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Masanobu Oshima KX & 1Efifi
Hiroko Oshima K& {&5F

Mizuho Nakayama

il E@fl, Dong Wang (WPI)

Graduate Student Sau Yee Kok (D4) , Zachary Wei Ern Young (D4)

Daisuke Yamamoto [l K, Toshikatu Tsuji 31- 7 (D4)
Atsuya Morita ZxH 2L (D1)

Technical Assistant Manami Watanabe JE3i E 2532, Ayako Tsuda Ht H #E-1-

[ Abstract ]

Inflammatory microenvironment plays an important role in CRC development. It has been
suggested that Stat3 is one of the candidate molecules that link inflammation and cancer. To
examine the role of Stat3 in intestinal epithelial homeostasis and tumorigenesis, we generated
villin-CreER Stat3"**/"°* mice and crossed with Apc?”/% mice. Notably, Stat3 is indispensable
for regeneration of damaged intestinal mucosa. However, Stat3 is not required for
tumorigenesis if Wnt signaling is activated. Mechanistically, we found that Stat3 induces
Itga5/6 expression, which is required for survival of normal stem cells through FAK activation
(Oshima et al, FASEB J, 2019).

On the other hand, in the stomach, Helicobacter pylori infection has shown to be an
important risk factor for cancer development. Using inflammation-associated gastric cancer
mouse model, we investigated the role of cytokines, IL-1 and TNF, in tumorigenesis. 1L-1
induces miR-135b expression in gastric epithelial cells, resulting in downregulation of possible
tumor suppressor FOXN and RECK, which promotes epithelial proliferation (Han et al,

Gastroenterology, 2019). TNF-a activates NF-kB, leading to induction of Noxol expression

and activation of NOX1 complex, which o Flgyfodidecion

further induces ROS production. ROS l&[ﬂ | coxarae,
signaling in gastric mucosa increases the v ¥
IL-1 TNF-a induction
number of SOX-2-expressing stem cell m Normal stomach
. . - i « SOX2-positive
populations (Echizen et al, Oncogene, Noxo1 _,l undifferentiated cells
expression
2019). Based on these findings, we think NOXIN_ e
miR-135b activation pro!ilerialicn
. . . survival
that these cytokine-induced pathways will o —s 20 "
be therapeutic targets against gastric pore
hyperplasia
cancer development.
Gastric tumor




<2019 FORFFERRR, EHRILKE TSR OFHE >
1. W& LRIE R MR KOS Ic BT % Stat3 DORHE]

RIE TIEMAL T DGR F Stat3 D, MGEREEE R X OB AIZEB T 5%
B2 BARFHIZRAT L7, Stat3 RIE~ 7 A DR EEHIIaIE, A7FRE ) DN BREE K
TL, MEEENSOFES, FNVT ) A RERBIH Sz, —F5 T, APCE
B Wnt U A RIS XD Wt &7 v o U= S RGO CTlE,  Stat3
MDRIELTHEANT /A NI S, BEEEOMGIIRA N &2 5
2MZ L7z (Oshima et al, FASEB J, 2019), LA EDO#ER NS, Stat3 BHEZFKOHLN A
YERNE Wt {EVED B2 21T 5 AlRetE 5B 2 bivTz,

. RIESGT XD DS A FEARERE DA T

b NERETE, B U ERYC K DB MERIE SRS AREICER T 5,
RIEBAFI72ENAET L (Gan~v T RA) & HWTATIZ L D, TL-1 2%, B
72 miR-135b LA 75 L, FOXN3 <° RECK 72 & DOIEH )45+ D38 2 il L

TR L ORI 2 TOET B 2 [ o

E A5 ML 72 (Han et al, W COX-2PGE,

Gastroenterology, 2019) , =+ 7=, W

TNF-o/NF-kB #8728 NOX1 ok | ' ™* l ReSEn

AIEVEL L, ZHUCikrs L CItE N o iy —
Fe# (ROS) FEAEZFHE L, ROE | et
RO R TS S = bk | S0 o

7/~ L 72 (Echizen et al, Oncogene, mm%b\ PSRN O\ i

2019), b ORERIL, IR e —
72 B DS AT AEDHT Loy TR isiHesi

k LTAZ% 2_ FQ ﬂflo Gastric tumor

3. pS3 B FHRUKE L= KIS AN HEAE D HFSE

P33 VI KRG A DKIFELTE R BO LA EE LD AUMGEE T THDH, =
NWETOMIRIZE Y, 7V BEHRIZE D I A2 A (gain-of-function, GOF) %!
DT p53 2%, FHIERS LRI L v B IS ORI TR 2585 2
& A 502 L7z (Nakayama etal, Oncogene, 2017), & 512, T — X ~— A AT
12XV, GOFZRAZF-S>b M RIBDNADIZE A EIX LOH IZ L 0 B4R p53 & s
FHERBELTWDZENHLMNE oz, £ T, ~U RAGEEEHEA VT
A R&H TR 2 5566 U 7265 5, BPAY ps3 13, &2 50 p53 O JR7E % il
L, 2 AMIEOAETFR dormant 72K AED B DO HIFERE /) % JLHE U THERRBIE DS
B GT 5/ A2 G GastEmT),

4. KIGDARY 7 v —F VEsEHERE OB

~ U ZNGENEGS ) GRS LT s A L 2 A R (AKTP fifn) & FEisi
FANT AR (APfilE) ZHWT, ~ 7 AR L 2 i R 21778 -
ToAE R, ML U= AR R B AE 2 L CAEFICHE MU NRE 2 T2
Y5 Z E AL LT, 5%, UNRERERO 5 TR 2 B 5 L THF%E
EHEET S,
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Oshima H, Kok SY, Nakayama M, Murakami K, Voon DC, Kimura T, and Oshima M. Stat3
is indispensable for damage-induced crypt regeneration but not for Wnt-driven intestinal
tumorigenesis. FASEB J, 33: 1873-1886, 2019.

. Han TS, Voon DC, Oshima H, Nakayama M, Echizen K, Sakai E, Yong WE, Murakami K,

Yu L, Minamoto T, Ock CY, Jenkins BJ, Kim SJ, Yang HK, and Oshima M. Interleukin 1
upregulates microRNA-135b to promote inflammation-associated gastric carcinogenesis in
mice. Gastroenterology, 156: 1140-1155, 2019.

. Echizen K, Horiuchi K, Aoki Y, Yamada Y, Minamoto T, Oshima H, and Oshima M. NF-xB

activation promotes gastric tumorigenesis through the expansion of SOX2-positive epithelial
cells. Oncogene, 38: 4250-4263, 2019.

. Takeda H, Kataoka S, Nakayama M, Ali MAE, Oshima H, Yamamoto D, Park JW, Takegami

Y, An T, Jenkins NA, Copeland NG, and Oshima M. CRISPR-Cas9 mediated gene knockout
in intestinal tumor organoids provides functional validation for colorectal cancer driver genes.
Proc Natl Acad Sci USA, 116: 15635-15644, 2019.

. Nakayama M, and Oshima M. p53 mutation in colon cancer. J Mol Cell Biol, 11: 267-276,

2019. [Review]

(FL[RAF5E)

Jangphattananont N, Sato h, Imamura R, Sakai K, Terakado Y, Murakami K, Barker N,
Oshima H, Oshima M, Takagi J, Kato Y, Yano S, and Matsumoto K. Distinct localization of
mature HGF from its precursor form in developing and repairing the stomach. Int J Mol
Sci, 20: E2955, 2019.

Cao D, Wu, Jia Z, Zhao D, Zhang Y, Zhou T, Wu M, Zhang H, Tsukamoto T, Oshima M,

Jiang J, and Cao X. 18B-glycyrrhetinic acid inhibited mitochondrial energy metabolism and

gastric carcinogenesis through methylation regulated TLR2 signaling pathway. 2018 Oct
26. Carcinogenesis, 67: 1179-1195, 2019.

Buzzelli JN, O’Connor LO, Scurr M, Catubig A, Ng G, Oshima M, Oshima H, Giraud AS,
Sutton P, Judd LJ, and Menheniott TR. Overexpression of IL-11 promotes premalignant
gastric epithelial hyperplasia independently of Helicobacter pylori infection or JAK-STAT
driver mutations. Am J Phys Gastrointest Liver Physiol, 316: G251-G262, 2019.

Chang CY, Jeon SB, Yoon HJ, Choi BK, Kim SS, Oshima M, Park EJ. Glial TLR2-driven
innate immune responses and CD8" T cell activation against brain tumor. Glia, 67: 1179-
1195, 2019.

Suzuki K, Sentani K, Tanaka H, Yano T, Suzuki K, Oshima M, Yasui W, Tamura A, and



Tsukita S. Deficiency of stomach-type claudin-18 in mice induces gastric tumor formation
independent of H. pylori infection. Cell Mol Gastroenterol Hepatol, 8: 119-142, 2019.
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2.

KETEM. BDAAEEOT-DOEET V. LT EINAAE - H8 & JFEkY
M. (E=RIRN) , 94-104, 2019

2. KRETEA, BETESE, KEEM. A& BIRRIE. RIE &M% (GEikES4) vol.
27,428-432, 2019.

3. KREIEMR. KIGHS AL RS O 7 VAFFZE. Precision Medicine (ALF&AE) vol.
2,152-156, 2019.
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Oshima M. The role of inflammatory microenvironment for gastrointestinal tumorigenesis.
Tumor Microenvironment and Precision Oncology, Joint symposium between Kanazawa
Univ-CRI and Seoul National University-GCRC, Seoul (##[E), 201945 H 13 H

. Oshima M. Inflammatory transcription factors for gastric and intestinal tumorigenesis.

KSNO-NCC GCSP Joint cancer symposium, Jeju (¥£[E), 201945 H 25 H

. Oshima M. Inflammation: A gastric cancer promoter, Surgical Grand Round Lecture at Seoul

National Univ Hospital (SNUH), Seoul, (##[E), 201948 A 21 H

. Oshima M. Biological mechanism of polyclonal metastasis of colorectal cancer. 50"

Commemorative International Symposium of the Princess Takamatsu Cancer Research Fund,

H, 2019411 H 13 H

. Oshima M. Multistep tumorigenesis and polyclonal metastasis of colon cancer. 24" Annual

Meeting of the Korean Society of Cancer Prevention (KSCP), Seoul, (F#[E), 2019 4F 12
H 14 H

(ENFE - &I )
KREIEM. BEFHT 7 v —FIC K5 R ABEHACITEORT R, & 1 AR
BIFa2R Rk TEETFOMRREERAS], =8, 201943 8H
Nakayama M, Sakai E, Oshima H, Tan P, Oshima M. p53-loss of heterozygosity with p53
gain-of-function mutation leads to cancer dormancy of intestinal tumors. £ 78 [B] H A
PRI R, S, 2019429 H 26 H
Sau Yee Kok, Oshima H, Sakai E, Nakayama M, Oshima M. Mechanism for intestinal
tumor metastasis by polyclonal origins. 25 78 [F] H A 72 iriess, HHS, 2019 4
9 H 26 H
Terakado Y, Murakami K, Oshima H, Oshima M, Barker N. The role of Lgr5 as cancer

stem cell in gastric cancer and regulatory mechanism. 5 78 [0 H A 2220 2, L



#, 2019429 A 26 H

5. Oshima H, Maeda Y, Tsuji T, Oshima M. Regulation of Foxo3a localization in gastric
cancer cells. 75 78 [B] H A PR, 5, 2019429 H 27 H

6. Park JW, Oshima H, Nakayama M, Oshima M. A novel gene expression signature for
colorectal cancer metastasis. &5 78 [A] H AJi 72 FfTiR s, 1S, 201949 H 28 H

7. KEEM. KBS AIA & B OT T AR, dbiE K& s filE et
Jepe X7 —, AL, 2019411 4 5 H

<SHEE&E>

1 HHT S U EIRER IR 3% (AMED) [BF7E(0FESE © RS 1IE#]
ORGSR oD 25 B B HEMEAL 25 I AE 3 D U NREE IR~ b T — 7 B O fiRt B
&EHTHLT DIieR IS OfEST) 16,830 T-H

2. 5T (A) [WF9EARERE « K ]
[KABD A BARERES - FERE T L OBIFIC & 2 B L A ORF5E ] 8,600 TH

3.PkERAUMFZE (BEF) [WFZEMRERSE © RS EH]
[TGF-beta (2 £ 2 KIS A BHIVER 2 & EBEMALFE E~D X A FHl EHEHE O i |
2,500 TH

4. FAEArge (B) [WFZEERE K& 17
[RFEME « BRHEMERS/ NERBRZ & D KB DS ARSI RS O fERA ) 5,000 T

5. 5 EgE (C) [WFZERERE Wil Fnfdld
[RIGD AHER - BRI 1T 5 p53 s+ LOH & A — A ICEET A KT T
JVFERT 1 1,200 T

< Z DAt >

SCHRFH A8 BT AN R 98 "R SE SR ARTE AR Tetm T 7 V8 KR 77 » b
7 — A FHEXEEAGEE 2R GHTERAR  RBIEM) 201949 A 5~7H,
REFRZR (REORFFAE (EL - fEERER) | B FUEER 95 4 3)
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Project Assistant Professor Takahiko Murayama #f[L &=
Graduate Student Reheman Yiming (D3), Xiaoxi Chen (D3),

Li Mengjiao (D2),
SARENQIQIGE (D1), Wang Yuming (D1)

Rojas Nichole (M2)
Lee Jin (M1)
Assistant Staff Kiyoko Take # #ft1

[ Abstract ]
It remains largely unknown how the precancerous tissue microenvironment contributes to
tumor onset, and there is still no effective preventive strategy for breast cancer. We discovered
that FRS2f plays critical roles in cytokine production by mammary epithelial cells, and that
the resultant cytokine-rich precancerous microenvironment is essential for tumor onset.
Deficiency of FRS2B suppressed mammary tumorigenesis and reduced tumor stroma in
mouse mammary tumor virus (MMTV)-ErbB2 mice. Wild-type, but not FRS2B-deficient
precancerous mammary tissues, allowed tumorigenesis by xenografted wild-type FRS2P
tumor cells. Levels of insulin-like growth factor (IGF) 1 and CXC chemokine ligand (CXCL)
12 were lower in FRS2B-deficient precancerous epithelial cells, in which activation of AKT
and the transcription factor nuclear factor-kB (NFkB) was reduced. Treatment with inhibitors
of these cytokines in wild-type FRS2P precancerous mice greatly diminished the ability of the
mammary tissues to support tumor growth. In human breast cancer tissues, high expression of
FRS2p in tumor cells was associated with more stroma and poorer prognosis. Thus, FRS2[3
appears to stimulate the AKT-NFxB axis to promote cytokine production in precancerous
epithelial cells and tumor cells. Mammary epithelial cells triggered by FRS2( to produce

cytokines generate a precancerous microenvironment that could be targeted to prevent cancer.



® FRS2p8 *Cancer stem cells. Cancer cells

Precancerous mammary ®\ 2FRS2B wild type ®\ ?FRS2B knockout
tissues/ /

IGF1 Luminal cells
' Luminal cell
I\ ’ ~ / \ 7
/' - . | .
o - . D K J @ ()
° .. e ( ¢ © ® e
© CXCL12

\ Cytoklne -enriched microenvironment

2 FRS2p wild type @ 2 FRS2B knockout
Malntenar l(,e Self renewal /
of stemness © |GF1 IGF1
e ° @ C ) ()
- v/Jo 04/ = -

N B /N Y,

In Tumor microenvironment

‘?L;ﬁ%%ﬁl:li, FLIRILSFILMREAA T, 7H FA2—FRS2beta #MLTCEESNEZ YA HAY
HRU/NREAHETHD,

wﬂh% EDFLIR X T VIR m%m7&7& 57 FRS2beta fKAFHIIC IGF1 X0
CXCL12 7e EDH A " aA U EPELEL, A M A U EERIBNREAZHEZE L TV 5,

MMTV-neu 20X AET /L~ 7 ADOHANREN Tl b)/uﬁﬁ‘ﬂiﬁ'ﬁl@ H AR, 23 A M E M
Cancer Associated Fibroblasts (CAFs)DF 2 D 72 8 NSOV A NaA BMEDI, EE
AR AN HEFE Lo WU INBRBE DN, 2 %ZYL’CI/‘EM FRSZbeta ST N7 ADOHLRN R
FTOVHIREIE, A NI A CRPELEEINT ., DARMEAHE L CTH ., H#5E L 72V, FRS2beta
L. BDARIELZ THT DML D,

<2019 FOIFERIFE, EHBRUEONESHZOEFE

HBRAVICHEB L TH R~ Y ARALUET VOER E, BEILN AR H KM
(Patient-derived cancer cells, PDC)?D A 7 = 1 A KEF#EH 4 1.9 L, Patient-derived
xenograft (PDX)E T /VOREE L Z D % va 7{bx1{T-> T\ 5, 5% I3 A PDC & PDX
ETTNNEIRL, WRORa Y=V T AOBRICERT 52 L2 BEL TS,

1) MCM10 (TR b L Z~OREH 225t 224 2 & THD AR A2 MR 2
B ANTBN TR ABMIADOHERFIZFHE L T\ D 0 FZ2FET 5729 . PDC & HWT
RNA-seq & 1T > 7=, sl 722 fEAT D& 3. mini-chromosome maintenance protein (MCM) 10
DN /VEHIHERFICEE CH L Z LD o T, S BITHAEBMITIE, mbDHEA
IS AAIIIZ LT DNA HHLA L ZD LA EWZ ERA SN E Ay | HlLT
F—ZEIERFD L A ¥ 2 — 2BV T MCMI0 BN EEREE 25> T\ D 2 & 2T il
RKbEons,
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Tominaga K, Minato H, Murayama T, Sasahara A, Nishimura T, Kiyokawa E, Kanauchi
H, Shimizu S, Sato A, Nishioka K, Tsuji E, Yano M, Ogawa T, Ishii H, Mori M, Akashi
K, Okamoto K, Tanabe M, Tada K, Tojo A, Gotoh N.: Semaphorin signaling via
MICAL3 induces symmetric cell division to expand breast cancer stem-like cells. Proc
Natl Acad Sci, USA, 116(2), 625-630, 2019.

Nishimura T, Nakata A, Chen X, Nishi K, Meguro-Horike M, Sasaki S, Kita K, Horike
S-1, Saitoh K, Kato K, Igarashi K, Murayama T, Kohno S, Takahashi C, Mukaida N,

Yano S, Soga T, Tojo A, Gotoh N.: Cancer stem-like properties and gefitinib-resistance
are dependent on purine synthetic metabolism mediated by the mitochondrial enzyme

MTHFD2. Oncogene, 38(14), 2464-2481, 2019.

Murayama T, Gotoh N.: Drug resistant mechanisms of cancer stem-like cells and their

therapeutic potential as drug targets. Cancer Drug Resist, 2, 457-470, 2019.
Murayama T, Gotoh N.: Patient-derived xenograft models of breast cancer and their

application. Cells, 8(6), E621, 2019.

Gotoh N.: Elucidation of breast cancer tissue diversity by comprehensive analysis of
minimum unit omics. Impact, 2019(3), 30-32, 2019.

VAR LGS, A (R, R 7. TMTHFD2 ORESRIGVEMLEIC X 523 A 6% BIO
Clinica (ALF££E), vol. 35(1): p88-91.2020.

VEATRRERE, SfGA M, $EEdL 1. TMTHFD2 OEEFREIGEMELEFIC L 203 ATRIE]
Medical Science Digest (= = — 1 = > Z £L), vol. 45(9):  2019.

MILEZ, BRI A-. T3 A BEERRHE I M 32 25 A i e ) 60 B A%
Cytometry Research, vol. 29(1): p1-6, 2019.

FHUEZ, BRI [FER EOF VT /A N5 EBREZRIM . B Hk
MAET NV E W RN AR T A FEELA),  pl117-123,2019.

MIlEEZ., #ElT. T340 PDX) EREZRIM - B HRBAET V2
WTe S AR T A R(GEL4h).  pl17-123,2019.

VA, Chen Xiaoxi, R T THLIRA/LT /A N REREZRIM : A0
A REBRAZ 24— R (FELAh), p281-289, 2019.
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Noriko Gotoh: “Growth factor signaling regulates cancer stem cells and their niche”
The 6" Symposium on Anti-tumor Agents and Individual Therapy 2019 4% 11 A
Shantou city, China (FA1Fa1H)

Noriko Gotoh: “One carbon metabolic enzymes play important roles for cancer cells and
cancer stem-like cells ” 3" World Congress on Cancer 2019 49 H, Prague, Czech
Republic (FAF7a#E{H)

Noriko Gotoh: “Growth factor signaling regulates cancer stem cells and their niche”
International Symposium of Advances in Cancer Stem Cell Therapeutics 2019 4
8 H, Zhengzhou, China (#AfF5#1H)

Noriko Gotoh: “Semaphorin signaling via MICAL3 induces symmetric cell division to
expand breast cancer stem-like cells” Symposium: The State-of-the-Art 3D Tissue
Culture & Organoids 2019 4F 3 H, i (FRfFEE)

Noriko Gotoh: “Critical roles of luminal progenitor cells in creating the cytokine-rich
precancerous niche for mammary tumorigenesis” International Society for Precision
Cancer Medicine ISPCM), 2019 2019 4£ 3 H, Seoul, Korea (fA7Fa#15H)

Noriko Gotoh: “Critical roles of luminal progenitor cells in creating the cytokine-rich
precancerous niche for mammary tumorigenesis” 11th AACR JCA Joint Conference,
2019 42 H, Maui, Hawaii, USA (7R A % —% %)

Tatsunori Nishimura, Noriko Gotoh:" Downregulation of MTHFD2, an enzyme of
one-carbon metabolism in mitochondria, inhibits tumor growth and cancer stem-like
properties."11th AACR JCA Joint Conference, 2019 42 H, Maui, Hawaii, USA (7R
AL —FER)

Takahiko Murayama, Noriko Gotoh: “MCM10 maintains breast cancer stem like cells
through contributing to rapid response to DNA replication stress” 11th AACR JCA Joint
Conference, 2019 £ 2 5, Maui, Hawaii, USA (7R 2 % —J§%K)

Takahiko Murayama, Noriko Gotoh:  “MCM10 maintains breast cancer stem-like cells
through encouraging rapid response to DNA replication stress” Keystone Symposia
2019, DNA Replication and Genome Instability: From Mechanism to Disease, 2019
F1H, =24 KE (FAZ—3%K)

Mitsuhito Hirano, Takahiko Murayama, Noriko Gotoh, Yoichi Imai, Arinobu Tojo:
“Combined HDAC and AKT inhibition as a strategy to overcome multi-drug resistant
multiple myeloma” 62" ASH Annual Meeting and Exposition, 2019 4= 12 H, San
Diego, USA (AR A Z —3E3K)
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1 FRIERILT « “PL2S AURRIR RS B RS A i MR AR O 1 gt &5 42 |1 H
KOFEMFRFERTU —7 7 a v 7 TEWERI G 12 632 ARREIRIEOEME
FLARATIT 2B LWL 2019 45 12 A, &k (FEARETR)

2. PRRERELA LA SWROITEEER A WS A OV NRBE, R —PEOMEHFLA A D =R
JeHEEE & PDX Z W72 ARSI ~ D7 7'e — 5 85 3 [ A=
WICEERMFEE 2019 4 11 A, HE (DBERR)

3. RERILT R ABE IR R OR =Rt & 28 AUV E M oD e A R A
WEB AR = v F 2 7T VOS5 18 B A ARBFERENRE Y UARY
¥ 2 14 [Cancer Stem Cell] 2019 459 H, 5U#8 (FAFF#EH)

4. BT 7Y CARBRIKICH S X by K Y T AEESRE MTHFD2 (%, 28 A
ftEE 77 4 F=T ARG 27 8 92 BIHAEFRRE YURVT L
(X hay RY 7AEAEREY B B 2K EBIRRB] 2019 4F 9 1, AU (4%
A

5. 1%FR#LT- : “The replicative factor MCM10 maintains patient-derived breast cancer
stem-like cells that constitutively experience DNA replicative stress” i&iE< [ BE H XK
BAET N~ FERERFZEH G EERIGH E T~ 201947 H, #UL (FFETH)

6. TRRHLT @ “PRUINRER S VREIRPUEA W =X B 27 BIHALBFRFNES
VYRTVYULINS ) A BF ) MEFTOER] 2019 47 A, HR (E1F
A

7. BEIE IS A | HIARAT B 29 B A b A b Y —RARES U UR
VUL TEBRAO L AEREEENTT 2019 4E 5 H, a0 GRFRERE)

8. VEATEHE, BT I = MU T NIERHRRIEEE R EF I X 2 HUlEg )
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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.
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[ Abstract ]

Nutrients, such as amino acid, sugar, lipid and vitamin, are critical determinants of cell
survival, proliferation and differentiation processes in normal and malignant tissues. Recent
studies have revealed critical roles of metabolic control in stem cell properties, so called
"stemness", which contribute to malignant progression of cancers. Our group aims to elucidate
molecular mechanisms underlying metabolic control of normal and malignant stemness.

Hematopoietic stem cells (HSCs) maintain hematopoietic homeostasis by both self-renewing
and differentiating into mature blood cells. We previously reported that loss of Spredl causes
abnormality of self-renewal and malignancy by high-fat diet (HFD). To identify critical
mediators between HFD and HSC regulation, we performed metabolomics analysis of HFD fed
mice. We found that several candidate metabolites which are remarkably down- or up-regulated
by HFD. Interestingly, we found that Spredl deficient mice exhibited leukemia development
by administration of a candidate metabolite that is up-regulated with HFD, indicating that the
metabolite may be a critical mediator for leukemogenesis in response to HFD. On the other
hand, we found several metabolites that are remarkably downregulated by HFD. Thus, we
currently aim to identify functional metabolites, which contribute to prevention or treatment of
diet-induced hematopoietic diseases.

We also aim to identify critical metabolic pathways controlling malignant properties. To
identify functional downstream molecules of FOXO or mTOR, which are both involved in
metabolic regulations in malignancy, we performed sgRNAs library screening of molecules
responsible for malignant properties of leukemias. As a result, we identified a critical cis-
element for induction of molecule for blockage of leukemia differentiation in FOXO
downstream. Therefore, we currently pursue to develop new drugs based on the FOXO
downstream molecule. Also, we have identified critical metabolic pathways, including vitamin
metabolisms, for cell survival under chemotherapeutic condition. Importantly, mice genetically
lack the vitamin enzyme can survive normally (Manuscript preparation), indicate that the
pathway is specifically essential for tumorigenesis. We believe that investigation of molecular
functions in these pathways will lead to the development of successful therapeutics.
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[ Abstract ]
We innovate in vitro and in vivo cancer model systems that can be readily analyzed by
molecular biology techniques; this aims to find pathways critical for carcinogenesis,
malignant progression, metastasis, drug resistance and stem cell-like behaviors in cancer cells.
In recent years, we have been trying to find effective targets of cancer therapy in the
retinoblastoma tumor suppressor gene 1 (RB1) inactivated signature. Our efforts highlighted
pivotal roles of RB1 gene in tumor metabolism, tumor microenvironment, apoptosis and
epigenetics. In addition, we are attempting to develop new drugs targeting cancer-specific

genomic abnormalities in metabolic genes.
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£ o T cre recombinase Z3E A L7- & Z A AFP BBEAFN A DORAEZRDT-, DF 1,
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[ Abstract )
1. Pathogenic role of leukemia cell-derived extracellular vesicles (EVs) in donor cell-

derived leukemia (DCL) after bone marrow (BM) transplantation

Hematopoietic stem cell transplantation (HSCT) is widely used for various hematologic
malignancies as a curative strategy. We demonstrated that the transplantation with normal BM
cells after sublethal irradiation could induce chronic myeloid leukemia-bearing mice to develop
several types of hematopoietic malignancies arising from donor cells, the condition which
mimics DCL. We further proved that replication nuclear damage-mediated stimulator of
interferon genes (STING) pathway activation induced leukemia cells to load dsDNA into EVs,
which can initiate leukemogenesis by interacting with intracellular DNA sensor signaling
pathway in adjacent normal hematopoietic cells.

2. BCR-ABL-induced senescence and senescence-associated secretory phenotype (SASP)

Transplantation of BCR-ABL-expressing hematopoietic stem/progenitor cells caused CML
in mice with an increase in bone marrow BCR-ABL"CD41"CD150" leukemic megakaryocyte-
lineage (MgkL) cells, which exhibited senescence-associated B-galactosidase activities and
increased expression of p16 and p21, the molecules crucially involved in senescence. Moreover,
deficiency of p16 and p21 gene depressed BCR-ABL-induced abnormal megakaryopoiesis and
reduced CML cell stemness. The expression of TGF-B1, a representative molecule of SASP,
was enhanced in leukemic MgkL cells, and TGF-B1 inhibition attenuated the replication
capacity of CML cells. Furthermore, BCR-ABL-expressing MgkL cells displayed enhanced
autophagic activity and autophagy inhibition reduced bone marrow MgkL cell number and
prolonged the survival of CML mice, which transiently received a tyrosine kinase inhibitor,
imatinib, beforehand. Thus, BCR-ABL-induced expansion of senescent leukemic MgkL cells
can promote CML progression by providing TGF-f1, a mediator which is crucially involved in
CML cell stemness maintenance.

3. The roles of transcription factors in the regulation of bone metastasis in murine breast

cancer model



We previously established 4T1.3 clone with a high capacity to metastasize to bone after
orthotopic injection, from a murine triple-negative breast cancer cell line, 4T1.0.
Comprehensive gene analysis revealed that 4T1.3 cells at bone metastasis sites exhibited the
enhanced expression of three transcription factors, Lmo2, Nfe2, and Myb, compared with its
parental clone, 4T1.0. Among these transcription factors, the gene transduction of Nfe2 but not
that of other factors conferred higher capacity to grow in bone cavity on 4T1.0 cells, when the
cells were injected into bone cavity, suggesting the contribution of Nfe2 to bone metastasis

formation.

<2019 DHFZEAE . EBRILKR NS % OFHE >
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Bl DIEHLAS Mgkl #AE CTITHE LT T, TGF-B1 #fil < CML ME O RGE LK T L 7=,
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HRBLR -3, 4T1.0 BRICHA T, BENTTHE L T\, 2D OIEERTO H 5, Nfe2
Z AT BRICEBFEA LTERO AN, 2 bue— U RICH AT, BN L 72RO JE
B TLE L T e Z e h | Nfe2 WEWNIEBEEHKICERZICBEG L TN, &
DR ST,




[ F 28 % & ]

<FEFim L >
JRE T

1.

(FL[RAF5E)

Nishimura T, Nakata A, Xiaoxi C, Nishi K, Meguro-Horike M, Sasaki S, Horike S, Saitoh
K, Kato K, Igarashi K, Murayama T, Kohno S, Takahashi C, Mukaida N, Yano S, Soga T,

Tojo A, and Gotoh N. Cancer stem-like properties and gefitinib-resistance are dependent

on purine synthetic metabolism mediated by the mitochondrial enzyme MTHFD?2.
Oncogene 2019, 38 (14): 2464-2481. doi: 10.1038/s41388-018-0589-1.

LiF, Kiajima S, Kohno S, Yoshida A, Tange S, Sasaki S, Okada N, Nishimoto Y, Muranaka
H, Nagatani N, Suzuki M, Masuda S, Thai TC, Nishiuchi T, Tanaka T, Barbie DA, Mukaida
N, and Takahashi C. RB inactivation induces a protumoral microenvironment via enhanced
CCL2 secretion. Cancer Res 2019, 79 (15): 3903-3915. doi: 10.1158/0008-5472.CAN-18-
3604.

Ishida Y, Kuninaka Y, Nosaka M, Furuta M, Kimura A, Taruya A, Yamamoto H, Shimada
E, Akivama M, Mukaida N, and Kondo T. CCL2-mediated reversal of impaired skin wound
healing in diabetic mice by normalization of neovascularization and collagen accumulation.
J Invest Dermatol 2019, 139 (12): 2517-2527.e5. doi: 10.1016/5.jid.2019.05.022.

Ji DX, Yamashiro LH, Chen KJ, Mukaida N, Kramnik I, Darwin KH, and Vance RE. Type
I interferon-driven susceptibility to Mycobacterium tuberculosis is mediated by IL-1Ra.
Nature Microbiol 2019, 4 (12): 2128-2135. doi: 10.1038/s41564-019-0578-3.

Song Y, Ji B, Jianga C-X, Chen Z-M, Yao N-H, Mukaida N, and Huang H. IL17RB
expression might predict prognosis and benefit from gemcitabine in patients with resectable
pancreatic cancer. Pathol Res Pract 2019, 215 (12): 152650. doi:
10.1016/j.prp.2019.152650.

Thiel G, Mukaida N, and Rdossler O. Regulation of stimulus-induced interleukin-8 gene

transcription in human adrenocortical carcinoma cells — role of AP-1 and NF-kB. Cytokine
(in press) doi: 10.1016/j.cyt0.2019.154862.

Yoshimura T, Nakamura K, Li C, Fujisawa M, Shiina T, Imamura M, Li T, Mukaida N,
and Matsukawa A.  Cancer cell-derived granulocyte-macrophage colony-stimulating

factor is dispensable for the progression of 4T 1 murine breast cancer. Int J Mol Sci (in press)

GIN SN 2
I\/JSI:I 1] .

1.

Mukaida N, Nosaka T, Nakamoto Y, and Baba T. Lung macrophages: multifunctional
regulator cells for metastatic cells (Invited review). Int J Mol Sci 2019; 20 (1): 116. doi:

10.3390/ijms20010116.  Special issue on “Tumor microenvironment”



<FRRR> (FEHBREVPSBHBOEITRDS)

L tia RSB, FIEES, AR AT 23 A M C R BLAS o+ B IR 51
T DA, 55 23 Bl H AR Ay FARRIIR IR A2 PR =, 2019 £ 6 H 12 H~14 H,
NS

2. PEA RGBS, [MEENE, CEHUNBREERFRAVIC < T R AR TRELT
T DERER T &I LI BB A O T, 56 28 [B] B A2 AR 7 il
&, 201947 A 25 H~26 H, R,

3. Baba T and Mukaida N. Crucial contribution of leukemia-derived extracellular vesicles to
the development of donor cell-derived leukemia. 5 77 [B] H AP F 2542, 2019
9 H 26 A~28 H, HLAR,

4. Zhang D, Sasaki S, Baba T, and Mukaida N. The role of transcription factors, Lmo2, Nfe2,
Myb, in the regulation of bone metastasis in murine breast cancer model. % 77 [A] H A ¥
RIS, 2019 4F 9 F 26 H~28 H, UL,

5. Tanabe Y, Baba T, and Mukaida N. The pathological role of BCR-ABL-induced
senescence in chronic myeloid leukemia. % 77 [A] H A 7272, 2019 429 A
26 H~28 H, HUAT,

6. SHHE. MHESE, R’ —Mif ok B M 360 2 3 e i R e st e
DOFFREEFLEIIRSE], SRR A HERHIENIZERT « JbviEE R 8 s - il i AT
RV aA Ly bRy A2019, 2019412 A 16 H, 4K,

< EEATHERS DS >

[F1) FH L 52

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”.

<SHEEE>

RN

1. AMED HRZE wiRFEAMFSEFEEGDH) EARERISOMIEILIZ LD ERN
HBV cccDNA ZHEbR7 2 5L (B4 1,385 T, HEaReE 415 T
M)

e 2 AR —RR

1. BHEprsed - SUEpse (0 (IRKR)  THHILAABEBEET LV OfffT 2 LT,
B o DOERER | (E#ER 1,600 T-H, MEER%E 480 T-H)

2. AMED A7 —2 & — ((RF) BB L7223 AKIIE O HEHE 2 @RIk 5
AN = A LOFERMGE]  (EHERE 4,545 TH, MEERE 456 TH)






D3 AP/ INER:

el




Division of Inmunology and Molecular Biology

R IE RAE I EHBT R D B

Professor Takashi Suda ZHH &
Assistant Professor Takeshi Kinoshita AT i,
Kohsuke Tsuchiya /& 240
Graduate Student Mahib, Muhammad Mamunur Rashid (D3~D4)
Assistant Staff Shoko Hosojima #lifg £+

Research Cooperator Hiroko Kushiyama &I #71

[ Abstract ]

Pyroptosis was discovered as caspase-1-dependent cell death of macrophages that were
infected by intracellular pathogens such as Salmonella Typhimurium. However, pyroptosis
has been observed in other cell types including T cells, intestinal epithelial cells and various
cancer cell lines. Morphologically, pyroptosis resembles necrosis rather than apoptosis.
Because pyroptotic cells release inflammatory cytokines such as IL-1p and IL-18 as well as
intracellular inflammatory substances called DAMPs or alarmins, pyroptosis is inevitably
inflammatory cell death as opposed to apoptosis that is often described as non-inflammatory
cell death. Recent reports revealed that in addition to caspase-1, caspase-4 and 5 in humans
and caspase-11 in mice mediates pyroptosis. Furthermore, it was discovered that these
caspases (caspase-1, 4, 5, 11) cleaves a common protein substrate, gasdermin D (GSDMD),
and the resulted N-terminal fragments of GSDMD form pores in the plasma membrane to
induce pyroptosis.

Interestingly, while the caspase-4/5/11-mediated pyroptosis is highly dependent on
GSDMD, we have found that activation of caspase-1 induces cell death in GSDMD-KO cells.
Recently, we demonstrated that this caspase-1-mediated and GSDMD-independent cell death
i1s apoptosis dependent on Bid, caspase-9 and 3, but not on caspase-2, 6, 7 and 8. It was
previously reported that cortical neurons cultured under oxygen-glucose deprivation (OGD)
conditions exhibit caspase-1-dependent apoptosis accompanied with caspase-3 and Bid
cleavage. We found that wild-type cortical neurons express caspase-1 but little GSDMD, and
Bid-KO neurons as well as caspase-1-KO ones are resistant to OGD treatment. In addition,
wild-type bone marrow-derived mast cells, which express GSDMD at very low levels, exhibit
Bid-dependent apoptosis in response to caspase-1 activation by LPS + nigericin stimulation.
There results revealed that activated caspase-1 induces Bid-dependent apoptosis in both
artificially and naturally GSDMD-deficient cells, although the same elicits
GSDMD-dependent pyroptosis in  GSDMD-sufficient cells (Nat Commun, 2019).
Nevertheless, caspase-1 activation induces reduced and delayed apoptosis in
GSDMD/Bid-double KO cells compared to GSDMD-single KO cells. We found that
caspase-1-mediated apoptosis in GSDMD/Bid-double KO cells is caspse-7 dependent,
indicating multiple back up mechanisms for caspase-1-dependent cell death (Microbiol
Immunol, 2019).
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Z e L7=, NLRC4 & KIF1l OFEE 2 KIF1l f B EX —THFT 5 2 & HEIZES
72, £72, NLRC4 35 L8 NLRP3 filf CaiE s v 1 A/ X—8 1 OIFMEILD D
KIFl A > e X —0ETHf SN D Z &, S5IZ, NLRP3 il CHE LT ¥
A —55F ASC DELS HEIMOKIFI A e BX =B THHl SN, Z L 27T 5—&
H 5372, UL X W KIF11 728 NLRC4,NLRP3,NOD2 i&EMEALIC B 542 = L 2V RB S iz,

3. A8\ b=y AT D AR AL S D AR BRI M O fi AT

oz, F—MfakkichRE L, R—RE 7R h—2 228 Z Mgk s A4 1 h—
AR E i TR O A G DY A EERINL L CE L, 2 b ORlakE W TT AR
M=y 2&RZ LMo B e M n b= A2 EZ LMo E g
HIZE EN DR AL AW & MR FRNT L7 fE R, S v b— A flifa o552 i
RN SN A2WE A Z#FEE Lz, £72. 23 1 b — Ao ks LigTh
W~ 27 m 77— U RN Y 25 U 7 O A2 T A1E A R L, =
OIEMIL 3KkD 7 v b4 7 ORAMEEE 2@ L, Z2VLEL (95°C, 557) Itz R
L7 52, WE AN Y 27V 7GR ZIE 3 22 R L2 &b, 2
OWE N A v b — T ZAMEO KT 2N Y 27 U 7 BEFEIN TS O EAT 50 1
Th D AREMED @, BUE, WE A OMIIREN Y A7 U 7 HEEIMSENEHE O 5 A 1 =X
LEFRATLCWD, £To, 5%, BB REETT R =203/ 8 h—V A%
W levwru7y—UNOWE A DBPKRESND, WE A DPEHL~LTY X7
U 7 HEIRITE M 2 R T R EERRTT A T ETH D,
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[ Abstract]

HGF (Hepatocyte Growth Factor) and MET receptor as target molecules, our research is
focusing on 1) discovery of new physiological function of MET, 2) elucidation of dynamic
structural base for MET receptor activation, 3) discovery of cyclic peptides for HGF/MET and
application to theranostics (therapeutics and diagnosis by the same molecule). Our research
progresses in 2019 are followings. (1) HGF-inhibitory Peptide-8 (HiP-8), a macrocyclic
peptide which specifically binds to active two-chain HGF (tcHGF) but not inactive single-
chain HGF (scHGF) was identified. HiP-8 could detect tcHGF in cancer patients’ tissues and
showed an excellent property as a molecular probe for PET diagnosis in cancer model. HGF
showed dynamic domain movement in high-speed atomic force microscopy, whereas HiP-8
captured HGF and changed it to be static. HiP-8 seems to be an excellent molecular tool for
cancer diagnosis. (2) Localization of tcHGF in the stomach was revealed, by using monoclonal
antibody selective for tctHGF. HGF promoted the survival and growth of gastric stem cells,
tcHGF and pMET (active MET) localization overlapped with gastric stem cells. The results
suggest the importance of tctHGF in the regulation of regeneration and stem cell behavior in
the stomach. (3) The significance of MET extracellular mutations are largely unknown. We
found that V370D mutation in the MET impairs the functional association with HGF and is
therefore a loss-of-function mutation. This mutation changed the dependence of cell
growth/survival on signaling molecules, which may promote cancer cell characteristics under
certain conditions. (4) MET receptor participates in inflammatory cytokine production and
innate immune response upon

. . . HGF iP-8 probe PET i i
RNA virus infection P8 prod 'maging
é §C)wvwv5‘<:u
independent on its tyrosine Hip-8
. .. 1P=
kinase activity. MET plays a / )\X

role in innate immune response ; _T

L,\ 1
upon RNA virus infection. This (X
is new physiological function of ﬁ‘

MET, which is regulated by
non-canonical tyrosine kinase- &% : o3
cell membrane O

- r -

- LU. ' MET
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L

independent mechanism.



<2019 FOHFRRE, EATIRI>
1. HiP-8 45 « fEFIRESE « oA A= 7
HGF | ZRIBEIA single-chain HGF (scHGF) & L THribh 4, 28 Afiifs 5 Clg i
two-chain HGF (tcHGF) |ZZ&H#i X415, tcHGF ([ZE#IRAICHES « BAE 3 5 HGF-
inhibitory Peptide-8 (HiP-8) #Hf§ L7z, HiP-8 ' m—7 (%*Cu-HiP-8) 725 NZE
NS AR Z BT D5 8 N HGF / > 7 A o~ 2% H\W\ = PET f##r7 5, HiP-8
IE tcHGF 72 & ONZIEMAL MET Z M3 28N =280 7Y — il 5 2 & %W
LT LT, £, msEFHEDBAMEE (AFM) fEHTIC L Y, HiP-8 (X HGF O 4
AF Iy Iy rEErm HET S 2 L2 R L7z (Nat Chem Biol, 2019)

2. tcHGF ik & 23 ABRRS I NBR BE T ik

M RAE O T V&2 VT, TSI SRR 1 & 1 U 7o Il i 87 -V
HEC o> HGF FEA#5E & scHGF 75 tcHGF DA #IEE, tcHGF DL « RTEIC—
B4 2 MR O NMEE 2 1 =— O RfEEZH 52002 Lz, tcHGF QAT
=y FRICEE 2 ERE R B2 615,

3. FREIETE M ME RO _ RS I d5 1 D tcHGF D& H|
scHGF |3 B # i i A2 JRFET 25— 7, tcHGF 1% Lar5 B B ks M fn U %
IZRIE LTz, F£7-, Lgrs BAFEG®RMIE T MET IEME(LARO BN D & & 12 HGF
IXANHT A R ERE L2 05, tcHGF O JRFTAIA K 2/ L 7= MET 1&M:
{LIL E R E Rz ia O filE B 535 Z EBNRIB S D (Int J Mol Sci, 2019)

4. Non-canonical MET #&1& % 4 L 7= H SR 502 il 15
(1) RNA 7 A )b A &Y 2 Rl % 2 A8 RNA OFIPNE AIZ X 0 RIEMEY A b A
A UPEENFE SN D HRWEISEAN, MET REBTIKTT 2528, (2) BARGER
ZVEIX MET fifBN KA A 3B 592 0D MET B IKF 1 v % —BIntk
IR L RN L2 R L7z, MET S8R AT L7z 2 A4H RNA B ARG INE 1T,
X —VIRIFEH S 7 VRS L 13N TH Y, MET O LWAERERETH 5,

5. M ABRE TR Sz MET #ilfast SEMA iR V370D 25 B O fighr

MET S R OIS LIZ O T ORKEE « BRITIFEAEARITH D, MET Ml
F4 V370D £ E 2 AT LTRE R, 2 O BARIT HGF 12X 2 8 4 2K - 72 loss-
of-function TH ¥, V370D ZE|Z L5 MET &AL AR EN AL « BIEONEEY 7
IARAFPEICE L, DAERICES T 2 faetE R =5 (Cancer Sci, 2019)
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1. MET S BRIEELOREE 24 A F X 7 ADOWF5E
2. HiP-8 231V — /L& T 54 A—2 2 JiEHAIK
3. HARGEHIENZ 1T 5 MET OFEEEIZBE 3 2 WF5E
4. HGF-MET R &t L 7= Adnitt = » FIk
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[ Abstract )

Lung cancers often metastasize to the brain and present aggressive clinical courses.
Epidermal growth factor receptor (EGFR) inhibitors show certain effects in the treatment of
lung cancers with EGFR mutation, however, the problem of drug resistance still remains to be
solved. The treatment strategies become complicated once cancer cells acquire robust drug
resistance with additional genetic mutations, therefore we crafted an initiative to target initial
resistance rather than acquired resistance to reduce the number of surviving cells, which can
be the source of recurrence. Brain metastasis models of PC9 and PC9-BrM3 human lung
cancer cells very well respond to gefitinib, an EGFR inhibitor, however, small number of cell
survive as minimal residual diseases (MRDs). Intriguingly, we find that the surviving cells
have not acquired any intrinsic resistance during the responding phase, suggesting that these
cells have been temporally tolerating the drug in the brain microenvironment. We also find
that MRDs are surrounded by reactive astrocytes, which are marked with enhanced
expression of glial fibrillary acidic protein (GFAP).

To date, there is no proper system to evaluate cancer cell-astrocyte interaction in vitro
because astrocytes lose the original phenotype and plasticity when cultured under
conventional conditions. Here we develop a novel system and cultured astrocytes as mixed-
glial cells on soft-substrates, where the astrocytes can maintain the plasticity. With this new
culture method, we conduct long-term cancer cell-astrocyte co-culture experiments to
investigate the mechanisms underlying the drug tolerance against EGFR inhibitors. We
identify target molecules in the brain microenvironment to eliminate MRDs to obtain

complete cure for lung cancer brain metastasis.

<2019 DO RE, EBRE NS OFHHE >
201944 H X 0 -A1 A" BiEDBHE=EICINbh - 72,

(1) MHEEREARIR S AU KRR DIRARKERF - lHEREHE O ]
RN AEERE ~ T AT VA T 1 AR SR IS L0 . MU INBRBEIC &



% DNMT1 FEELINH] AR 3 AL DO ATF  (pro-survival) & HEFEANE]  (anti-
proliferative) DJRK & 72 2B FRALFHFET L L PH LN LT, BlfE, Z
@ DNMTI | &2 R U ' — LTI NAMIEO ) 7 75 2> 7 L HIIALT -
IRIRHEAE IC BT 2 im L a2 BT CTh 5,

(2) BT A baH A MEFEEOMENT & IR A A o SRS o fig e
EGFR R %2474 5 b MMl AMEKE PCY 35 X OV PCO-BrM3 O fiM#xfs 31X EGFR
HEHR (757 4 F=7) ICRAHTISET 508, DAMBIIGERIZITHEAE L TEHT
BAEAR IS 218 CIUNERFRZA (MRD) 2 TERCT 5, %%FK&W’%é
MRD [F N RPE O LA 2 — IS L TR 53, i/ INRERIC L » TR 3654
%ﬁ%?%bfbé:&ﬁm%énko_@mé%%%%%ﬁ_fm<\_nif
l%@&ot797ﬁﬁ®*ﬁmﬁﬁﬁﬁ%%®%j:ﬁ%bkoﬁf MRD 7% Bk

7LD HDI/NREIER) 5T 2 [RIET X<, Fl in vitro LB R & WO T2 HEREARAT %
TToTWA,

(3)%&%%%ﬁ¢ﬁﬁ > HAE O A B

CHETORIZLY, IEHIET A b ada MIBS AR & 23 AMsEO M
E%ﬁfé%@ﬁ@fbfbé &%r%¢57~&%ﬁkoﬂhm%%ﬁi (2B
O ORGSR OFERIBARIZ AT BUE, MBI NR B AR 2 M
o1 ﬁ:HﬂH@J_h%%Eﬁﬁ%ﬁjbiUﬁgﬁux I == I LT A atA ~ 7

2 7V T OWREERIRNT 21T > T\ D,

(4) TR R IEA A R IE OIS~ DIt H

EPRKFH TAFIEEAEMBL LR BE B Eh e odLFPEIc LY, MlakisE
WF4EIZ 31 T dimethyl sulfoxide (DMSO) DR EZAHVN D DFT- 720 LT, &
ATV R RO VAR VEESREA A RIR O FIREME A L U7, BIFE, [
A F AR OMIIEE R ~DISHIZET 2im X 2 & Th 5,

BRROM, BIRKF T AR EARZERT mE Wl R OMER Bk Ll o
LFEBF7EE LT (5) FRET A A& o — DA ARG FIEOBIIZ T 21758
. HESKRFEEIR R TERT - ik E FiE L e oLFEFIEE LT (6) 7V
F 7T A M=~ IR BIT 5K U B MEFERYE  (Boron neutron capture therapy :
BNCT) [MitHAEIC B3 20982, ¥ 7 U K% « Yan Yan {3l L OV > AR — L
[ENZ K%« Chwee Ming Lim i+ & OEFREFGFEE LT (7) 247 o F 7 445
AN AT 7 U7 FUoRRIEDORREIZEAT 22 22D T\ 5,
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[ Abstract ]

We have been studying intracellular trafficking of proteins and organelles, and chromosomal
stability, focusing on the MAP kinase (MAPK) signaling scaffold proteins, JSAP1 and JSAP2.
In recent years, JSAP2 has been identified as a candidate biomarker for cancer. Increasing
evidence indicates that curcumin, a commonly used natural product for antitumor therapy,
induces autophagy, MAPK pathway activation, and reactive oxygen species (ROS)-mediated
cell death. We explored the role of JSAP2 in curcumin-induced cancer cell death, and found
that JSAP2 knockdown (KD) increases cell death and intracellular ROS levels. Furthermore,
JSAP2 KD impaired lysosomal accumulation around perinuclear regions, which led to the
inhibition of autophagosome-lysosome fusion, and attenuated p38 MAPK activation in
curcumin-treated cells. The decreases in cell viability and p38 MAPK activation were reversed
by expressing wild-type JSAP2 but not a JSAP2 mutant lacking the p38 MAPK-binding domain.
In addition, the inactivation of a key gene involved in autophagy increased sensitivity to
curcumin-induced cell death. Collectively, these results suggest that JSAP2 mediates the
induction of autophagy by regulating lysosomal positioning and p38 MAPK signaling,
indicating an overall protective role in curcumin-induced ROS-mediated cancer cell death
(Boldbaatar and Gunarta et al. BBRC, in press).

Chromosome segregation is one important step during mitosis, and errors in this process
could lead to abnormal cell division and chromosomal instability, which are frequently
observed in cancer cells. In addition, JSAP2 has been reported to interact with PLK1, a key
mitotic kinase. To date, however, the role of JSAP in mitosis remains largely unknown. We are
attempting to clarify the functions of JSAPI and JSAP2, using conditional knockout mouse
embryonic fibroblasts and mice, and normal human diploid cell line A TERT-RPE-1. Our results
may suggest that JSAP1 and JSAP2 are critical and functionally redundant in mitotic

chromosome segregation.



<2019 DO RE, EBRIE NS % OFHHE >

1. 77 2 FBEMEIESEICE T D ISAP2 DEE L Z Doy A 1 =K L
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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 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 GSK3B 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 GSK3f3.
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[ Abstract )

We have been studying the function of epigenetic regulators such as histone methyl-
modifying enzymes and long noncoding RNAs (IncRNAs) in the various steps of the malignant
progression of cancer. This year we investigated the role of an RNA methyltransferase METTL3,
another type of epigenetic regulators, during TGF-p-induced epithelial-mesenchymal transition
(EMT) of lung cancer cells. N6-Methyladenosine (m6A) is the most common internal chemical
modification of mRNAs and IncRNAs involved in many pathological processes including
various cancers. The m6A RNA modification and the expression of its catalytic enzyme,
METTLS3, were increased in TGF-B-induced EMT process. Knockdown of METTL3 inhibited
TGF-B-induced morphological conversion of the cells, enhanced cell migration potential and
the expression changes of EMT-related marker genes such as CDHI/E-cadherin,
FN1/Fibronectin and VIM/Vimentin. Mechanistic investigations revealed that METTL3
knockdown decreased the m6A modification, total mRNA level and mRNA stability of JUNB,
one of the important transcriptional regulators of EMT. Over-expression of JUNB partially
rescued the inhibitory effects of METTL3 knockdown in the EMT phenotypes. This study
demonstrates that m6A methyltransferase METTL3 is indispensable for TGF-B-induced EMT
of lung cancer cells through the regulation of JUNB. Our findings validated the significance of
the regulation for m6A RNA modification in the important step of cancer progression and
provided the possibility to develop novel therapeutic strategies for the treatment of cancer

metastasis.
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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 AXL in the intrinsic resistance of
EGFR-mutated lung cancer to EGFR tyrosine kinase inhibitor (EGFR-TKI) osimertinib and
the emergence of osimertinib-tolerant cells. Osimertinib stimulated AXL by inhibiting a
negative feedback loop with SPRY4. Activated AXL was associated with EGFR and HER3 in
maintaining cell survival and inducing the emergence of cells tolerant to osimertinib. In the
EML4-ALK cancer model, we found that ALK mutation and EMT, associated with decreased
expression of miR-200c and increased expression of ZEBI1, can coexist as independent
mechanisms of ALK-TKI resistance. Pretreatment with the histone deacetylase (HDAC)
inhibitors reverted the EMT status and re-sensitized tumor cells to ALK-TKIs. HDAC
inhibitor pretreatment followed by a new generation ALK inhibitor may be useful to
circumvent resistance constituted by coexistence of resistance mutations and EMT in the
heterogeneous tumor.

We completed two investigator initiated trials for lung cancer patients. In the phase I study
of a HDAC inhibitor vorinostat with gefitinib in BIM deletion polymorphism/EGFR mutation
double positive lung cancer, we demonstrated that the combined treatment preferentially
induced pro-apoptotic BIM protein in the patients and recommended dose for phase II study is
400 mg vorinostat combined with 250 mg gefitinib. We also contributed Kanazawa University

Hospital to be designated as a Cancer Genome Medicine Central Hospital.
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7 FAEROSEI TR S 7o 2 AR, —ER 2N HEHu i (Drug tolerant persisters : DTP)
& LTARFL, RICHFEZ ATRBIZ 3 D M HER 7 A 5845 L Tl %Hﬁﬁ%%ﬁiﬁ“é AXL
B 8L EGFR Z R A A MR, A A F =7 (5 3 {ift EGFR-TKI) (2B S
EGFR/ERK #% & 23HE 415 & SPRY4 (T i@%ﬂéﬂf“kAXLﬁ%ﬁﬁbJﬂT
R AN U CEFY T T ARHONL 72D DIPIZ/ D Z LA AL LT, E5IC
AXL [HEZFEDOHH TH LV ANVF =7 DIiE#R % m o AXL 5388 EGFR Z £ fili % A
AR O 2 E 9 52 L &R L7z, (Nat Commun, 2019)

Osimertinib
EGFR mutated lung cancer
@ AXL-high tumor cells Drug tolerant persisters (DTP) Acquired resistant tumor
+a mechanism @ " MET amplification
i~ =@  of proliferation Y
0oL ——  Oge T COCT | EGFR-CT97S
- ® L " -"-"- 1 KRAS mutation
P \ « @®e"~ | HER2amplification
L etc
+ AXL inhibitor Remarkable prolongation of PFS

AS%1%, AXL KL EGFR 28 B AAMNEIZ DTP 2334 2 Mk 2 fEIA 4 %,

2. EMT BEET 51D HDAC FREZEAEHIC L 577K

ALK-TKI (ZHgEE Z 7z ALK Jfis AUARIEAS, BEEMIEO ALK &in 1A % & IS5
B ERGRN B HEER A~ & 20T D B HBEEEHEMT)O 2 DD HER D A T = X LT K
S>THELd 2 Z E2MH L7, 512, ALK i AMEoENBiEE T vVIcE
VT HDAC FEIROIRFEZIC ALK-TKI 2% 592 Z &, EEMaZ2MER» S -
feF~E R L ALK-TKI ~OfiftEZ5efilk L 9 5 Z & &7~ L7, (Cancer Res, 2019)

3. BIM B TZEEMED EGFR ZE RN AT 5 ERMEESE | AHRER
BIM #{x 2RO EGFR & BN AL, 78 b — AFHEICHLFE 7 BIM &EHE
FEREIR T i@E@RﬂUﬁﬁéﬁﬁbewéﬁ]ﬂMCm$¥T%6f9/2§
> FANEMS BIM EEHEORBLE LA S F EGFR-TKI EXMEA2RIEIELZ L%
2m3$_ﬁ%bko_@%%ﬁnm%_%o%,MM@ﬁ%gﬂéﬁféEmmﬁ
BRSARE 12 BllCXT L, RY JAZ Yy b+ 77 40 F=T O RIEOERMIFEE 1
mﬁ%%ﬁw RAE M BB OTEMER BIM BEEEN EAT25 2 L 2R L7z, &
, PHHAREOLZ 2 AR L, F NHERBROHEEHELZRY 2 24 > | 400 mg/
E|+’77 4 F =7 250mg/H L P& L7z, (Cancer Sci, 2019)
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%78 Il AEFERFEMRES  KEE . Mechanisms of drug tolerant cells to
osimertinib in EGFR mutated lung cancer. 2019 49 H  5UHD
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MR, %%?DT@, Sz~ Prospective study for usefulness of plasma DNA on
prediction of third generation EGFR tyrosine kinase inhibitors. 2019 49 H  5UHD
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1.

11th AACR-JCA Joint Conference on Breakthroughs in Cancer Research: Biology to
Precision Medicine. Yano S. Mechanism of the intrinsic resistance and emergence of
tolerant cells to osimertinib in EGFR mutated lung cancer. 2019 4~ 2 H Maui, Hawaii

11th AACR-JCA Joint Conference on Breakthroughs in Cancer Research: Biology to
Precision Medicine. Nishiyama A, Kita K, Tanimoto A, Takeuchi S, Tajima A, Kinoshita T,




10.

11.

Yano S. Foretinib overcomes entrectinib resistance associated with the NTRK1 G667C
mutation in NTRK1 fusion-positive tumor cells in a brain metastasis model. 2019 4 2 H
Maui, Hawaii

2019 ASCO-SITC Clinical Immuno-Oncology Symposium. Suzuki C, Kiyota N, Imamura
Y, Rikitake J, Sai S, Koyama T, Hyogo Y, Nagatani Y, Funakoshi Y, Toyoda M, Otsuki N,
Nibu K, Minami H. Relationship between tumor burden to growth rate and treatment
outcomes of nivolumab for patients with head and neck squamous carcinoma. 2019 42 H
San Francisco, USA

The Joint Symposium Microenvironment and Precision Oncology. Yano S. Circumvention
of targeted drug resistance in lung cancer. 2019 % 5 H Seoul, Korea

IASLC 2019 World Conference on Lung Cancer. Fukuda K, Takeuchi S, Arai S, Nanjo S,
Katayama R, Takeuchi K, Nishio M, Yano S. Epithelial-to-mesenchymal transition is a
mechanism of ALK inhibitor resistance in lung cancer independent of ALK mutation
status. 2019 4~ 9 H Barcelona, Spain.

IASLC 2019 World Conference on Lung Cancer. Otani S, Yamada K, Miyamoto S,
Azuma K, Ishii H, Bessho A, Hosokawa S, Kunitoh H, Miyazaki K, Tanaka H, Miura S,
Aono H, Nakahara Y, Kusaka K, Hosomi Y, Hamada A, Okamoto H. A multicenter phase
IT study of low-dose erlotinib in frail patients with EGFR mutation-positive, non-small
cell lung cancer: TORG1425. 2019 4= 9 H Barcelona, Spain.

IASLC 2019 World Conference on Lung Cancer. Arai S, Takeuchi S, Fukuda K,
Nishiyama A, Tanimoto A, Taniguchi H, Satouchi,M Nanjo S, Katayama R, Nishio M,
Zheng M, Wu YL, Yano S. Osimertinib overcomes alectinib resistance caused by
amphiregulin in a leptomeningeal carcinomatosis model of EML4-ALK lung cancer. 2019
-9 A Barcelona, Spain.

International Symposium on Tumor Biology in Kanazawa 2019. Yano S. Circumvention
of targeted drug tolerance in lung cancer. 2019 4+ 10 A Kanazawa, Japan

89th Annual Meeting of the American Thyroid Association. Suzuki C, Kiyota N, Imamura
Y, Goto H, Suto H, Chayahara N, Toyoda M, Ito Y, Miya A, Miyauchi A, Otsuki N, Nibu
K, Minami H. Exploratory analysis to predict treatment timing of lenvatinib for patients
with radioiodine-refractory differentiated thyroid cancer. 2019 4 11 H Chicago, USA

The 50th Anniversary Joint Meeting of American Pancreatic Association and Japanese
Pancreas Society. Otsubo K., Miyake K, Arai S, Fukuda K, Yanagimura N, Suzuki C,
Otani S, Adachi Y, Tanimoto A, Nishiyama A, Yamashita K, Takeuchi S, Notohara K,
Yoshimura K, Yano S. Analyses of Aberrant Methylation of Tumor Suppressive miRNAs
in Bile in Patients With Pancreaticobiliary Diseases. 2019 4% 11 H Maui, Hawaii

The 24th JFCR-ISCC. Yano S. Drug-tolerant persister cells and AXL. 2019 4+ 12 H
Tokyo, Japan
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Central Research Resource Branch

R SR ER IR 5%

Professor Kunio Matsumoto A4 ik
Associate Professor Yoshio Endo ZEf#E B K, Kouji Kuno A% i
Assistant Professor Shamma Awad vxhLv TUR

[ Abstract )

Enhancing effect of novel Schiff base derivatives on S5-aminolevulinic acid-based
photodynamic therapy (Endo Y)

Photodynamic diagnosis and therapy using 5-aminolevulinic acid (ALA) is widely accepted
as a non-invasive strategy against various cancers. Previously, we had shown that the Schiff
base derivative TX-816 markedly increased the effect of ALA-based photodynamic therapy
(ALA-PDT) by facilitating intracellular PpIX accumulation. However, TX-816 was unstable in
aqueous solutions and quickly hydrolyzed into 3,5-dichlorosalicylaldehyde (DCSA) and 2-
chloro-4-nitroaniline. Recently, we found that TX-816 derivatives in which 2-chloro-4-
nitroaniline was substituted with 4-pentyl or 4-hexyl aniline were more stable than TX-816.
Therefore, we examined the ALA-PDT enhancing effect of novel 4-alkyl aniline derivatives,
which were synthesized from 4-methoxysalicylaldehyde (MeOSA) and 4-alkyl anilines with
various alkyl chains from C =1 to C = 6. Consequently, the MeOSA-based 4-pentyl or 4-hexyl
aniline derivatives showed higher stability and stronger ALA-PDT-enhancing effect than the
DCSA-based derivatives. These findings indicate that MeOSA derivatives are excellent lead
compounds for the development of novel ALA-PDT sensitizers.

Analysis of the functional roles of ADAMTS-1 in female genital organs (Kuno K)

ADAMTS-1 is an extracellular matrix (ECM)-anchored metalloproteinase that degrades
ECM molecules such as proteoglycans and regulates ECM remodeling. Recently, we found that
ADAMTS-1 null mice on a BALB/c background exhibited impaired parturition. Uterine strips
from these mice showed decreased contractile responses to uterotonins and decreased
spontaneous contractile activity. ADAMTS-1 null mice also showed reduced uterine expression
of genes encoding contraction-associated proteins (CAPs), suggesting that ADAMTS-1 is
required for uterine activation prior to parturition. Decidual activation is an important process
for labor progression, wherein the morphology of the decidual layer changes significantly from
late pregnancy to active labor in mice, including the dilation of uterine glands. As the
morphology of the decidual layer of ADAMTS-1 null mice on gestation day 19 sometimes
differed from that of wild-type mice, we are investigating the role of ADAMTS-1 in decidual
layer tissue organization during the prepartum period.

Mechanisms of tumor suppressor network in repression of pluripotency and self-renewal
capacity (Shamma A)

The proteasome-mediated degradation of the core reprogramming proteins determines the
stem cell fate decision. How the core reprogramming proteins are identified and recruited for
proteasomal degradation is greatly unknown. We demonstrate that simultaneous inactivation of
pRb and ATM reciprocally induces and stabilizes Oct3/4, Sox2, Kilf4 and c-Myc (OSKM)
proteins, and consequently enables self-renewal capacity and pluripotency. We further show
that pRB recruits Kat3b and inhibits the transcription of HDACS, whereas ATM binds and
sequesters HDACS, leading to acetylation labeling of the OSKM proteins that become



identified and assembled by ATM in a complex with the E3 ubiquitin ligase Uhrfl or Fbxw?7
for ubiquitination and subsequent proteasomal degradation. Furthermore, ATM-kinase
inhibition in Rb-negative cells rescues the OSKM proteins and self-renewal capacity,
suggesting that ATM kinase activation signaling antagonizes reprogramming of Rb-deficient
cells.
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1.

Yamahana H, Takino T, Endo Y, Yamada H, Suzuki T, Uto Y: A novel celecoxib analog
UTX-121 inhibits HT1080 cell invasion by modulating membrane-type 1 matrix
metalloproteinase. Biochem Biophys Res Commun. 2019 Oct 16. pii: S0006-
291X(19)31988-6. doi: 10.1016/5.bbrc.2019.10.092. [Epub ahead of print]

Murakami Y, Kimura Y, Kawahara A, Mitsuyasu S, Miyake H, Tohyama K, Endo Y,
Yoshida N, Imamura Y, Watari K, Ono M, Okamura T, Kuwano M: The augmented
expression of the cytidine deaminase gene by 5-azacytidine predicts therapeutic efficacy
in myelodysplastic syndromes. Oncotarget. 2019 Mar 19;10(23):2270-2281. doi:
10.18632/oncotarget.26784. eCollection 2019 Mar 19.

Sarker MAK, Aki S, Yoshioka K, Kuno K, Okamoto Y, Ishimaru K, Takuwa N, Takuwa Y.
Class II PI3K o and B are required for Rho-dependent uterine smooth muscle contraction

and parturition in mice. Endocrinology. 2019;160(1):235-248.
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1.

Yoshio Endo: The history of the development of chick embryo tumor xenograft models. In
“Chick Chorioallantoic Membrane Model and Precision Cancer Therapy,” Fuyuhiko
Tamanoi (ed). The Enzymes: ENZ Volume 46, pp11 — 22, Elsevier, 22nd November 2019.

Yoshihiro Uto, Chiaki Abe, Mana Futawaka, Hisatsugu Yamada, Masahide Tominaga and
Yoshio Endo: /n vivo drug screening method of radiosensitizers using tumor-bearing chick
embryo. In“Chick Chorioallantoic Membrane Model and Precision Cancer Therapy,”
Fuyuhiko Tamanoi (ed). The Enzymes: ENZ Volume 46, ppl13 — 127, Elsevier, 22nd
November 2019.
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Kitano Yuto, Miyashita omoharu, Makino Isamu, Kinoshita Jun, Nakamura



Keishi, Tajima Hidehiro, Takamura Hiroyuki, Ninomiya Itasu, Fushida
Sachio, Endo Yoshio, Yamamoto Yasuhiko, Ohta Tetsuo: PANCREATIC SENESCENT
STROMA  INFLUENCE ON PROGNOSIS IN PDAC. Digestive Disease Week
(DDW2019) May 18-21, 2019 (San Diego Convention Center, San Diego, CA,
USA) Gastroenterology Volume 156, Issue 6, Supplement 1, May 2019, Pages
S-765. https://doi.org/10. 1016/S0016-5085 (19) 38859-6

Yusei Shinohara, Yoshihiro Uto, Chiaki Abe, Tohru Obata, Shun—-ichiro

Ogura, Yutaka Yonemura, Yoshio Endo: Enhancing effect of novel Schiff

base derivatives on photodynamic therapy using 5—aminolevulinic acid. 3
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Bolidong Dilireba, Takahiro Domoto, Masahiro Uehara, TomoyukiOkumura,
Yoshio Endo, Pyko Ilya V, Tomoharu Miyashita, Mitsutoshi Nakada, Toshinari
Minamoto: Effect of targeting GSK3b against esophageal squamous
cellcarcinoma (ESCC) inducing cell cycle arrest and apoptosis. Bk F
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Inflammation and Epithelial Plasticity
EREIEEE - A=Y b

Associate Professor Dominic Chih-Cheng VOON
Graduate Student Zachary YONG (D3) (Co-supervisor: Prof. Masanobu Oshima)

[ 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 in modulating immunity during
gastrointestinal infection and carcinogenesis; and 2) the increased epithelial plasticity during

gastrointestinal inflammation and repair.

<2019 research achievement and future plan >

Following the successful completion of our collaborative work with Prof Oshima’s group on
the oncogenic activities of miR-135b in inflammation-associated gastric carcinogenesis, we
resumed our investigation on the regulation and function of epithelial cell-derived IL23A. In
intestinal epithelial cells, we found that IL23 A is secreted in a novel, IL12B-independent form,
which is strongly driven by mitogenic and inflammatory signals. We believe this means IL23A
has an independent function from canonical 1L-23 (IL23A/IL12B), and contributes a distinct
immune signal during intestinal inflammation, regeneration, and possibly carcinogenesis.
Accordingly, we observed that certain MAPK mutant CRC lines have constitutively high /L.234
expression, which could be targeted by MEK1/2 and/or NF-kB pathway inhibitors. The use of
these inhibitors also revealed a strong cooperativity between mitogenic and inflammatory
signals. To understand this, we interrogated the /L234 promoter and found that these signals
cooperate at the promoter level through the assembly of a promoter enhancer complex
consisting of c-Jun, RUNX3/1 and RelA/p65. This novel mechanism provides a satisfactory
explanation to the cooperativity of the agonists and pharmacological inhibitors we observed. A
manuscript that reports these novel observations is currently under revision. In the coming year,
our focus shall be on elucidating the immune functions of epithelial-derived IL23A, especially

in the interaction with primary innate lymphoid cells (ILCs) and proinflammatory



IL-17-secreting T lymphocytes. In addition, we shall be investigating the potential role of
epithelial-derived IL23A in modulating tumor immunity and tumor growth through the

xenograft models we have established this year.

[ Achievements ]
< Publications (Primary)>
1. Han TS, Voon DC*, Oshima H, Nakayama M, Echizen K, Sakai E, Yong ZWE, Murakami
K, Yu L, Minamoto T, Ock CY, Jenkins BJ, Kim SJ, Yang HK, Oshima M*. (2018)
MicroRNA-135b acts downstream of  Interleukin-1 signaling  during
inflammation-associated gastric carcinogenesis. Gastroenterology. 2019

Mar;156(4):1140-1155.e4. *Joint Corresponding Author.

< Publications (Collaboration) >
1. LimKS, Mohamed MS, Wang H, Hartono, Hazawa M, Kobayashi A, Voon DC, Kodera N,
Ando T, Wong RW. (2020) Direct visualization of avian influenza HSN1 hemagglutinin

precursor and its conformational change by high-speed atomic force microscopy. Biochim

Biophys Acta Gen Subj. 2020 Feb;1864(2).

< Symposiums (Oral Presentations) >

1. Yoon DC. An emerging role for RUNX proteins in immune modulation via cytokine
production. The 22" RUNX International Meeting. 18" Oct- 215 June 2019. Seoul, Korea.
(Invited)

2. Yoon DC. An emerging role for RUNX proteins in immune modulation via cytokine
production. The 9th KU-CRI-FUSCC Joint Symposium on Cancer Biology. 3™ Sep 2019.

Kanazawa, Japan.

3. Noon DC. Inflammatory and mitogenic signals drive IL23A secretion independent of IL12B
in intestinal epithelial cells. 78" Annual Meeting of Japanese Cancer Association. 26-28™"

Sep 2019. Kyoto, Japan.
<2019 research funds >

< Others Contribution>
2019 9th FUSCC-CRIKU Joint Symposium Co-Coordinator



Microenvironment Regulation in Cancer Stem Cells
AAFHRIREGE L=y

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 NF«B 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.
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< FERFmIL >
1. Takeuchi Y, Narumi R, Akiyama R, Elisa Vitiello, Shirai T, Nobuyuki Tanimura, Keisuke
Kuromiya, Ishikawa S, Kajita M, Tada M, Haraoka Y, Akieda Y, Ishitani T, Fujioka Y,

Ohba Y, Yamada S, Hosokawa Y, Toyama Y, Matsui T, Fujita Y. Calcium wave promotes
cell extrusion. Current Biology. 2020. Feb 24;30(4):670-681.
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Mitochondrial Dynamics in Stem Cells
ShaAVFUT7ERERI=Y F

Assistant Professor Atsuko KASAHARA %5+
[ Abstract ]

Mitochondria play pleiotropic roles in 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. Equilibrium of
fusion and fission shapes the specific mitochondrial network depending on physiological
conditions, and cell types. In general, mitochondria appear immature structure with poorly
developed cristae in stem cells, while a complex network with developed cristac in
differentiated cells. Stem cells are special cell population with self-renewal and differentiation
potentials. Healthy stem cells contribute to tissue maintenance and repair, whereas tumour
stem-like cells commit tumour malignancy, such as recurrence, drug resistance, and
metastasis.

Mitochondrial intracellular localisation in the cell impacts on calcium homeostasis, and
Notchl signalling in embryonic stem cells (Kasahara A. et al. Science 2013). Therefore,
mitochondria would direct their host cell fate, through controlling signalling cascades by
changing their shape and distribution also in cancer cells. We are trying to understand the
molecular mechanism of how “mitochondrial dynamics” could control the maintenance and
acquisition of stemness in tumour cells.

Mitochondrial shape in glioma

3D-reconstructed mitochondrial shape in glioma differentiated and stem-like cells (Bossoy E.
Y., Kasahara A., et al. EMBO J 2017)
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“Mitochondrial dynamics in malignant progression: retrograde control from mitochondria”
Kasahara A. The 42th Annual Meeting of the Molecular Biology Society of Japan, 3-6 Dec,
Fukuoka, Japan, Workshop AMED-CREST/PRIME [Mechanobiology] “Novel linkage
between the structure and molecular function in mitochondria” Oral presentation
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Cancer-Immune System Interactions

NA-REZREEERALI=Y b

Assistant Professor Kohsuke Tsuchiya 1= 547

[ Abstract ]

Caspase-1 1is activated in response to various inflammatory stimuli, including microbial
pathogens, endogenous danger signals, and irritants. Once activated, caspase-1 induces
pyroptosis, a form of regulated necrosis, characterized by cell membrane disruption and
release of cellular contents, leading to inflammation. Gasdermin D (GSDMD), a caspase-1
substrate, mediates pyroptosis: after being cleaved by caspase-1, the N-terminal fragment of
GSDMD forms pores on the plasma membrane, resulting in water influx, cell swelling, and
membrane rupture. Recently, we found that apoptosis is induced after caspase-1 activation in
GSDMD-deficient cells, suggesting that caspase-1 can initiate both pyroptosis and apoptosis,
depending on the expression of GSDMD. We previously found that in the absence of
GSDMD, caspase-1 processes Bid into the mature form tBid, leading to apoptosis via the
mitochondrial pathway. However, an additional mechanism that mediates this cell death
independently of Bid has also been suggested. Here, we investigate the mechanism and
physiological significance of caspase-1-induced cell death. Our study suggests that caspase-7,
a substrate of caspase-1, mediates apoptosis induced by caspase-1 in a Bid-independent
manner. It has also been suggested that caspase-1-induced apoptosis can occur in neurons and
mast cells that express undetectable or low levels of GSDMD, respectively. Moreover, release
of IL-13 and maturation of IL-1ac were dependent on cell death (pyroptosis or apoptosis)
following inflammasome activation. These results suggest that caspase-1 induces cell death in
various cell types through multiple signal transduction pathways and that caspase-1-induced
cell death plays a critical role in IL-1-mediated inflammation.
<2019 FOHFEE, EBRILK OSHE OFE >

Caspase-1 (2 & D HIISEFHE O L OERIZOW TEEMARBRET 21T o 72, AiIfE
F TIT caspase-1 2% Bid DU Z N L TCT R M=V AEFEETHZ L AP SN LT
VN3 caspase-1 IZK DT R b= RAFFEED T T NVARE ST L LTTHITZIT caspase-7
AR U7, £, ffsiiao~ 2 Mg X 5 722 GSDMD FEHL L ~L MR il fa fl
IZEB W TERRIZ caspase-1 KIFHIRT R M=V ADBREH DI L AR LT, SHIT,
caspase-1 (T K 2 MIfAEFEE D IL-1BD R IL-1aD M KIZ B & 2 K9 2
EEB BT Lo, 414, caspase-1 FFEMAIIE O ABRTERICOWT S HITHF %
D | RIEPEIR B OIFRETZ AL AU NRER 72 EICB T 2K B2 6082 %,



[ &F 72 3% & ]
<FEKimL>
JR3 (WFE=1A)

1. Tsuchiya K, Nakajima S, Hosojima S, Thi Nguyen D, Hattori T, Manh Le T, Hori O,
Mahib MR, Yamaguchi Y, Miura M, Kinoshita T, Kushiyama H, Sakurai M, Shiroishi T,
Suda T. Caspase-1 initiates apoptosis in the absence of gasdermin D. Nat Commun. 2019
10:2091.

2. Fang R, Uchiyama R, Sakai S, Hara H, Tsutsui H, Suda T, Mitsuyama M, Kawamura I,
Tsuchiya K. ASC and NLRP3 maintain innate immune homeostasis in the airway through
an inflammasome-independent mechanism. Mucosal Immunol. 2019 12:1092-1103.

3. Mahib MR, Hosojima S, Kushiyama H, Kinoshita T, Shiroishi T, Suda T, Tsuchiya K.
Caspase-7 mediates caspase-1-induced apoptosis independently of Bid. Microbiol
Immunol. 2019 doi: 10.1111/1348-0421.12756.
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1. Kohsuke Tsuchiya, Mamunur Rashid Mahib, Takashi Suda. Caspase-1 initiates apoptosis
in the absence of gasdermin D. The 17th International Congress of Immunology
(IUIS2019). Oct 22, Beijing, China

2. Kohsuke Tsuchiya, Takashi Suda. Pyroptosis enhances antibiotic therapy of listeriosis.
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3. Kohsuke Tsuchiya, Takashi Suda. Gasdermin D (GSDMD) mediates IL-1a maturation
during inflammasome formation. & 48 [A] H A& a7 iiitEs 12 A 12 B &7
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1. FRAZENVAERBIBAER - EEXRZLBHRAERYY—a31Vb
VRV
The 9" KUCRI-FUSCC Joint Symposium on Tumor Biology 2019
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DEREEEBRIADEEZRDZEEH [Aberrant Splicing Events in Cancer
HeEL, SEIFEFMAEEZHRLIC, EiE Progression and Development]
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H BF 1 2019F983H (N) [Characterization of a novel epithelial IL23A
13:00~16: 30 complex]
15 i SRAFZEANFZXRHBERAVR—)L Dominic VOON (ERAZH A EESIEH
RIBEE - 1001 2R
O34 [Necroptosis, From Molecular Mechanisms
Otvari: to Cancer and Drug Discovery|
[Regulation of Breast Cancer Stem Cells Zhenyu CAl (EBXZ EBH ALY —)
and Drug Resistance] [RB1 inactivation induces a protumoral
Suling LIU (EEXZ EBHA ALY 5 —) microenvironment via enhanced cytokine
[Epigenetic reprogramming induced by and chemokine secretion]
brain microenvironment determines the fate Bt BB (ERAZENAEESIEHIAT)

of brain metastatic cancer cells]
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International Symposium on Tumor Biology in Kanazawa 2019
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[Targeting mitochondrial enzymes of one-
carbon metabolism for cancer treatment]
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[RB1 inactivation induces a protumoral
microenvironment |

BE B (ERRKEHNAEEHEATTA)
[Genomic and Epigenomic Alterations in
Gastrointestinal Cancer : Opportunities for
Precision Oncology]
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[Regulation of hematopoietic stem cell fate
by gut microbiota-derived metabolites|

HFf BF (RRZENAERFEHRTTFT)
[Macrocyclic peptide targeting growth
factor and the receptor]

WA BX (BRARZNAERSIEATTPT)
[The potential role of multi-drug resistance
protein ABCB1 for tumor suppression in
bats]
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[Drugging the Wnt pathway - Where it
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[Protective role of JLP-dependent lysosome
positioning in reactive oxygen species
(ROS)-induced cell death]
| Ketut GUNARTA (ERKXZEMAERTH
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[Circumvention of targeted drug tolerance
in lung cancer]
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[The polycomb repressive complex drives
epigenetic convergence in blast crisis
chronic myeloid leukemial
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[CRISPR-Cas9-mediated gene knockout in
intestinal tumor organoids provides
functional validation for colorectal cancer
driver genes.|
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[The mechanism and physiological
significance of programmed cell death
initiated by caspase-1]
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