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[ Abstract ]

Majority of p53 mutations in cancer cells are missense-type, suggesting a gain-of-function
(GOF) mechanism of mutant p53 in tumorigenesis. We previously showed that expression of
GOF mutant p53 (p53 R270H) induces submucosal invasion of intestinal tumors in Apc?7!6
mice through activation of Wnt/NF-xB pathways (Nakayama et al, Oncogene, 2017). Here, we
examined the role of mutant p53 in metastasis process of intestinal tumors using malignant
tumor cells (AKTP cells) that carried heterozygous p53 GOF/+ mutation Notably, AKTP cells
that lost wild-type p53 by loss of heterozygosity (pS3 GOF/LOH) were enriched in metastasis
tumors. These results indicate a role of p53 GOF mutations in combination with LOH for
promotion of  metastasis.
RNAseq analysis indicated
that growth factor/MAPK and /_) e

Loss of wild-type p53 (Null)

—_— slem cell sig

. ll c of 53 GOFILO Survival

inflammatory pathways are ombination of pS3 GOFILOH Clonal expansion
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significantly activated in p53 \®_, i @E ooty et —y
. @ /or Growth factor/MAPK palhway disseminated cells

GOF/LOH cells, suggesting a psye  psgmion |

possible mechanism of p53 v N

GOF/LOH mutations in tumor (s, NP2 ptry | <— ——
metastasis (Nakayama et al,
Nat Commun, 2020). These
results provide a novel therapeutic strategy against metastasis by targeting GOF mutant p53.
We have also examined a novel concept of polyclonal metastasis mechanism of intestinal
tumors. In this model, cancer cell clusters break off from the primary site, disseminated to
distant organs, and developed polyclonal metastasis lesion with keeping genetic heterogeneity.
AKTP and AP intestinal tumor-derived organoid cells are metastatic and non-metastatic to the
liver, respectively, when they are transplanted to the spleen. Importantly, we found that
non-metastatic AP cells can metastasize with AKTP crells when they are co-existed in cell
clusters and transplanted together. Mechanistically, AKTP cells induce generation of fibrotic
metastatic niche through activation of hepatic stellate cells, which support survival and
proliferation of non-metastatic AP cells (Kok et al, Nat Commun, accepted). These results
expand our knowledge about the biological mechanism of metastasis. As a next step, we will
evaluate these results by generation of human colon cancer-derived organoids.
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[ Abstract ]
Cancer stem-like cells (CSCs) induce drug resistance and recurrence of tumors when they
experience DNA replication stress. However, the mechanisms underlying DNA replication
stress in CSCs and its compensation remain unclear. Here, we demonstrate that upregulated c-
Myc expression induces stronger DNA replication stress in patient-derived breast CSCs than in
differentiated cancer cells. Our results suggest critical roles for mini-chromosome maintenance
protein 10 (MCM10), a firing (activating) factor of DNA replication origins, to compensate for
DNA replication stress in CSCs. MCM 10 expression is upregulated in CSCs and is maintained
by c-Myc. c-Myc-dependent collisions between RNA transcription and DNA replication
machinery may occur in nuclei, thereby causing DNA replication stress. MCM 10 may activate
dormant replication origins close to these collisions to ensure the progression of replication.
Moreover, patient-derived breast CSCs were found to be dependent on MCM10 for their
maintenance, even after enrichment for CSCs that were resistant to paclitaxel, the standard
chemotherapeutic agent. Further, MCM 10 depletion decreased the growth of cancer cells, but
not of normal cells. Thus, MCM10 may robustly compensate for DNA replication stress and
facilitate genome duplication in cancer cells in the S-phase, which is more pronounced in CSCs.
Overall, we provide a preclinical rationale to target the c-Myc-MCM10 axis for preventing drug

resistance and recurrence of tumors.
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[ Abstract ]

Gastric cancer is a complex disease that often arises in a setting of chronic inflammation.
For gastric tumorigenesis, Helicobacter pylori infection is an important risk factor, and
COX-2/PGE2 pathway is induced in the infection-associated chronic gastritis tissues. Despite
recent extensive efforts to molecularly classify gastric cancers to try and stratify treatment
regimens according to underlying mutational spectra, gastric cancer remains a relatively
poorly understood disease with a poor prognosis for most patients.

Cancer stem cells are defined as the unique subpopulation in the tumors that possess the
ability to initiate tumor growth and sustain self-renewal as well as metastatic potential. Those
tumor-resident cells with stem cell characteristics are thought to be resistant to conventional
anti-cancer therapies, allowing them to survive and drive tumor recurrence in many patients.

Recently, we have identified Lgr5+ chief cells in the corpus stomach, which serve as
reserve stem cells to effect epithelial renewal following oxyntic atrophy. These reserve stem
cells drive spasmolytic polypeptide-expressing metaplasia in the stomach following
conditional KRasG12D driver mutation, highlighting their likely contribution to gastric
cancer initiation in vivo (Leushacke, M. et al., Nature Cell Biology, 2017).

But still it is not clear whether the Lgr5+ chief cell serves as an origin of gastric cancer cell
under the chronic inflammation and how cancer stem cell is induced from Lgr5+ reserve stem
cells. To study the effects of chronic inflammation on stem cell-driven cancer formation and
progression in the corpus stomach, we are focusing on evaluating a potential cancer stem cell
function of Lgr5+ cells present within Wnt-driven inflammation-dependent gastric tumors.
We would like to leverage on the extensive knowledge and mouse models available through
my collaborator, Professor Masanobu Oshima to study the effects of chronic inflammation on
stem cell driven cancer formation and progression in the corpus stomach. This is
physiologically relevant because the majority of human gastric cancer is considered to arise in

a setting of chronic inflammation caused by infection with Helicobacter Pylori.



<2020 FEDOFERE, EHRIE OESHOFE >
1. FHERA~ T ATT VOGN

APC, KRas, p533 @In T EREMABRDLEDL Z LT, BEEOEWHIT-RENA~ Y
AETNE"/T, TNOLDOYTALOANT 7 A RERNL L, RERAE~Y T ADHIC
AT 21T 5 2 & T, EENOBE RN A DR - B AR T 2 - BlET L
EHENL LT, 2O~ A THEHFLBEEZITU Lers BtED B 23 AL 2 i@ R I Br
ETH52 LT, BENRISNASZ EBRHALNE ST, ZOZ L, EBHEEO S
BN ADRE - 588120 Lars BBMEMBNASLETH L2 HERE L TND, ZH0hE
Rix, e T VB IETT v b7+ — b EFIEEMERE I TERE I, B
B, e LTHERTPTHD,

2. ERMR AR A F D[R E & AT

~ U AERWBEANH /A4 K& CRISPR/Cas9 EIn 1/ v 7 7 U MM /AT
T LTA RAT ) == T &ATIR o Totb R, Alk, Belaf3, Prkra EBAGT-75 Ak
FaD3bZFE L TWD Z R LN ERoTe, S HLRDMHITE D . Alk 1% Gsk3B

D2I9FEHOFa %) UEgkd S.i?,‘é' ™
%HZ&T Wnt 7 F L& L 1¥;‘ : n </ I
BClaB k Prkra &ij:&,ri@/r :/5( - sllsrzsé?;?], Prkra :"'- & p-Gs_kEB (Y279) |L-11,.IL-23

0o X ORBEWHT L LT £e

MO bZHIE L Tnd Z &0

5L 727 (K). Wht ligand
ORI, EEEETH D PNAS [T BRI LTz,

v p-Eif2s1
B-catenin v Reg genes *

.
o
.
.
.
.

v v
Wnt ¥ JAKISTAT Cd44 ¥

Stem cells* Self-renewal* Apoptosis}

3. B 2 HERF T 5 5 IS O fiR ]

b MHIERIS XOE B MO Lers BprEMila CEsERT 2 8E T HEY, vV AHE
WANTT ) A ReWTIIT 21T o TR . WS O OIRBRF A2 REIE5H 2 & T,
REMIAL OHEFEIZ AZE 7R Wt & 27 F LV DOIEFFAE T T H MR OEFEMED R S b & v
IR EFTND, AR ZI O OERG R 1%, Lers B oo s a2 i S &
52 ET, BRADOEMLIZHE G L TWALZ LB b5 7, FRIZ Wnt v 7L
D TR TH HERER 1 Sox9 1LH EFEHMIADOMERCMHETH -T2, M THEM®N
IAINTT A KT Sox9 ZREEED L. Lars Btk B 23 A ARG o HEFEME 1%
K32 —F5T, v~V RERNTOEEBEENTTHET 5 &\ 9 IEF I BRI R 2 15
TW5, ZNDHORERIT, —BEORE R 123 E R L & 23 At laiiie ca
WOEONTZ L TND I EEMSRBLTWND, 2O OFERIT, ot T LVEY
XETT v N7 — b BHFEIREANGEE S TRE SN,

_13_



[ #F %8 3% & ]

<BRHWL>
JREE

1) Murakami K, Terakado Y, Saito K, Jomen Y, Takeda H, Oshima M and Barker N. A
Genome-Scale CRISPR screen reveals novel factors regulating Wnt-dependent renewal of
mouse gastric epithelial cells. Proc Natl Acad Sci, 118: €2016806118, 2021.

(FEL[FAFFE)
2. Kok SY, Oshima H, Takahashi K, Nakayama M, Murakami K, Ueda H, Miyazono K,
Oshima M. Malignant subclone drives metastasis of genetically and phenotypically

heterogenous cell clusters through fibrotic niche generation, Nature Commun, 12: 863, 2021.

<EHEoSRK>
Nick Barker;
1. ISSCR Virtual 2020 4£ 23-27 H (3BfF#k1H)

A _EFn5L4;

2. IRETNVEMIAETT v N7+ — b BHFRIESIEE S TG KT Sox9 ILIE
AR IR S L OVE 23 ARl B CERR A ME 2 w9 5 ) 2020 4E 9 H 11
H Web &

FRHEE;
3. mETNEWIEE T T v N7 — A BT AEE S Tlgrs BMERIE O H A3
AERAIIE & L COREIDOFRIE] 2020 4-9 H 11 H Web Bif#

<HEHE &>
1. MO F9EIEE B Fgl]
[FNTT A R AT= 858 A0 /T & RA 2 REDBEZR ) 130 HH

2. NAEMEEN SHBAIRBUY 2020 R B2 RAMTFEBI AL
[ 23 A s LRy SR 70 00 A ORI & R 2 1B RIE OERSR ) 200 J7 H

3. FFHFE [(WFsefiERE ¢ FM EE]
8 23 Asiiie o R E 6 L OV RE O fZBH ) 100 5 H



A3 AR i

g -

Y




Division of Molecular Genetics
BIZF - 2EAEBEMELF

Professor Atsushi Hirao “Z& 3
Assistant Professor Yuko Tadokoro FHFT# -, Masahiko Kobayashi /MRS Z,

Masaya Ueno _EfRfH, SiSha =¥ (Nano-LSI)
Postdoctoral Researcher Chiaki Ito TRk (5%E PD), Kenta Kurayoshi 2 7 fi K

Graduate Student Jing Young Wei, Pharm Thi Loc, Chen Xi
Assistant Staff Kazue Sawa %1/,  Yukiko Takai &H:Hfd7

[ Abstract ]

Diet is the most common, physiological and long-term stimulus influencing tissue homeostasis.
Recent studies have revealed that obesity induced by consumption of a fat-rich diet triggers
abnormal hematopoiesis that can compromise immune system function. We previously
discovered an important mechanism by which hematopoietic stem cells (HSCs) are protected
against the ill effects caused by the dysbiosis (microbial imbalance) of gut microbiota induced
by a high fat diet (HFD) (Tadokoro et al., Cell Stem Cell 2018). We have investigated the nature
of the "pathological" microenvironments regulating HSCs (HSC niche) created by diet-related
metabolites to understand how diet affects hematopoiesis. To see roles of HFD in
leukemogenesis, we established several leukemia models driven by mutant genes, including
NF1, Cbl, BCR-ABL, NPM1, and DNMT3a, and found importance of RAS-MAPK-ERK
pathways in response to HFD for abnormal behavior of HSC and progenitor cells. By multiple
metabolomics analyses, we found that several microbiota derived metabolites which are
remarkably down- or up-regulated by HFD, followed by further investigation of functions of
the candidate metabolites. Interestingly, we found that a microbiota derived metabolite
suppressed abnormality of HSC/Progenitor cells in vivo and in vitro. We are currently
investigating mechanisms of the functional metabolite and if the compound contributes to
prevention or treatment of diet-induced hematopoietic diseases.

We also aim to identify critical metabolic pathways controlling malignant properties. By
functional screening based on CRISPR/Cas9 library, we found importance of nicotinamide
metabolism and its metabolite, 1-methylnicotinamide (I-MNA), as a unique pathway for
therapy resistance. Collaborative research with chemists of NanoLSI, we successfully
generated a sensor molecule that specifically recognizes 1-MNA in biological samples (Ueno
et al., Commun. Chem 2020). Since this metabolite is up-regulated in cancer tissues from
patients, the sensing method may be useful as a diagnostic tool. We have started further
collaboration with SPM imaging group. This interdisciplinary collaboration will lead to the
development of a unique metabolite imaging system at the single cell level, contributing to a
deep understanding of cancer malignancy and establishment of novel methods for clinical
cancer diagnosis.
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role of autophagy in protecting neonatal haematopoietic stem cells from oxidative stress in

a p62-independent manner. Sci. Rep. 2021, in press
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[ Abstract ]

All cancers maintain or lost RB1 function. Synthetic CDK4/6 inhibitors are applicable to
RB1-intact cancers. In HR";HER2" breast cancers, the combination of CDK4/6 inhibitors
together with endocrine therapy actually doubled DFS. These reagents keep RBI1 in
unphosphorylated form for extended time, causing cellular senescence, apoptosis and
enhanced immunogenicity, and are in clinical trials for many types of solid tumor. We
invented CDK4/6 inhibitor combination therapies to treat RBl-intact HCC and K-Ras
mutated lung and colon cancers. We are investigating if we can apply our strategy to other
RB1-intact cancers especially K-Ras mutated ones. On the other hand, we have been long
time investigating therapeutic targets in RB1-inctaivetd cancers. We so far proposed Ras,
LOX, IL6, CCL2, CCLS5, SCD1 and ELOVL6 as possible ones. We recently invented drugs
that target RBI-SUCLA2 genomic deletion frequently occurring in advanced prostate cancers
(Figure). One of these, thymoquinone, has no known molecular target. We are trying
molecular
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Figure: Thymoquinone targets SUCLA2-deficiency in advanced prostate caner.
identify



binding molecules. We are also running a large-scale re-screening on P1 facility base to find
better effective compounds. We are still investigating the role of RB1-PGAMs axis in
differentiation control in cancers. We identified anti-tumor effect of ELOVL6 inhibition, thus
are trying to obtain its POC. We found ceramides and PI3K/AKT/mTOR signals are
mechanistically involved in the tumor suppression. To contribute to preventive medicine, we

clarified the role of fatty acid signaling in mammary carcinogenesis.
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Keystone symposia tumor metabolism 2020 4F 3 A 10 H (Banff, AB, Canada / Fairmont
Banff Springs 3/8-12 ; CANCELED)

Susumu Kohno, Pain Linn, Tomoyoshi Soga, Chiaki Takahashi. Pharmacologically

targetable vulnerability in prostate cancer carrying RB1-SUCLA?2 deletion. 2020 4= 3 H
25 H (Melbourne, VIC, Australia / Manta Bell City 3/23-25; POSTPONED)

{MT¥F &, Paing Linn, HIMNE, mBER. RBI-SUCLA2 KIRIC X % Rt &
BRE & LTRSS ATRIRIE OYRIR. 55 79 [] B AR 02 20204210 A 3
H URET/ Y —HaA Y VR T VAR 10/1-3 [15H)

M HEZ, RS, &)INER, @SR, S AEMHEERICRK TS NFYA X
TIA T TNY T S OBREIENT. 5579 18] A AR SAINR S 20204F 10 A 3
H (RS —H A YR TIVEE10/1-3 RAX—)

dARMIC, EEER, WMEEZ NFYAIZ X 2B AR 5] X 2 3 I 2
RO, 5 79 | H AR RS 20204E 10 H 3 B UABT/ U —H A ¥
VAR T IVIEE 10/1-3 A Z —)
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EfG A, Paing Linn, BIAAFE, WEE. TR RN AIZEIT % RB1-SUCLA2
BB T RRZRER & T 2880AK. 5 58 [ H AR R FINRE 2020 4F 10
H 23 B O#i/ENL BB E B 10/22-24 HEH)

AT EEAR, B, MHAEZ. I —BHER & MAEE 7= CDK4/6 i
FHENZ LD HCC OHF LWPRRRIE. 8543 [0l B AD 7AW FSES 2020 4 12
4H (Fr74 B 12/2-4 KA K —)

EARBOA, dARMIC, W%, SEER. MEEZ. BG4 Lz
NFYA I £ DI A TEMAUBERE~ D28, 5 43 [0l H Ay T AEW P Fa 2020 4
128 48 (71 B 12/2-4 RAHX—)
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1.

WA AV EIRBIAEAFSEE S (AMED) RI~R2 4EE [SUCLA2 xR KIZL -
THA U AR Z R & 32 FrEl s ATERIERSE ) (W) 8,000 TM
HOHTRY ST TR B R R ¥ (AMED-CREST) H27~R2 4E[E [HENiEE D8R & K
fif & U 7= 3R AR O I IS & R BRI A - A SR ) (4348) 8,000 T-H
Blprrse g migh 4 JARRFZE (B) R2~RS 4E[E [RB 728 A& S O A3
PEREl (IREF) 3,600 T

Blpmrse femigh 4 BTS2 (C) R1~R3 4R TREHEY v~ F o FRFER
1T DFTHLTIGE 731 DIP2C OfFMT &G RA/EH A ORGE (404) 200 T-H
FATITIEB A R B R e BRERAUAFSE (B3F) R1~R2 4EE TSUCLA2 KKRIZ L -
THAT HREMETIMEZIER & 3 25N ZE ) (&) 2,500 T-M
BTN AV ERFZEREIFEEE (AMED) R2~R4 4 TPARR%L R L€ ARLFME T
BRI DFIE - HEFR O T2 72 0y FHRE - B VAR VB AER OfENT L ERIRICH - (4
) 500 T-H

T

1.

T IEB AR IE BB A ISR (C) R2~R4 - TBHIFRILNAICEBIT D
RER U T — &y TR o) (1%38) 1,700 TH

N A EREER LI EE (AMED)  R2~R4 4 TRARRL R LT ARTFME
TFE AR DFIE - BERR D72 7250 T B AR V| AR O AT & B IR IS -
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[ Abstract )
1. Megakarvocyvtosis in chronic myeloid leukemia (CML) pathogenesis

Transplantation of BCR-ABL-expressing hematopoietic stem/progenitor cells caused CML in
mice with an increase in bone marrow BCR-ABL" leukemic megakaryocyte-lineage (MgkL)
cells, which exhibited enhanced senescence markers with increased expression of TGF-B1, and
pl6 and p21, key molecules that are crucially involved in senescence. Moreover, knockout of
pl6 and p21 genes reduced both BCR-ABL-induced abnormal megakaryopoiesis and the
maintenance of CML cell leukemogenic capacity. TGF-B1 inhibition attenuated CML cell
leukemogenic capacity both in vitro and in vivo. Thus, BCR-ABL induced the expansion of
senescent leukemic MgkL cells, which supported CML leukemogenesis by providing TGF-B1.
2. Cytoplasmic DNA accumulation-induced cell death of myeloid leukemia cells

At hematopoietic stem cell transplantation (HSCT) to mouse myeloid leukemia models, double-
stranded (ds)DNAs were constitutively secreted in the form of extracellular vesicles (EVs) from
myeloid leukemia cells, and were transferred to the donor cells to dampen their hematopoietic
capabilities. Autophagy regulated cytoplasmic dsDNA accumulation and subsequent
redistribution into EVs, and accumulated cytoplasmic dsDNAs activated STING pathway,
thereby reducing leukemia cell viability through reactive oxygen species (ROS) generation.
Autophagosome formation inhibition induced cytoplasmic DNA accumulation to trigger
cytoplasmic DNA sensing pathways to exert cytotoxicity preferentially in leukemia cells.

3. A transcription factor, Nfe2. in murine breast cancer metastasis to bone

We previously established 4T1.3 clone with a high capacity to metastasize to bone, from a
murine triple-negative breast cancer (TNBC) cell line, 4T1.0. Comprehensive gene expression
analysis detected enhanced Nfe2 mRNA expression in 4T1.3 grown in a bone cavity. Nfe2 gene
transduction into 4T1.0 cells enhanced their capability to form intraosseous tumors. Moreover,
Nfe2 shRNA treatment reduced tumor formation arising from intraosseous injection of 4T1.3
clone as well as another mouse TNBC-derived TS/A.3 clone with an augmented intraosseous
tumor formation ability. Furthermore, NFE2 expression was associated with in vitro growth
advantages of these TNBC cell lines under hypoxic condition as well as Wnt pathway activation.
4. GPRS6/ADGRGTI in breast cancer metastasis to bone




An adhesion G-protein coupled receptor, GPR5S6/ADGRG1, was expressed selectively in 4T1.3
grown in bone cavity while fibroblasts present in bone metastasis sites expressed its ligand,
type III collagen. Consistently, GPR56/ADGRG1 proteins were detected in tumor cells in bone
metastasis foci of human breast cancer. Intraosseous injection of GPR56/ADGRG1-deficient
4T1.3 cells reduced markedly intraosseous tumor formation, whereas that of GPR56/ADGRG1 -
transduced mouse and human breast cancer cell lines exhibited enhanced tumor formation.
Moreover, the cleavage at the extracellular region was indispensable for GPR56/ADGRGI1-

induced increase in breast cancer cell growth upon its intraosseous injection.

<20204FE DRFFEARE. EBRILKR NS D FHE >
1. BBt EmE (CML) IZ331T 2 EEZERIZ D& E|

BCR-ABL3&E {135 A #fisi/RiBRHIIEIC X 0 2 Z A20MLTiE, MR LB E 2~ L,
TGF-B1FHL & Ml B L IZ LE DO EE %2 Fede LT 5 pl6 « p21 DI UL & 7R 9" BCR-
ABLIEBLEAZER DV BN CTHIIN L Cuh/=, P16 - p2 | B RFRIC L 0 . EAZEREE N ASTE 25
T 5 & & BT, OMLMIAEO B lRFIERE IR T L7z, & 52, TEF-BLfIC L - T, |
CMLAEIE O B IMIRFRIEREAME T 55 Z &0 5, OMLIZE WY THIIN L TV 5 B ER MRS
T HTGF-B 112 & - TOMLAINE O B MR FESERE A HERF STV D & B R biTz,
2. MR EANDNAZEE I 5 B Bt B s AR o Ml 5

~ U AEHEME A I~ OF RIS, Lo v b o H i A S HERE A
/M (BV) & U CTIERRIC WS 5 ZHH (ds)DNA 25, R —ffaic v A £, N
F—HIR D BEFERE A N L=, A — F 7 7 U — 2 X D il ST IR PN dsDNA
DEFEL EV ~OBITICX > Tl & 5, STING BREDIEM: & ZHITFE D ROS FEADN A
MM ORI ZFHE LTz, 4 — 7 7 3V — ARRAEIZ L - T, AR PN DNA
DOEFEMEZI LT, B S R 2 e sE 2342 U7
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~ 7 ZFLIS AKIBERE AT1.0 k0> D BIST U7z, [RIFTEEREL 12 @3RI ~isi 9 5 Hikk
4T1.3 BRO SRR B BT OFE R B O 4T1.3 BTl Nfe2 OFEELD T L T
VN2, Nfe2 BARFE A L72 4T1.0 B4R TIE N 51T X DA 58 L 7223 Nfe2
FEHLAIHI L7z 4TI3 Bk & TS/A3 R (mrE i m o~ v 25003 AVRIIaR) @
B NG CTIEEEE A BES LTz, Nfe2 8%, Wnt fREE OIEMEL 28 LT, B
/NERBETCRED DD IKFEFIRAE COMFHAE D TLHEIZBE 5 LT\ 5 Z & bR &7,
4, BERENEG XL VL8R L7 ¥ —, GPR56/ADGRGI1 L I3 A BEE

GPPR56/ADGRG1 23F N THAFE L TN 5 4T1.3 BRICEIRIIZFEB L TV T, U
RToHD M B =27 —5 ANTEEEBREOMRMEIFMARIZEEL L T\, GPR56/ADGRG1
Tt AR ADOEIEBEO D AMAETHRELL TV /2, GPR56/ADGRGI BI& 1% K
BT 4T3 HROB N GREO S AITEES L7223, GPR56/ADGRGI #{s &
AN U7z 3 aak o N GRS AR I LT L Tu\e, S 612, MlashaEisk T
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1. Associate Editor, Cytokine, An official Journal of International Cytokine and
Interferon Society.

2. Guest Editor, Int J Mol Sci, Special issue on “Tumor Microenvironment”.
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[ Abstract )

Various molecules derived from pathogens and damaged cells collectively called pathogen
associated-molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs),
respectively, are sensed by intracellular pattern recognition receptors (PRRs) including NLR
family proteins (such as NLRP3 and NLRC4) and AIM2. These PRRs together with the
adaptor protein ASC then recruit caspase-1 to form a caspase-1-activting signalosome called
“inflammasome”. Activated caspase( /1 then catalyzes proteolytic maturation of inflammatory
cytokines including IL-1f and IL-18. Caspase-1 also cleaves gasdermin D (GSDMD), whose
N-terminal fragment forms pores in the plasma membrane that cause necrotic cell death called
“pyroptosis” and release of mature IL-1p and IL-18. On the other hand, we previously
reported that activation of caspase-1 induces apoptosis in GSDMD/[ Inull/low cells, and that
Bid plays a critical role in the caspasel 1-dependent apoptosis (Nat Commun, 2019).
However GSDMD and Bid double knockout macrophages still exhibit delayed and
caspase-1-dependent apoptosis in response to Salmonella infection. This year, we identified
caspase-7 as a signaling molecule responsible for the second pathway of caspase-1-induced
apoptosis (Microbiol Immunol, 2020). In addition, we reported that mycoplasma-derived
lipopeptide induces IL-1p release in a GSDMD-independent manner in collaboration with Dr.
Saeki of Hokkaido University (Immunology, 2020). These studies uncovered novel
GSDMD-independent responses mediated by inflammasome.

We searched for a novel molecules that are involved in the inflammasome signal
transduction using shRNA-based library screening. As a result, we found that a
kinesin-related molecular motor KIF11 plays a crucial role for the NLRC4 and NLRP3
inflammasome-mediated IL-13 release and pyroptosis. Interestingly, KIF11 interacts with
caspase-1 and NLRs including NLRC4, NLRP3, NLRP2, NLRP7, NOD1 and NOD2. These

results suggest that KIF11 plays a critical role in the NLR-mediated innate immune responses.
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T AR—=F-1 FEMET RN = ZAOH “REKEZH S > 7T ni@Esy & LT AR
—+¥-7 Z#[A7E L7= (Microbiol Immunol, 2020), F7-, db K - QS F+AMFHELE O
HFRIFZET, v~ 27T X~k Y KT F K28 GSDMD FEEIFAIIC IL-1p DJiktt %
B Z L AW L2 (Immunology, 2020), & 512, GSDMD {KFEHI 7R L3 A o
EMEERA 7 T7<= Y — LD TR CTHEIND IL-1aD A IC B E 7B 2 K-
Z EEW BT LTz (Cell Reports, 2021, accepted) , 5%, ZAVE TITo TE 7o AN
—CHEMMIE ORI E S HICERB S TR0, M 0 b=V R E2HET L0
T 7 =B ESZERIFEIPRI B RE L, WREIERIZEB T 5T O&E ZRETT 5,

2. BRGEISZICR T 5 E— % —&EH KIF11 O E|DOfEYT

SiRNA (245 KIF1l OFBL ) v 7 X2k - 7T KIF11 A > b B X —/LER[EEE,
NLRC4 1 LY NLRP3 il CAE S5/ A v b —3 2B LV IL-1BREAE D ] S
5L aER LT, £72 KIF11 23Mfidd NLR 7 7 X U — A > N—NLRP2 ¥ X T NLRP7
EHRERTHI L, TOMANEKELADNOD RAAL U ENTDHI EaMERLIZ, Zh
FCTOHA LS, KIF11 28 NLRC4, NLRP3, NOD1, NOD2, NLRP2, NLRP7 D&
RICBE G- 5 Z LRIz, %A —F 7 7 a9k (AID system) 12855
BN EIRBIEE Y AT LA EEA L, KIF1l OEEE L0 7 U TICEFAT 5 2 L &
R D, Flo, KRNI E L TEERRFOASR LR FHEERR O B RA T DT T v
~ U A (db/db) DIMIFERE. 1 AV D KIFIL A e X —2 & 5352 &
TWHET DV AT L2 SETIEE, ~ U ADO[ENiHER, Mg D2k %z 5 F  NLRP3
OIEMALFEIE A2 JET D Z & TKIF1L £ NLRP3 DU > 7 % invivo THAET 5 2 & %
RN

3. A b= ZMINEA BT DM U X T U 7 BEE NS O AT

Forlt, Ao b= 2AZEZ L-MROEE BisTic~ 7 a7 7 — Y ORI
e L7=U AT U 7 O Z 03 5352 R L, Z OIEEE W S 298 % FE
Lic, ZOWED Y 27 ) 7 MINEETEIHEEEZ A — F 7 7 O—DAFANC L - T
M SNz, S5, ZOMETUE L-~r/n 77— AT ) 72K SE 5
EHIRNO U AT Y T RA— K7 73— D= —ThHDHLCINTA Y/ — L
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Mahib MR., Hosojima S, Kushiyama H, Kinoshita T, Shiroishi T, Suda T, and Tsuchiya

K. Caspase-7 mediates caspase-1-induced apoptosis independently of Bid. Microbiol
Immunol. 2020, 64(2):143-152
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Gasdermin D mediates the maturation and release of IL-la downstream of

inflammasomes, 2021, Cell Reports, accepted
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Saeki A, Tsuchiva K, Suda T, Into T, Hasebe A, Suzuki T, and Shibata KI. Gasdermin

D-independent release of interleukin-1p by living macrophages in response to

mycoplasmal lipoproteins and lipopeptides. Immunology. 2020, 161:114-122.
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Tsuchiva K, and Suda T. Gasdermin D mediates the release and maturation of IL-1a
during inflammasome formation. &5 93 [A] H &AM Tk 4 d =M, 2020 422 A
20 H

Suda T. Switches between apoptosis and pyroptosis. The 15th International Symposium

of the Institute Network for Biomedical Sciences and The 6th IMCR -Symposium on
Endocrine and Metabolism-. Cutting Edge of Biomedical and Metabolic Sciences. Online
Meeting, Nov. 5-6, 2020

1= %A1, ASC and NLRP3 maintain innate immune homeostasis in the airway through
an inflammasome-independent mechanism. % —[B] #ifd % = = % 77 A . Online
Meeting, 2020 4= 11 H 11-12 H

Kinoshita T, Tsuchiya K, and Suda T. Kinesin molecular motor Eg5 functions during
innate immune signaling. £ 43 [B] A AR5y 149 F434F4. Online Meeting, 2020 4 12
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[Abstract]

Our research is focusing on 1) discovery of new physiological function of MET/HGF receptor,
2) mechanisms of metastatic niche formation by HGF-MET activation, 3) drug discovery
based on cyclic peptides and protein engineering. Our research progresses in 2020 are
followings. (1) Intracellular transfection of non-self RNA into cells induced inflammatory
cytokine production, but this was reduced in MET-knockout cells. Consistently, RIG-I, TBK,
and IRF activation was decreased in MET-knockout cells, but it was reconstituted by not only
wild-type MET but also kinase-dead mutant MET. MAVS aggregation in mitochondria, which
induces inflammatory cytokine production, was reduced in MET-knockout cells. MET
receptor participates in innate immune response upon RNA virus infection independent on its
tyrosine kinase activity, which is new function of MET regulated by non-canonical kinase-
independent mechanism. (2) In the model of lung metastasis of malignant melanoma, the
processing from precursor HGF to active HGF occurred in the lung before the colonization of
tumor cells. Newly generated HGF activated MET in epithelial cells and induced genes closely
involved in metastatic niche formation, including S100A9 and MMP-9. Tumor cells induce
processing of proHGF to active HGF in distant lung and MET activation promotes formation
of premetastatic tumor microenvironment before tumor cell colonization. (3) In malignant
mesothelioma, MMP-2 expression was correlated with the 3-D invasiveness, and CBX6 in
polycomb repressive complex regulates genes involved in tumor invasion, including MMP-2.

CBX6-knockdown induced MMP-2 Canonical Non-Canonical
expression and tumor invasiveness. Participates in innate immune
. response to non-self RNA/
Consistently, CBX6 was constantly RNA virus infection
RNA virus
degradated upon ubiquitination in %
invasive but not non-invasive cells. \ | poly Ic MET
CBX6 was localized in the nuclei in o ¢ ! 1 :
benign mesothelioma, but the (E ‘y ‘b O
nuclear CBX6 was lost in patients — XNV non-self dsRNA e
. . . . -.-_- RIG-I independent
with malignant mesothelioma. Thus,  kinase-dependent
proteasomal degradation of CBX6 i
) . . *B €~
promotes tumor invasiveness in cytokine M
. . roduction
malignant mesothelioma. P g - IRE3
IRF3 mitochondria
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1. Non-canonical MET #&#% % I L 7= B SR G022 il 4]

MET KIEBHE TOMHT 226, (1) RNA 7 A LV RAEGL 283 5 IE A O 2 A8 RNA
DOHIBENE A X0 RIEVET A N DA VEEAENFE SN D HREISENEL MET
KETIEFT 5 Z L&, 2 RIG-L, TBK, IFF ®iEME(k, 2 b2 KU 7HETO MABS
BEEEE, WTivdh MET REBECIRTT 52 &, (3) BARGEENEX MET Hijg
NRALCHEEGETLHDD MET ZFERTFr o FF—BiERIKFEL RN &
PR LU, SRERF O o — B OABEEIT TR TF oy o —BiEE
IETFELTCND EEZLILTWD, MET 2K %Z I L7z 2 ARE8{ RNA HIRGEISE
IX, MET O LWAEBRBECTH DX 2, Fr v —¥IEEFEN non-
canonical > 7 VR AN L CRIEIN D Gax&ERmT).

2. tcHGF £k & 23 AR NBR BE T ik
HGF [ZAEMERTEEA HGF & U CRfasMZ it « Brid S, FRRP7R ety v v
7N & o T MET i&MALREE & OfE MR HGF (C A S 5, Mk A HE O fififis i &
TNERNT, =y FEMRICEIT 5 HGF-MET 2 DR « BE&RA M L=, JE
AR DRl ~DAFE TSN - T, TS HRAF D2 X0 SEIE A #ifL T o HGF
PEATHE LIEMER HGF ~D 7't v v v 7 LB BRI CTD MET JEMAL A 7
Hivlz, METIEMHALIZ & » Tz = v FORKICE 57 2B OB T HEOFE
DFRD B, HGF HESH H WX MET / v 7 7 U MIEBZHE Lz, Wik
TP HGF AR = v FRRICEE Z Ri-3 &2 o bd GasUHEmT)

3. M Rz B ORI

b M R EA A 0 3-D IR ER TR - FEREMEIC KB S, IR TEEE I MMP-
2RBUKTE LTz, T a®—X—firnDs, MMP-2 RBELOFEE 7255 703K ) =
— LEARD CBX6 1TV IAE N, IR TO CBX-6 / v 7 X7 & -
T MM-2 OFRBIFHE L EEESE R AL, —F, REEMRETCE e Tr T Y —
LA LT IEE BRI Z 0 CBX-6 DFBIHAL, ZHICTKYD MMP-2 3l L iR
EVEERICED Z LN bhoTz, F72, EFTE TIX CBX-6 DENFRIENRD S
DD LT, MM Rz AR Tk CBX-6 DHFE 0 i, CBX-6 /) fifidE
PER R IERBE TORVIRTEMEICE G35 & 2 5415 (Scientific Reports, 2020)
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3. BARGIEINEICE 1T D5 MET #riRE O lESER IS 1) 5 E R

4. HIRGIZISENZ I 5 MET OEIRIEICE 4 o1& & A X 7 AWF5E

5. MET S FRTEHAL OREE 2 A T 7 ZADOWFE

6. BRIRTF K graft |2 X 2% EkEHE MET U > R & X7 H ORI & 3 O RRFE
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[ Abstract )

Malignant brain tumors have an extremely poor prognosis regardless of whether they are
primary or metastatic, and overcoming these devastating diseases is an extremely high social
demand. Interactions with glial cells, the stromal cellular components in the brain
microenvironment, are thought to play an important role in the development of malignant brain
tumors, however the details are still unclear. One of the reasons is that a long-term and stable
culture method for glial cells had not been established. Here we developed a stable and
prolonged culture method for mixed-glial cells (mixed-glial culture on soft substrate, MGS
method). In this method, astrocytes and microglial cells are cultured on an extremely soft
substrate (Young's modulus <12 Pa), which enables long-term culture of primary microglial
cells. In addition, we can retain the plasticity of astrocytes for a long period of time, which is
lost in about two weeks with the conventional culture method. Importantly, MGS closely
mimics the brain microenvironment and we found that there is a strong correlation between the
proliferative capacity of cancer cells in MGS condition and in mouse brain. Interestingly, we
also found that cancer cells cultured in MGS condition for a certain period acquire proliferative
capacity in mouse brain. Comprehensive and comparative gene expression analyses revealed
some key molecules/signaling pathways that implicate the proliferative capacity of cancer cells
in the brain microenvironment.

We also conducted drug screening by using MGS co-culture system and identified multiple
molecules that strongly affects cancer cell behaviors in the brain microenvironment. Now we
try to link the in vitro co-culture system, preclinical models (mouse models of primary and
metastatic brain tumors) and clinical specimens to dissect the glial networks that support the

survival and proliferation of primary and metastatic brain tumor cells.
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1. U NERBEIZ K% DNMTI #1l 2SIMEsRE 23 AU O A7 EARIRIZBE 54 5%
TEMEALT 2 R et A N HROPRPER T & R D01 6 23 1 R A DS IR R

D Afi O DNMT1 82 Mfil+52 L, 2o DNMT1 #ifilic L5217 4



v VTR s T I RS AR O A AE L RTINS B BT Z E S
METRo Tz, FEIZ DNMTL ZBHHNIC K> TS FEIND T A b— 3 2K
¥+ aB-crystallin OFEELD MR IRIR 23 AU MIRE D A fFERF I R 7% Bl 2o Z &
W GNERY | TNEENET 52 & TIHEDREE L S5 IR IRIRAS A AT i
ZBRR T D A[REMES/RIZ X u7- (Hirata et al., iScience 2020) ,

2. B U TEERIEDOMENL E S AR — 770 TR v U — 7 Off#T

~ U AR B 7Y 7 R o R 72 B IR ETE - (MGS 75 - Mixed-glial
culture on soft substrate) Z#ESr 35 Z LIZEI LT, RIETITZ U 7HllR 22513 5
Tl BO TR LN E (Young’s modulus < 12 Pa) THEEELTEBY., i
WZEoTINETCHETHSTHIRIBEEI 70 7V T OERIEEN AR L o7,
FIAEROEERE T 2 BERBRE TRbITWeT X et A s Ot 2 570 A
FHCE > TIREFT D Z & bAREE R . BAMILL 77U THlifla L DML R Y D
— 7 Z RWIMIZHE > THT9 2 2 & 23AHe & 72 o 7= (Ishibashi et al., in preparation),
Z D MGS HREE R A WA A 7 V) — = 7 80 AR O A7 & HEGE 2 BUE
THEEDOT VT Xy NT—INTEST « VT TV EERKEEZRIEL TR, 4%
W DREREMAT 2 D 5

3. TIVIR R IUEA T A RAR D BT B~ DI

EIRKFHTAEEAEMBE TR BH S0 Bheod@isticky, e 2FY
HERIAE I A FE MR D CTEMRE SO @O IMEA A LRI (zwitterionic liquid : ZIL)
R LT, ZIL KIRHITER 2 7o FFRIEVESAN T 2B & 72 0 . DMSO Z ¥
ELTHWLZERTERWS AT TF KT HEEE L THIEEET 52 & 23
&l oT-, E7- DMSO (MGG PRAFEF M~ DO TMA OKEETEABT LA & L
TIRKFIH STV D23, ZIL (THIESMZ I T DMSO K0 & R BT B AL 7= sl
RN R A2/ T D 2 ERHGL N E 22 o572 (Kuroda et al.,, Communications Chemistry
2020), BifE, [LFAEEDOWERCIRGIKIEDOIER, HigBoRk#Ekic kv, ZhET
IK#fC & - 72 fif#% - PDX (patient-derived xenograft) 0% & HJHAE ATk 1 « INF- »
SAGIND E R HAEIRAE . RITEREHERF OBLE > & DMSO DO A =il S 415 ES
M - iPS HlNE Z & Tei e e B~ DI H 2 o T 2,

T O, FERFEEIEF IR ENTERT - TR L e ok FEEE LT, 7

U A —~<pilifa 220 & Uz AR U B esE Iz B3 2 098 2 Cancers 5612
J¢F L7~ (Kondo et al., Cancers 2020) .
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Kiyokawa E, Sahai E. The brain microenvironment induces DNMT]1 suppression and

indolence of metastatic cancer cells. iScience 23(9):101480, 2020. (*corresponding author)
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[ Abstract ]

Chromosomes contain all the genetic information required to grow and maintain a living
organism. During mitosis, they are replicated and assorted identically into each daughter cell.
Aneuploidy, a state of chromosome imbalance, is frequently observed in many types of cancer.
JSAP2 (also known as JLP) can bind both kinesin and dynein motor proteins and regulate
intercellular cargo trafficking as an adaptor protein. In recent years, overexpression of JSAP2
has been reported in various forms of cancer, and several groups have reported that
downregulation of JSAP2 inhibits cancer cell proliferation and invasion. However, it remains
unknow whether JSAP2 overexpression has some effects on non-transformed cells. We
overexpressed JSAP2 in hTERT RPE1, a non-transformed cell line, and found remarkable
increase in the proportion of aneuploid cells. By contrast, JSAP2 deletion mutants lacking
kinesin-1 heavy chain-binding domain or dynactin p150°"*binding domain were unable to
induce aneuploidy. Collectively, these findings may suggest that JSAP2 regulates chromosome
stability through its motor adaptor function and its dysregulation induces aneuploidy.

Curcumin, a major component of turmeric, is known to exhibit antitumor activity.
Curcumin has been shown to induce reactive oxygen species, mitogen-activated protein kinase
(MAPK) activation, and cell death. Autophagy has been proposed as one of the protective
mechanisms during curcumin-induced cell death. We explored the role of JSAP1 in curcumin-
induced cancer cell death. The depletion of JSAP1 by shRNA-mediated knockdown or
CRISPR-mediated knockout (KO) increased cell death induced by curcumin. Restoring the
JSAP1 protein in the KO cells rescued the phenotype to a similar level of control parent cells.
Activation of JNK and p38 MAPK was not largely affected by JSAP1 KO. Furthermore,
analysis of autophagy markers showed impairment of autophagosome clearance in JSAP1 KO
cells but not in control and rescued cells. These results suggest that JSAP1 protects cells from

curcumin-induced cell death by modulating autophagy.
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Parent 23.2% (n=82)

BENEFICHEMT 2 /RHELE, LaL, & HAJSAP2_AKED  28.0% (=50
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[ Abstract ]
The mission of our division centers on laboratory and clinical research to develop the novel
strategies and modalities for diagnosis and treatment of the gastrointestinal, refractory and rare
cancers including glioblastoma, bone and soft tissue sarcomas. Research projects are based on
biological characteristics of individual tumor types that are relevant to their invasive and
metastatic potential, resistance to therapy, recurrence and outcome of patients. Our current
efforts are focused on (1) research and development of the cancer therapy by targeting aberrant
glycogen synthase kinase (GSK) 3f3; (2) understanding of malignant phenotypes of cancer by
investigating pathological metabolic properties (eg., aerobic glycolysis, tumor-promoting
autophagy); and (3) biological basis of gastrointestinal and refractory cancers, all for clinical
translation. We have been also establishing the tissue material resources of human stomach and
colorectal cancer for our own projects described above as well as for studies collaborating with
our institutional and many other research groups. In an immediate couple of years, we have
obtained the preliminary results indicating the putative roles of tumor GSK3f as a molecular
hub that connects the pathways responsible for tumor invasion and resistance to therapy, thus
enforcing its potential as a major cancer therapeutic target. We are extending this project toward
investigation of the putative roles for GSK3fB in promoting esophageal squamous cell
carcinoma (ESCC; the major type of esophageal cancer in Asia and Japan) and pancreatic
neuroendocrine neoplasms as well as in acquiring chemoresistance in pancreatic cancer. We
also have been trying to develop cellular and mouse models predisposing to ESCC by CRISPR-
Cas9-based genome editing of the metabolic enzymes including glycogen synthase and GSK3p.
In addition to these projects, we have clarified the genetic and epigenetic characteristics of

traditional serrated adenoma and duodenal non-ampullary adenoma and adenocarcinoma.
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[ Abstract ]

We have been studying the function of epigenetic regulators such as histone methyl-
modifying enzymes and long noncoding RNAs in the various steps of the malignant progression
of cancer. This year we investigated the roles of new types of epigenetic regulators, an RNA
methyltransferase METTL3 and a pioneer transcription factor FOXA1. METTL3 is a catalytic
enzyme of N6-Methyladenosine (m6A) modification of RNA. We found that m6 A modification
and METTL3 expression were increased in TGF-B-induced EMT of lung cancer cells.
Mechanistic investigations revealed that METTL3 is indispensable for TGF-B-induced EMT
through the regulation of JUNB mRNA that encodes one of the important transcriptional
regulators of EMT. Our findings validated the significance of the regulation for m6 A RNA
modification in the important step of cancer progression and provided the possibility to develop
novel therapeutic strategies for the treatment of cancer metastasis. On the other hand, FOXA1
is a pioneering transcription factor that can bind to and open “closed chromatin™ and trigger
transcriptional events on target genes. In the collaborative study with Dr. Yano, we observed
that FOXAT1 epigenetically activated the expression of IGF-1R in response to osimertinib
(EGFR-TKI) treatment in EGFR mutated non-small cell lung cancer cells. Since activation of
IGF-1R signaling pathway contributed to osimertinib resistance, an indispensable role of
FOXA1 was demonstrated on the emergence of drug tolerant cells via IGF-1R activation during

the EGFR-TKI treatment of lung cancer cells.
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[ Abstract ]

Our researches focus on clarifying mechanism of targeted drug resistance and circumvention
of the resistance in various types of cancers with driver oncogenes. In this year, we reported a
pivotal role for IGF-1R in the tolerance of AXL-low expressing EGFR-mutated lung cancer to
EGFR tyrosine kinase inhibitor (EGFR-TKI) osimertinib. Osimertinib increased IGF-1R
expression by stimulating the expression of transcription factor FOXA1. Transient combination
of the IGF-1R inhibitor with osimertinib could eradicate tumors and prevent regrowth even
after the cessation of osimertinib. Leptomeningeal carcinomatosis (LMC) occurs frequently in
anaplastic lymphoma kinase (ALK)-rearranged lung cancer and develops acquired resistance
to ALK-TKIs. We found that ALK lung cancer cells could acquire ALK-TKI resistance by
EGEFR activation via overexpression of amphiregulin due to downregulation of miR-449a.

We completed the investigator initiated trial (Phase I/IT) of alectinib, which has inhibitory
activity to ALK and RET, in RET-rearranged lung cancer patients. We firstly determined the
maximum tolerate dose of alectinib in the Japanese patients as 450mg twice a day (BID). In the
phase II part, the response rate, disease control rate, and median progression free survival of
alectinib 450mg BID was 4% (1/25), 52% (13/25), and 3.4 month, respectively. Due to these

results, we terminated the further development of alectinib on RET-rearranged lung cancer.
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[ Abstract ]
An iron metabolism-targeting drug with antitumor activity enhances the effect of 5S-ALA-
based photodynamic therapy (Endo Y)

A precursor of protoporphyrin IX (PpIX), 5-aminolevulinic acid (ALA), is widely used for
PpIX-dependent photodynamic diagnosis (PDD) and photodynamic therapy (PDT) in the
treatment of various cancers. Previously, we reported high expression of iron metabolism-
related genes in cells established from human gastric cancer cell line MKN-45 that had acquired
resistance to ALA-PDT. Furthermore, we have demonstrated the enhancing activity of
deferoxamine mesylate (DFX), an iron chelator, on ALA-PDT in cells with the ALA-PDT
resistance. DFX could effectively increase intracellular PpIX accumulation and overcome the
acquired resistance in the ALA-PDT-resistant cells. Recently, we found that the continuous
exposure to DFX results in direct anti-proliferative activity in the ALA-PDT-resistant cells and
the parental MKN-45 cells. The sensitivity of the ALA-PDT-resistant cells to DFX was clearly
higher than that of parental MKN-45 cells. Interestingly, DFX also inhibited the growth of
various human cancer cells. These findings indicate that iron metabolism-related molecules are
important targets for enhancing the therapeutic effect of ALA-PDT in cancer cells and that DFX
may be a potent enhancer of ALA-PDT.

Analysis of the functional roles of ADAMTS-1 in female genital organs (Kuno)
ADAMTS-1 is an extracellular matrix (ECM)-anchored metalloproteinase that degrades
ECM molecules such as proteoglycans and regulates ECM remodeling. Our Previous studies

showed that ADAMTS-1 is involved in the ovulatory process and in the ovarian follicular
development. Recently, we found that ADAMTS-1 null mice on a BALB/c background
exhibited impaired parturition. In this study, ADAMTS-1 null mice showed normal
progesterone withdrawal but displayed significantly reduced expression of uterine genes
encoding for contraction-associated proteins (CAPs), suggesting that ADAMTS-1 is required
for uterine activation process prior to parturition. Reduced expression of the CAP genes may
lead to decreased contractile responses to uterotonins as well as decreased spontaneous
contractile activity, both of which were measured by means of uterine strips prepared from

ADAMTS-1 null mice. These results demonstrate that parturition failure in ADAMTS-1 null



mice was due to their impaired uterine contractile ability. In addition, we found that the
morphology of the decidual tissue in ADAMTS-1 null mice sometimes differed from that
observed in the control mice. We are currently investigating the role of ADAMTS-1 in the

organization and activation of myometrial and decidual tissues during the prepartum period.

<2020 FFEOMFFERE, EBRIK S % OFHE >
BRBEZERLTD 5-T I VT Y VERE AV D DB AINR FRIRIE DR R &
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Inflammation and Epithelial Plasticity
ERATEE - KIEAZY b

Associate Professor Dominic Chih-Cheng VOON
Graduate Student Zachary YONG (D4) (Co-supervisor: Prof. Masanobu Oshima)
Linxiang GONG (M2) (Co-supervisor: Prof. Chiaki Takahashi)

[ Abstract )
The link between inflammation and cancer has long been established. A proinflammatory
tumor microenvironment is generally regarded as one that promotes carcinogenesis, tumor
growth and the suppression of tumor immunity. Although great advances have been made in
terms of the cellular composition and immune interaction within a tumor niche, how
cell-intrinsic mutations within the epithelium drive this process, through the aberrant secretion
of growth factors and cytokines, is under appreciated. We are interested in two specific aspects
of this interaction: 1) the role of epithelial-derived IL23A (eIL23A) in modulating immunity
during gastrointestinal infection and carcinogenesis; and 2) the increased epithelial plasticity

during gastrointestinal inflammation and repair.

<2020 research achievement and future plan>

During this year, we successfully published our findings on the co-regulation of epithelial
cell-derived IL23A by mitogenic and inflammatory signals in intestinal epithelial cells. We
made two key observations: Firstly, there is a strong cooperativity between MAPK and
canonical NF-kB pathways in inducing /L23A4. This stems from the cooperative assembly of a
transcription enhancer complex by AP-1/c-Jun and RelA/p65 on the /1234 proximal promoter.
As AP-1/c-Jun and RelA/p65 are the downstream effectors of MAPK and NF-kB pathways,
respectively, their synergy meant that the inhibition of one pathway would effectively block the
other. In our study, we effectively demonstrated this through the use of the MEK inhibitor
trametinib and the BAY-11-7082, an IKK o/IkB inhibitor. Secondly, we showed for the first time
the secretion of endogenous IL23A by activated epithelial cells and provided empirical
evidence that this was achieved remarkably without IL23A’s canonical partner, IL12B.

Our focus now shifts to the detailed characterization of this novel form of IL23A. To
this end, we have raised new monoclonal antibodies that would specifically recognize
epithelial-derived I1L23A/elL23A. The utility of these new tools in clinicopathological
applications will now be assessed. In addition, in depth analyses of eIL23A is underway where

we study the collaboration between eIL23A and canonical IL-23 in the induction of Th17-type



response in primary mouse immune cells. Lastly, we observed in a isogenic transplantation
model that IL-23/IL23 A exerts a pro-tumor immunity effect in immune competent mice. We are
deepening this study to evaluate a potential role for eIL23A to influence the tumor immune
microenvironment, which may have therapeutic implications in view of recent reports and our

earlier findings that trametinib could attenuate the production of eIL23A.

[ Achievements ]
< Publications (Primary)>
1. Lim KS, Yong ZWE, Wang H, Tan TZ, Huang RY, Yamamoto D, Inaki N, Hazawa M,
Wong RW, Oshima H, Oshima M, Ito Y*, Voon DC* (2020) Inflammatory and mitogenic
signals drive interleukin 23 subunit alpha (IL23A4) secretion independent of ILI2B in
intestinal epithelial cells. ] Biol Chem. 295(19):6387-6400. *Joint Corresponding Author.

< Publications (Collaboration) >

2. Hazawa M*, Sakai K, Kobayashi A, Yoshino H, Iga Y, Iwashima Y, Lim KS, Voon DC,
Jiang Y'Y, Horike SI, Lin DC, Wong RW* Disease-specific alteration of karyopherin-o
subtype establishes feed-forward oncogenic signaling in head and neck squamous cell

carcinoma. Oncogene. 39(10):2212-222. *Joint Corresponding Author.

< Symposiums (Oral Presentations) >

1. Yoon DC. Understanding how IL23A4 expression is controlled by inflammation and growth
signals in epithelial cells. 5" InFiniti Symposium.18" Feb 2020. Kanazawa, Japan.

2. Yong ZWE, Lim KS, Wang H, Tan TZ, Huang RY, Yamamoto D, Inaki N, Hazawa M, Wong
RW, Oshima H, Oshima M, Ito Y, Voon DC. Inflammatory and mitogenic signals drive
IL23A secretion independent of IL12B in intestinal epithelial cells 79" Annual Meeting of

Japanese Cancer Association. 1-3™ Oct 2020. Hiroshima, Japan.



Cancer-Immune System Interactions

NA-REZRBEERAI=Y b

Associate Professor (11 4 1 H~)  Kohsuke Tsuchiya L& %I

[ Abstract ]

Pyroptosis is a pro-inflammatory form of regulated necrosis caused due to the formation of
plasma membrane pores by gasdermin (GSDM) family proteins. Although GSDMs are
expressed as inactive forms, they are proteolytically activated by certain proteases, leading to
pyroptosis. Caspase-1, an inflammatory caspase, is known to induce pyroptosis by cleaving
GSDMD. Recently, we have demonstrated that caspase-1 also serves as an apoptosis-initiating
caspase in the absence of GSDMD and that Bid plays a critical role in caspase-1-induced
apoptosis. However, an additional mechanism that mediates this cell death independently of
Bid has also been suggested. Our study suggests that caspase-7, a substrate of caspase-1,
mediates apoptosis induced by caspase-1 in a Bid-independent manner. Caspase-1 also
processes pro-IL-1p into the biologically active cytokine IL-1p, which is in turn released from
macrophages via GSDMD pores. We demonstrated that IL-1p was released from living
macrophages independently of GSDMD during stimulation with mycoplasmal
lipoproteins/lipopeptides, suggesting a novel mechanism for IL-1p release. It has been
suggested that caspase-1 activation leads to IL-1a maturation. However, pro-IL-1a is not a
substrate for caspase-1, and the mechanism of caspase-1-induced IL-1a maturation remains
unclear. We found that GSDMD processed by caspase-1 forms membrane pores that mediate

Ca?" influx, resulting in calpain-dependent maturation of IL-10a.
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35 (MR 31K)
Mahib M.R., Hosojima S., Kushiyama H., Kinoshita T., Shiroishi T., Suda T.*, Tsuchiya
K.*. Caspase-7 mediates caspase-1-induced apoptosis independently of Bid. Microbiology and
Immunology. 64(2):143-152. (2020).
JR3E (FLREIATSE)
Saeki A., Tsuchiya K., Suda T., Into T., Hasebe A., Suzuki T., Shibata K.I. Gasdermin D-
independent release of interleukin-1p by living macrophages in response to mycoplasmal
lipoproteins and lipopeptides. Immunology. 161:114-122. (2020)
et (BFFE=E T1A)
Tsuchiya K.*. Inflammasome-associated Cell Death: Pyroptosis, Apoptosis, and Physiological
Implications. Microbiology and Immunology. 64:252-269 (2020)
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Microenvironment Regulation in Cancer Stem Cells Unit
AAFHRIREGIE L=y b

Assistant Professor Yasuto Takeuchi 77N FEA

[ Abstract ]

Accumulating evidence indicates the presence of cancer stem-like cells (CSCs) in many types
of tumors. They are defined as cell populations which have self-renewal ability and multi-
differentiation capacity, and have been thought to contribute to tumor initiation and recurrence.
Stem-cell properties are thought to be maintained in the CSC niche that is the tumor
microenvironment surrounding CSCs. Therefore, our final goal is to identify key factors
regulating the interaction between cancer stem-like cells (CSCs) and their niche.

We demonstrated that FRS23 was expressed in a small subset of luminal progenitor cells and
induced the production of cytokines, including IGF1 and CXCL12, through activation of the
NF«kB pathway. IGF1 and CXCL12 amplify NFkB activation in surrounding mammary cells,
leading to the establishment of a cytokine-rich microenvironment. This microenvironment
supports the growth of cancer cells and facilitates the migration of stroma cells and immune
cells to develop more favorable condition for breast cancer.

Initiation stage Cytokine-enriched niche Tumorigenesis
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<FEFKimX >

1. Y. Takeuchi’, N. Kimura’, T. Murayama’, Y. Machida, D. Iejima, T. Nishimura, R.
Sakamoto, M. Yamamoto, N. Itano, Y. Inoue, M. Ito, N. Yoshida, J. Inoue, K. Akashi, H.
Saya, K. Fujita, M. Kuroda, I. Kitabayashi, A. Tojo, N. Gotoh. The membrane-linked
adaptor FRS2b fashions a cytokine-rich inflammatory microenvironment that promotes
breast cancer carcinogenesis. "Equally contribution. Proc Natl Acad Sci, USA., under
revision.

2. T. Murayama', Y. Takeuchi’, K. Yamawaki, T. Natsume, R. Chaverra, T. Nishimura, Y.
Kogure, A. Nakata, K. Tominaga, A. Sasahara, M. Yano, S. Ishikawa, T. Ohta, K. Ikeda, K.
Horie-Inoue, S. Inoue, M. Seki, Y. Suzuki, S. Sugano, T. Enomoto, M. Tanabe, K. Tada, M.
Kanemaki, K. Okamoto, A. Tojo, N. Gotoh. MCM 10 compensates for Myc-induced DNA
replication stress in breast cancer stem-like cells. "TEqually contribution. Cancer Science.
2021. Mar;112(3):1209-1224.

3. Y. Takeuchi, R. Narumi, R. Akiyama, V. Elisa, T. Shirai, N. Tanimura, K. Kuromiya, S.
Ishikawa, M. Kajita, M. Tada, Y. Haraoka, Y. Akieda, T. Ishitani, Y. Fujioka, Y. Ohba, S.
Yamada, Y. Hosokawa, Y. Toyama, T. Matsui, Y. Fujita". Calcium wave promotes cell
extrusion. Current Biology. 2020. Feb 24;30(4):670-681.
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Mitochondrial Dynamics in Stem Cells
SraAVRYTEHEIZ=Y

Assistant Professor Atsuko KASAHARA %5 R+
[ Abstract ]

Mitochondria play pleiotropic roles in glucose-amino acids-lipid metabolic pathways, calcium
and redox homeostasis, and apoptosis. These diverse mitochondrial functions are reflected by
their extremely dynamic morphology, and distribution in the cells. Mitochondrial quality,
distribution, size, and motility are excellently tuned by their continuous fusion and fission.
Mitochondrial fusion factor and anti-apoptotic protein OPA1 was up-regulated in gefitinib-
resistant lung adenocarcinoma cell line, and down-regulation of OPA1 in these resistant cells
restored the gefitinib sensitivity. Likewise, the OPA1 specific inhibitor, developed in the
laboratory of Prof. Scorrano (University of Padua) also restored the gefitinib sensitivity in these
resistant cells. This effect was mediated by the reduction of OPA1 inhibition of cytochrome ¢
release. We will validate the effect of this drug on xenograft.

ER-mitochondria contacts are important for proper calcium uptake from the ER to the
mitochondria, and phospholipids synthesised in both organelles are shuttling at the contacts.
ER-mitochondria contacts are less in glioma stem-like cells, while the contacts are more in
differentiated glioma cells. Likewise, undifferentiated embryonic stem cells (ESCs) displayed
distant two organelles with fewer contacts, while differentiated cardiomyocytes (CM) showed
close organelles with more contacts, with up-regulation of MFN2, which is a known tether
protein. Since two organelles are closer upon CM differentiation, I hypothesised more
phosphatidylserine (PS) goes to mitochondria from the ER, and is converted to
phosphatidylethanolamine (PE). PS-PE conversion was low in CM compared to ESCs, and PC
was detected instead using '*C serine label trace experiment in a collaboration with Dr Miyata
at Kyushu University. Since PE-PC conversion requires methyl group addition, SAM/SAH
ratio was measured by Dr Arakawa, Faculty of Pharmacy Institute of Medical, and the ratio
was reduced upon CM differentiation. We will perform these experiments using
Phosphatidylethanolamine N-methyltransferase (PEMT) knockdown ESCs. Moreover, we will
use the ER-mitochondria synthetic linker construct in order to understand whether the physical
contacts without specific protein could influence the stemness/differentiation and
phospholipids metabolism.
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1. Nomura N, Ito C, Ooshio T, Tadokoro Y, Kohno S, Ueno M, Kobayashi M, Kasahara A,
Takase Y, Kurayoshi K, Si S, Takahashi C, Komatsu M, Yanagawa T, Hirao A. Essential
role of autophagy in protecting neonatal haematopoietic stem cells from oxidative stress
in a p62-independent manner. Sci Rep. 2021 18;11(1):1666

2. Ueno M, Tomita T, Arakawa H, Kakuta T, Yamagishi T, Terakawa J, Daikoku T, Hiroke
S, Si S, Kurayoshi K, Ito C, Kasahara A, Tadokoro Y, Kobayashi M, Fukuwatari T,
Tamai I, Hirao A, Ogoshi T. Pillar[6]arene acts as a biosensor for quantitative detection of

a vitamin metabolite in crude biological samples. Communications Chemistry 2020 3;
183
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B BE (RRIEXS)
[CUBIC-HistoVlision: a versatile three-
dimensional whole-organ/body staining and
imaging based on electrolyte-gel properties
of biological tissue]

Mg tHE (RRERKRF)

[New Dimensions of Porous Coordination
Polymers/ Metal-Organic Frameworks]

1. SREEIFAEMESVRIDL2020
International Symposium on Tumor Biology in Kanazawa 2020
B B ERANICERLMAEBLEOZRERNOD
HAREDEEICDNTTA A Y3V
&7 2E&EBRET D,
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SNEH : 192607
JO954h:
Otvraril:

[Molecular and cellular dynamics in

biological regulation and regenerative

medicine]
ER WAx HBX (WCAEESIEHARAR/ T
/ LR RFTRR)

[High-speed atomic force microscopy: a

forceful tool for molecular biophysics]
Simon SCHEURING (Weill Cornell
Medicine)

[Toward understanding transcriptional

events deep inside the chromatin junglel
B BN (DNAEESIEATFA/ 7/ £
MERTTART)

[Two-parameter, single-molecule-

tracking assessments discriminate diverse

regulatory factor behaviors in chromatin|
Kenneth S. ZARET (University of
Pennsylvania)

[Promise and impact of organoid medicine]
Takanori TAKEBE (Tokyo Medical and
Dental University)
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[Chemistry-Driven Challenges: from
Molecule to Nano/Microscale]

ER #H 8 (F/ E£oeREH5E)
[Supramolecular Assemblies of Pillar[n]
arenes for Molecular Separation,
Artificial Water Channels and Biosensor
Applications]

g8 Rk (REIMKARF)

[Printed Nanofilm to Engineer Bioelectronic
“Second Skin” |

il & (REXRZF)

@tvi3ar3:

[Nano-scale approaches to physiological
and pathological phenomenal

ER Z#E X (7 ./ L£HH2H5EA)
[Autophagy regulation by liquid-liquid
phase separation]

BHH RE (WEMCEAFERR
[Single-molecule visualization of intrinsically
disordered rett syndrome protein, MeCP2
by high-speed atomic force microscopy!

&F BxE (7 /E£aBZWRm)
[Probing and characterizing nano-bio
interfaces by scanning ion conductance
microscopy!

BB EW (F/ £oRZmEe
[Facilitating nuclear delivery of
pharmacological nanoparticles by interfering
with the selective nuclear pore barrier]

Victor SHAHIN (University of MUnster)

@tvvav4a:

[Imaging approaches to explore cancer
biology]

ER KB EM (WNAEESIEHFER/

J R IR
[Real-time intravital characterization of non-
classical monocytes in cancers|

Keehoon JUNG (Seoul National

University College of Medicine)
[Development of in vivo cancer imaging
technique by advanced multi-photon laser
excitation microscopy|

St #E (BEXF)
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[Developing novel probes for in vivo
molecular PET imaging of cancer
immunotherapy
Ann-Marie CHACKO (Duke-NUS Medicall
School)

[Polyclonal metastasis of colorectal cancer]
AE Eff (WAERFIERAZA/F/ £
FZTRET)

2. HEFA - HEARNSARERRESS
B ®:HEENA - HEATRRSE L TOMEEE WH BF &IIXF)
CHEIOHBRIFTEREE LD, = [MEHMERZSEINDARBRNEZEHZTIE
SEEIFRIRE N HERREBEDHATE BMEDSY A+ I XL
KREBZBEL. MARRBS=ZHE ARE EE (KRKZ)
IT2ED, (/840 h—2 ZPBBERIDFEF & fER K 2T
H B:5f3%28B58 (%) B 2N (B(ZHEAR)
14:00~15:45 [E1[E] [552[E]
2B12H (&) [Interleukin-11(3. E7& D UK IE BERE
14:00~15:40 [E2M@E) FHROY—A1—ThY. BEEEREZRET D
2B 19H (&) HAFTHD]
14:00~15:40 [EE3[E) —8 EE (RHKRF)
2B26H (&) M T2REMZICALZin vitro AT
14:00~15:40 [E4[E]) TV IEERA TR
I Y e Ba EEF ERXFEHRKE)

EmEL - $9270%

(£1E]
[FEROFEEBIZICHITDTOXTERE]

[ e SR EE RS 1 PIREIC 51T B PIBKIAZSH O
VOSSP E > P b IN). 2

Bl @ AFRS)
(%3]

_91_




[RERSHRAEIC K2 At A BRHRRR 14 B I BE (D AR AT |

TEH #¥ (BHERKZ)
[BEE B REZELOVLODEMD AICHITD
&

Wik B EXZH)
MR MM E DD LFER F DIF-3ISHEE Y
EEMED MTOR pathway ZHEY 3|

IWTF R"E (BERAZEEFREATHEZR)

(B4 @]

[REENAICSITDEHEH KRB E XA

\ Wi
nias

ETENAVDOEEBRESURRERZME
ZIARAR]

GH #®F ARUEIERKZ)
[Z2 ML RBEICE D EphA2DIEERRISEMAL
N LIt AR DB EHEE ]

B # (BELLXZH)
[Glioma stem cell #Z B9 & Boron Neutron
Capture Therapy 114D R EZAR |

i BEF (REBXE)
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