 2 A, GAF 13D 7 T E— % —® GAF # G EHRAE MY 72 iz 5. G A AR
BB T O & (2 GAF 5 GRS AN 2 i G G R B S C ORI b o T b T L2 5
IZL 720 GAF RIREMERTTHAS FACT ZELHALTWL I EDNbhro T0E 5HIEIN
5 & GAF & OH5ED aptamer 12 & o THEFE SN ) B0 T $ 5 2 LI & D BERAEY OS]
BRI D — i 2 R L 72\

QOHEARMNICBIT 53T —7 V5 OB

BN S EENE Y VXV AD—DTH 53T —7 /& EEROREEMEREZ 1L Cokk4
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FMATVWS, TNE T, 57T N, native collagen AR & L7277 1 V& —#EGHIC K 5 #E) %
117 o TE7205 T BALRIERA R SN, L72RNA L a5 —7 ¥ & OEHNT 2N T
52 EOEN S, BUEIIH 2 E R ICHU) HLA TV S, BARIZIZRE —XIZA LT b
TEY YA LTHE SEZERART

FRZENE L72ENZT%>TWw

bo TNETHMNES ¥ /37 BT

% aptamer D FERIHE I N TV W

CEMH. BT RBERRTISHS L

EHNZ B A J5 am R Rt b F o 72
Wige s LT, 55 b SANIZHLD 41 A Fig. 2. Crustal W analysis of aptamers against collagen
TWwE 72w,
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3) WEAEICHE X . HAA L IEH % THI LB CREE AL B X - THIBL £ 7% — g 8wz
FOIEIERN 7 V(D) Tz L O#EICOWTIHEN 2B hoTWwb (KRG,

1223 rule IS T B EHICRAZL THIRRL €T % — p8EREY (Terd) V(D)JI IR Z
V(D)J#MHZ THBR SN S EETEZ A Y MICIZVRSS EFRENBLEFN S 7L LTHWwTW
bo Z7IIE 2B (12RSS & 23RSS). VEZ X ¥ ME 3 MIIC23RSS, T X ¥ MICIFS
MINZ 12RSS 2FFEL TWwhb, $72D &7 A ME S MIC 12RSS, 3 MIIC23RSS ZAH L TWb, V
(D)J #1422 TIL 12RSS & 23RSS Z#Fiot 7 X ¥ M THMRABZ % (1223 rule) o & 2 A5 IE
FHIEA S 23RSS ZH T AV EDOMOMBLZ #EHETIEIH S bODOMM L7z, T ORI,
DTDOXICLTHELEZEEZONS, DI-J2.6 B DOFEIZ F 3 J2.6 coding end (CE) & 23RSS
(D1) signalend (SE) 2527 A%% IEIERLN 7 hybrid joint (HI) 2% 14 U7z KIS, &> 72 12RSS
(J2.6) &XT7VY 7 TE 23RSS D V14 % 8D T RAG complex (ZHUY 3AHK, IEMEH) 7 4L 2
(signal joint (SJ) & codingjoint (CJ)) B L7z (Fig.3)-

FEDSAJRIN & 72 B —FRD onco gene D%k A 72 DNA FFHEK Tl RSS BRAELHIATFRD HNLE D DD,
12/23 rule IS T A7 —ADMEEIN TV L, TNHOREPAMOBETHIEZICEL T 4HA
WL L RO X o THELZOTIRRWIES ) D

Fig. 3. Formation of an illegitimate tail-to-tail joint between D1 and V14.
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This laboratory consists of three independent research

groups.

1) Protein quality control mechanism (Hosokawa G)

In the living organisms, newly synthesized proteins
obtain their native conformations by the assistance of
chaperone proteins and folding enzymes by a mechanism
known as a protein quality control. BiP is the major
chaperone protein in the ER (endoplasmic reticulum) that
regulates, the ER protein quality control. ERd;j3 is a co-
chaperone of BiP controlling the BiP chaperone cycle by
transferring unfolded proteins to BiP and enhancing the Fig. 1. Model of the formation and function of
ATPase activity of BiP. Recently, it is reported that ERd;j3 the ERdj3-SDF2L1 complex.
is secreted to regulate the extracellular protein
homeostasis. We have reported that SDF2 and its homologue SDF2L1 are ER resident proteins that make a
stoichiometric complex with ERdj3. We now found that SDF2 and SDF2L1 retain ERd;j3 in the ER. We have
analyzed the chaperone activity of ERdj3 and ERdj3—-SDF2L1 complex that inhibit protein aggregation in
cells and in vitro using recombinant proteins. /n vitro analyses revealed that the ERdj3 dimer incorporated two
SDF2L1 molecules; otherwise, ERdj3 alone formed a homotetramer. The chaperone activities of the ERdj3—
SDF2L1 complex were stronger than those of ERdj3 alone. Together, these findings suggest that, under
normal conditions, ERdj3 functions as an ER chaperone in complex with SDF2/SDF2L1, but is secreted into
the extracellular space when it cannot form this complex (Fig. 1).

We are also analyzing the function of molecules in the ER, intracellular transport mechanisms of collagens
using live-cell imaging, and the function of the ERAD (ER-associated protein degradation) complexes in the

ER membrane.

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

from random RNA pools, as target-specific inhibitors.

(D the investigation of eukaryotic gene expression mechanisms

The process that eukaryotic cells receive stimulus from outer world and respond to it to express several
genes consists of several stages such as chromatin remodeling, the binding of transcription regulators, PIC
formation, transcription initiation, and transcription elongation. Each stage is regulated by many factors and
these cooperate with each other. Our research aim is to clarify how these factors interact with and regulate the
function of other factors in the transcription apparatus. For this purpose, we use Drosophila hsp70 gene

transcription as a model system and we focus on Drosophila GAF, which has been reported to involve in
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many stages of transcription. GAF specific RNA aptamer will give us an insight about the role of this factor
in transcription and the molecular interactions in the protein complex essential for appropriate gene
expressions. Until now, we succeeded in obtaining several kinds of domain-specific inhibitor. And we showed
that GAF, even on naked DNA template, regulates transcription on GAF-dependent promoter, which consist
of two kinds of mechanism; one, at the initiation process, is dependent on the GAGA element of the promoter
region and the other, after the initiation, is GAGA element independent manner. GAF has been reported to
interact with several kinds of chromatin transcription factors such as FACT. So our next aim is to identify
factors which interaction with GAF is inhibited by our aptamers. This will give us deeper understandings of

the mechanisms of eukaryotic gene expression.

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

Collagens are one of the richest proteins in higher vertebrates. The fibril proteins have important roles e.g.,
the scaffolds of various biological reactions. The specific inhibitors such as antibodies are necessary to probe
these functions, but, because collagens are highly conservative between species so that the immunogenicity is
very low, it is difficult to get such kinds of inhibitory molecules. We now try to sort RNA aptamers which
binds specifically to collages. When using synthetic polypeptide or native collagen as target molecules, he
conventional selection procedures with nitrocellulose membrane didn't work well, so we are now trying to the
new selection against target immobilized
on the magnetic beads. The successful
selection against fibril proteins has not
been reported, so our research, the
development of method to get aptamers
specific for collagen as well as functional
analyses of the protein, will be productive Fig. 2. Crustal W analysis of aptamers against collagen

efforts.

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

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

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

Each Terb gene segment is flanked by RSS. There are two types of RSSs (12RSS and 23 RSS). V(D)J
recombination occurs between a gene segment with 12RSS and one with 23RSS (the 12/23 rule). A V gene
segment has a 23RSS at the 3" end, and a J gene segment has a 12RSS at the 5’ end. On the other hand, a D
gene segment holds a 12RSS at the 5’ end and a 23RSS at the 3" end. Under the 12/23 rule, tail-to-tail joint
between V and D is supposed to be impossible. However, we found a tail-to-tail joint from normal
thymocytes, although at the very low frequency. This seemingly odd join can be explained as follows: 1. D1
to J2.6 recombination starts with non-canonical hybrid joint (HJ) between the 23RSS (D1) signal end (SE)
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and the coding end (CE) of J2.6. 2. Then free 12RSS (J2.6) SE pairs all over again with 23RSS (V14).
Finally 12RSS (J2.6) SE and 23RSS (V14) SE join (signal join; SJ), and D1 CE and V14 CE join (coding
join; CJ), forming the tail-to-tail construct in chromosome (Fig. 3).

Some oncogenic DNA rearrangements occur between two genes with 12RSS or 23RSS. It is possible that a

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

Fig. 3. Formation of an illegitimate tail-to-tail joint between D1 and V14.
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The main objective of our department is to investigate and develop methods, procedures, and technologies
which are applicable to basic and clinical medicines as well as basic researches of biology and medicine from
the viewpoint of material sciences. The materials to use in the body and to contact biological substances, like
proteins and cells, are defined as biomedical materials and biomaterials. In our department, various types of
biodegradable and non-biodegradable biomaterials of polymers, metals, ceramics, and their composites, are
being designed and created aiming at their clinical applications as well as the development of experimental

tools necessary for basic researches of medicine and biology which scientifically support clinical medicine.
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We are actively proceeding research and development (R & D) of biomaterials to assist reconstructive surgery
and apply to drug delivery systems (DDS) for improved therapeutic efficacy. However, it is often difficult for
patients to improve their Quality of Life (QOL) only by the therapeutic procedure of reconstructive surgery
because the biomaterials applied are of poor biocompatibility and functional substitutability. For organ
transplantation, there are several problems to be resolved, such as the lack of donor tissue and organ or the
adverse effects of immunosuppressive agents. The two advanced medical therapies currently available are
clinically limited in terms of the therapeutic procedure and potential. More detailed explanation about every

project is described.

1) Biomaterials for Regeneration Therapy

We are designing and creating 3-dimensional and porous constructs of biodegradability as cell scaffolds of
an artificial ECM which supply the local environment of cells proliferation and differentiation. As another
technology to promote the proliferation and differentiation of cells, the biodegradable carriers for the
controlled release of growth factors and genes are being designed and prepared from gelatin and its
derivatives. A new therapy to naturally induce tissue and organ regeneration by the controlled release of
various biologically active growth factors has been achieved, and the therapeutic potentials have been
scientifically demonstrated through animal experiments. Among the tissue regeneration trials, clinical
experiments of angiogenic and bone regeneration therapies have been started by the controlled release
technology of basic fibroblast growth factor (bFGF), insulin-like growth factor (IGF) -1, and platelet-rich
plasma (PRP) to demonstrate the good therapeutic efficacy. In addition, the systems of drug targeting and the
local release with polymers of an organ affinity are being designed and prepared to achieve the regeneration

therapy for chronic disease based on the natural healing potential of patients.

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

The technology and methodology of cell culture with various biomaterials and bioreactors have been
explored to efficiently isolate, proliferate, and differentiate stem cells, precursors, and blastic cells. A series of
this study not only aims at the preparation of cells suitable for the therapy of regenerative medicine, but also
research and development (R&D) of materials, technologies, and methodologies for basic medicine and
biology. They are also applicable for the research of drugs discovery to evaluate their metabolism and
toxicity. In addition, non-viral vectors for low-molecular weight compounds, peptides, proteins, and nucleic
acids (siRNA and decoy DNA) have been investigated to design the DDS system for gene transfection which
can biologically analyze the functions of stem cells and genetically engineer cells to activate the biological
functions for cell therapy.

The minimum unit of body is cell, but that of biological function is the cell aggregate. The cell culture with
cell aggregates has been noted for the basic biological and medical research of cells and drug discovery (the

drug development and the toxicity evaluation) . However when the size of cell aggregates becomes larger, the
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cells in the aggregates tend to die because of the lack of nutrients and oxygen. As one trial to break through

the problem, microspheres incorporation enabled cells to improve their function even in the cell aggregate.

3) Biomaterials for DDS

Generally there are few drugs which have a specific selectivity for the site of action. Therefore, the high-
dose administration of drugs is necessary to achieve their in vivo therapeutic efficacy, while this often causes
the adverse effects of drugs. DDS is a biomaterial-technology which allows a drug to act at the right time the
right site of action at the necessary concentration. The objective of DDS includes the controlled release of
drug, the prolongation of drug life-time, the acceleration of drug permeation and absorption, and the drug
targeting. Various biomaterials are inevitably required to achieve every DDS objective. The drugs applicable
for DDS include therapeutic drug and gene, diagnostic and preventive drugs, cosmetics, or health care
substances etc. The basic idea of DDS is to efficiently enhance the biological functions of such drugs by their
combination with biomaterials. Other than the therapeutic drug and gene, the DDS technology and
methodology can be applied to enhance the in vivo efficacy of vaccination and diagnosis, such as magnetic
resonance imaging (MRI), ultrasound diagnosis or molecular imaging. In addition, we are investigating DDS
technology and methodology which are applicable to the research and development of cosmetics and health

care sciences.

4) Biomaterials for Surgical and Physical Therapies
We molecularly design and creates biomaterials and the related technology mainly from biodegradable
polymers aiming at the development of assistant materials and medical devices in surgical and physical

therapies.
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Figure 1 The goal of the project: development of “super-
universal T cells”

We firstly produce universal pluripotent stem cells (ES
cells or iPS cells). Then, T cells that can attack cancer cells
are mass-produced from such ES/iPS cells. Such T cells
will be frozen and banked as “off-the-shelf T cells”. When
needed, T cells will be thawed and intravenously
transfused to a cancer patient. The transfused T cells will
attack cancer cells while immune cells of the patient will
not attack them.

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.
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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. Here I introduce a project which we started in 2019 on regenerated T cells with
the support by AMED.

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
(Figure 1). As a material of such T cells, we are going to produce universal ES cells or iPS cells.

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

To this end, in 2013, we succeeded in producing iPS cells from T cells and to regenerate T cells from such
iPS cells (T-iPSC method). Subsequently, we developed a method to transduce iPS cells with exogenous T
cell receptor (TCR) gene and to regenerate T cells from such iPS cells (TCR-iPSC method).

At present, in the regenerative medicine field, a major project has been promoted by Japanese government,
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, because immune system in such patients may make minimal immune response against the graft. 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. As
a cell source, we will mainly use ES cells, while we will also use iPS cells.

To evaluate function of the regenerated T cells, we are going to use PDX (patient-derived xenograft) model
of cancer, in which tumor tissue collected from a patient is transplanted in immunodeficient mouse. One point
here is that the universal T cells are expected to work in the presence of white blood cells of the patient.

Therefore, we plan to establish PDX model in which peripheral blood mononuclear cells from the same
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patient are also transfused.
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The research of our group has focused on mechanisms of stem cell differentiation during development and
regeneration, mainly on those for skeletal myogenesis. Although cell lineages of skeletal muscle have been
elucidated very well, we still do not know very well how skeletal muscle progenitors colonize a region near

the skeletogenic cell components including osteogenic and chondrogenic cells together with tenocytes to
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build the functional locomotorium during development. Recent studies on skeletal myogenesis are focusing
on muscle connective tissue (MCT) cells that play critical roles in muscle development and maintenance.
Different types of MCT cells intercalate into myofibers, and the heterogeneity of these MCT cells makes it
difficult to understand their roles in morphogenesis of the locomotorium. Thus, the embryonic MCT cells
represent a missing link to design a proof-of-concept experiment to integrate mechanisms underlying the
incorporation of skeletogenic and myogenic cells into the unified locomotorium. From this idea, we screened
enhancer-trap lines of zebrafish and identified the early B-cell factor 3 (Ebf3) as a transcription factor
marking scleraxis (Scx)-expressing tenocytes and MCTs of zebrafish and mouse embryos in common. Ebf3
knockout mice had no effect on chondrogenesis but led to sternum ossification defects as a result of defective
generation of Runx2+ pre-osteoblasts. Conditional and temporal Ebf3 knockout mice revealed requirements
of Ebf3 in the lateral plate mesenchyme cells (LPMs), especially in tendon/MCT cells, and a stage-specific
Ebf3 requirement at embryonic day 9.5-10.5. Upregulated expression of connective tissue markers, such as
Egr1/2 and Osrl, increased number of Islet]+ mesenchyme cells, and downregulation of gene expression of
the Runx2 regulator Shox2 in Ebf3-deleted thoracic LPMs suggest crucial roles of Ebf3 in the onset of lateral

plate mesoderm differentiation towards osteoblasts forming sternum tissues.
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Our group aims to (1) understand the mechanisms behind cancer-induced host pathophysiology and to (2)

explore novel genome functions via enhancer genetics.

(1) Studies on the mechanisms underlying cancer-induced host pathophysiology

We aim to reveal the mechanisms of how host homeostasis is disrupted in cancer-bearing animals and to
establish novel therapeutics that can ameliorate cancer's adverse effects on the host, realizing symbiosis with
incurable cancers. Despite advancements in cancer therapeutics, there are still a lot of cancer-induced deaths.
For example, approximately 370,000 people died due to cancers in Japan in 2017, which accounts for more
than 25% of the total deaths in the year. Our group tackles this difficult problem from a new perspective:
conferring organisms resistance against cancer-induced pathophysiology so that they do not die due to
incurable cancers.

Our approach includes i) multi-omics investigation on alterations of host organs in cancer-bearing animals
and ii) identification of host factors responsible for such alterations. We recently found that gut cancers
promote liver inflammation via a host factor cyp7al that encodes cholesterol-metabolizing enzyme (Dis.
Model. Mech., 2018). Furthermore, we discovered that breast cancers rewire hepatic circadian gene
expression and cause various liver abnormalities (Oncotarget, 2017) . Based on these accomplishments, in this

fiscal year, we performed functional analyses on a couple of host genes and enhancers we identified.

(2) Exploring novel genome functions via enhancer genetics

We aim to understand the mechanisms underlying biological phenomena governed by cis-regulatory
enhancers via enhancer genetics. Genomic enhancers are non-coding DNA elements that determine when,
where, and how much a target gene (genes) is expressed. In mammalian genomes, it is estimated that more
than 100,000 active enhancers exist. Yet, functional analyses of genomic enhancers are far from complete:
only less than 0.3% of genomic enhancers have been functionally characterized in vivo. Functional analyses
of enhancers are one of the most important remaining tasks in genome biology.

In this fiscal year, we identified an enhancer that plays an important role for thymocytes development in the
thymus (Nat. Commun., 2019) . In the thymocytes, a process called negative selection eliminates potentially
disease-causing T cells. This process induces apoptosis for T cells harboring T cell receptor (TCR) that
strongly recognize self-antigen. Yet, how affinity between a TCR and self-antigens is converted to apoptosis
to establish negative selection had not been fully understood. Our study found the enhancer that is required
for thymocytes to convert TCR signal strength to apoptosis, uncovering a novel mechanism of negative

selection.
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The objectives of our laboratory are to develop new therapeutic modalities for disorders in the skeletal
system based on their molecular mechanisms by understanding the processes of physiological growth and

differentiation, and also transformation of mesenchymal cells. Following projects are currently undertaken.
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1. Researches on mesenchymal stem cells

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

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

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

using iPS cells.

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

We have been establishing the method to induce bone and cartilage cells from human iPS cells and also
studying the molecular mechanisms of differentiation in detail. As for osteogenic differentiation, we
established the multistep method to induce mesenchymal cells via neural crest, and also developed one-step
method using retinoic acid signal. Using this one-step method, we have succeeded three-dimensional
visualization of the bone-like nodule formation by the collaboration with Prof. Adachi of inFront (Fig. 1),
which will help us to understand how osteogenc lineage cells such as osteoblasts and osteocytes develop. As
for chondrogenic differentiation, in addition to the method via neural crest, we established the method to
induce osteochondral precursors via paraxial mesoderm and somite, and succeeded to induce hypertrophic
chondrocytes from them. We also succeeded to make growth plate like structures by transplanting pellets of
osteochondral progentitor cells (Fig. 2), which will be a useful tool to understand the differentiation process

of growth plate and also to study the growth plate-related diseases.

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

In most of cases, the pathophysiology in hereditary skeletal diseases is still to be investigated and no
effective treatments are available. Using the advantage that iPS cells can be established from particular
individuals, a number of disease-specific iPS cells have been established and used to understand the disease
and discover the drugs. We have discovered novel molecular mechanisms and obtained the key for drug
discovery in one of such diseases, fibrodysplasia ossificans progressive. Also we have identified an mTOR
inhibitor, rapamycin, as a candidate drug for FOP, and started multicenter double-blinded investigator-
initiated clinical trial of this drug for FOP from September 2017.

We started new AMED project “Development and application of innovative drug-screening technology
using patient derived iPS cells for intractable bone and cartilage diseases” from 2017. Using the induction
methods described in the previous section, we are now investigating the pathogenesis of intractable bone and

cartilage diseases such as osteogenesis imperfecta and multiple epiphyseal dysplasia.
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3) Investigation for the cell-of-origin in sarcomas using pluripotent stem cells

Sarcomas are malignant tumors developed in mesenchymal tissues and consisted of tumors with a variety
of clinical and pathological features. By recent advances in the genome analyses, driver mutations, which are
strongly involved in the development of each type of tumors, have in has been discovered in a number of
tumors. Cell-of-origins of each tumor, however, are still missing in most of cases. Using PSCs with drug-
inducible driver mutations, we analyze the effect of mutations in different stages of differentiation. This
approach may help to explain the heterogeneity of tumors and also provide information for personalized
medicine. We are now analyzing two driver mutations, IDH1/2 genes in chondrosarcomas and SS18-SSX

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

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

1) Molecular mechanisms in iRS cell reprogramming to iPS cell

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

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

2) Plasma and nuclear ADIPONECTIN

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

cell interaction, and chromatin remodeling.
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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
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issues, we are carrying out systematic and detailed characterization of DNA damage responses in mouse
embryonic stem cells, germline stem cells and their differentiated progenies. Our research aims to understand
the developmental stage and/or cellular context dependent control (s) of genome stability and diversification

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

clinical grade hES cell lines to establish a clinical grade hES cell bank in the near future, aiming to supply

them to researchers in the fields of regenerative medicine

1) Establishment and analysis of human ES

cell lines for clinical application

Embryonic stem cell lines are pluripotent stem
cell lines which can be propagated indefinitely in
culture retaining their differentiation potency into
every cell types of tissues in the body. Since
establishment of human ES cell lines were
reported, clinical use of functional tissues and
cells from human ES cells are expected. In Japan,
there have been many demands for use of human

ES cells on basic and pre-clinical researches. We
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started to establish human ES cell lines using donated frozen embryos in January 2003 and successfully

established 5 human ES cell lines. We have distributed these cell lines to over 50 researches.

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

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

Based on these researches, we started derivation of clinical-grade hESC lines after governmental approval of
the project. We reported the derivation of the first clinical-grade hESC line, KthES11, in May 2018, and total
of 4 cell lines, by December 2019. Frozen stocks of these cell lines are ready for distribution to research

institutes aiming clinical application of hESCs.
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This laboratory aims to understand the mammalian fertilization process and the molecular and cellular
mechanisms underlying how immune tolerance is maintained and self-reactive T cells attack our body. In
2019, we performed characterization of the antigen stably expressed on the mouse sperm surface. In this year,
we developed monoclonal antibodies to analyze this antigen in monkey or human sperm. Moreover, we
elucidated a molecular basis of the effector program of inflammatory T helper cells mediating autoimmune
disease. Targeting this pathway in inflammatory T helper cells could be a potential immunotherapy for

various autoimmune and inflammatory diseases.
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1) Development and characterization of monoclonal antibodies against the monkey and human sperm
surface antigen

Some female infertilities are caused by an excessive immune response to sperm antigens in the genital
mucosa, but the molecular mechanisms and responsible antigens are not well understood. We previously
attempted to screen for sperm surface proteins to identify highly immunogenic antigens that are specifically
expressed in mouse sperm and are also deeply involved in the fertilization process. As a result, SSA was
identified as one candidate molecule. In the last year, monoclonal antibodies against mouse SSA were
developed and their characterizations were performed. In this year, we started analyses on monkey or human
sperm to elucidate the clinical significance of this antigen. To date, nine types of monoclonal antibodies
against mouse antigen have been developed, and FACS analysis using monkey spermatozoa was first
performed. As a result, none of them could react to monkey sperm. This seemed to be due to the fact that the
amino acid sequences between mouse and human SSA had only about 75% homology. Therefore, we have
begun development of monoclonal antibodies that react with human or monkey SSA. First, human SSA-
expressing cells were prepared, immunized with Balb / ¢ mice and finally developed four monoclonal
antibodies. Next, FACS analyses were performed using them and found that all of them could react to human

SSA-expressing cells, monkey SSA-expressing cells or human sperm.

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 found a molecular basis of the effector program in IL-17-producing T helper (Th17) cells in chronic
inflammation and the development of inhibiting the key pathway could be a novel immunotherapy for
autoimmune disease.

The genome organizer, special AT-rich sequence-binding protein-1 (Satb1), plays a pivotal role in the
regulation of global gene networks and is indispensable for the development of thymic T cells. However, it
remains unknown how the differentiation and effector program of the T helper subsets in the periphery are
regulated by Satbl.

Using Th17-specific conditional knockout mice, we investigated a role of Satbl in the maintenance and
effector functions of Th17 cells in experimental autoimmune encephalomyelitis (EAE). Satbl was
dispensable for the differentiation and non-pathogenic functions of Th17 cells. However, Satbl regulated
gene expression profiles in pathogenic Th17 cells in the central nervous system and promoted the pathogenic
effector program of encephalitogenic Th17 cells by regulating GM-CSF via the transcription factor Bhlhe40
and inhibiting PD-1 expression. As a result, the development and severity of EAE were greatly reduced in
Th17-specific Satb1-deficient mice, accompanying a decrease in the Th17-associated gene expression profile.

These results indicate that clinical interventions, which specifically target this molecular pathway may be a

potential therapeutic strategy for the treatment of autoimmune disease.
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This laboratory studies: (i) the cellular and molecular basis of immunologic self-tolerance, in particular,
the roles of regulatory T (Treg) cells; (ii) the strategy for eliciting effective immune responses to autologous
tumor cells, or inducing immunologic tolerance to organ transplants, by manipulating the mechanism of
immunologic self-tolerance; and (iii) the cause and pathogenetic mechanism of autoimmune diseases, in
particular, rheumatoid arthritis.

In 2019, we continued to study the role of Treg cells in tumor immunity. PD-1 blockade is a cancer
immunotherapy effective in various types of cancer. However, we observed rapid cancer progression, called
hyper-progressive disease (HPD), in ~10% of advanced gastric cancer patients treated with anti-PD-1
monoclonal antibody. Tumors of HPD patients possessed highly proliferating FoxP3* Treg cells after
treatment, contrasting with their reduction in non-HPD tumors. /n vitro PD-1 blockade augmented
proliferation and suppressive activity of human Treg cells. Likewise, murine Treg cells that were deficient in
PD-1 signaling, either due to ablation of the PD-1 gene or anti-PD-1 antibody blockade, were more
proliferative and immunosuppressive. Thus, HPD may occur when PD-1 blockade activates and expands
tumor-infiltrating PD-17Treg cells to overwhelm tumor-reactive PD-17 effector T cells. It is expected
therefore that depletion of the former may help treat and prevent HPD.

In 2019, we also studied how effective immune suppression can be achieved by inducing Treg cells from
conventional T (Tconv) cells, especially from effector or memory T cells mediating autoimmune and other
immunological diseases. We have shown that chemical inhibition of the cyclin-dependent kinases (CDK)
8/19, or knockdown/knockout of the CDK8 or CDK19 gene, is able to induce Foxp3 in antigen-stimulated
effector/memory as well as naive CD4* and CD8* T cells. Furthermore, in vivo administration of a newly
developed CDKS8/19 inhibitor along with antigen immunization generated functionally stable antigen-specific
Foxp3* Treg cells, which effectively suppressed skin contact hypersensitivity and autoimmune disease in
animal models. The results indicate that CDK®8/19 is physiologically repressing Foxp3 expression in activated
conventional T cells and that its pharmacological inhibition enables conversion of antigen-specific effector/

memory T cells into Foxp3* Treg cells for the treatment of various immunological diseases.
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[Nakamura Group)
In situ Tissue Engineering: We have devised a new approach to the development of artificial organs. The

main procedure using tissue engineering for tissues and internal organs involves the removal of the cell
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component from auto- or allo-organs to obtain only the extracellular matrix, so-called refined extracellular
matrix (ECM) and reconstitutes the solid structure from the extracted collagen. This ECM or reconstituted
structure is then employed as scaffolding, which after implantation into the patients is used for the
regeneration or re-differentiation of tissue. Organs made of self-cells thus regenerate. Organs that regenerate
in this manner not only possess highly differentiated tissue structures, but also show functional recovery,
because all the cells are derived from the patients themselves. Whether or not our new method is practicable
will depend mainly on the intrinsic regeneration capacity of each tissue. Up to now, in higher mammals
including man, it has been believed that highly differentiated organs lose their ability to regenerate. We
consider that mammals do not, in fact, lose this potential, and that the potential is hidden by excessively rapid
wound healing around the failing tissues. In this sense, if we can provide good conditions using refined ECM,
we can induce this hidden potential even in higher mammals. We have already carried out successful trials at
regenerating peripheral nerves, the esophagus, the trachea, and blood vessels with this method. A similar
method is also applicable to other soft tissue organs such as the liver, heart, and lung, as well as the spinal
cord. These results will be welcomed by patients who are dependent on palliative life-support systems, or
transplantation candidates who are waiting for suitable donors. An additional benefit is that patients will be
freed from the side effects of immunosuppressive drugs. The judgment of the brain death can then be
discussed separately from the issue of transplantation, and will become a personal problem. Furthermore, this
new approach helps to reduce ever-expanding medical costs, which are in danger of destroying our health

insurance system in the near future.

ECM Method

To obtain the purified extracellular matrix, cell components are completely removed from homo or allo-
organs. The solid structure is reconstituted from the ECM and extracted collagen. Growth factors are then
applied to facilitate cell proliferation. Then this ECM-collagen-growth factor composite is implanted into the
living body as temporary scaffolding for new organ regeneration. Besides this, bioabsorbable materials will
also be applied instead of purified ECM as a bulk structure for organ regeneration. Both extracted collagen
and growth factors are should facilitate cell proliferation and cell dedifferentiation, leading to regeneration of

organs completely composed of cells derived from patients.

in situ Tissue Engineering and Field theory
Cells (or living tissues) of patients are complexed (mixed) with purified ECM or bioabsorbable material.
Using this complex, reconstruction of the failing tissues or organs will be attempted. Mesenchymal stem cell

(MSC) obtained from the bone marrow is now applied to this method.
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[Sumi Group]

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

but also for hepatocyte studies toward regenerative medicine and drug discovery research.

Studies on macro-encapsulation

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

widely for other endocrine/metabolic tissues derived from undifferentiated cells with risks of tumor-
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formation and others.

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

technique are also studied. Our projects are gathering expectations for practical realization.
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Paradigm shift of the concept of the plasma membrane structure

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

millisecond to 1 second could not be detected.

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

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

moment, while they're dynamically exchanging with the dimer lifetime of ~100 milliseconds. Furthermore,
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the transient dimerization of GPCR seems to be related to its signal generation and regulation.
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Fig. 1. Mechanical analysis of sheet-like tissue morphogenesis. (a) Initial geometry of the sheet-like tissue.
Morphological changes when constriction occurred in the red region (b) before growth and (c) after
growth. (d) Energy landscape of the morphogenesis, where the transitions of the tissue state in the two
cases, (b) and (c), are represented as the colored paths. (Takeda et al., 2019)

Fig. 2. Three-dimensional spheroids derived from osteoblast-like cells exhibited osteocyte-
like characteristics within 2 days. (A) Schematic diagram of fabrication method for
spheroids under rotatory culture system. (B) Morphology of spheroids after a 2-days
incubation period. (C) mRNA expression levels of osteocyte markers (Opn, Phex,
CapG, Dmpl, and Sost) in the spheroids measured by real-time PCR. (D) Images
after the staining of the spheroids, 2 days after cultivation; DAPI (blue), ACTIN
(red), and DMP1 (green). (Kim et al., 2019)
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This laboratory aims to clarify the regulatory mechanism of self-organization which underlies diverse
biological phenomena through an interdisciplinary approach, encompassing mechanics, life and medical
sciences. In 2019, to understand variety and robustness in morphogenesis, we proposed a novel approach to
capture the overall view of mechanically admissible morphogenesis by describing the landscape of strain
energy in the growing tissue. In addition, we clarified that cell condensation achieved in three-dimensional

spheroid structure triggers osteocytogenesis of osteoblast precursor cells.

1) An energy landscape approach to understanding variety and robustness in tissue morphogenesis
During morphogenesis, multicellular tissues deform under the effects of mechanical forces caused by
cellular activities, such as proliferation and constriction. Various morphologies are formed through
spatiotemporally regulated multicellular activities. Despite such variety, morphogenesis is surprisingly a
robust process, in which qualitatively similar morphologies are reproducibly formed even under fluctuation.
In this study, in order to understand variation and robustness in morphogenesis, we proposed a novel
approach to capture the overall view of mechanically admissible morphogenesis by describing the landscape
of strain energy accumulation in a growing tissue. We described the energy landscape by applying this
approach to the morphogenesis of a sheet-like tissue with a curvature. The formation of qualitatively different
morphologies, i.e. concave/convex shape, was represented by bifurcation of the valley on the energy
landscape, which indicates a local stable state. In addition, the degree of robustness to fluctuations was
represented by the depth and steepness of the valley. Thus, this approach of investigating the behavior of local
stable states on the energy landscape enables us to understand variation and robustness in tissue

morphogenesis from a mechanical viewpoint.

2) Cell condensation triggers the differentiation of osteoblast precursor cells to osteocyte-like cells
Recently, three-dimensional (3D) culture systems, such as organoid, have brought a breakthrough in the
field of fundamental biological research. On the other hand, in vitro bone formation and osteocyte
differentiation studies were mostly conducted in the two-dimensional (2D) culture dish. In this research, we
utilized a rotatory culture system to fabricate 3D spheroids reconstructed by mouse osteoblast precursor cell,
without introducing any scaffolds. Despite the absence of chemical induction by osteogenic supplements,
osteocyte markers in the spheroids were remarkably up-regulated within 2 days compared with the
conventional 2D monolayer model. Contrastingly, osteoblast markers were significantly down-regulated
within the same duration. We showed that cell condensation achieved in the 3D spheroid structure evoked a
greater level of osteocyte differentiation of osteoblast precursor cells than that observed with chemical

induction. The results suggested that osteoblasts might proliferate and become condensed at the targeted bone
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remodeling site, through which osteoblasts may achieve osteocyte differentiation capability in vivo.
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A three-dimensional (3D) culture of PSCs has been
reported to enable the formation of organoids with
various well-recapitulated aspects of organogenesis,
such as tissue patterning, morphogenesis, proper

arrangement of each cell type, and developmental

B 3. ES MKk O BEFRRL 2 LML D < 7 ABSFICBAL L7 GRf) o B84 S N7zl 3k Rk &
OHREHIEIC B L IEW 2R BB RICHLAR X hiz,
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timing. Recently, in vitro formation of organoids for various tissues including the brain, retina, intestine, and
kidney has been actively studied, whereas, in vitro induction of trunk appendage organoids such as limb bud

(LB), in which mesenchymal cells are covered with a surface epithelial sheet, has not yet been reported.

In this study, we aim to establish a method for the self-organized formation of limb bud tissues from mouse
pluripotent stem cells by mimicking limb development in vitro. The development of the limb begins with the
formation of a protrude called a limb bud from the trunk. The limb buds are composed of two types of tissue:
the surface ectoderm covering the body surface and mesenchymal cells derived from the lateral plate
mesoderm. Limb bud development has long been studied as a model for morphogenesis. Recently, a
technique called organoids has been actively investigated to induce functional tissue in vitro from pluripotent
stem cells such as ES and iPS cells, but it has been still difficult to induce multiple germ-derived tissues in
vitro, such as limb buds. In the present study, we succeeded for the first time in formation of limb bud
organoids by simultaneously inducing the surface ectoderm and lateral plate mesoderm in a embryoid body

from mouse embryonic stem cells (ES cells).

We have previously developed a methodology for the induction of ectodermal neural tissues such as retinal
and cerebral tissues from mouse and human pluripotent stem cells (SFEBq method) . In the present study, we
aimed to extend the SFEBq method to mesoderm induction to induce lateral plate mesoderm and ectodermal
tissue into a single embryoid body. By regulating BMP signaling, which is involved in both lateral plate
mesoderm induction and epidermal formation, we found that lateral plate mesoderm-derived mesenchymal

cells formed limb bud-like tissue wrapped in the surface ectoderm (Figure 1).

We also showed that regulation of retinoic acid
signaling, which is involved in the anterior-posterior
axis patterning of the trunk, can induce forelimb
buds or hindlimb bud selectively. Furthermore, by
comparing genome-wide gene expression patterns by
RNA sequencing with various tissues, we found that
ES cell-derived limb bud-like tissues showed similar
gene expression patterns to developing limb buds
(Figure 2). Additionally, we successfully induced
the ectodermal apical crest (AER), an organizer of
digit pattern formation at the tip of the limb bud, by
artificially providing a local dorsoventral axis Figure 1. Upper panel: mouse limb bud (E10.5) .
signals. Finally, the ES cell-derived limb bud-like Lower panel: mouse ESC-derived limb

tissue was found to differentiate into cartilage and bud-like tissue. Each section was stained
with Ecadherin (epidermis) and PDGFRa

connective tissue when transplanted into the .
(mesenchyme) antibodies.
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developing mouse limb bud without interfering with normal limb formation, demonstrating that ES cell-

derived limb bud-like tissue is capable of limb formation (Figure 3).

We will apply this technology to human pluripotent stem cells to establish in vitro induction of human limb

bud-like tissue and explore the possibility of contributing to the regeneration of damaged limbs.

Figure 2. Comparison of gene expression by RNA
sequencing; limb bud-like tissues derived
from ES cells show a similar gene
expression pattern to developing limb
buds.
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Figure 3, ES cell-derived limb bud-like tissue was transplanted into developing mouse limb buds (red) . The
transplanted cells differentiated into cartilage and connective tissue and were incorporated into normal

limb formation.
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Fig. 1 Heterogeneous HIV-1 expression (A) UMAP plots representing the gene expression patterns of the
cells. Each dot is colored according to the cluster information. (B) Proportion of GFP-positive cells, GFP-
negative cells, and mock-infected CD4+ T cells in each cluster. (C) Normalized expression level (Z score) of
HIV-1 transcripts in the GFP-positive cells in each cluster. (D) Association between the HIV-1 expression
level and the proportion of GFP-positive cells in the corresponding clusters. The x-axis indicates the
proportion of GFP-positive cells in each cluster of CD4+ T cells of HIV1-GFP-infected mice (i.e., GFP-
positive and GFP-negative cells), and the y-axis indicates the median normalized expression level of HIV-1
transcripts in the GFP-positive cells in each cluster. Each dot indicates a cluster. Spearman's rank correlation
coefficient (r) was applied to evaluate statistical significance of correlations.
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1) Gene expression profile of scRNA-Seq data in HIV-infected cells (Koyanagi)

From unsupervised clustering analysis of single cell RNA-seq (scRNA-Seq) data of GFP*, GFP-, and CD4*
T cells in spleen of HIV-1- or mock-infected humanized mice, human CD4" T cells can be classified into at
least nine clusters (Fig. 1A). All nine clusters included mock-infected cells (Fig. 1B), suggesting that there
were no nascent clusters produced by HIV1-GFP infection. Notably, the proportion of GFP* cells was
relatively high in clusters 4, 5, and 8, and was relatively low in clusters 3, 7, and 9 (Fig. 1B). The expression
levels of viral RNA in GFP* cells of each cluster were also different (Fig. 1C). In addition, the percentage of
GFP~ cells in each cluster was significantly and positively correlated with the expression level of HIV-1 RNA
in GFP* cells of each cluster (Fig. 1D). These findings suggest that the virological properties of the respective
clusters are different. Interestingly, we found that CXCL13 was uniquely and highly expressed in cluster 4, in
which GFP” cells were dominant. CXCL13 expression was higher not only in GFP* cells but also in GFP-
cells in cluster 4 than in the other clusters. Moreover, we assessed the expression levels of 107 'common
ISGs', which are robustly upregulated upon type I interferon stimulation in multiple cell types, including in
CD4* T cells. The expression levels of 'common ISGs' were significantly low in clusters 5. These findings
suggest that there is a CD4" T cell subset that inefficiently express anti-HIV-1 ISGs and this population

positively contributes to viral spread in vivo.

2) Predicting differentially expressed genes in scRNA-seq data (Vandenbon)

Fig. 2 Example application of singleCellHaystack on a marrow tissue dataset. t-SNE plots are shown for
three high-scoring differentially expressed genes: Stmnl, Mmp9, and Cd79a. Each t-SNE plot shows the 5,250
cells in the dataset. The color scale represents the expression level (log scale) of each gene.

A common step in single-cell data analysis is the prediction of genes that are expressed in one subset of
cells but not in others. Existing approaches for predicting differentially expressed genes (DEGs) rely on
clustering cells into groups and comparing gene expression between these groups. However, clustering of
high-dimensional data often results in arbitrary clusters, and comparisons between many groups of cells are
time-consuming even for small datasets. We therefore are developing singleCellHaystack, a novel method for
predicting DEGs in scRNA-seq data which does not rely on clustering of cells. (Vandenbon & Diez, Nature

Comm. 2020.) singleCellHaystack is faster than existing methods and returns more accurate predictions. It is
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a promising new approach for exploratory analysis of single-cell data and for predicting new marker genes.

In other collaborative projects we are analyzing regulatory mechanisms in hematopoiesis using single-cell
data analysis. We also analyzed the role of codon bias in determining RNA degradation rates (Hia et al.,
EMBO rep., 2019).

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

Infection with Enterovirus D68 causes respiratory symptoms. The infection sometimes causes neurological
symptoms as well. Although reports about the infection with the virus has increased since 2010 all over the
world, the mechanisms behind that was unclear. We found that recently circulating strains have characteristic
mutations in not only a region for antigenicity but also in an untranslated region of the viral genome.
Bioinformatic analysis suggested that those mutations could affect secondary structure of the viral genome,
and experiments using technique of molecular biology revealed that the mutations increased translational
efficiency of the viral proteins in respiratory and neuronal cell lines (Furuse et al., Viruses, 2019) .

Transmission dynamics of infectious diseases can be investigated using mathematical modelling. We
studied the impact of a super-spreader in a community using difference equations from the point of view of
public health. We found that a super-spreader can make incidence of influenza in a community slightly but
significantly high. In the case of measles, probability that a big outbreak of the disease happens increased
dramatically by the super-spreader. Reduction of transmission efficiency from the super-spreader such as
implementation of standard precaution and increase of vaccination coverage in the community can cancel the
effect of the super-spreader in public health (Furuse, Med J Aust 2019).

Lassa fever is a viral hemorrhagic fever that is endemic in West Africa. Since 2017, Nigeria has
experienced large outbreaks of the disease with >100 annual deaths. Furuse was deployed to the country for
the outbreak response. In addition, we described temporal and geographical spread of the outbreak, reported
clinical characteristics of the disease, and investigated risk factors for fatal outcome and effectiveness of
antivirals for the disease (Ilori, Furuse, et al., Emerging Infect Dis, 2019; Dan-Nwafor, Furuse, et al.,

Eurosurveillance, 2019) .
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master regulator TFEB induces
lysosome formation, which leads to
maintenance of quiescent neural
stem cells.
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We found that gene expression oscillates with a period of about 2-3 h in many biological events and try to
elucidate the significance and mechanism of such oscillatory gene expression. Particularly, we have been
focusing on neurogenesis and somitogenesis. The expression of the basic-helix-loop-helix (bHLH)
transcription factors Hesl, Hes5 and Hes7 oscillates autonomously by negative feedback, and these
oscillations drive oscillatory expression of the downstream genes. Recent studies suggested that embryonic

and adult neural stem cells exhibit different gene expression dynamics. Similar gene expression patterns were
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also observed during myogenesis. Furthermore, we found that regulation of lysosomal activity is required for

activation of neural stem cells, as described below.

1) Enhanced lysosomal degradation maintains the quiescent state of neural stem cells

Quiescence is important for sustaining neural stem cells (NSCs) in the adult brain over the lifespan.
Lysosomes are digestive organelles that degrade membrane receptors after they undergo endolysosomal
membrane trafficking. Enlarged lysosomes are present in quiescent NSCs (qQNSCs) in the subventricular zone
of the mouse brain, but it remains largely unknown how lysosomal function is involved in the quiescence.
Here we show that qNSCs exhibit higher lysosomal activity and degrade activated EGF receptor by
endolysosomal degradation more rapidly than proliferating NSCs. Chemical inhibition of lysosomal
degradation in qNSCs prevents degradation of signaling receptors resulting in exit from quiescence.
Furthermore, conditional knockout of TFEB, a lysosomal master regulator, delays NSCs quiescence in vitro
and increases NSC proliferation in the dentate gyrus of mice. Taken together, our results demonstrate that

enhanced lysosomal degradation is an important regulator of gNSC maintenance.

2) Regulation of active and quiescent somatic stem cells by Notch signaling

Somatic stem/progenitor cells actively proliferate and give rise to different types of mature cells (active
state) in embryonic tissues while they are mostly dormant (quiescent state) in many adult tissues. Notch
signaling is known to regulate both active and quiescent states of somatic stem cells, but how it regulates
these different states is unknown. Recent studies revealed that the Notch effector Hesl is expressed
differently during the active and quiescent states during neurogenesis and myogenesis: high in the quiescent
state and oscillatory in the active state. When the Hesl expression level is high, both Asc// and MyoD
expression are continuously suppressed. By contrast, when Hesl expression oscillates, it periodically
represses expression of the neurogenic factor Ascll and the myogenic factor MyoD, thereby driving Ascll
and MyoD oscillations. High levels of Hes1 and the resultant Ascl/l suppression promote the quiescent state of
neural stem cells, while Hes1 oscillation-dependent Ascll oscillations regulate their active state. Similarly, in
satellite cells of muscles, known adult muscle stem cells, high levels of Hesl and the resultant MyoD
suppression seem to promote their quiescent state, while Hesl oscillation-dependent MyoD oscillations
activate their proliferation and differentiation. Therefore, the expression dynamics of Hes1 is a key regulatory

mechanism of generating and maintaining active/quiescent stem cell states.
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1) BNREERI ST 2Ry 72 VDI BV % 817 2 Hl B o fi# il

K8/ 3 —71 Y7 RNA TH 5 NEATI I, ZHORNAFEEGY Vv HEMAEHL, /87
ANy 7V ENENEBNEEEROEKEE LTHREEL TWaA 2 EDPHSNTWAS, NEAT] 12133
KMOBIRM 7Oy v 72k o TESNS 220D T 4V 7+ —24 (NEAT1_1.NEAT1 2) 25 1,
FEW7 A4 Y7+ —=LODNEAT1 2285 ARy Z VOBRICEETH L, ZORRKTawy v 7
(&, 55 E 7z NEATL BiBRARICAR Y (A) DRBOMINCHE. - T RNA @ 3" fll 2 W3 2 KF o O
& D CFIm (cleavage factor I) ASNEAT1 1 @ 3" Willd 72 5300120 7 Vv — F SN B0 E 5 H Tl
ENTWwb, REFFETIZ. 2D NEATI D CFlIm DY 7 v — M2, F v v FHEEICH AT 5 CBC
(cap binding complex) %4~ L T RNA 12454595 ARS2 L W) RTA 5T 52 L2 HLNITL 7
ARS2 X, CFIm & HAEAEH L. NEATI NCFIm %2V 7 V— 1352 LT, BT A VT +—2D
NEAT1 | DA ZRAEL 720 —H Ty ARS2 OZHZIHI LM TlE, CoFety » 7 afrb
N3, NEAT1 OGBS 5720, BT A4V 7 4 — LD NEAT1 2 OFBEI WML 720 72,
ARS2 IZ NEAT1 OERW 7Tt ¥ ¥ 77215 Tld 7%  \NEAT1 DGFFICD D A Z LA S 7% -
720 TOEHIZ, ARS2 1, /NTF ARy 7 VOIRKICEE TH S NEAT1 2 DFEBZHHT 5 2 &
Ty NIARy 7 VO EHIEL TW5H 2 LRSIz,

2) RNA A ¥- PHAX i3 & A b ¥ H2AX OF3LHI#H % /v LT DNA IR E Il 53 %

PHAX IZ. RNA polymerase II I & - CTHz5 1172 UsnRNA O % v 7#5%2 CBC (Cap Binding
Complex) & & HITHEA L. B %R T CRM1 ZIFUNAT 2 & C. U snRNA D% |2 B % 72 15 )
ZHoTWD, LALAAS, RNA Ok AN OBRIC PHAX 2D 2 MEH S 2 Tld b o 720
PHAX % / v 7 ¥ v L7 UV IS L7722 2 A, BFROKT. 7 5 U2 DNA BEED
TR SNz KIC, DNA BB E 2 HRDL 72012, £ DNA B~ —7 —DOFBHE2 7 2 X ¥
Y7y T4 YT ROREGRE TN LR R, W D9 DNA i~ — 7 —DOFEBA LA L
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RIZBIT 5 Y VIR H2AX 2384 L. DNA BERIR O, 0w TESMIBAEFROKTIZ O %08
5 DR ENTz, BIFE. PHAX 25 H2AX OFBUC DD A = X L% fEN R TH 5,

3) HEEAEWY RV — 20MEBEHICED 2P 7 % KT

BAAEYO) R — 23K 80 MDY RY — L% 7L 4 KD RNA 2SR SN b E K%
MEKRTH L. RTFINEEBS (PTC) #I1Z Lo, VARV — 2 OfBEEMEIZIE (RNA HSHE
efEE R LTEBY, IRNAOEEFEEOOEDICHEREZEAT L2 TY RV — 20O
Kb TLEH. BEAMIZ. 20X REAEY KV — A2 BINWICEER L THHT 2 mEE
HEHEZ Z 22 Twh, bhvbiud, BEIEEAEY RV — LIRS Mms] 2 &L 8EERICE ) 2
EXF ML ENE T EZHLNITLD 2O E3#HAERDY) KV — 2 Eofx HENZ L THREA
ERT 2 ARG TUL00E 0 FHIZO2WTIE, RWRMOFEFTH o720 R Thhtb
TUIBEREA Y R Y — 2 ORI BERE I Becl E AT -RFA G LTnwb 2 2Lz 20D
IR REA A IRNA OFBUC L D FFEIN L X F MUICATH ), IEFV RV -2 KD D
BEEAEY RV — 2L D BVBAEEZ S > TS T 5. VARV — A L TORGTIMM 28I 7 o
2 v e TN % &, IRNA ODERDH 5 PTC & L FF MUEML L OB O &M% D%
CHFNCHA LTz D LEOEREN S, MlaAY Ry — 2 OREEZRET 272018835, )
R =L O FAL YHBHSENPIZHY)DOOH 5,

Fig.1 Model of 25S non-functional rRNA decay (NRD)

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

gene expression with great emphasis on “RNA” as a key molecule.
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1) ARS2-mediated regulation of nuclear paraspeckle formation through 3’-end processing and stability
of NEAT1 long noncoding RNA

NEATTI is a long noncoding RNA that functions as an essential framework of subnuclear paraspeckle
bodies. Among the two isoforms (NEAT1 1 and NEAT1 2), produced by an alternative 3’-end RNA
processing, the longer isoform NEAT1 2 plays a crucial role on the paraspeckle formation. Here we show
that the 3’-end processing and stability of NEAT1 RNAs are regulated by ARS2, a factor interacting with
CBC that binds to the m7G cap structure of RNA polymerase II transcripts. Knockdown of ARS2 inhibited
NEAT!'s association with the mammalian cleavage factor I (CFIm) that produces the shorter isoform
NEAT1 1. In addition, knockdown of ARS2 led to a preferential stabilization of NEAT1 2. As a result,
NEAT1 2 RNA levels are dramatically enhanced in ARS2-knockdown cells, leading to an increase in the
number of paraspeckles. These results reveal a suppressive role of ARS2 on the NEAT1 2 expression and the

subsequent formation of paraspeckles.

2) RNA export factor PHAX is involved in DNA damage response via regulation of histone H2AX
expression

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

secures efficient DDR and hence genome stability.

3) A bridge that links an E3 ubiquitin ligase complex and nonfunctional 60S ribosomal particles

The eukaryotic ribosomes are composed of 4 rRNAs and 80 ribosomal proteins. We and others previously
reported that the defective ribosomal subunits containing mutations in their 25S rRNAs are selectively
eliminated from the cytoplasm by ubiquitin-proteasome system (nonfunctional rRNA decay, NRD).
However, the molecular mechanism defining the selective ubiquitination of the nonfunctional ribosomes has
remained elusive. We lately showed a 60S-associating protein, which we name Becl (bridge to E3 complex),
is essential for the degradation of mutant 25S rRNAs. Becl is physically associated with 60S ribosome and
the E3 ubiquitin ligase involved in 25S NRD. Biochemical analyses revealed that Becl is selectively enriched
on the 80S particle containing a nonfunctional mutant 25S rRNA, suggesting a central role of this bridge

protein in the functional inspection of the 80S ribosomes.
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DHEBMIBT 3 v 7 ZA P L ARMBER A ML A1 < > oe 3| —lac
KOBHEN, EL hpX BROKICENHAEE L )

RERE BV OD, iy 37 o amEERICE D Fig. 1. The newly-constructed model substrate
AH ATP KM 7 a7 7 — X FtsH # 23— N9 % fisH (left) and its in vivo cleavage by HtpX
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RIzy 2 EezmLl, HEEL72 TPR FA A Y DRz W 5512 L7225, BepA O AN O £
% 725720 BepA D4 THERE % PE T 51213, BepA DRRMEE DI AL TH 5, o4 1E, BepA
DERDFITDOWT, 2.6-A O RBETHE MRS 2 I L 72 (Fig. 2, left) o BepA 1& N Kunfill 7 1 7
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Fig. 2. Structure of BepA (left) and a model of the BepA-BAM
complex (right)

ARAEZ, PR ZERME LR R B A & LT3 BB S AN, WEE L TMERSES AN 721
e ITb Y £ L7ze —75, BLAMER RSB & UCHESE L72ERTE I S A AUFIES AL
FHBR— S Ay ROEREFSAPRBOZOMEREZ2 L) T L7

The research projects carried out in this laboratory are concerned with dynamic aspects of cell surface
proteins in bacteria including Escherichia coli and Vibrio alginolyticus. Specifically, processes of protein

folding, protein translocation across and integration into the membranes, membrane protein proteolysis,
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extracytoplasmic stress responses and translational elongation arrest-mediated gene expression, are studied by
combined molecular genetic, biochemical, biophysical and structural approaches. In 2019, we constructed a
convenient and semi-quantitative assay system for analysis of the in vivo proteolytic activity of E. coli HtpX,
a cytoplasmic membrane protease probably involved in membrane protein quality control. We also elucidated
by X-ray cystography the entire structure of BepA, a periplasmic protease having proteolytic and chaperone-

like functions, and proposed a model for the function and regulation of this protease.

1) Construction of an in vivo protease activity assay system for investigating the functions of HtpX, an
E. coli cytoplasmic membrane protease

It is vital for cells that membranes and membrane proteins retain their integrity. Misfolded and
misassembled membrane proteins, produced under stressful conditions and in non-physiological situations,
could disrupt the membrane structure and function and thus should receive proteolytic quality control. E. coli
HtpX, an M48 family zinc metalloproteinase, is located in the cytoplasmic membrane. The AtpX gene is
stress-inducible and, although disruption of A#pX alone was silent, its combination with a disruption of the
ftsH gene encoding an ATP-dependent membrane protease involved in elimination of malfolded membrane
proteins results in a synthetic growth defect. These observations suggest that HtpX participates in proteolytic
quality control of cytoplasmic membrane proteins. However, its in vivo proteolytic function remains largely
unknown, mainly because the physiological substrates of HtpX have not been identified and also no model
substrate that allows sensitive detection of the HtpX's protease activity is available. We constructed a new
model membrane protein substrate of HtpX and established a semi-quantitative and convenient in vivo
protease activity assay system for HtpX (Fig. 1). This system enabled detection of differential protease
activities of HtpX mutants carrying a mutation in conserved regions. This system would be useful for

investigating the functions of the HtpX protease.

2) Determination of the whole structure of BepA, an E. coli periplasmic protease involved in assembly
and degradation of outer membrane proteins

Periplasmic protein BepA functions as a protease/chaperone for the enhancement of the assembly and/or
degradation of f-barrel outer membrane proteins including LptD, a major subunit of outer membrane
lipopolysaccharide translocon. It interacts with the the f-barrel assembly machinery (BAM) complex that
mediates the assembly of S-barrel membrane proteins into the outer membrane. Previous study demonstrated
that the C-terminal TPR (tetratricopeptide repeat) domain of BepA plays critical roles in BepA functions
through interactions both with substrates and with the BAM complex. Although the structure of the isolated
BepA TPR domain has been elucidated, the whole structure of BepA remined unknown. To elucidate the
molecular mechanism underlying the dual functions of BepA, it is important to know its full-length three-
dimensional structure. We determined the crystal structure of full-length BepA at 2.6-A resolution (Fig. 2,
left). The structure showed that the N-terminal protease domain and a C-terminal tetratricopeptide repeat

domain of BepA tightly interact with each other. Cross-linking of the protease and the TPR domains by
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structure-guided introduction of disulfide bonds little affected the in vivo protease/chaperone activities of
BepA, suggesting that BepA can function normally without a large alteration in arrangement of the two
domains. The full-length BepA structure is compatible with the previously proposed docking model of BAM
complex and the TPR domain of BepA (Fig. 2, right). These results will provide a basis to understand the

functions and regulation of a unique cell envelope protein, BepA.

List of Publications
Yoshitani, K., Hizukuri, Y., and Akiyama, Y. (2019). An in vivo protease activity assay for investigating the
functions of the Escherichia coli membrane protease HtpX. FEBS Lett. 593, 843-851.

Yoshitani, K., Ishii, E., Taniguchi, K., Sugimoto, H., Shiro, Y., Akiyama, Y., Kato, A., Utsumi, R., and
Eguchi, Y. (2019). Identification of an internal cavity in the PhoQ sensor domain for PhoQ activity and

SafA-mediated control. Biosci. Biotechnol. Biochem. //, 1-11.

Shahrizal, M., Daimon, Y., Tanaka, Y., Hayashi, Y., Nakayama, S., Iwaki, S., Narita, S., Kamikubo, H.,
Akiyama, Y., and Tsukazaki, T. (2019). Structural basis of the function of the f-barrel assembly-
enhancing protease BepA. J. Mol. Biol. 437, 625-635.

MEEEE (2019). BENYIWT 7 02 7 7 — ¥ O I 3055 - UIRTFSRE . A2 B 59, 79-83.

LR (2019). KIBRERBA ML AIRE A v Ty VT M7y M2 7uas 7 — ¥ orksE .
IFO Res. Commun. 33, 217-220.

List of Presentations
Ishii, E. Nascent polypeptide-mediated gene regulation in the production of marine bacterial SecDF paralogs.

The 26th East Asia Joint Symposium, Chongqing, China, November 24-26, 2019

WEEY NN 7 a7 7 — € RseP O BLUIIW 3 DR K O kinetics FHT DA 2018 4EJE
N B A Ze i ge & THURIR A I B U 2 E OMRE & EE |, =B, 201943 H
18-19 H

& Mg SRPREEZA L7 VemP O E B E~DH% L FIIR 7 L A MER: 2018 FEEE V. Es
PRI e S [ HGREAEIZ BT A MleE ORERE & EHE |, =5, 201943 H 18-19 H

ARG RILFEE, & i E7)FTWoHERIRTF FEZzANL-BEHHHICBIT A
mRNA kMEEof&kdE HAERIELHS 2019 RS, BEL, 201943 H 2427 H

PR, EkEsmR. A HEEE, BTSSR BRI in vive YeEEEEE W2 KB E O LPS b
FyA0aA YTy b LptD OEGBOBREOMRNT  HARERZELER 2019 FERSE. B,
2019 4F 3 H 2427 H

—150 -



AR, LR, &% ¥ ©7Y 3 H VemP OFIFRE F#I% /- L 72 mRNA 7 fEEEREICE§ 5
WE7e %6 16 Il 21 ALK EMIZES. K, 2019 4E 5 H 29-30 H

E R, RIS, B Wi EAARERN in viveo YEZETEIC X B VemP OFNERAE LB ASHE O 1%
BT 2 16 10l 21 AR KRB HAZES. K, 2019 4E 5 H 29-30 H

=t WEETE. BaldrE KIGRIENEIRT 7 1 7 7 — ¥ RseP DS LI & b fEFr 12
T B SRAE - BN v 7 X PCT-H1 OfFNT 55 16 [l 21 R KRIGREMIZES. K, 2019 48
5 H29-30 H

BEUGEZ, MrErEE. fkibd5 g BERYIRT 7 g 7 7 — ¥ RseP O A YIRIFEE & Z oY)k o E B
B~ toxin ¥ ¥ 737 % HokB DY % 4 L 7= persister IREEHIH ~ 2 16 [8] 21 Al KB HFZE
2. K, 2019 4E 5 A 29-30 H

VEBVTE, EhFsEk, AR s, RKILTDF R SRAARERAY in vivo JTEAETEIC X B KIGH LptD DA AL
BRI 55 16 0l 21 MR KW MFZES. K, 2019 4 5 H 29-30 H

WEEEE. FILTS R FRET SR 7TF FEHWHE S2P 7 7 3 ) — AU 7a s 7 —¥ oY)
TV A LYK kinetics FHIR OGS 45 92 Inl H AR LZAA KA, BiEE, 201949 H 1820 H

EWsER, BT, B e S RASERALRE B in vivo JEAUEERIC & B AMIIE N T O#IERE EA
VAT F RO LA BB 5 02 M DA LA R RS ML, 201949 H 1820 H

=t MEREE LSRR KRIGRIENYIRG 7 1 7 7 — ¥ RseP DS YW & MG HEFR IC B
RIERAE - WBEYEANY v 7 Z0Fr 8 92 Bl H ARE LSS KRS, #EE, 2019 429 H 18-20
H

MOLGEE, M. RILD5 R RIGRIENYIR 7 0 77 — £ RseP OFBIEE VI & £ 04 HHY
B RG TS 37 B HokB DYIWT 2 4 L7238 — 2 2 % —JERHIE 55 92 Inl H AREALE &
K&, Bk, 201949 H 1820 H

IR #KILJ5 B¢ Kinetic analysis of the proteolytic reaction catalyzed by S2P family intramembrane
protease RseP using a FRET-based real-time assay system &% 57 [0l H AR AW P73 4R 4%, IR,
2019 429 J 24-26 H

AIFIE. LG, F - OWESE Vibrio alginolyticus \Z BT A FHER ) X7 F FEKF 7 mRNA
SPFRBERE B S3mIE T A Y YR T AL bR, 2019 4510 A 25-26 H

e KIBWIENYIE 7 0 7 7 — € RseP DYIWIEEHIER S S0 & % o TE 728 W AR B
BB EIRREE 1 ML AR E £ 3 —, HIE, 201949 H 27 H

B WsE ARBEERY L 7 Vo8 BoREEERE TBERRY EBEEat IS — BB,
2019411 H 15 H

RILg7 e MwMIEEE IC BT 2 5 o8 HEIEOME R e A R iRl & s v R Y
7 A [IFO 5207 SHRIEm D 7a v b5 4 » |, 546, 20194 11 A 22 1

—1561 -



A R, BOLDFRE. &S 7V A EMREICB AR RTF N AN LCEE TR
HHIBIRRE C D W T BT ST B & Y Y R Y7 A [1FO 282 7 SRURIAE Y 4
O7ay M7 4 ] FEHEB. 2019411 H 22 H

Zihtl, MEETE. kbR RIBRIBENYIR 7 0 7 7 — € RseP OFRE & M OMEFFICHE 2
JERTE - MBIEEANY v 7 2O SIS A iR & Y Y R YT A [TFO 30 7%
CHORBAYS0 70y M54 ], 5. 20194611 H 22 H

BEULEE, MIEEE. LR KBW S2P 773 ) —70 57—+ RseP 12X % Hok ¥ V7327 %
OYIWr & ZDHMNEROMGE S eI SRR &Y Y R Y7 A [TFO 30 7% 3L
Ko 7a sy b5 4 ] AR 20194 11 H 22 H

VEBTTI, EREsEk. e RKILTFE SRACERRAY in vivo JEAMETEIC X B KIGTE LptD DA A L
WREDMNT BT IE A I B EL A Y Y R Y A [1IFO 30 7 SHURMAEm 0 7a »

I A ). FHB. 20194E 11 H 22 H

AR, LR, F O MEOMFEEMEICEAHR T LA 24 L7z mRNA 7 fEFEHE
DOFFW 5 42 M H ARG AW RES. M. 20194 12 H3-6 H

ERE SRR, VR, & WEE B E SAAFERAY in viveo SEEEREIEC X B KB HAME 7 V%o
E LptD OREHGEFEDOENT 55 42 Bl H RS a4%. k. 20194 12 H 36 H

-152 -



Hefiy ¥ AT AEFEER
Department of Biosystems Science
HIRRFEFE > A 7 A0 B
Laboratory of Tissue Homeostasis

H & 8BE X7 Prof. Fumiko Toyoshima
B % MHBET Assist. Prof. Yukako Oda
B % Ot PRI Assist. Prof. Riki Ishibashi

Wehda —k & Project Assist. Prof. Ryo Ichijo

SERE 31 4EICIE, ARG RHAFSERME LR 1 R & L CH P IBA R & KA RIBASAY: L7, BEH
#2745, M, Elizabeth Shimoura 2MELIRFEZAE T LTIk L 720 FBHIER & U CHEBEET2N
bolze RGTTIE, MROEEEZMR T 2L 74 7 A7 — VIR UMY 7)) » 7%
HEIZOWTHIZE 24T > TV 56 2019 4RI BT 228N 2 DL M IZEEIRT 50

1) A4 M%7 v a VBBRFENR ORI L e
ARG LR 22 T4 N v 7 a Uk
BT B e A INVARLMIE % & OWEIEAARDS Bz
JgaZB LRI )., JEIER - HEFTLIL
BHONG, L7zdi-> T, RIE - MERIEG 22 5
72OIEZ A I % v Y a v DR % TR A
VETHD, LPLEBRLINETIC, 4 MUy
YUV a v EBRFEET HAMKHRNTFIRIZEAL
monTuiv, Teid, BBz - R H RO 5
W TR 2 8T AR T2 fE T 5 2 &
FRM L7z, $%bb, b MEREA >~ HEK A431 A
(TI R TIEHB L TO A TI 2R L Twaw
ML) 1o, Mx e~ A LB - R LR R 28
WEHRMT 5L MBI, Ny vay
WK 7T 5 claudin-1 2SHINE R B2 25 S0 128 L
TTI 2K TAZ 2R L, &6, ZORTF
X357 I VPO BRDIMBRTF FTHLZ L 2%
Xiko, BHIOFEEICHEY Lz, Ziud, s
RTFFIZEBNYTREEEV) EH LS

Figurel Tissue-resident TJ-inducing molecules

(A) Experimental scheme.

(B) Tight junction-like structure was induced
by the treatment of peritoneum-conditioned
medium in A431 cells.
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2) Crispr-Cas9 Mediated Gene Targeting system (CriMGET) ®DPBi%E

Crispr/Cas9 ¥ A 7 A&, MR ME DY 4 WV R 7% EOIREIR T 2 PEBRT 5 72D ITHO g T
ATHELTHILNTEBY, \ES AfEHME LTOSHEIN, ThETRKITAR I v+, £
7T T4y Y kA T IVEY T Crisper/Cas9 ¥ AT A& Wiz 7 ) AfREIMTbILTETw
5o LA L. HWE S 5 RERMEN ORI EAAROVERFRIIRIZITE . 72, HI9DOR
AR ENOBETIHFAIT AT 7 N OFER, MR % ORI 2 55 12 F2 5 E 135 < DR
EINEBRTLEND Y WK K A~ — MIHWOBRF YL 2 8379 2 77D R
HDHNTWD, i, MR Z SOEEF5 =7 T4 v 777 A3 Fae HYOGARE & [H
FRIZ Crispr/Cas9 Z W THIM§ 56 2 & T/ v 7 4 VMR RETH 5 2 &3t S iz, 4
X2 DO FEAICIT, Crispr/Cas9 VML <~V F 7 0 —=2 7% 4 s Oyl L 72 pCriMGET
(Crispr/Cas9-Mediated Gene Targeting) 77 A I N & {E# L, CAG promoter-EGFP Transgenic (Tg) <
7 A, SO, Tbx3 #fn T IZ 3xFlag-2A-EGFP % 4 ~ 7 L — 4 Cfi A L 72 Knock-in (KI) <7 A D
B L7z (Fig.1)o AP, HOBIE T UEBIROBAZ 20 50588 55777, Wil 2
LTI bz RIEICHIKT & 2 REMEAVRIR S 7z,

DSB DSB
y y

transgene
pCriMGET / Transgene I
DSB
On-target region Y / \

In-frame Knock-in Transgenic

Ki

transgene Tg transgene

Figure2 Scheme of Knock-in and Tg mouse generation via pCriMGET system.

1) Discovery of mammalian tissue-derived peptides that induce tight junction formation

Tight junctions (TJ) are cell-cell adhesion structures that function as a barrier between epithelial cells to
avoid dehydration, regulate ion permeability and prevent invasion of bacteria and viruses. Disruption of TJ is
causative of various inflammatory diseases including inflammatory bowel diseases (IBD), atopic dermatitis
and asthma. Despite the fact that restoration of TJ integrity is critical for a treatment of the diseases, whether
there exist molecules in mammalian tissues that induce TJs remains unknown. We found that there was a
humoral factor, which could induce TJs, in mouse peritoneum. Namely, TJ was formed in A431 cell (TJ
components are expressed but not assembled) within 1 hour by the addition of peritoneum-conditioned

medium. Moreover, this factor was found to be a new peptide. We have succeeded in identifying the new
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35-residue peptide. These results show the new concept that TJ is formed by the bioactive peptide. It can be

expected that this peptide lead to drug seeds for barrier disorder diseases such as inflammation.

2) Development of smart genome-editing system using synthetic crRNA-equipped donor plasmid.

The Crispr/Cas9, a well-known immune system that eliminate exogenous genetic materials in specific
eubacteria and archaea, has been applied to the genome editing in model animals, which are mouse, rat, and
Zebrafish. However, the generation efficiency of gene targeted animals has been low yet. In addition,
researchers needed to spend a lot of time and efforts to construct the gene targeting cassette and check the
genotype of generated animals, so that some researchers have developed new gene targeting methods.
Recently, it has reported the new knock-in method, which was targeted gene locus and gene targeting plasmid
including homology arms were cut off by Crispr/Cas9. So, we developed new Crispr Cas9 mediated gene
targeting plasmid vector (pCriMGET), which harbors synthetic crRNA (or sgRNA) target sites on 5'- and
3" ends of MCS in advance, and we established CAG-promoter EGFP Tg mouse and 3xFlag-2A-EGFP in-
frame knock-in mice at T-box transcription factor3 (Tbx3) gene locus with CriMGET system (Fig.1). It
suggested that pCriMGET system was very powerful method to save researchers’ effors, time and cost in

establishment of transgenic or gene targeted cells and animals.
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Fig. 2. Decomposition of bifurcation condition/behaviors
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In the laboratory we study many biological phenomena by using theoretical methods, including
mathematical and computational analyses. By theoretical approaches. we obtain integrative understandings
for complex systems, and identify fundamental mechanisms of biological functions of them. In 2018 we

accomplished a project of controlling cell-fate specification system by a small number of genes identified by
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our theory. We also developed a novel mathematical theory, by which important aspects of dynamical
behaviors of reaction systems from network structure alone. We also studied some biological phenomena

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

1) Controlling cell fate specification system based on network structure

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

2) Structural Bifurcation Analysis in Chemical Reaction Networks

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

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

3) Mathematical studies for biological phenomena

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

from the structure of metabolic network.

List of Publications

List of Presentations

Mochizuki, A. “Controlling cell fate specification system based on network structure” (Plenary) , International
Workshop on Mathematical Biology 2019, Bohol Bee Farm Dauis, Panglao Island, Bohol, Philippines,
January 6-10, 2019

Mochizuki, A. “Controlling cell fate specification system based on network structure” (Invited), NetSci
Satellite Symposium — Controlling Complex Networks, University of Vermont, Burlington, Vermont,
USA, May 27-31, 2019

Mochizuki, A. “Controlling cell fate specification system based on network structure” (Invited), The 7th
China-India-Japan-Korea International Conference on Mathematical Biology, University of Science and

Technology Beijing, Beijing, China, August 23-27, 2019

Mochizuki, A. “Origin of Adaptation and Modularity in Chemical Reaction Networks” (Invited), Special
Seminar on Theoretical Biology, Institute of Physical Chemistry, Heidelberg University, Heidelberg,
Germany, September 11, 2019

Mochizuki, A. “Controlling cell fate specification system based on network structure” (Invited),
HeKKSaGOn Meeting Work Group 1 “Life and Natural Science Fusion”, Neue Universitaet, Heidelberg
University, Heidelberg, Germany, September 12, 2019

Mochizuki, A. “Origin of Adaptation and Modularity in Chemical Reaction Networks” (Invited), 4th Solar
Fuel Materials Workshop, Seoul National University, Seoul, Korea, September 27, 2019

PHHER #EBETFAY T — 7 OREICHED Mg AaTE > AT A ORI (FBREEEE)  AERENT
Y I — BURKRAATEA TR GEEIERET), 20194 1 H 18 H (%)

PHER LFERSY AT ADIRE L HEE Ay T =7 ORZTF IS FT S (BReEE) W
HRFBGEIAILRM7EE S [HEWS - L5 - BORRED 6 Bk <) X 28I, Bl RS H
Bp e v 282 (RSB EFIX), 2019 4E 3 J] 12 H

LHEW Ay b= HEPSAETNLEMGY AT AOEENE GRfFE#EH) BEEI A 7914
VAR)=TA VITHA LY TAA NI F—, FFr7ur PRI (KRERiTHYEX), 2019 4F 3
Hs5H

—159 -



YEHBE BV AT AOWBEE Sy VT =7 ORZT 0 HRET S (FHFE#EE) SR
P8 ISHEFWTED RS HRORAEBAN e CGREHR), 2019 4F 6 /1 13 H

SR BEf Ay MU — 7 OREEIZIED CHlIBEARE ¥ X 7 L ORE (Hf#EE) HAE
HERARES - HARMRAEM AR EFERRE Y VR T T L [REEKDEAFAS T4 v 7
HE > 2 7 &) i ER &Y (Rlo=), 2019 4E 6 A 24-26 H

—160 -



Hfy > AT AFFEER
Department of Biosystems Science
sl i 58 {5 0 B9
Laboratory of Stem Cell Genetics

B ¥ Wtk B Prof. Kosuke Yusa
B % MR M Assist. Prof. Yusuke Tarumoto
B % Ve R Assist. Prof. Gohei Nishibuchi

LM HRIE. 2018 4F (CFIK 30) 4E 10 BICHBLUCHRE LR TH 0 . (ZFLEMBZIC B 2 IE
R T % BT & LT & bERMEmMEo Ko bR X O bEo M, 72, e b
DAL DOBETE B % AR T O L BEREfNT % 725 7 —~ & LTHIZE 21T > T\ b, iE
RN TFLEDO S S % LHMAN D EELMET —~ L LTwb,

WFIERDFER LTH O — MDD CORMREEOREIE MDY 7 Vv — 2D TE . £
L WFZRE AR ICBY LTl 2019 AEEERIEH TR 1795 2 L ST &, AR B EMIBIER, 77
THEWFEBRIMELRATR D L) otz 20 MIRREA Y v 7Y 70— FTIX THED
MEARMEST BB RE 2 — )V B AT ¥ ZoN=S—BFEir & 0. 1 H % 5 Wik P Bh B RO S &
DEB) L. AWFIER TOWEEZ B L 72,

AAE1Z, CRISPR-KO A7) —= ¥ 7k W7z AMMBBOALE - B5HL B R T OMERENEESR
DR % Nature iR LD T, ZOMEZLITIIRT,

DAERN BV TUL G FEERER DR A R BSAMIZEH 2, IR EHIT T 5, Bl 2%
B #PE A % CML 12317 % Imatinib % Her2 B PEFLAYANZ BT % Herceptin 35035 1T H 4, FfiC
Imatinib (321 F TOEBBEICHARBIN 2R E DT T Lo (LR & ~UF RO R R R
EVBRONDD, ZLOPACBCTUIEZEN AN R I N TB LT, 5 ENEO#EH %
ZFOoNLDE—HONAREZIZEET D, FZ T, CRISPRKO A2 ) —= V7% HWTHAM
fa D HAF - BEFHIZEOBIZ T 2 MREAIICIRR L. i L VASREN B2 e T 52 L Lz K
BAZAT ) 720, Cas9 BB OER, 54 75— 4V ZAOJEG: L Milahs38. DNA flii. PCR.
KM =7 v A, MEHENT O —HOFENE LT, T4 ML, A2 ) == T ki, %
ATy TN BEE LD 5T RIS 324 Mk O B IRF 7 a7 7 A Va5 2 &I L7z,
HAE - BB R I — Mk S 72 0 P 1,459 EI5 T §t 7,470 BIETF 272

COHNL, BIFEENE L THEHZEEFZEIGECNTLENH D, 22T, #BEIkxa7%
RITIUF oMbz 2k Lz ZhUCid, 1, LBl AEE T 3EET S wEEZ L 6N 5 2
ENSH0E L. 2, MEMOENAL, 3, N F~— 5 — L EETIREEOHBEROGEIZE ) 237
5 270 MU BRFIEA T ) —= 2 7 L 7o B bR ER % A o 72 AT TlE 553 BIE T Th

—-161 -



D, EELNTAF—EVFTBIETEGEATY e N FX—I—L LTRPARTA R
(151 —3EIEEHAE R L 333 a U —KER) 2 v RO 8 & B E & o M cHBEREGRZ R
N, it 628 BInFAERM L7ze TNHDEHRNHERALZA T T ZSAMHNCHE I L7z, BT
JEE) T4 —Aa7 (BIETFEWICH LEERBIAETE 22 E) ) EHEKL, REZERZM
FEHID 2 K POBEIAL A T 7 DD OPROBIFERER & LRI L7

NSO S, 4 7 0% T T4 MALREEKIEAA OBEFEAY WRN @R T HEWIARSA LT
BY. ARGHERS TN LD, WRN ZHBlOAISEEE LTHIB Lz, £/, <47 a¥%
774 MZERZIRTMODATE JIEIFA, FEHNERA. BAA) b WRN I 24Kk
R L720 cDNA Zffio72 L AF 2 —FEER L D, AN 7 — A% K < cDNA 335 %2 A ¢ & 2%
WZ LS WRN DAY 7 — AESDSY A 7 0% 7 54 MAREENADORGEICLIHTH S LM
HONERY, BREL LTAY 7r = ZHEFRORIENE 2 bz,

INSDOF—=FIIRHLTED, BAMESHICBVTEELRY VY —AL LTEH SN S LR
EY U

Our laboratory was newly established in October 2018 in the Institute for Frontier Life and Medical
Sciences, Kyoto University. We focuses on studies of the molecular mechanisms underlying pluripotency and
cell differentiation of human pluripotent stem cells as well as cancer cell proliferation. In order to identify
genes involved in these biological processes, we employ a forward genetic approach, which we have
developed using the CRISPR-Cas9 systems, namely CRISPR screening. We then conduct detailed molecular
analyses on hit genes with a particular interest in transcriptional gene regulation. In addition, we are also
interested in developing novel genetic tools that are broadly applicable for a wide range of biological

research.

A year has been passed since the lab was established in 2018. During this time, our laboratory was mostly
equipped for cell culture and molecular biology works. Two staff scientists, Assistant Professor Dr Yusuke
Tarumoto from the Cold Spring Harbour Laboratory and Assistant Professor Dr Gohei Nishibuchi from

Osaka University, were recruited and have started their work in our laboratory.

This year, we published a milestone paper in Nature, in which we used the CRISPR-KO screening strategy
to comprehensively catalogue cancer dependency and prioritize oncology drug targets. We have screened 324
cancer cell lines and found a mean of 1,459 fitness genes per cell line. In total, 7,470 genes induced a fitness
effect in one or more cell lines. To identify valuable targets for drug development, we have established a
prioritization system using fitness efficacy and biomarker availability. Genes that show fitness deficiency in
the majority of the cell lines in consideration were considered as core fitness genes and removed from this
prioritization system because higher toxicity was expected. We then compared priority scores with tractability

of each gene in individual cancer types. This comparison identified the majority of currently available drugs,

-162 -



indicating that our strategy is robust in identifying therapeutic targets. As one of the high priority drug targets,
we identified WRN recQ DNA helicase as a cancer dependency gene of microsatellite instability-high
cancers, which encompass colon, endometrial, ovarian and gastric cancers. Helicase-dead WRN could not
rescue the proliferation deficiency when the endogenous gene was disrupted, indicating that small
compounds that inhibits WNR helicase activity can be a potential drug for MSI-H cancers. The entire dataset
including raw counts, log fold change and screening statistics values are all available from a dedicated

website and would be a useful resource for oncology researchers.
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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 decision in the biology of stem cells and cancer. Stem cells have a remarkable ability to
self-renew, but it is a double-edged sword; while self-renewal promotes tissue repair and regeneration, it can
also be a target of malignant transformation causing cancer. We study regulatory mechanisms of stem cell
behaviors in order to better understand cellular signals regulating tissue homeostasis, regeneration and cancer.
In our former lab at the University of Georgia, we have developed a productive and innovative research
program by incorporating multiple cross-disciplinary experimental approaches such as metabolomics and
bioinformatics. 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, national meetings and institutional
seminars. In essence, we discovered a novel regulatory mechanism by an aminotransferase that maintain 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 myeloid leukemia.

Metabolic reprogramming of cell fates in stem cells and cancer

Reprogrammed cellular metabolism is a common characteristic observed in various cancers. It remains poorly
understood whether such metabolic changes directly regulate development and progression in hematologic
malignancies. In the study, we found that altered branched-chain amino acid (BCAA) metabolism regulates
chronic myeloid leukemia (CML). BCAT1, a cytosolic aminotransferase for the branched-chain amino acids
(BCAAs), is aberrantly activated during CML progression and mediates BCAA production in leukemia cells
through transamination of the branched-chain keto acids. Blocking the expression or enzymatic activity of
BCAT1 induces cellular differentiation and significantly impairs the propagation of blast crisis CML (BC-
CML) both in vitro and in vivo. In an attempt to understand underlying molecular mechanisms, we
collaborate with the Edison and Arnold labs as well as the NMR facility of the University of Georgia and
have shown that BCAT1 promotes intracellular BCAA production, not breakdown, by using a novel NMR-
based metabolic analysis. With this new technique we are able to visualize in realtime the conversion of
BCKAs to BCAAs in live leukemia cells. We continue to investigate how the intracellular BCAA metabolism
alters stem cell signals in hematologic and other human malignancies with the hope that our research can help

develop a new therapeutic strategy to treat human cancer.
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Fig. 1. Research Cycle of Primate Model for Infectious
Diseases

env gp120 O V2 FIOZEFIT K Y SHIV &Pt V3 HRIPUERISH§ 2 itk 2 R 9 5

HAIHUA (nAb) 12X % HIV-1 D TR B L O 4 VARG OIS LZ TN TW B, 727 F
YN X o T 72 nAb 2758 5 2 LIIRZNETH 5. nAb ZFHET LW E T IVIE, HIV-1 12
i UCRIRINZ: nAb 2 FE T 2 AN AL ZMHT LB e 77 F VHBEICHEKT 5 2 L8
WfEs b, 2T TONFETHRIESZMED SHIV-MK 2 3V TREC IS, FRRITEHTE o SHIV-
MK38 #kD3 % H M7z D SHIV-MK38 #7225 7 1 — fb S 7z SHIV-MK38#818 1&. Pikk & Ak
(2. SHIV &G« oviiidE (MP), HIV-1 &4« b 7 —)vifidE (HPP). B X N KD247 Hl envV3 €/ 7
0 —F VHiE (mAb) 126F L CHAHRPUETH o 720 % 2 T SHIV-MK38#818 D hAHtH M, Hi
SHIV-MK 1 ICHAIESUE 2 AH 532 7 3 7 BBEIRAZ D W CTNT L 720 SRAAFRIA RFEDIC X D
SHIV-MK1 ® env #1127 3/ BRE# %38 A L. TZM-bl fifig %2 i/ L 72717 v 4 4 < MP, HPP,
KD247 2549 % AU 2 SHIV-MK38#818 & HHX L 72, SHIV-MK1 & SHIV-MK38#818 @ env @
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DA A DRI, SHIV-MK38#818 12 WHIFIHLZ & 725 L7245 N169D Z & £ 2 WillAAbt
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EHMITE R %A E &AL 720 BEROBEMNT T — 2 IS LabE 5 &, N169D ZHIZ
X 5T V3 FEEA V2 SHBICH S D X 912 Env OVAAEEDZAL L, RIPUR DR A B 12 F
TERL Lo WREMEDSE Z 515 (Fig. 2)o DL LO#RIZ. HIV OhRAIHKHIE A RERE 2 B3
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This laboratory aims to elucidate the pathogenicity and develop therapeutic and prophylactic methods for
viral infectious diseases and comprehensively analyzes the infection of retroviruses (HIV, STV, SHIV) and
Flavivirus (DENV) at the molecular level, cultured cell level and infected individual level (Fig. 1).

Representative research progress in 2017 will be described below.

Specific substitutions in V2 and V4 regions of env gp120 confer SHIV neutralization resistance

A tier 2 SHIV-MK38 strain was obtained after two in vivo passages of tier 1 SHIV-MK1. SHIV-
MK38#818, cloned from the MK38 strain, was neutralisation-resistant, like the parental MK38 strain, to
SHIV-infected monkey plasma (MP), HIV-1-infected human pooled plasma (HPP), and KD247 monoclonal
antibody (mAb) (anti-V3 gp120 env). We investigated the mechanisms underlying the resistance of #3818,
specifically the amino acid substitutions that confer resistance to MK1. We introduced amino acid
substitutions in the MK1 envelope by in vitro mutagenesis and then compared the neutralisation resistance to
MP, HPP, and KD247 mAb with #818 in a neutralisation assay using TZM-bl cells. We selected 11
substitutions in the V1, V2, C2, V4, C4, and V5 regions based on the alignment of env of MK1 and #818. The
neutralisation resistance of the mutant MK 1s with 7 of 11 substitutions in the V1, C2, C4, and V5 regions did

not change significantly. These substitutions did not alter any negative charges or N-glycans. The
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substitutions N169D and K187E, which added negative charges, and S190N in the V2 region of gp120 and
A389T in V4, which created sites for N-glycan, conferred high neutralisation resistance. The combinations
N169D+K187E, N169D+S190N, and N169D+A389T resulted in MK 1 neutralisation resistance close to that
of #818. The combinations without 169D were neutralisation-sensitive. Therefore, N169D is the most
important substitution for neutralisation resistance. This study demonstrated that although the V3 region
sequences of #818 and MK1 are the same, V3 binding antibodies cannot neutralise #818 pseudovirus.
Instead, mutations in the V2 and V4 regions inhibit the neutralisation of anti-V3 antibodies. We hypothesised
that 169D and 190N altered the MK1 Env conformation so that the V3 region is buried. Therefore, the V2
region may block KD247 from binding to the tip of the V3 region. These findings illuminates a genetic aspect

of how HIV may evade deactivation by the B cell mediated adaptive immunity.
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MO Tk, EREETFVEHW - MUEREY A VA (HIV) b b THIBAIIEY 1 LA
(HTLV-1) % O#EiAEYEY 4 )V ARGSEICE T 5% 247> Tw b,

1. BREETFNVZ Wz HIV BYYERTE O 720 O IL 0 5E

4 H. HIV-1 EGHE L@ Y) 2 90 HIV #63E (ART) 12X D, AIDSICES 2 & L HEAN X %5
CENREREEREE RoTee LA LBURTIX, &H D ART T HIV 2 KW SBET AL L
EARWEETH D, ART I L ) HIV U N ¥ ROPEL 5 720KAED ART BBV EE 2 b, £
CCTHIVIEGZ B L, &R, HHET 7 F . shock and kill #Ei%. TR RIPUARS L O
INHITT ) ARERAN 2 A b 7RG EE ORI 25D ST b, BE, ART {H#E T O
flH HIV EGeE DTk — b & % ZHGEHE ORI WK IZB W TITDRLTWnwb 2 2ATH A
A% ART iGHE T TIEIMEEH 7 4 )V A RNA DSKRIBERIEDLT & 72 5 720, ERIRAER T O A R a1 X
) YSHEENICIRAET 5 L ENTWB Y F—N—H% 4 ZOEEVAITRE %D, L LA HIV I
Yeh TH DHWFENDONANREBFNZ BT, V= N=H A ZFHED 720D ) ¥ 3Hi%5E o A RIZIES
FEWTH A, M), Berlin patient & L THIH A ACCRS K F—I12 X A MEMIEBA CIEZ o 10
EMIZ 2 Bl HIV BB HmE SN TE Y. HIV OB EHGHIICEETH L EEZ LR TW
o LU, WO FETEBICES Lo TERANE S AONL L EBEORE L) A7 REK
LRBHGZEZERT S, BIRRTRHAENZBRRELEFTVEC, A TIEIRZE KRS TV ER
Vo 22 TRAEIR. DUFO X9 7 HIV EGYE OBGHEEANC T 7208 2 17> T b,

1) iPS Heit & & 7 A MREEFANT % o L 72 CCR5A32 3 MUESHI I O FE iR - ARIFZECTld. ACCRS K
F =12 X B MBI Y, X)) 27 I poEH RS E WiRE L LT, iPS
Feafi B L OV 7 BN 2 G H L 72 BRI 2 O Tnb, ThE TIZ, $vipS g
A OEIMEHIER ) N8k, ~ 707 7 =V NOMMUFEE L T A TR AR L, &
BT DRREBAMICE D ACCRS BEX U~ — 4 —Hz T2V iPSHIFE~NEA L, 71— VK
At 2 #%5 T, ACCRS 3 A iPS Mg H k& M (ARS-HSC) ZM L7z, THEPATLT, &
EHE IV % V72 iHSC BAERT R BRI T, e THUIYE B SR oI1c Xk B
REILD BBLRET Lize FIVEIA~ND ARS-HSC HERBA/ A 0 v M EEZ T4 HGTETDH
%o RIGHFNTET 2 B RER ST 37 UE, Bk 4 R Rk R R YWE 12 D IR HIAS T RE & 72 0 14
LT ENLZEOEFRIIFEFICREV O LIS,
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2) ART MO LRA $:512 & % V) ' — 3= (shock and kill) ki @ T F T2, PKC IEMEILIET
HHTT)YT MRV UOWBFELRTH S I0MA-1 (7 F A5 F ¥ L K FHED D KE G
WY AR - AILEIR & o LHFSE) A5, BET FERTH 5 1Q-1 &£ DI X 2 HFER R
TR HIV ERGSHfa bk 2> © D5 )7 72 HIV FEE 2 /R TICH DL 5. L ORBIEINE Z W2 T
XL LWL Uz BFE, W VEARIZBIT S LRA B & O ART %512 & % Sy BhaE 5k
B IO VEEA~ORENE - GOVEICET 2 BTERREBR;EITH TH S, TNHLORRIZEDE,
S LRA, ART 3R K 5 =N — DIGVEALIEERR IS DO W T HIV &G = 7 A )V & F v THGT
21790

3) HIV &G =7 A FIVIC X % HIV ) = N—IZB T A 0158 © HIV &SR BT 7V O REIEAT
W& OEERIEOHAMISEICE ) ) — b3y ba—F —CHEM L 23 RIEGIREE 225 2
& @V REIRHLOEREEAN VS — TRl (Tth) IZBWTHIV HEPIHFHR L Twbs 2 e (»
bW 5 [active reservoir)). @1 ¥ /3HilZBIF % vRNA:VDNA It (R:D It) B X OlEG: HIV €&
I (QVOA) 12 X % active reservoir size & FFBLE <\ SIKEEIZ, 22 DOREREIICE &5 5 )55 & fEar
L7722 &, @ERIEGINICEBIT 2 RiD L& qVOA T/RE M2 active reservoir size %3l {HI 582 O fig B
12 & % HIV IETEAL R e G IRENDFIT  (loss of control) ZMLL TWAZ &, ZHHTH S
M U720 FRICEBEDOBHR T LRIE PVL BB LT & 2 2% HIV EEHE TH LT L2 ¥ F 2.
FNEWELRETNVEY TH S HIV BERIEGY V05 ORERERN Y v SHiERARZHw5 2 LT
M Z2 HIV BJEER ) ' — N — DR O mIFNT SR & o 72 2 LI3IFHICERE V. DX
D VHIV &G h = 7 4 POV HIV RIGEE O BFII B 2w iR ERE 7 VB & L CHIV Y % —
IN—HERRROFMICHHTH L EEZ BN5,

2. STLV — 1 FHREH= & ¥ FIVIZHT % Cohort WIS : FIREE DT
AFETIEHTLV-1 F v ) 71345 100 HA & S, TOBMERII 1% L %> Twaho fii)i, HA
[ OB AR RI T 5 =4 ¥ Fid, HTLV-1 ISIEFIZTHEZR L s 2 4 VA Tdh 5 STLV-1 129
BIZECHETERELTOD 2 EFME SN T 5. ZORKIZOWT, SR O K5 T
S STV =H Y Frak— b (N=300) WAERITV, THETITUTORREH 2,

= V)V STLV-1 TiikBESRIE T TR 66% TH D 527 &V MEAKISEIUZIZIE 100% O
PERZR L7z 2O X)) REMHEED STLV-1 GOV VETIIR LT, =RV FIVIFEHFD
YRR K N7z, & 2 A5, STLV-1 YRR BT 2Bz 7 1 £ L 2 DNA Btk
KB L OZFOMESMIE, HTLV-1 F %) 7I2BF 554 L ZIZFEMEZ R L. super-spreader DF
FES RO b ITR AP 5 720 STLV-1 SRR QIR D\ TREM 2 I 2 4T - 72468 HTLV-1 T
BB L TORPEES L OB FEROM T &b RELE 2o Twd 2 MRk Iz, Uk
£ ) STLV-1 HARBEG: = & ¥ IV IE, HTLV-1 BEF B0 ARG o BRI [ 7245 H 2 B € 7V
EEZHNIZ,

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

contribute to the development of new therapeutics and antiviral vaccines.

1. Basic and applied study toward the cure of HIV-1 infection

Recent advance of antiretroviral therapy may result in infectious diseases caused by HIV-1 infection to be
controllable. However, it is not yet possible to eliminate HIV-1 from the body and thus the infected carriers
must take medicine through life with the risks of adverse drug reactions, emergence of drug-resistant virus,
and viral reactivation under the immunocompromised status. Currently, a number of studies for HIV-1 cure
have been conducted to date, whereas breakthrough toward clinical application awaits further extensive
investigation. We have recently established a novel macaque model of HIV-1 latency suitable for the basic
and preclinical studies for the cure. In our model, the HI'V-1-infected cynomolgus macaques generally exhibit
no detectable plasma viremia without ART therapy due to efficient immune control but the virus can be re-
inducible by transient depletion of CD8+ T cells, indicating the presence of reservoir. In fact, our data
indicate that HIV reservoir cells are localized in the follicular helper T lymphocytes of lymph nodes. We will
therefore be capable of directly evaluating the efficacy of the therapy on the elimination or reduction of the
reservoir size by using periodically biopsied lymph node samples from the infected macaques, which is too
hard to conduct in ART-treated healthy patients. Our proposed cure strategies include (i) transplantation of
induced pluripotent stem cells (iPSC)-derived hematopoetic stem cells (iHSC) with anti-viral gene
modification, and (ii) shock and kill therapy by using latency-reversing agents (LRA) and ART. In case of
the former, we have already established macaque iPSC without CCRS, then we will be soon ready to start
first trial of autologous transplantation of the macaque iHSC in order to examine if the autologous CCR5-
deleted iHSC could servive and expand in the macaques infected with pathogenic SHIV. As for the latter, we
are planning to examine the efficacy of a newly developed PKC activator in combination with other class of
LRA, which may maximize the activity of HIV reactivation and also minimize cytotoxicity, to activate HIV-1

in the latently infected macaques.

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

Simian T-cell leukemia virus type-1 (STLV-1) is disseminated among various non-human primate species
and is closely related to human T-cell leukemia virus type-1 (HTLV-1), the causative agent of adult T-cell
leukemia and HTLV-1-associated myelopathy/tropical spastic paraparesis. Notably, the prevalence of STLV-1
infection in Japanese macaques (JMs) is estimated to be >60%, much greater than that in other non-human
primates; however, the mechanism and mode of STLV-1 transmission remain unknown. Our results of this
study demonstrated for the first time that the high STLV-1 prevalence in JMs was likely caused by both
frequent horizontal and mother-to-child transmission, while Anti-STLV-1 antibody titers and STLV-1 proviral

loads were mostly comparable to those of HTLV-1-infected humans.
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HTLV-1 7 £ )V AHEEO RIS IZI0T 72 STLV-1 &G =& ¥ HF IO HTLV-1 EHREEHETIVAD
JBH . 67 MIHARY A )V R iitisy . 20194510 H 29 H~ 31 H. BT

ROV, AEmE, JEH AR, HHD Ch BIFEE. 5IER. SHAA. AIE EEESL. Islam
M Saiful. KH#E., S, JFHEL RERZEZ, REFTEH. =% 7T, WEECHIV-1 &
REGFBREETNVICBIT S HIVER ) F—N—DEmffir & T0EFK . F£33 MHEATS X
UM - 4 2019 4E 11 H 27-29 H. RE

BWGEE., FHD AR, BEETF. Yin Pui Tang, Tan Wei Keat, A7L—#%, B 223 PKC iHPE{LA]
& BET BEA OPEHINC & % HIV FHEMEALEE L OCHBIEN ORI | 45 33 Ml H AT A X787l 4R
& M4y 2019 4F 11 H 2729 H. fE

ARIAIGA, WA, BRERE, JYHE. FEBE. RIS, BT RERZ. RITPEE. =
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TA NI A EHRETI SRS [HEMA] & LTRRSh, REMEINTE 7, LerLlh
BOREDT ) MEFTEMOFEEIZ LY . AERNRREFIIIRFEAED T A IV ADBEE AL,
ZDEFEALRIEREETH D Z LD0Do>TE72 720 VANV AD I3 EOAFEME O
) DAV IAAT TEAE] L. WL L7279 A VA X D GEDSHT LWIEREZ Do 2 & 5
Mo TE 2 2019 2BV TIE, FIZTRTOZEEHICHAEL., EREEOT VT +—3I—
ANWADFEBLT B A 7 10 RNA OREFENFEBUNT % 6 NIRRT 2 B 2 ko720 720 £330
PELy £ NV AERIED —DTH DA T/NT I 7 74V ADGTEWFEIRE 2 & 7 ) LR
W& Diro 72,

1) SFYFVHERDI VT + —I =L VADBDH D<A 71 RNA DREFENFEHT

<4 70 (mi) RNA IZEEH) mRNA OFEBHIEICE G L CTWw b /5T RNA THh b TE. J5E
D7 ANV ANER LRI TlE, 7 AV AHED miRNA 23FBL L Tw A 2 EHiE s Tw b,
LA IE =R YFIVHEDOT VT + —3I =7 4 VA (SFVmfu) OFikeEGMgz T, 2
E—JVRNA ¥ — 7 T AfENT %47\, SFVmfu KD miRNA ORI 21T > 720 Z DOFEE.
FER AL S5 BL 9 %5 miRNA D) 33% AY SFVmfu R TH 5 Z Wb h o7z, FRICHEEICHEH
EN TV miRNA (SFVmfu-miR-S7-5p) &, HUESFE miRNA & L CTHE ST 5 miRNA-1 &
T — FEHIA—FH LTz & @ miRNA OFE mRNA ZB L0025 572018, T A7) T
N — DIRBT AT o 7245 R B O BRI O N7z R EIESS 7 & CHRIAT EA L T 5 Adenylyl
cyclase-associated protein 1 (CAP1) ® mRNA 23 IZHH| S CTwiz, LR =7 vt Af 2475
7oA A, SFVmfu-miR-S7-5p i& CAP1 @ 5" FERNERAHIR 2 723k L. CAP1 @ mRNA % M f#IZFEE L T
Wb EDbA o7, CAPL OHIAS SFVmfu OBIFEIZ ED X H 1T ET 5D H, £ 72, SFVmfu 1
3k miRNA (RSN EA D 5 Dh . 5HRNIETHTFETDH 5o

2) XIHRAAINRT I T VT AN ADLGTEYFI IR
ATANRTITITANRIZATOFIY A )V AEGHETH 55 Y Lor#EShTni
Vo RT-PCR BAFIZBWT, 22855 37 V7 A )V AGHEDRDIR D & RNA Z 3l L, AT 14t
L7z il RNA % RiboGone (#5554 %) THEL, YRV —2LRNA (RNA) BLUI + 2
¥ F1) 7 RNA (mtRNA) HURAELH % B2 L7z #i#R5 L CTf% 517z cDNA Z IV, MiSeq T X ¥
TP Ay =Y A To 7, #6721 — FECH] Z CLC Genomics Workbench % fifi 5 T de novo

-178 -



assembly L72& 2 A, 5 Rild N BEFOBEF2H, 3 Kild b L—F—RHFETTO 1 XKD ¥
74 TEYBES N2, PEEFISMA, 2571V —ATa— FEN5 C#EIET D ORF AR
SNz, F72 PEIETFHIC editing A4 FAFAE L. RNAediting ICE > TV ¥ U287 HPpSa— F &
NTWLIEDHIENZe TOFXRTNTITZIITIALANVADE & GEETORIZIEZ T o wED /<
FIVIVIANATH DT I ANVATHE SN2 TM BIEFITPRA S E T Twiz,

Most viruses have been discovered as pathogens that induce a variety of diseases in the hosts. By the
development of sequencing analysis technology, we noticed that there are still many unidentified viruses, and
most of them are nonpathogenic. Furthermore, retroviruses infected germ-line cells in the past and became
endogenous retroviruses which confer physiological functions in the hosts. In 2019, we conducted the
comprehensive, functional analysis of micro RNAs (miRNAs) derived from a simian foamy virus, which is a
non-pathogenic retrovirus in Japanese macaques. Also, we characterized feline paramyxovirus, which is an

emerging viral agent in domestic cats by metagenomic analysis.

1) Comprehensive analysis of simian foamy virus-encoded microRNAs derived from a Japanese
macaque

miRNAs are a group of small noncoding RNAs involved in the expression regulation of target mRNAs.
Recently, it was reported that the cells infected with certain viruses express virus-encoded miRNAs.
However, further research is required to understand how these viruses utilize their miRNAs for the replication
strategy in the hosts. To gain further understanding of the viral miRNAs, we performed small RNA
sequencing analyses using the cells persistently infected with simian foamy virus derived from a Japanese
macaque (SFVmfu). Sequencing analyses of cells persistently infected with SFVmfu indicated that about
33% of the expressed miRNAs were SFVmfu-encoded miRNAs, indicating that SFVmfu highly expresses
virus-encoded miRNAs in the persistently infected cells. Notably, SFVmfu-miR-S7-5p, which was expressed
at the highest amount among other miRNAs, shares the seed sequence of a tumor-suppressive miRNA, named
miRNA-1. Transcriptome analyses of cells persistently infected with SFVmfu and naive cells revealed
candidate mRNAs that SFVmfu-miR-S7-5p targets. Among them, the expression of adenylyl cyclase-
associated protein 1 (CAP1) was markedly downregulated. Reportedly, CAP1-expression is upregulated in
several malignant solid tumors. Reporter assays indicated that SFVmfu-miR-S7-5p recognized
5’-untranslated region of CAP1 mRNA and downregulated the expression of CAP1. These data indicate that
SFVmfu suppresses the expression of CAP1 using the miRNA in infected cells. Further experiments are
required to understand the effects of CAP1 suppression on the replication of SFVmfu and malignant tumors

to establish symbiotic infection in the host primates.

2) Molecular characterization of feline paramyxovirus in Japanese cat populations

Feline paramyxovirus (FPaV) is a member of the family Paramyxoviridae that has been reported only in
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Germany and the United Kingdom. We detected FPaV for the first time in Japan by transcriptome sequencing
of cat urine samples. We determined the genome structure of FPaV and conducted a phylogenetic analysis. It
was found that FPaV belongs to the genus Jeilongvirus and forms a clade with Mount Mabu Lophuromys
virus 1 (MMLV-1). FPaV lacks a small hydrophobic (SH) gene that is found in members of the genus
Jeilongvirus; however, some Jeilongviruses also do not have this gene. These results provide information

about the diversity and evolution of paramyxoviruses.
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Miura, T., Miyazawa, T. (2019) Experimental infection of Japanese macaques with simian retrovirus 5.
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of feline paramyxovirus in Japanese cat populations. Arch. Virol. (Epub ahead of print)
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X AER AT — 2 3T ANV AHYEREMBER RO T T 7 AZHINOAFE R 2 1L LD
NG VAV 2= 2RI R (Tg) /v 2777 b7 (KO) OEEZREITT-oCnb, T
B TSR A V. BAVERIC L A~y 2 an o —oiE k. KRBT AVEE, A RN 02k
YRHEA 2> 1CST (deAs) . IR & D FEiniETd 5, #iL Tid CRISPR/Cas9 ¥ A 7 A % H]
WBEETFHREY T ADMERSERL TV b, OV TIER—AR=TZ2TBRWI272 &7
W, https://www2.infront kyoto-u.ac.jp/tgkoivl/ 7% 3 EROFERKII FRLOMEY TH 5,

1) D EHRRAF

2017 4 171 %fk 37,763 1
2018 4F 228 52,601 1
2019 4F 248 AR 59,031 1

2) FIUVAT = ADIER

IR IR %L Te FEF 5
2017 4F 43 19,509 135 (0.7%)
2018 4 21 8,773 65 (0.7%)
2019 4 30 12,554 80 (0.6%)

3) ATy ZADOIER
rua— IR %L e

2017 4 38 3,474 78 ( 2.2%)
2018 4F 16 1,483 57 ( 3.8%)
2019 4F 8 696 80 (11.5%)

4) CRISPR/Cas9 ¥ A5 A2 X B85t~ A DVEH

IR TR AR BEFwRE~Y 2
2017 4E 30 11,809 49 (0.4%)
2018 4E 56 25,081 89 (0.4%)
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330 (0.9%)

2019 4 97 34,226

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

Current staffs are Kitano and Miyachi. Results of last three years are as follows.

1) Freezing embryos

2017 171 strains 37,763 embryos
2018 228 strains 52,601 embryos
2019 248 strains 59,031 embryos

2) Transgenic mouse production with cloned DNAs

No of constructs  No of embryos No of transgenic
injected pups obtained
2017 43 19,509 135 (0.7%)
2018 21 8,773 65 (0.7%)
2019 30 12,554 80 (0.6%)
3) Production of chimeric mouse
No of ES clones  No of embryos No of coatcolor
injected chimera obtained
2017 38 3,474 78 ( 2.2%)
2018 16 1,483 57 ( 3.8%)
2019 8 696 80 (11.5%)
4) CRISPR/Cas9
No of constructs  No of embryos No of genome
edited mouse
2017 30 11,809 49 (0.4%)
2018 56 25,081 89 (0.4%)
2019 97 34,226 330 (0.9%)
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Experimental animals, such as mouse and rat are housed in our Laboratory under strict regulation of
animal experimental committee and institutional guidelines for animal welfare. Moreover, we have been
considered for long time: how to make gene-manipulated mice more rapidly and conveniently. Recently,
genome engineering methods have been established using TALEN or CRISPR-Cas9 systems. We have
searched for many methods and finally developed our own protocol making such mice more easily and

reproducibly. We newly developed more than 60 gene-manipulated mouse strains in this year.
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BT LY AT LEREL 2
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FZERT 4 v b7 — 27 FEITMR T IARERIEAR Y =7 O —0F =il z{roTwb, B b
RO ZONEEL a4 VA (BERV) ZHZEdf e LT, Y =47 1 v 7 RIS
iR ERV O R THENIFIRZ £ o T D, SRR, 77 F VERRTRICEIS2EILT 5 ERV
DT ATV FFEDL VR LAY VDT FANYT 7 F RIHIMT 5 2 &, 712 MLT-int % &
AT FEMASE LML, BWICRAET A2 25712 L7z MLT-int =L X ¥ b % i 583
XD L KR OFHEEA vy —7 20y TaE— FiEESIH SN HEPBBE SN
MLT-intRNA & 4 ¥ ¥ —7 za ¥y FaE—¥% —HVOMESEHI R Sz STHIEAEEL e
IL XY MHPHRRERBOEEELROB X2 L OMREZRL TV 5,

Institute for Frontier Life and Medical Sciences LAN system (Infront-LAN) has been administrated by the
information security committee consisted of three staffs (Prof. Koyanagi, Assist. Prof. Takemoto and
Technical Officer, Mr. Geshi). Infront-LAN has provided a variety of network services, including E-Mail,
WEB-mail, WWW, File-sharing, online reservation of seminar rooms, SSH and all Outgoing TCP services
except for P2P. We got a network domain for this new institute and built two WEB sites and a mail server on
the university hosting service systems. We are going to make the list of Wi-Fi routers which are used in each
laboratory at the institute and an emergency communication flow for the accidents of network. All network
users are supposed to get certifications of training of e-learning course which is provided by Institute for
Information Management and Communication of Kyoto University.

In addition to the administration of network, Takemoto have studied the expression of retroelement-
containing human transcripts during vaccination with co-researchers and found that vaccination upregulated
transcripts containing some particular retroelements, such as the MLT-int element of endogenous retroviruses.

MLT-int-containing transcripts were distributed mainly in the nucleus, suggesting their unique roles in the
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nucleus. Furthermore, we demonstrated that MLT-int RNA suppressed interferon promoter activity in the
absence of immune stimuli. Based on these lines of evidence, we speculate a model of a role of the previously
unnoticed MLT-int element in preventing excess innate immune activation after elimination of immune
stimuli. Our results may emphasize the importance of retroelement-containing transcripts in maintaining host

immune homeostasis
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(ips HIlRE T/ LREZAV DRV IV HFARERROF 57— T #HRAOBAL]

OWfgefizE  WHERKRY K RIE HZ

O A NA - BAERRAOIZEA L RTZEE  FAREYST WA & %%
OWFZe#%E 8 Sz OWF 78 B

ARIFZEIE DSAPURSESN T M2 & ipS Ml 2 H T 7 — Tl Z HAET 52 HEEZ XD
BEIELILEHWNE T 5, PAPERENZ THBZEMA (TCR) #2427/ AfEL D
v PR T, iPS MO NAEYE TCR IR N/ v 7 4 52 812K ), TCR DA
(7 BRI & B W RBI L ANV 2 BB L, 2RI ) @i TF 5 — im0 m WA T Ml Z 2%

-190-



I E 22 L2l AR T,

FFEBREMELT S 72012, & b THIREAIMEAR Jurkat AR SEA & Z T A2y b/ v
gAETy NRMWEITVEAL/Z TCR ZIE LS B EEZ 2 L ITHI L7z, 22 TiPS #illg
Th, FBICERARMEEET Iy b2 v o 4 v hty NEBPSEE 30 2175720 Z0
R PS ML T, EAMEEET A2y PPIELL 2 v 724 v &3 N7 a—VidEoniz25 &
oy MR EIN7 00—V 2/[AIENTE Lol Hy PRI N7 10—V Tl
Puromycin M PEBZ T2 PGK 7 U E— ¥ — 12X VBB T HEETTH LHH, 070 E— 7 — N
iPS I TRV REMEDSE 2 5z £ 2 CTPGK 7UE—% — %, iPS ML CIEMEATR W C & 28
MOENTWS EF-la 7HE—F =ML 7-L2A, ELLS ey bR#EI N 70— 2 FEE
I FAZENTEDL LN o7z B by MR TE/27 10— 2128 WT, Puromycin i}
HHEETERESE, BALZ TCREBETEARBASELILENTED0, FIEHEEIT2IT- T
W5,

OWFZE R A3

(FRFEL)

SFHS A EEETE AKEEGG. BEE T A & R ORE. PSAPURSERIY 7 TCR #EI5 T
% PAETE TCR BAn THEARDHR L CBEAT 2 HEOMY. 5 41 Bl B ARG T W4 (2018 4 11 H
28 H , #i%)

(ERT D)

(PR L &7 % —BE T OMBE~DE A (F#HH 2018-140523)

[(KREST / Lgih e R R ET 5 EFHOT RS L AEED S FRizD/ER]
OWrgeftidisr  HALEIge A ERH A e 2 & — - FEREME T — A

Wi BEE F—2) = —
O7 A NVA - BAEERAOZE L7 A SH Y FOE FEl #d%
OWF ek S ORFFERR

A7 =L Fartr bod L, il 2BRRER mgERE & 12 BRMEMESE (congenital
scoliosis: CS). FHEMNH EIZKIE (spondylo-costal dysostosis: SCDO) 72 & D HHME D LR 5 HE DR
R CRRS IS 2\ IZBZ R 2 L7z BOoNBIRL D 7 4 DNA 23l L. 4 exome fi#
MEELRBBS ) AEHTICL Y, B FEREER L. TOMRE. FHOEAICHE T 581z
F TBX6 DHVEBIR T2 5% 10 B0 €S, 1 Bl SCDO IZ[i5E L7z (Otomo et al. I Med Genet 2019) o
TBX6 ZERPERENTBEDOVDE ) OMALY V8B X 1 iPS MK 287 L, idlrh IR #E 0 & Rop
FREI~EFEL, TOMRBICBILF VL= a VORFEERELE T A, TBX6 BInT DI
HIETICE), TOTREETOBHEAMET LTS Z EADbh o7 (Otomo et al. ] Med Genet
2019),

RIZ TBX6 DZEE D 7 BT R] L T A exome AT % 171> 1 819 CS (Takeda et al. Mol Genet Genomic
Med 2018). 1 #10 SCD (Otomo et al. J Hum Genet 2019) |2 LNFG #{x T OHHEBIR TR % AD
(7720 SCD T® LNFG #fnf DEEOHE L, HAT2HH, CS TO LNFG #Inf DEL DO
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R THDTTH S0 LNFGRIZTDI— FF 55 2387 OFFRBRRIGEIER Y 37 TR

FLTWAZ L %AW LA (Otomo ef al. I Hum Genet 2019) o

OBWFFERER 223

(F& &m0

1. Takeda K, Kou I, Mizumoto S, Yamada S, Kawakami N, Nakajima M, Otomo N, Ogura Y, Miyake N,
Matsumoto N, Kotani T, Sudo H, Yonezawa I, Uno K, Taneichi H, Watanabe K, Shigematsu H,
Sugawara R, Taniguchi Y, Minami S, Nakamura M, Matsumoto M; Japan Early Onset Scoliosis
Research Group, Watanabe K, Ikegawa S. Screening of known disease genes in congenital scoliosis. Mol
Genet Genomic Med. 6 (6):966-974, 2018.

2. Otomo N, Mizumoto S, Lu HF, Takeda K, Campos-Xavier B, Mittaz-Crettol L, Guo L, Takikawa K,
Nakamura M, Yamada S, Matsumoto M, Watanabe K, lkegawa S. Identification of novel LFNG
mutations in spondylocostal dysostosis. ] Hum Genet, 64 (3):261-264, 2019.

3.  Otomo N, Takeda K, Kawai S, Kou I, Guo L, Osawa M, Alev C, Kawakami N, Miyake N, Matsumoto N,
Yasuhiko Y, Kotani T, Suzuki T, Uno K, Sudo H, Inami S, Taneichi H, Shigematsu H, Watanabe K,
Yonezawa I, Sugawara R, Taniguchi Y, Minami S, Kaneko K, Nakamura M, Matsumoto M, Toguchida J,
Watanabe K, Ikegawa S. Bi-allelic loss of function variants of 7BX6 causes a spectrum of malformation

of spine and rib including congenital scoliosis and spondylocostal dysostosis. J Med Genet (in press)

(%/\7&%@)

(]

1 K EER SRS DESY: - R 2 PR 5 720 OZEFERGEE , ISR, SR KAF R
2018.10.04.

2. HHBHEEO 7 7 AEHE, 55 33 I8 H ARETEANVEF S AN SR 4%, 2018.10.12.

7 WIENT OSEBEAEE (BCEUHME ), MIRERR , 55 33 ] H A BTEA R 7 JERE Al SR 2%
2018.10.12.

4. 7 NEROBURE G 8=V V7 ) AR RSN Wizd D ) L EREOILE
AR, WNZERE , IR R FE S - BUL A ZE T AR R R A e & & & — B Je 28 i i 2 R
SWEFE L ) A DR, 2018.12.03.

5. WREER  INhHDEE - EHRZ PRS2 720 OFEFEMGER , MBS, KBRS iR
EU%%%% 2018.12.06.

6. - BEIR O ST tGERR , 85 31 [l - BIERE S AR T A 2019.01.26.

7. /J\ CHRICHVRL IR D 7 7 2 AT IWTERR |, 56 3 [mlbiigE /N R LR 98 | 2019.02.16.

(FE144]

1. Natural history and etiology of spine disorders, 15 , it )I[ 7% BE , The International Consortium for
Spinal Genetics Development and Disease Conference meeting in Shenzhen, Apr.6. 2018.

2. Extension of genome-wide association study of adolescent idiopathic scoliosis, 155 , #li)I[ZZHB , "The
International Consortium for Spinal Genetics Development and Disease Conference meeting in
Guangzhou", Apr.§, 2018.
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3. Genomic Study of Skeletal Dysplasia, [T5H , SRR, —E M2 F3 |, Jun.29, 2018.
4.  Genetic study of bone and joint diseases, 15 , WJNFERE , i E R 2o B L a2 27 72 B & 3
7 —, Sep. 3.2018.

[PRRX1* HilDFI9—1EIBMRIC L B b MBRERLBIZN S FIBAE)
OWrFeEH  MILRPZERFEPEE ARG 7ERE (R) FH WK MordEsos
O AN - BAERSZEH LRSS  ASRFEEISHS T POl #El #iz
OWFgefE [ OWFZE K4

BRRIEGBE T O Z M & L2 BELEOBRIIAT5Th b, BHFEHIE. 7 2AEBIEK
WA, Prrx1*Scal” Ml 2 #pfifie & L7z Prex 1 Ml NOA Y — 2R E LTELD Z L2 L
720 ABFFETIE, & M iPSHIL X D PRRX1IMIldZFFE L., <=7 AMFETHR O NHMAZFHT 5
Z & TPRRXI" EHOAE— % 57 F LNV THRPI L. b MMEARTEEGER T Ol 238 - FERE T
D FHFNEBTH L 2WEHNE T 5, REEEIZ. <7 R Prex] BpPEMIE % 56 2R 8 o & Ik
MIZBWTHIRL, 25D Y ZVE )V RNA ¥ — 27 T 7 ANt # Eii$ 5 2 & T, & Prexl Btk
subgroup D HYFHEM IR T I BN & BEREREE R BIR 2 155 Z LI L7ze 72, WEAEEIER L /-
PRRX1 L R— % — iPS Mgtk (& b PRRX1 3 % tdTomato #3645 ¥ 787 BT LT % 2 L A%
HE) AL, BAESREZEML 2B TOFEl T (AR IRIEREE PRRXT Bl & i
HR 3R PRRXD B PEII) O IZKTI L7zo 2 S FRT O 7R & e R BZsIc X 0. &
I PRRX1* #il@ D subgroup 1L D #2338 - 72,

(85 - BRREFKATIR - BFEMNT H7-DDOMLEHELFE—2—77 ADE%]
OW7efER  IRERFPRFBEEREREAZER A Ak #d%
OvANVR - BAEERAZERILFEZEE mEEART o A58 ik X #d%
ONFgekEE o OHF TR R
TG R OWGHEIZ X > THE U2 25 I 5E L, 5 28K 2 B 3 n] B3 2 fil R L TRz
TEAL TS, WTFNOMBED MEMICZ Lo, —HIEET 2 & BRIEI 2 IEAHEE L v,
AWFZE i, M- AT 05T~ — 57 —TdH % Tenomodulin (Tnmd) BInT DM - FH 455 ¥R 55
HisEIRZ W€ Uy in vivo TORAEMFFRICLEE R A U 72K - B TREMIZEOEL A — % — 2 588l
3 % Transgenic (Tg) ¥V A%x[ETAHZLEZHIE L7,
TRIZRT LI 7 & Tnmd BIET1E 7 2D exon THEK E 4. intron. promoter FHIK % & D
THI 15 kb 225 72 %5 promoter FHIFIZ 1L TATA K v 7 AHAFFE L. CapSite Hunting 12X > T22OD
TG NRH A 2 & e L TW
%, promoter T 3K & & L4y 1 kb D
flanking FHI1Z B > TIE. 5 D D E-box
AAFAE L CAGATG & CATCTG DRL
5% 49 % B-box IZ b-HLH Rz 5K
FTd % Scx X Twistl 235G L THs
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BZIEIZHBEL TWD 2 EPHSH2IT% > T 5 (Sci Rep. 8:3155,2018) hsp68

@ minimal promoter % F§2 LacZ L R — % —% T, ki 10kb & exon 1. intron

1, exon 2. intron 2 D—#B% &) 14 kb OFEK (LK) 12, Tg =7 ARIZBW»

T, M- B CORBLE drive 35 2 L OHRZEESRB SR TS (FHK),

B2 E L7 DNA BTl 2 W<, [kD7 vt A4 Z#{7-72& 2 A, promoter D

LR 1kb B2 ICRBEINAMBEY K UEH] & D BFticid, - SRR 2 5631 2 Hl 3 2 0511
RENZihoize & 2T, promoter D LT 1 kb 2> 5~ 7 A Tnmd 85T % & 16kb @ DNA FHIH,
? enhancer IEPEZ MG § 5 Z &12 L7z (B 3. 16kb D7 A Tumd DNA Wi}t % & & BAC
clone #4732 KWt (DHI0B) (ZIMEESZED RedET BT 7 AI F& L7 buRL—3 g
WCE-> TEALTHEERL, 754270 ViEICE DLy v a V&7 KIS, ColEl
AN T ROT YEDY ViR — 7 — 2 & GHUR DNA ICHFE SR E I L2z 2 7 o€ —
AL BFEEEIT 72 RKBHRISEA L, MFEHMARZICEI T, 7YY Vigkot 7 70—
213720 135172 DNA Wi &, Asp68 @ minimal promoter Z $§2 LacZ L AR — % — @ Ascl S
T u—=r7 L7 Notl \Z X - T minimal promoter . LacZ L' K—% —, <7 A Tnmd OBInT W
F%& &t transgene WO L., 70— AF VICTERKEEZ BRL. 7 AZHIBIC
microinjection 17572, 13.5 HIE& 145 HIED 7 77 ¥ % — Tg ¥ APRIT T, X-gal et 217\,
enhancer {GPEDRES & 17 - 7245 F. whole mount in situ hybridization T E N5~ 7 A Thmd DFE
B —H LT, VLR—7—OEENED ONTze TNE TOMMTA S, intron 2 IZ enhancer
WD 5N A 2 LD LN - T AH DT, promoter 3% 2> 5 intron 2 £ TDHJ 9 kb d DNA
Wi @ transgene HIER L THB Y, 4%, FISHEMHAZHEDOLTETH D, £72, HHLKR—F —
HART EGFP @ BAC clone DX A Tnmd BAZT D/ v 7 4 ¥ O72D12, M rpsL #ART-1Z
FBAPMLTIA Y UEEN AR LAY vy — Ly ¥ a v & o720 & L7 rpsL-Neo 71
Y b OWGIHFEES O 7 — 2 %ML, PCRIZ X 0 3iE L72Wi % v, BACZu—r L
DT A Tnmd BIZFN v 74 2Ly AFIA T VEICED Ly v a vy &fio7z, BNl
7 u— v EGLRBWIC. EGFP DT~ 7 A Tnmd {51 O & €0 — 2 — 4k % 1 L 72 DNA
Wi A2 EAL, AMLT PA T VIEICE > TRV Y Vg Y 2475720 T A Tnmd BARFHEC
EGFP% /) v 7 A » L72BAC 7 10— %49 % DHIOB %* 5. promoter ® Lt 1 kb 2> 5 < 7 A Tnmd
BT % & 16kb @ DNA I8 % retrieve L. Ascl 12X % transgene DY) L., K2 ir-72, &
. transgene % ¥ 7 A AEINIZ microinjection 34 Z & 12 X V. enhancer G PE A FERE L. HOBL R —
7 —Tg XTI ADRMABNLT A FETDH 5,

OWFFE R DA%

(2 i SC)

1. Shukunami C*, Takimoto A, Nishizaki Y, Yoshimoto Y, Tanak S, Miura S, Watanabe H, Sakuma T,
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Yamamoto T, Kondoh G, and Hiraki Y. in press. Scleraxis is a transcriptional activator that regulates the
expression of Tenomodulin, a marker of mature tenocytes and ligamentocytes. Sci Rep. 8:3155, 2018
doi: 10.1038/s41598-018-21194-3.

2. Takimoto A, Kokubu C, Watanabe H, Sakuma T, Yamamoto T, Kondoh G, Hiraki Y, Shukunami C*,
Differential transactivation of the upstream aggrecan enhancer regulated by Pax1/9 depends on Sox9-
driven activation. Sci Rep.9:4605, 2019
doi: 10.1038/s41598-019-40810-4. (Pl 28 4FJE & Pk 29 AF BEFRIRFE O WFFE R )

(FE 5 e

B - BT ZEOBUIR & B 1AM © 56 36 10 H AN B AU 2 22T S & Meet the Experts 5 (JlFf),

2018.

(SFRFEFR)

B - WATEED 72D A Y ER Y AT A ORESE i HUE ¢ 8 19 MEB SRR S (5,

2018

(iEMmesHRa - AIBEHIRR = v F DIREIET 2589 5 5 TS DARAA]
OWfgefiEE KRR RFBE A e Zert B kW %%
O7ANVA - BAEERZZET LTS wEEART O A58 ik X #d%
OWF7eE 8 e OWF 78R R
HEEEODOINETOMIEICL D, BRICHEIET ST EH A ¥ CXCLI2 % 53883 2 fl#g
(CAR M) 25, MM OMEFF IS LD = v F 2 KT 5 B3R TH 5 2 L HURE N,
CAR FfZ I AF RIS R FEBT A5 K1 Foxcl & Ebf3 2SI EMIE - il = v F O & #HEFRIC
WIHTH D Z EDHS D% 572 (Omatsu Y., Nature, 2014, Seike M., Gene Dev., 2018). —J5. F1ii
W2 AT X 0 . BRI~ A, M€ TV Tdh B LPS x5~ 7 A, B X OB VEE BEE (1
i (CML) E7 )V Tdh A BCR-ABL F X 7@ T %28 A L7 &M~ 7 2128V T.CAR
HIFE T Foxcl 21X Lod & 9 A& - &= v FICHEBERBIETORIULTARDO bz, &
ZT. ZDOX9 7% CARMBOWEBIKTALDL ) LY ZFFURKICL > TR 2002 5512
T 57291, CARMIFLIZHEILL TV EH A4 Mh A4 VZFKRICHEH LARWIZEZ BiG L7z,
BAKINC1E TNFa 2 B8E 5T (Tnfisfla) & IL-18 28 K&E 5T (Ilirl) % CAR MFEFRRAYIC
RILE T2~ T ADFNT %479 728, CRISPR/Cas9 ¥ AT A % W T flox ¥ 7 ADIE# % T 5 72,
¥ 512 Osmr, Pdgfra, Pdgfib, gp130 5544 M 4 Y BIZTIZOWTD flox 7 AZAF L, ThH
& CAR MINFFRA Cre BB~ T AR KM T A2 LX), Firt DY A b h A4 VZEEKD CAR L
FERWKIB~ 7 ZADVERDIREE 72 o 72,

BUAE, ER L7 A2 VT4 ORBET VA I L. WEOMEST L REOBFICBIT 58
Mg - Sl = > FOBE L FAEOMN 2 HET LTV b,

OMFZEIR D 23R
(G 3)
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1. Sugiyama T., Omatsu Y., Nagasawa T. Niches for hematopoietic stem cells and immune cell progenitors.
Int. Immunol. 31(1):5-11.,2019 Feb 6

2. Agarwal P, Isringhausen S., Li H., Paterson AJ., He J., Gomariz A., Nagasawa T., Nombela-Arrieta C.,
Bhatia R. Mesenchymal Niche-Specific Expression of Cxcl12 Controls Quiescence of Treatment-
Resistant Leukemia Stem Cells. Cell Stem Cell, 2019 Mar 14 [Epub ahead of print]

(7R ES #iIRRICH T B EETFRADTFII—HEDOHEE]
OWf7efiE"  BRIEVVERRFESSR WL R #Bix
O7ANVR - BAEERAZET LIS mEEART o 258 ik X #d%
ONFgekEE ) OWFFER R

T4 OWFE=E TIE, Venus Z LR —% —IZHW2#EEZF b7 v 7% T, ground state (Gsk3b
& Mek (2R3 5 BEAIGAE T TOLREMIREE) O~ X ES Ml THRIMILE 3 5 e RO #Elz
FHFEE L7 CORRAELEOZRLIARL7-0O12, EFEEIZH S E, RERTFE2EEHAL Y
% ES #Miffa & KFEBLO ES Milfe % cell sorter THrMIfR, £ 4 %<7 AMMIE~NEAL T, fAE~ND%F
B2 L 720 HEEEIXARZ MRS LT 8 MR 2 v 7z12x LT, AR IR 2 H v
720 TORGEE, WEEEE L FARIC, ABIETOFEBLL XV O\ ES Mild 51 o J7 23ER~ O 75 558
M TADHEHL TV LIRS EOEEVEIHEGED S 5 N7z,
OWF ek DR FE
(FR5E)
PRULAS . RIS, WA, VR H RV, BAECTE. TEMHSEYL. MERE, EAM—. SARRE. 1L
H¥fw], k. HHMF . Ground state I2B1F 5~ A ESHMIOAE—EOFE . 4 41 BIH
Ry THEMFRESR 2018.11.29 Kk

(V1 7V VEERFIC KD REEOFHEBEY 1 XBEADKH]
OWrFeEHR 25 BB EHA R B R =P A B e Rt S A 4 4 4 = > 2 5

e R HEEIR
O A WA - AR RIS SEaEER T 258 BH Er #EH0%
OWFFeke & OWF e 3

s () (&, EWFZRRT - RBEmuESdR & JE LT o 2 thofse & it L €T & 72,

(a) A 7)) MK X I — ¥ OBERERAT

YA 7)) AT F—€  (Cyclin Dependent Kinase) (. M@ léGi 7217 Th { S E DK 2
E Y OFRAERIE ORI SG T AEELR Y VNV HFF—ERHETH D, T TITHEL
B <L 20 O CDK & 5 f¥HO CDK-like A2 S TH Y, CDKI, 2, 4, 6 13 F Mg
JHIZ., CDKS 3% E OWBIERICEELREEZ R-TILEPMONT WD, ik TIZPIDSAF DI
HIAZ ) == 70y =7y P LTHRPEINTWE, — T, —#HD CDK IZ2WTIEZF DR
REDY X CHIH N TV,

HEEE () &, ShFETICEMZET L AT, 209 BRICEHWERZ O 5 CDK 1220w
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T CRISPR/Cas9 |2 X B @I TER (/v 77w b= A) VR L TE OREREMRNT %0 TRz,
R 29 EEEFTIC, SO/ v 2T by AIEFTRTH DL Z &, ABEOREHEINANEE L3
528, WMO—IBTHHATLAINVEVORHBEIMKT TSI L2 WS L7z K 30 4EE I,
J v 77 b= ZE2 Bl L 72 MEF (mouse embryonic fibroblast) fHlFg D AT 2 FRuL 247w A
AL XV TOVER A A = AL S0 L7, €OR. T CDK BMEHOHE Y 7 F VT O
M RER RIS S L TB ). COMEKNTFOZEICEDLs TWEZ EDPHLENIT% 5
720 BRICZFDIE S VG EFRE LIZIED U YBRILA Y VX BHORENCWHATH L %
BHSNIZ L7,

D EOKED? S, 2O COK IZHFER T O ¥ 7 F iR OTWEE O R Z LIS LEO B E % 7z
LTWwWAIZEPHLNERST,

(b) JEAFEIFIZFEINT 5 WD-domain ¥ ¥ 23X 7 B D FRBEFENT

EB DA 7 ) MARAEEF F— B E WIS T 557 Y7 D 12E LT, WD E—
XA D RFEOY VR e a— FY2BIEFEME LTEP->TED, #igeir e FETZ D
BIRFDEF <7 A% CRISPR/Cas9 I X DIER L, £ DFEH & FKHR 2 AT L 720

PR30 AEEEIE, BRSBTS ) v T NI A VOB LT 70— Y OFEE, S HITK
FANOBALRSET L. RAITBWTHE O L TEHAB O 217 - 720

CORER ZOX T AFAEAFRRIES AR E & B IS R A IR E 2 J8E L, LR 8 AR
THZHEMEABEIRT 5 L) FMT— 7 24T 5, T/, AR I BAREET, KIEY—H—D
FHPER < ADORTEFA L TEY . #BEARENRED — R ZERIZ % > Tw S T ReMED &
Vo ZORFTICE D, SRR A 2 7 AR O — RN RIS EEA T 2 5w L. O R A E
EE LIk d T VEBEOHi e A S,

IREEEAHE Z V4RO 5 — RN LBERSIZBIEDO L ZAH I LA LWL NI R>TELT, ZO#EET
ZEMNEOME OBHRC & 0 FERFRREE % &0 728 R TEIRE B ORBIRE DRI FE D 72 A
B ENHREING,

RN, BFEAEMOMREEICB VT I OBMRFD7) THIIICHEI T2 2 2L TB
Y. radial glia MG OMEE QYD fFETIT 9 o
OWFFEAR DR 3K
1.  Akiko Hori, Hitomi Watanabe, Rie Takeda, Ami Inoue, Minori Kadoya, Tomo Ichikawa, Manabu Shirai,

Gen Kondoh, Keiji Hirota, Noriaki Sasai.

“Essential Roles of a Cyclin Dependent Kinase in the maintenance of the Shh signal”
e
2. Minori Kadoya, Noriaki Sasai

“WDR17 is essential for regulation of the number of glial cells during development”.

e A o
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(MBET o H—BINT M FHBER T/ V7 A2 —2AV-HRIERETORR]

OWgeft£HE B RFERFERE THAM5ER IR Mk #d%

O A WA - A RFHENZEAT S 785

AT AT LGS A Hif B (201844 A~ 10 A)

AT AT AHIEGE K TR #d% (2018 4F 11 A~ 201943 H)
OWFFERE 8 & OB i

MCHIRL B 2 D2 8 7o Malk & SEBL T A MR B 2 B 35 C L 2 HIW L L <. WFZEImIC K
D3 FIZOVWTHEH 1T 572, Thbb, HRRREORELMIET > H —HEifTORHE. RERE
QEBEAME L OERT/ VX E—DER. MRRRECOHIAEKET > 5 — it OMBIEHR L 5 VI
HREEANOICATH 5. el %@ U<, KT » 7 —fkx O TF FOGHIIII L.
ZN 5 DRI EGR MR A ISR TE 5 2 L 2RRT iR 21872, LUNIZ, TN o
DWTIER5,

HREBRREORE L HRREKET > h— i ORR

INFET, ILATU— VR EDRER, TNOLOREICR)FL Y7 ) a—) (PEG) &k
DEGTEAEG IR TIMMBIET > =0T E LTHHINTE 2, TNHDH5TFIX. BHIC
HITEDD, M S 1 HUPISEREST 2 & v BE D 5, L) BB RS 57
DI, L M 7 > A —H A OBFES L EAT R T %o WFRMAFE L, Ml ZEllT
YH—=ENDBan) v 7 A EBEOBAKIRICH L2 HEM EMHEMEHT AT+ T I
FRECH] & 22572 5 6K X7 F F (KKAAALAAAAALAAWAALAAAKKKK) % Fmoc FAHA BT &
DEKL. BESWH 20 IR akIicEoE, B TOEMEME L7z, KIZ. 6K X7
F R LT, 20T ¥ 7 — OB WT, 45 TEI#E (MD EH) 1235 Bl
IANF -G, REEESRENEL L OFREEM A T ) A M) —IZX 52 AV F—JEIC &
0. ENENMET L72e MD EIEOER, 6K X7 F FOMNR T > H —1Zxd A HHZ AV F—%
1t AG 1349 -140 kcal/mol TH B Z &b o720 —H. TANLNF—WEDHKE R, 6K XTF K& A
TIREEPHESEHT A EICE 5T, BB — 7 PEEEN, TALVF—HIZH 6K XTF FD
MRS 7 > — 2RI S 7z,

—J\ FBEOBEH % DT M FOFEZAAIZDS, ISSETE T HIOEFGIA S 7 5 H
BT v —BIRT ML PR FRT ALV TE R o7z, TOMEIZONWTIE, 5. 6% 5
RT M I 5 E5MEMOBEIPLETH S,

MEBRRQEFEAMEE LT/ IV TAFI—DEK

Fho70Y F4e (D) BESICETTAILICE ST &F /7 59X % —OHMHER R M.
I X o THONDETF /7T AF =12 LTy ZOH A ZHlID 720, A F IV IO EHATE A
RBDATFIVRYEYTF =N EYF Y FELTHWTNMEATZ 2 LI2L - T, ARRICBWTY
ARXTH—=N—=V VT % 7572 VAV FIRERRE R EORISEM 2L ST TER L&)/
7 IR —=IZOWT, RSN, BIROLEGEL. ZEANE - BEREE. O NSRBI X AR
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Miz47 5720 TORE, WTHOKBEMHITOVTHEF /7527 —Tld% <, HEE T nm @
EF IRTPEEINTVDL e bhr otz €ZT YN Y FELTPEG F4— Va2 HWT, K
RIZBOWCHA X T =A@ iTo7282Ah, BEN2mmMDOEF ) 7 F5AF—%2 /KT H
EWRTE, —H BoNEeF ) 7T AY —I12o0nT, MR ETARZLE A, A A=V 7
WCBEE R DR 2D N TE L Dol TOREIZOWTIX, 5%, SbhbE&F /7
FAY = B EWMGEM OB BLETH 5,

HRBEREOMITET > H —FHiTOMBRER L > CICHzEE~NDICA

FFE RO TR LM T >~ 7 —BE% 3D 6K X7 F FIZOWT KM S &7z HeLa
fa 7z & NCHIFER ML (MSC) 133 2 M. B L 6K X7 F FEEE L 727 T A HEAM
D MSC DREEZIZONWT, ThEFETL 72,

MIEERRIC DWW T, FITC Rk L7z 6K R 7 F FEfES & 72 VAP AR K (PBS) % HWwT,
Pk L7-Mile % 30 70 M ALeEfs, LML — —BsE 2 HWCBIg L7- L 25, £ ToOME)
WMENTVDLZ P broz, T2, ikl HRICBWTH, MEAERINTWLZ b ho
720 THNOFGRIZ. 1EKD PEG IFHE % W 7ML Tld 1 HYANIZ PEG IR E 258ERET 5 2 & A
5. 6K X7F Fid, X OEEIHIEE7 > —SNbZ L 2R L TWwb, —J, HeLa flifg Tld,
FITC ##% 6K X7 F FH Ry MRICBIZE SN, TV FH A P =Y AENTWAEZ L Z/RIET SR
213720 FITC #Eak L 72 6K X7 F F D PBS P TOXEOA MMM 2 & & 5 7% 5 HE
WETHDLZ EVbhrolz,

WIS, MBI T > —Hai 2 A L 72 S C oW TR Lz 9. ¥ Uiz v Tk
Lo AR EREZ, A7 A IFEEDLDY T Ay 7Y Y ZHITRIEL 72, AL A
7V UA I VRRICHLTL-VATA VERISSELZEICL D FA— VR EEALZ, —H.6K
RTIF KON KB LTATAN, T7 o7 aFr V2TV A4 I FEZEAL,
ORLAAIFREFF—NRELEEZREIELILEIZEID, 6KRXTF FO N K% H T AR
RMIZEHHETHEREL L7z BoNAEMBITH LT FTIRMEEZITo72L T A, #T AHEMIC
L TOK RTF FRRBEBILENT WS LB bh oz, F5N7 6K RTF FREEILH T A MK
WZ6F LTy MRS M 2R S 872 MSC & C 2 IR RIS LA 22 B 2 -V Cllgi L7z &
A, MBEEPHETE . —H. T AEROATIE, MgELEEbITrTho72. Ul
LB, 6KXRTF FOMBEET > —2FH L CHRRZHEESEL T LDMETHL LD
Motz St MBS T VT /4 ¥l X0 EROMBMARRAKICOWT, MlE 7 >~ —
iz FH L 72EE BT TH L0902 MdTL5TFETH S,

[(ERFTHEBEETOERCE TSN FOFVHZEHEFEOERE]

OWrgefiEHE BRERBRFH AN 4k se 8%

OT ANV - HAERMANFETIFAMIEE N F A D=7 A58 HE R B
NAF A =7 250 HE M BEHER

INAF A =7 250 MR BE KEkd
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OWF7eiE s S OWF7E R £ -

e, R AL 2 1) & < R PHAR AR~ DR R AR ORESE & v o 7O R FNC X 5 =k TTHLk
7T a e 22 MHT 52 L0 BADAD I N 0 Y =R LEOBS P OEETH S, §F
W2 MDY & e o Furvid, EOMBISRRN T 2 ELFMER O AR 5T, kL
WGERT 2 NEMWERDEETH S, €Ty AL TIE. JETHBEMEE TS Fasri
DR ZWE L. T D OTIFIRES ZRITHIRRIE K 7 1 & A 125 2 % %8 % Bad L7z,

RAMBEOZE 70t A %2R EBRTIE, ~7 ZAHKO 7 ) +—<ipfiflez2 HH L <. figh
ZRILTWVONETNZEET 2 70 A% EH Lze EBIZIZT T =7 v ORERST VLT B0
pH Z i35 2 L TRRA T VAER L, BB EZ H TIN5 D7 )V OBk % il %
L7ze ETHNBEMEDO N »F LN—=12i, ML AREEORESIOFTITAC =X 2FHEH LD
HEHL. ShETFVICHLAALZEO ) Y FLNN—D7zbAhEENIOBER (7+—2AHh—7) %
JENTS 5 2 LI X o THMRZEHR Lz, ShH0 VRRE 7)) F — <@l 0RE 7 a & 2
DOERZERANRD &, FIVHERENEOEATIE ) =< EHTIRET 2B,
TV IR T 7)) 4 — B H M CRE T 2R 2 5 2 L Sb o 72,

F720 7)) =< E LR D R 548 — MBS~ 2 % % 25, Rk 7)) 4 —
SO L REEBEENZ AT H I E2RRT LERT— GO NZ, 51T, ZDXH%
RGN OFEW 7 )+ —<ipifilaid, Mz TRICER S LB 5 VONEZRELTWwa Z
EWRbrotze 22Ty 7Y A — <O GIREE & ML O Fik O BRI O WT H JFF- )
PSR TRz L 2 A, Bl To ) F —~ it SEEE L - S IR TROE B O
MR DBHPER IR N LD o720 LEDOFERIZ, 7)) 4 —~flilaof 3 2 &g i
1 RO RAER L T D Z L 2R L TV 5,

VAKFKROREE T O 2 B TR LEBRTIZ, Ty MOCE I R A T, IER SO
BT at AL S VEEROBRE R Lize SOFEBRTRE. MURED T -7 U ElE T,
FIALT BB pH 235 2 & THOVEESRZHIE L7z, JEF-RHDBEMEEIC X 2 7 ViR o
WEIWZE T, pHOTT ML LZ2a T =7 7 ViE, pHS THIMLL72a =727V XD b
WREPGEICKREL BB DB bholze TNLDF N EHCTIHE LMLz i3 5 &, Gk
HOFHNTIVIZBW TS MR LV RERIu=—2 KT 2 I Db o7z, S5 JH
HErhEMaao=—o X Ve EET 5 2 & CHEREEZFEL 72, BUERORR L 75V % &g
L7238, WINOLEMHFICBWTHIF IR SN2, B SN BEOBES A D3 AE %R
NN Do T2,

DX DARBIZETIX, 7V 4 —~ifliigic L 212 7 a0t 28 X OWRE LRI X 2 IR
TRt AD2ODBRENRE LT, N4 FO 7 VO NFEREES = RTHBIER 71 & 2125 2
BB ARG L7z EBREREINA NPV ORI 7 2 A 2B W TEHE & H %
HTHIERRBLTVDLD, SHROMBIIBVTESLR DL AN ZALORFAPLETH L, Th
5OWZED, ZRICHIIBEIRED A H ) N[ Fu v —& LTREBAINSG Z ENHFFEN S,
OWFFEBCR D 8%

(FRFER)
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1.  Ryo Sudo, In vitro tissue engineering using 3D microfluidic devices, International Symposium on SSS
Laser Processing, 2019 F2H27H~3 A1 H,Keio University, Yokohama, Japan

2. Ryota Kaku, Yasuaki Tokunaga, Ryo Sudo, Analysis of morphology and function of cholangiocytes
cultured on soft and rigid substrates, 3rd International Symposium on Nanoarchitectonics for
Mechanobiology, 2019 4F 3 H 7 H~ 8 H , National Institute for Materials Science, Tsukuba, Japan

3. ke, UM & =TI ARE 2 LA b 7R Lo ny T, 48 18 [ H AR R
BRFERWERY VAR YT L 18 [Ex vivo TOREER) % FFLRR O FAEEE ], 2019 4F 3 H 21 H~23 H,
A IS IR (TR A=)

(BFRETF/ v 777 bTHEEEN BT R ES #lIROHRRTERSHIBOREIT & Hil)
OWr7efds  REARRFPFRAE ST FH o #iz
OTANVR - BAEERAIIZEFILFEMIZEE BT AT 2658 K HiR ez
OWFFe#E 8 e OWF 8RR

~ 7 A ES M2 BT, KIR/KIfA/Tbx3 KR 2 v 77 b5 L, HOEEPEIE L2, &
DL E, MRS FESINL L L BT, G HT Foxd3 ODFEPHLPILT L7z, TNFETOHK
B D, Foxd3 /v 7 7 MIMBEEEEA T 28 L. HORBELEILSIE2 2 L HE S
NTWDLH, Pz I/ER L72iFER Foxd3 / v 7 77 P ESHITHO RISz, T LD, KIfY
KIf4/Tbx3 / v 7 77  ES Mg H O 2 51L 3 2 ERD—> & LT, Foxd3 ZIULTIZ X A
FaSCHEEAE 2 bTze 2Ty KIRZ/KIfAHTbx3 /v 7 77 M ESHIO L A 2 —FERZ179 &,
CoOMlao B #IEX, Nanog+Esrrb+Foxd3 DEA THERFTE % & & B 12, Nanog+Esrrb+BclXL T
bMEFFCTE 72, E720 Foxd3 TN — O 6. ZDOFEBIA KIR2, Kifd, Tbx3 K& H 2 &
C2ODZ N =L THIHENTVBEZ Db oTze TNHDFERIX, Foxd3 28+ 1 —
TRIGEERT-ONG v 22k > THIBE I, OS5 v A8 2 X L2 PR 5 Y 27
LAELTHRELTVWAZLERETLIHDEEZEZ TN,

[EREEERTERICLS In vitro BHTSRMEOMSR]

OWFFRIE  REAKFAEMGIIE - KBt y— 1R & #i

O% 4 VA - FERRHERRIIARIE S ISR 3 1% BK
ORI O R

BUEDIIVEREA T, 1 FOTT % ZH S 5 10 KROWFALETH 5 120, ZHD
A 0 SHMOBREARD 5NTVH, SHETIHHEL FkE Y THTHS Y 7 07% 2
b AT OSRBES OR TR TR REE) 258 L, SMERIC B B BRI 112
BHTHSZLERML TS, F720 MM LS F4 225 EOBIMET Y AL T 1 Mké
RO L, W TRABREEDE L DWSRI LTS, L Ladis, S5 OHH%#AL
DT, WAL LCEHASI MO E S AL, S 5% 2 HINUEILETH S, —HHIC,
AR OZHTIE, IVEERET B HTAPHTHH b Mb b F, BE TS Bo Wil
Tk, TR DI LA & LT, MM ARGEN T DTV 2 SRR T- OB H L
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TR E R OBARIZOWTHRE 2 D T WD, RFETIE, WRYHBIZIETE TH 5 H+
OEFVERHERR L 72 TWINT X BHE T8 Y 27 2 OB, AN BT 585725 2 Bili$ 5
Z RGBSR TR BE O BIFE B X O T3 BB 2 5 L 72 IRV K Bt D B 76 & il dx 720 K138
MY AT LD TIZ, A7 afifkF v 7 -2V —F—%2 b LT, EHEEMEEL-F
FHTORMNBTRETH 5720 T2, EHI L7 TIE. RSB T 2 2R 2 MR L Tz,
WIT, ZHERRMERAE T ORI Tl RS~ — 7 — 2 W TR 21T\, S~ —
71—t B X BRSO BUI I L7z RIS, A 2 ORI X 0 R RE
~— N — bR O A5 RS~ — ) — B IR T, WL R T I EH L 2
WX o720 F7o0 BRZHEEAM CTER L7220, BRI X D EF~NERET S 2 & B R
L7zo Blby AR, BHEINCBI A<, 7 0iifhkFy 7 ey =5 —oFfEZ Ry &3t
2. ZHE A T OB DS ZREEONM LICHERTH S Z DL N R o7,

BB, AW STHRTEE T LR R Y A VA - FAERSEMIE (FAERES - BARRE
i

OS5 B FFTE M) O SLFEFI - TR SSE S X O BIARE ORI LB L B
EE

OBFZER D 223k

(SFRFER)

1. WRIRE, MR & B, fE X PEEC
<A 7R F v T VY =7 —F KT RINC BT S HAT B %
55 37 ImlEh AR Tk gess. 2018 4E 12 H 1 H
2. W MR aE. MR Ak X PR EC
AT OWRBEF v T kY =7 — R W AR EA R TR Y A T A DR
55 111 [l H ARG 722, 201849 H 13 H
3. HRRE. R OE. MEECE A X PREC
A7 aFARF v T kY — 7 —I2 X BRI T O B S
55 65 ol H ARFERE W72, 20184E5 H 16 H
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7 AV ARG - Ao REE S0 s A S W ZE LA
2018 4EFEIL NI WFZE R RLE IR (WFZE 10T : 2018 454 H~ 201943 H)

OERE P3 BipEER
TEEHPIERLE LTE 3o E1T- 72,

[(PVIAL XEFCHTS CTL DIBERLBHHEEICAT AHE]
OWfgeftEs « ENLRGIEM7Ei = 4 Aif7et v 5 — vy 5 —K R HH
OT ANV - BARERAOIZEH LRI S © dEd% =0l 317, BaliiE Bl Bk,

oz HE R
O IRM

FE S EGSENT e = A AWigEt v & — RBEHL 0y —K e, vz A ZETFTNVITEBITS CTL
DI G BRI B IIFE 2 4T o 720 PR 29 4EFE £ TOMISEZ 588 X2, SIV Gag/Vif Wi i
HIUREREBE Y A4 T4 VA (SeV) X7 & —7 7 F VMY IVITBIT 5 Gag/Vif 555419 CD4 Btk
T ML SURFEE % £ %\ Gag/Vif FREEN CTL MUSHEZ MR L 72, 72, HBAERY v T vae i
VB E R Gag/Vif 5N CTL BUSFEE X MR L7z S 612, — O WITB W T SIV fEE b
MEERZ G L. 77 F v OGN R 2 R s SR %1572,

[HIV-1 B EEDIRG & B U 7= aBRBE O IC M) - BRI %)
OWrgefids « PR PR EENIZEAT  #d% W 23
O7 A4 NWVA - BAEERAOZE L FEIEE « dEBd% =il 217
OFERIRPL

WRR R SR RBWTZEAT B SR & HIV-1 EASEDORIG % H i L 72 BUG R O fe 37 12 7]
V72 EEEFIE 24T 5 720 10MA-1 HUHULEEIZ X 0 HIV/SIV iR G R 3 & OV L AR MR g 7
5D AN AFEMALZ B 72, BREW &2, BETHERTH S Q1 2HHTAHZ LX)
10MA-1 BB O34 & ik U CHFER 2 HIV/SIV FGALREZ /R 3 L FEFIC, 10MA-1 12X %
IL-8. TNF-a S D FIELEY A N A A VEAFTEGFEI IR SN LI L2 /B L7z, DLEORRID,
10MA-1/JQ1 BFHIZ & % LRA & L COFHMEATRIKE S 7z BUE, B =27 A4 FIVITBIT 5 FIZEH O
EYBRERBE L O MR E T Th 5,

[ZH5YIvipsC AREEFREMROLEFNFME ARGERARDE=HO. ZH5FIViPS H
REETFREMARBHEICE D71 IVABRETIER)]
OWFZEfREFEH  JEBKS: iPS MRS TR - B LARRERTIE30 M dEsd &7 8
Ov A NR - FAERFER L RAIZES © dEde =l 817, 2% BE 2
O RRI

TUER K iPS ISR ST & T3Sz & 7 5 7 )V iPSC H KAz T- S S M o A AR P 3 (B
BUAHERIE D720 D, 7 7 7 W)V iPS KRB A T EMBAEIIZ L 27 4 WV ARGEE T VIER) %
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To720 T H VR iPS ML & [0 - o0 3 s o0 1L L RE 2 MGES 5 72012, < 7
07 7 — V5t % invitro THRES L7z T AZ IV iPS M HiFE sz~ r 07 7 —VIE Ml
YATDOX 707 7= ThHY. KEH particle % HERER SIV IRGEZ MDD 5 2 L S 521
holze 72, BYEBIEREONG ZHME L7 ) AmEERICOIMYMATE Y, EIEMpE
FiZ 4 L 72 in vivo 1EIMFEER, R FEERO #fili 2 HED TV 5,

@R P3 B EER
<A P3RYER L LTE 2 oW E 1T 5 720

(& MEZIRAETFINERE HIV- BEHROZIVFF I 7 AR
OWFgefEEH + TRIRFER AT 7T RGE EIBRAT 7e X o~ & — dEBa ik &
O AN - BAERAZEAT L RIS © Hi% W kR
O RIRM

WK ERMENITERT IRYRE EIBRFZE & & & — (Rl EdEEIZ & . ¢ MEx 7 ZAET VA2 H Wiz
HIV-1 GO~V FF I 7 ANt %2475 720 GFP #5819 % HIV-1 Z & Mb~ 7 AR L,
&G~ 7 A D GFP Btk CDAT Ml (7 4 )V A EAMNE) & GFP Bt CDAT Mifle GREGsHl & %
RIBEGSHILDIRAE) %, BSL3 MigRICHXE L2 vy — % — 2 WA L7, £ 512, BSL3 fiik
WCERBL72ClL (7)) 2—% 4 24) #HWTY v 7tk RNA i, 94 75 )RS 2470,
¥ v 7 )V )V RNA-sequencing AT % F2jiti L 72

[#73R HIV-1 ;AR EDFEL)
OWF7eEEE + BB R PR FABEE A FER IR - BB NEY: Bax &3 Rl
O7 A4 NVA - BEERAUEILFETEE - Bd% M F#&R
OFERIRPL

WHBR S R BRI ZE RN - JESSNFL Y S R BER & FiBl HIV-1 IR IE O 217 -
720 TATIWLR—=%—"7 4 )V A% Jurkat T M ICI&G: & GFP BtE O 7 A v Z A 53T & mKO2
B P IR &AL 73 % sorting U B AR I BURAT % 517 L i RSS2 00 S BT 9 2 iR
F& 32 fliE L7z. wEE THleZ2 v CEIEFRIZILEZ R THh 5. £72 Env FFIS
RFAL 87 U—=2507FAF =XV, 7T4MDF /) K71 2R L., wANEEZFOF /K71
F3rvua— 7,

@I1INR - EWEFERE
ANV - A RERZE & LUCEF 15 RO 2 4T 5 720

[BWFILINARY 4 —DEEDENYHR]

OIS + RBORFERFABER AR TR RS - el dEEdZ AR Az
Ov ANV - HARFEMIET RIS - Bd% Wk B
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ORI

KK ERW5eR R 2SR L. RV F 4 WARY ¥ —DREENEOR R %75 720
RIVF I AN ARG LEAEDT2DIZIE, 74 VAR FIERICE DA< ) v 7 27 V0 H
(M) DEEBEIEM DS TH B0 ARIFIETIZ. M ¥ 87 B OM A REREZ R L7720 M & 8
P E DB IANAR TR ZH T, M 7 287 O TR B3 70 5038 % g L7z,
T MY U EEMBEHTAEEY X EE-EEOMICE Y EE L, 5%, €0EE
WD v 77y v RBERBICZEY, 94 VAR FTEEDIZLT 50l T5FETH S,

(B BIF %71 W AFIBREFEMEICE DM IM VAR EFEFIFARADIGH]
OWrge 3 - ENLRIHEMIZEir 7 4 V A28 BT E EL E—
O7 A NVRA - BEERAUZE L ETEE « dEEBE 1 W
OFERARDL

E SR GGRETZERT 7 A OV A5 88 Y g — FAESEE & B R A v A BRI iR RIS
BP0 A W AFYR & FEAIFAFENDISH 21T 5 720 BEAFO HBV §:28% & H 72 HBV J&Gebd 5l fH
B TWEDA 7 ) —= ¥ 7 %47\ fasiglifam & bardoxolon methy (BARD) % WL L7z, fasiglifam
IZNTCP &fEE L. HBV MR R ZRTH DL E X 57z, BARD (&, Nrf2 iGPEALHI 7225,
Nrf2 AFHY 2 U CIARAF I 72 B © HBV pgRNA B Z RGBT 8¢ 2 &b ho 72

(ALIE b—7%1EA U7= S2P REQOJ OHE i)
OWFZet R - MR LR Kb R ge R dEdZ K RAl
O ANV - BAERAZEITILRITZEE « i il D5, Bi#c #afE 1
O BIRM

MR TH KA KEEReE Av R R e R RRAIHERIZ L. PRk b =72 A L7z S2P &~ E
7 ORBERHM 2 1T > 720 S2P R E T DN 75 X AHIIIAFIET % PDZ ¥ V7 L & W[ EER R &
LCHRBE S HEDOIV — THBIZ PA 7 7 EMEN L EH 2 IEA LR AR E2 R L7, 2L T,
PA % 7 ZHFRMIZRERT 5 NZ-1 BUR D Fab Wil 2 & S €72 AARR 2 AR B L. X f T
ATH 2 L THRBIRADIIT 21T 5 720 TDOKER, PDZ ¥ ¥ T AL HAFAET 5 p- ~NT ¥V HI
APA Z TN L NZ-1 FURDOW R A SELEME L THELTWD I EBWHL IR o 72,

[mMTOR &5 FWVIC & B BB FIE]
OWf2eftEE SRR FRBEEM7EIE 2R dE8R Wi 5 —
O A WA - BARFHENIZRA L RDIES © 5% KB A % g X
O HIRM

SRR R IR IR L . mTOR ¥ 7 F W2 X B BRI %217 - 720 RIS R
JaHEEEY 22 mTORCT AN L~ 7 A0, FH I 2 UM & v ) BN 72 ZBIB A2 7R L. mTORCI1 &
TR BT 2 EEEDMEARL XV THL R 572, & 512 mTORCI ANTETEAL R 32 R i
Tld. IEHIERE T Sox9 D& ¥ /X7 B L NUHPFEHITHHI SN CTniz, bbb SR AR
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fa® mTORC1 1% Sox9 OFNR %2 EHEMIZHIE TS Z & T, BB ZFE L WA R REh
72o (Stem Cell Reports 2018) o

[(RFOAC FHRIVEICEDAIVIS— T HRESMLOHI S

OWfgefREH - HRlHRL R A GRS e 2% AR tA

OT ANV - BARRAOIZEA L RS « #d% A 2—

OFERIRDL

BTBRL RS AR ZE T AR ROANEIZ L, A7 04 FRIVE VX B AN 85— THifaME
DRI B3 5982 4T 5 720 CD4-Cre X7 AL T ¥ a7 V2% Ak (AR) -flox ¥ 7 A B X
O 2 bar vz%4k (ER) -flox ¥ A% %R L. T HIBAF A% AR B X OVER RIE~ 7 2 21k
Wl7ze SO AT ZPRIC K DB 2T 5 &, THIIARRM AR KIE~ 7 A Thi B O %E
RABEAL L TW225, ER RIS ATIET Y ba— Ve 3L AL EN D570 L2 T, 7
Y rag o TR EN T Th file~O b2t L Twb EE X 5 b,

(F2 T4 NABRAEIEE FERBFETNVEEICAIT -ERWHZE)

OWFgefizes - MG A e Ew S SEMEE B8 BT

O7 A4 NVA - BAEERAUET L FETEE « dEEBdE =W 217

OERIRIL

AN AEATZERT EEI HEESRITFEMER L. T 7oAV AEGYEI e P ERET
TOVKESZ NG 72 3B GE 2 AT o 720 T ¥ 77 4 W A D457 1 — » |2 IRES (internal ribosomal entry
sequence) ALY & IITA ¥ 7 VT VNS BIZFEZIHA LA Z 72 77 4 VA (NSI-DENV)
DEFHREIZ DV T, WEBAAKD 7 71 77 v 5 5% L 72 PBMC I S &, 858 RO v £ L 2
Tl % BIRE 7 £ 0V A & JRER L 72/, AR NSI-DENV OBEENEH W EBH LN E o 72,

(I GREMBZIFDOV I RICHETS SIV REREDRZR]

ORFFEMRETRE + RHRRARF B AT SR N RER AR B dEHdR IR GKRR

OT ANV - FARRSARIEI LA IEE © dEHdZ =l 17

OERIR -

TR R ZER HRRIORERAERER & IV IEiIe 2 Fpo~ 7 X281 5 SIV BIIRED
JET %247 o 720 SIVpbj MREZHEH VAL~ 7 A T3 A OMRE L 2 KR RN 2 MEFBIR S
720 512 YSRMERR BT TR AMIZBNTD YA VABIRF DD WS & o7,
T 72 HLRREE DO IAT 2> S B o0 IAET TR RS 2 B IS Bk D B 230723580 H 7z 2 DRk IR 1
AIDS HRE DRFBIFT I & SN TW S, LLlid, SIVpbj BREEREH VAL~ 7 2 D3 &Gl ] O 8 FE R
7200 T7% <. AIDS BiEZ b LT & ZEWIRNET T VISR D R W2 /RIR T 5 b D TH 5o

[BRE SLOT iZZAVL=RRE 71 I RICHT BEttEen (FDEIH]
ORF7EEE  BEFRARZZm A At 7e i A tedEsds Jh b

—206 —



O7ANVRA - BAEERAZE T L FEZES - #ix BHEE

OFERIRPL

BEJE 2K A Seun kv REESERT e LTI & . R SLOT k& w2 EME > 4 v
VKT B EEREDUR ORI 2 1T 5 720 REFETIX, WEEEFZ TOA V7V U HF 7 £V AD HA
PURICZ, HO7-%PEE LTI v H T4V AD VLP ZH Wi 2D T X 72, FHoPE
D7z, FTIEXMHE D SLOT I & 5 S E ViR EA 2l L7z, 42, SCRA SLOT %% H
WHURIERR A LD T

[KIRBEEEEFZEFALEL Y FIMNVRAETBERFOREN X DX LOREHA]
OWFgefiEHE Wil RFESE B il &

OT ANV - BAERAOIZEAT LRI © i /A0 Fek. i R &

OFERIRPL

WK Bt B & . RBIBIERRS 2 G L2V F o 4 VR EfEER T o4kt b
AN A LDFELT o T LR KRBEICAFET 2 A2 IO 2 —< K7 F x v MMEYT 5 FIV,
Ya—<L b a4 )VA (PLV) X 2200% 75 4 THMAET S PLV YT 57 4 7 A X H I
BT LB Y TIATBREL—TDORIILPEEL v, RAEZOV T8 4 THOEGAEED
EWE GRS 72012, fEEOPL7 4V AKT APOBEC Z1 OZENZHEH LTI 21T 720 F OkG
E N FHOE 2 =< TOER (T>M) A PLV O Vif BT OGETERWI EDFEL T3
ZEEWLNITL 72,

(FT PP IRTAVREZLCQTNAT 1 VY RAZRVWEEBIEBEFRIRI M T3 7 ZA0HH]
OWFgefEEHE « TABRRF LAWY 27 2 T8 W% & 7

O A WA - BARFEFIZEAL RIS © 5% Il f—R8. LEZEE N 22
OERARDL

TARBE R TR SHEEBEE, AT V22 T4 7 AEA 70T VA F 1 72 A% ANz
MIETFRITA F 37 20K 21T 720

FNA ZNZOWTIE, REF IR TEHEY ) I—y T ML LTHATAI LT, Fy N
TERBRDFMONRNBATI #5285 X)L B Lz 720 FYYNOECM I—F 4 ¥ 7
LA TN O Tl 2 S BGET 2 ATV Bl 21T 5 72,

MBI OWTIE, AT - B/ 7 0 —F Va2 FOoREMROEL L 7 ¥ a v EEE L7,
F72 2 A ORI E TMP IREZR) ISHT AR O IBERED Y I 2 L — FHESEICLE
AR ER B % KD 72,

(71 NV ABEICH T B ARREHIBOEREIDAZA)
OWFZEAERSE + KBRS RZEBES AT e R #d Pk ik
Ov A NVA - FARFAZET I FENES - Hd% 1y 2
OERCIRL -
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KIRK2: KBS A Se R BE Rz & PUy A WV RSB BT 5 HRIERE O 5# o fif
W47 5720 RNA T A VA L CHESNLE T VT AT 2N LIS EZE) W1 2%EEL
720 FIWH A TRIZHIET % GTPase TH5H RAB 7 7 I U —IZxf 3 % siRNA #7227 1) —=
YITBB. A NVAKERY Y —TdH D MDAS IR R BiIN G IC B VT, RABSC 2SHE 1%
HERT 2 REB LA,

[Develop a selectable anti-HIV-1 gene therapy vector using CRISPR/CAS9system]
OmF7efiZ# : UCLA AIDS institute, UCLA School of Nursing ~ Professor ~ An, Dong Sung
O A IWVA - HAERFAHEF LIRS © iz &R
O RN

UCLA AIDS institute, UCLA School of Nursing @ An, Dong Sung #(4% & CRISPR/CASY9 ¥ AT A %
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