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[ Abstract ]
TGF-p family signaling plays a tumor suppressor

role, while it promotes malignant progression through Pt 1*
epithelial-to-mesenchymal transition (EMT). Here, we K. psam e
have investigated the switching mechanism of the ST rorp,actiina

: » ¥,
“tumor suppressor’ and “tumor promoter” using =

- pEEe ival & proliferation
intestinal tumor-derived organoids that we established a4 p27s et
from genetic mouse models. We treated these organoid 7N Tt Bt
cells with activin A, a TGF-B family cytokine, and S 2= —
found that a Kras®'?P mutation protected organoid cells ats vt Hvicazt A porsatur

from activin A-induced growth suppression by inhibiting p21 and p27 expression. Importantly,
additional Trp53R?7" gain-of-function (GOF) mutation together with loss of wild-type Tip53 by
LOH promoted activin A-induced partial EMT with development of multiple protrusions on the
organoid surface, which was associated with increased incidence of metastasis (see Figure).
Histological analysis confirmed that tumor cells at the protrusions showed loss of apical-basal
polarity and glandular structure. Moreover, RNA-seq analysis indicated that expression of
Hmga?2, encoding a co-transcription factor for EMT inducers, was significantly upregulated by
Trp53 GOF/LOH mutation. Furthermore, disruption of Hmga?2 suppressed activin A-induced
partial EMT and metastasis in 7rp53 GOF/LOH organoids. These results indicate that
combination of Kras and TP53 GOF/LOH mutations is a key genetic state for the induction of
TGF-B-induced partial EMT and metastasis of colorectal cancer. Therefore, TGF-f/activin
signaling will be an effective therapeutic target against the malignant progression of colorectal

cancer. (Wang D, et al, Cancer Res, 2023).
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1. TGF-B/activin > 7" F /WA X 5 KAGHS A BEMAL 75 kA

TGF-B ¥ 7 F /2%, RSO EHEEIC L 208 AMEIEER &, . EMT OF
B X D EMAUREER DB B TWD, 2O TGF-BIZ X 55 A O] & ErEH
DOHIEREZONWT, ~ U RGBSR KA NVT ) A4 Rae W28 L0 ffr L
72o TGF-B 7 7 X U —® activin A 1X, Kras 225 % F5 7= 70O ISR D O BEFEINH] 2 55
Bz, HERZ LT, Kras iEHALZE RN

Z T, TrpS3R2T0H I A v RS (KEREMESS AKTP*fb”'/4 K R IE DR AL
RIS HL) A3 A L7= AKTP AV H ) A KT, ™ \\mmmg"‘“
bR P DR % R o T ISR X D15 5e R A by :

EREE O RARO b (HX), fMiast g N v
~OIREF L O Rz~ DI 3B H i

2o LEDOKERIZ XY, Kras/TP53 2573, TGF-P/activin (2 X 2 BV EICEE|IC
B9 22 LGN E 72572, (WangD, etal, Cancer Res, 2023) ., Z 15 OfEF %
Hiz Ll L, SBIINBAMID 7 5 27 —i2 ORI~ L BT 5,

2. XHT 4 TR L DN AOEM bl Metastatic _
BAOHGEBIL, BIRTEREATFICHE ™ .
F72 EAFTEE N L 2B D0 3K L TRl
SNb, LonL, WBMEDIGE LA VT /
4 K (AKTP) oY 77 v —=r7FIZ &
D, DA CTIZ—EDHEE CEE LT
R 2 Ko Tl HEL L Tl (HFX),
FNOOHEMIIRTT ¢ 7&EPUCT LV PE 1 ., oo
fREDZEEH BN LT, (Morita ef al, L P U e e e e R L
Cancer Sci, 2023) ,

(Log2 of 2wi1w)

Luciferase activity fold change

hbhbhiocamwano~o
PR SO TR

3. REREESAL (GOF) ZEH p531C & A4uINBREER AT Wnt & 27 /L8]

BH p53 (T =37 4 7 AHIEEEIC LY, B FRETe T 7 A LOE
fbaFET 5, ViR—%—T v ALY, GOF-p53 7% Wnt > 7 L &iEMHALT 5
FHERER L, 512, EEHEMENORPMUNREE TlL, GOF-p53 23 e b L7
fa 23, GOF-p53 M fif S A7 AMIRE D Wat & 7 WIEMEAGIZ S B 59 2 R 5
METRY, SBIX T HEREOMBIC W T e & BT 5,

4. FHBEBATT VBT & Wit A7 2R RS B A

BBV ORI 2 BRY & L, BRI LT Kras, Tgfbr2, Trp53 @ 3 i&1n
TACERAEZEAN LT KTP v~ U A &, S OIZHEEMIE2 Wt U T REEATD
WKTP v AZER LIz, b D~T7 AERKANVT ) A4 ROBREEBROER, U
7 RIEIFR 72 Wat & 7 UIENELS . B 03 A ORI % O BV E IR 53
HATHEME A R TRE NG DL, 5B OMITIC L 0 4 OB 2 B4,

5. (RS FLEIT K D RIED A TEEEER

FANT ) A REHNZA7 ) == 71280 BrEDOBGEREZF SN MR
Tl HDAC BHEH D RA L E T 5 Z L 2B &2 Lz, FEIGHRIEOB%R
ZHIE LT, 5%iTe N RGBS ABEBHRBRIKE AT 2 HitE 3 5,
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1. Wang D, Nakayama M, Hong CP, Oshima H, Oshima M. Gain-of-function p53 mutation acts
as a genetic switch for TGF-f signaling-induced epithelial-to-mesenchymal transition in
intestinal tumors. Cancer Res. 2023 Oct 18. Doi: 10.1158/0008-5472.CAN-23-1490. Online
ahead of print.

2. Morita A, Nakayama M, Wang D, Murakami K, Oshima M. Frequent loss of metastatic
ability in subclones of Apc, Kras, Tgfbr2 and Trp53 mutant intestinal tumor organoids.
Cancer Sci, 114: 1437-1450, 2023. Doi: 10.1111/cas.15709.

3. Wang D, Nguyen HG, Nakayama M, Oshima H, Sun L, Oshima M, Watanabe S. Mapping
nanomechanical properties of basal surface in metastatic intestinal three-dimentional living
organoids with high-speed scanning ion conductance microscopy. Small, 19: €2206213,
2023. doi: 10.1002/smll.202206213.
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1. Kerzel T, Giacca G, Beretta S, Bresesti C, Notaro M, Scotti GM, Balestrieri C, Canu T,
Redegalli M, Pedica F, Genua M, Ostuni R, Kajaste-Rudnitski A, Oshima M, Tonon G,
Merelli I, Aldrighetti L, Dellabona P, Coltella N, Doglioni C, Rancoita PMV, Sanvito F,
Naldini L, Squdrito ML. In voivo macrophage engineering reshapes the tumor
microenvironment leading to eradication of liver metastasis. Cancer Cell, 41: 1892-1910,
2023. Doi: 10.1016/j.ccell.2023.09.014.

2. Ozato Y, Kojima Y, Kobayashi Y, Hisamatsu Y, Toshima T, Yonemura Y, Masuda T, Kagawa
K, Goto Y, Utou M, Fukunaga M, Gamachi A, Imamura K, Kuza Y, Zenkoh J, Suzuki A,
Niida A, Hirose H, Hayashi S, Koseki J, Oki E, Fukuchi S, Murakami K, Tobo T, Nagayama
S, Uemura M, Sakamoto T, Oshima M, Doki Y, Eguchi H, Mori M, Iwasaki T, Oda Y, Shibata
T, Suzuki Y, Shimamura T, Mimori K. Spatial and single-cell transcriptomics decipher the

cellular environment containing HLS-G+ cancer cells and SPP1+ macrophages in colorectal
cancer. Cell Rep, 42: 111929, 2023.
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1. Kok SY, Nakayama M, Morita A, Oshima H, and Oshima M. Genetic and nongenetic
mechanisms for colorectal cancer evolution. Cancer Sci, 114: 3478-3486, 2023. doi:
10.1111/cas.15891.

4. Morita A, Nakayama M, Oshima H, Oshima M. In vitro and in vivo models for metastatic
intestinal tumors using genotype-defined organoids. Methods Mol Biol. 2691: 19-30, 2023.

doi: 10.1007/978-1-0716-3331-1 2.
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N (HARY R EERE), 46: 2-6, 2023,

Pl EGRE, pS3 AR L KIS AOEMAL, +2EFSMESE (Journal of the Juzen
Medical Society) 132:20-25, 2023.

KEET, PG, KEEM. BUEREMEEST 308 A &AL, B - E5
Db I [ HARIHEE kLT@I PERIE] (EH3EHRR) 86-91, 2023.

HLEGEE, BATT VAT ) A RIZE D RKGHAEE(CIIGE, M T2 A £
ETNVORATR] (=2 —% A = ZA%h) 55:4-7,2023.
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1.

Oshima H, Kok SY, Nakayama M, lkeda Y, Matsunaga YT, Oshima M. Genetically
engineered tumor-derived organoid models to examine the metastasis mechanism of
gastrointestinal cancer. 41st Sapporo International Cancer Symposium, (KKR Hotel, Tokyo)

Oct 12, 2023.

. Oshima M. Gain-of-function mutant p53 for activin signaling-induced epithelial-to-

mesenchymal transition (EMT). 10th International MDM?2 Workshop, (National Cancer
Center, Tokyo) Oct 16, 2023.

. Nakayama M, Yamamoto D, Oshima H, Inaki N, Oshima M. Wnt signaling activation in

colon cancer cells by gain-of-functino mutant p53 through COX-2/PGE: pathway. 10th
International MDM?2 Workshop, (National Cancer Center, Tokyo) Oct 16, 2023.

. Oshima M. Identification of genotype-linked nano-scale physical properties of intestinal

tumor cells. 7th WPI-NanoLSI International Symposium, (Berlin Harnack-Haus, Germany)
Nov 2, 2023.

. Oshima M. Organoid experiments to understand the metastasis mechanism. 5th National

Cancer Center (NCC)-GCSP Inter-Academy Cancer Symposium, (National Cancer Center,
Korea) Nov 24, 2023.

. Oshima M. Collective migration and polyclonal metastasis mechanism. Seoul International

Gastric Cancer Forum 2023, (Seoul National University, Korea) Dec 2, 2023.
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Open clinical conference, (IR, BR) 202342 A 11 H.
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H.
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6. Kok SY, Oshima H, Nakayama M, Oshima M. Tumor-stromal interactions facilitate
polyclonal metastasis. (F{#) 2 82 [0 H Ay ihih s (N7 0 afliiks, Biik)
202349 H 21 H.
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BT D HEREEASTIE B p53 DO IZ W T, (ATE) 55 82 [0l H AR FEE MRS
(R 7 ¢ ik, ME) 2023429 H 23 A.

8. Wang D, Nakayama M, Oshima H, Oshima M. Gain-of-function p53 mutation with LOH
promotes activin A-induced partial EMT and metastasis potential. (AN A % —) 5 82 [A]
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7,900 T
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['The role of activin combined with different gene mutations in colorectal cancer EMT |
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Assistant Professors Yasuto Takeuchi 77N AN (3 F PI)
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Huazi Zhang (D2)
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Undergraduate student Itsuki Toriba f&2 A
Research student Guo Liwei

Technical Staff Hitomi Takamura @ff [
Assistant Staff Kiyoko Take ® #ft+

[ Abstract ]
1. Mitochondrial one-carbon metabolic enzyme MTHFD2 facilitates mammary gland
development during pregnancy

Mitochondrial one-carbon metabolism is crucial for embryonic development and tumorigenesis,
as it supplies one-carbon units necessary for nucleotide synthesis and rapid cell proliferation.
However, its contribution to adult tissue homeostasis remains largely unknown. To examine its
role in adult tissue homeostasis, we specifically investigated mammary gland development
during pregnancy, as it involves heightened cell proliferation. We discovered that MTHFD?2, a
mitochondrial one-carbon metabolic enzyme, is expressed in both luminal and
basal/myoepithelial cell layers, with upregulated expression during pregnancy. Using the mouse
mammary tumor virus (MMTV)-Cre recombinase system, we generated mice with a specific
mutation of Mrhfd2 in mammary epithelial cells. While the mutant mice were capable of
properly nurturing their offspring, the pregnancy-induced expansion of mammary glands was
significantly delayed. This indicates that MTHFD2 contributes to the rapid development of
mammary glands during pregnancy. Our findings shed light on the role of mitochondrial one-
carbon metabolism in facilitating rapid cell proliferation, even in the context of the adult tissue

homeostasis.



2. FXYD3 functionally demarcates an ancestral breast cancer stem cell subpopulation
with features of drug-tolerant persisters

The heterogeneity of cancer stem cells (CSCs) within tumors presents a challenge in therapeutic
targeting. To decipher the cellular plasticity that fuels phenotypic heterogeneity, we undertook
single-cell transcriptomic analysis in triple-negative breast cancer (TNBC) to identify
subpopulations in CSCs. We found a subpopulation of CSCs with ancestral features that is
marked by FXYD domain-containing ion transport regulator 3 (FXYD3), a component of the
Na'/K" pump. Accordingly, FXYD3" CSCs evolve and proliferate, while displaying traits of
alveolar progenitors that are normally induced during pregnancy. Clinically, FXYD3" CSCs
were persistent during neoadjuvant chemotherapy, hence linking them to drug-tolerant
persisters (DTPs) and identifying as crucial therapeutic targets. Importantly, FXYD3" CSCs
were sensitive to senolytic Na'/K" pump inhibitors, such as cardiac glycosides. Together, our
data indicate that FXYD3" CSCs with ancestral features are drivers of plasticity and
chemoresistance in TNBC. Targeting Na"/K" pump could be a novel strategy to eliminate CSCs
with ancestral and DTP features that could improve TNBC prognosis.

Mammary gland development Luminal cell

Virgin

f- Folate
One-carbon
metabalism

\> Alveolar

development

Wild-type 7V 0/
mice \ e

Mammary
grand

Alveoli

Virgin

Mthfd2-
deficient
mice

MTHFD2 /%, $LI luminal cells & basal cells (5681 L. SEARIIC SLARGLAR O 2% 72 %6
BEICHE R 2 R LTV D,

<2023 SEDOBFFEER, EHRILKOS K% OFHHE >

HBRAICHEB LTHER~ Y ANAETIVOER &, BE LN A KL S i
(Patient-derived cancer cells, PDC)D A7 =1 A RE WA /N /A REEHITEZ T HL,
Patient-derived xenograft (PDX)® 7 /L DR L Z D J & 1 T 24T - T & 7z, KR
ARE B L, BEEEE O PDX T L OBE LT T 5,

FLEH DL LTS AP DIRIRAING & 72 D & > 737 ' FXYD3 &% < 585
DAL AU, VWi S Drug tolerant persisters & [FIEEOFLTH D, HL< 1D
DRI b T E 72D AIC X - T 2 FBROEZE 2 &EDd 5 2 En
O o 70, Stk INRTRS RIS OBOHE R 200 2 72 1Rk o B R ER 52 0E 4 Bif
fE& L, SN E RS, AiEARRBRAZED T <,
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Li M, Nishimura T, Takeuchi Y, Hongu T, Wang Y, Shiokawa D, Wang K, Hirose H,
Sasahara A, Yano M, Ishikawa S, Inokuchi M, Ota T, Tanabe M, Tada K-I, Akiyama T,
Cheng X, Liu C-C, Yamashita T, Sugano S, Uchida Y, Chiba T, Asahara H, Nakagawa M,
Sato S, Miyagi Y, Shimamura T, Nagai LAE, Kanai A, Katoh M, Nomura S, Nakato R,
Suzuki S, Tojo A, Voon VC, Ogawa S, Okamoto K, Foukakis T, Gotoh N.: FXYD3

functionally demarcates an ancestral breast cancer stem cell subpopulation with features
of drug-tolerant persisters. J Clin Invest, 2023 Nov 15;133(22):e166666. doi:
10.1172/JCI1166666.

Wang Y, Hongu T, Nishimura T, Takeuchi Y, Takano H, Daikoku T, Yao R, Gotoh N.:

Mitochondrial one-carbon metabolic enzyme MTHFD2 facilitates mammary gland
development during pregnancy. Biochem Biophy Res Commun, 674, 183-189, 2023. On
line publication 24 July 2023. DOI: 10.1016/j.bbrc.2023.06.074.
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Il

Iwamoto S, Kobayashi T, Hanamatsu H, Yokota I, Teranishi Y, Iwamoto A, Kitagawa M,
Ashida S, Sakurai A, Matsuo S, Myokan Y, Sugimoto A, Ushioda R, Nagata K, Gotoh N,
Nakajima K, Nishikaze T, Furukawa J-1, Itano N.: Tolerable glycometabolic stress boosts
cancer cell resilience through altered N-glkycosylation and Notch signaling activation.
Cell Death Dis, in press.

Tanaka N, Okada H, Yamaguchi K, Seki M, Matsubara D, Goto N, Suzuki Y, Furukawa Y,
Yamashita T, Inoue J-I, Kaneko S, Sakamoto T.: Mint3-depletion-induced energy stress
sensitizes triple-negative breast cancer to chemotherapy via HSF1 inactivation. Cell Death
Dis, in press.

Relvas CEM, Nakata A, Chen G, Beer DG, Gotoh N, Fujita A.: A model-based clustering
algorithm with covariates adjustment and its application to lung cancer stratification.
Journal of Bioninform Comput Biol. 2023 Aug;21(4):2350019.

doi: 10.1142/S0219720023500191. Epub 2023 Sep 8.

Noguchi M, Kohno S, Pellattiero A, Machida Y, Shibata K, Shintani N, Kohno T, Gotoh
N, Takahashi C, Hirao A, Scorrano L, Kasahara A.: Inhibition of the mitochondria-shaping

_10_



protein Opal restores sensitivity to Gefitinib in a lung adenocarcinoma resistant cell line.
Cell Death Dis, April 5;14(4), 241, 2023. DOI: 10.1038/s41419-023-05768-2.

7.  Ishizaki T, Takeuchi Y, Ishibashi K, Gotoh N, Hirata E, Kuroda K.: Cryopreservation of
tissues by slow-freezing using an emerging zwitterionic cryoprotectant. Sci Rep, Jan
2;13(1), 37, 2023. DOI: 10.1038/s41598-022-23913-3.

o)

1. Takeuchi Y and Gotoh N.: Inflammatory cytokines-enriched microenvironment plays key
roles for the development of breast cancers. Cancer Sci, May, 114(5):1792-1799, 2023.
Jan 26. DOI: 10.1111/cas.15734.

2. lanti-apoptosis #%H| AEHIEL, HBERIL 7 HATAK : BAT ) AT 4T (EL
%), 2023.

3. [RAGEIEF ErbB & EGFR OFFIL, BATRRICEME b IS Lz %k
AEROBFE (DM ENENEIR— AR EFEFEIRBL ), vol. 74(4): 312-315, 2023.
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2023.
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1. Noriko Gotoh: “FXYD3 functionally demarcates an ancestral breast cancer stem cell
subpopulation with features of drug tolerant persisters.” AACR Annual Meeting 2023
202344 H 1419 0 KE 7wnl¥

2. Noriko Gotoh: “Heterogenous breast cancer stem cells sustain in primary and metastatic
cancer stem cell niches” 5 41 RIFLERSAEBE VAR A 2023410 4 14 H H
IO (EE S

3. Noriko Gotoh: “FXYD3 functionally demarcates an ancestral cancer stem cell
subpopulation with features of drug tolerant persisters” 25 18 B4y EFHFEAFFERT R
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VA, ZHEW—EL, MEFE, LA MR, WS, BGA M, Rkl
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24. Masahiro Yamazaki, Mengjiao Li, Tatsunori Nishimura, Shigeyuki Takamatsu, Toshifumi

Gabata, Masaya Ueno, Atsushi Hirao, Susumu Kohno, Chiaki Takahashi, Kuniko Horie,
Kazuhiro Ikeda, Satoshi Inoue, Noriko Gotoh: “ Targeting FXYD3 positive cancer stem
cells in radio-resistance” 5% 82 [B] AAEFS 2023 459 H 21 H-23 H £k [{

25. Sarenqiqige, Tsunaki Hongu, Sakai Katsuya, Neval Yilmaz, Kunio Matsumoto, Mikihiro
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6. ki, RHEAFEY a7 U —U % —FBIp<, 2023.4.1-2024.3.31, R,
2,000 T
7. PTNEEN, A TFAEIE, 2023.4.1-2024.3.31, R, 686,246 M
8. MrHEEAN, BMBEMIZEB (—i%), 2023.4.1-2024.3.31, 774H, 100 +H
9. PrNEEA, HRERAOUMFZE (BH3F), 2022.4.1-2023.3.31, 43, 100 T
10. AEHizE, WFEEEIA # — N3, 2023.4.1-2024.3.31, (%, 1,100,262
11. AEfRS, EUFSEC, 2023.4.1-20243.31, R, 1,300 -
12. REMIRS, 7 AT 7 AJREREIZCEA, 2023.4.1-2024.331, X3, 1,881,340 [
13. AREHlEE, S ECEAE, 2023.4.1-2024.3.31, K&, 2,000 T-H

_14_



14, KEMEE, T4 79 A = 28R4, 2023.4.1-20243.31, R, 1,000 T-H
15. AEfise, ®HBAHREITHIBAG, 2023.4.1-2024.3.31, R, 2,000 +H
16. AREHAE, ALEIN AKE4EhAA:, 2023.10.1-2024.3.31, 1R, 1,000 FH

_15_



Division of Epithelial Stem Cell Biology

R eI 5 BT
Visiting Professor Nicholas Barker (/> 77 73"—/L A-STAR #F9E7T « FAELAF9ER)
Associate Professor Kazuhiro Murakami # L F154
Assistant Kenji Kita 4t B (JL[FEBFFEHLA)

[ 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.

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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1. Morita A, Nakayama M, Wang D, Murakami K, Oshima M. Frequent loss of metastatic

ability in subclones of Apc, Kras, Tgfbr2, and Trp53 mutant intestinal tumor organoids,
Cancer Sci., 114(4):1437-1450, 2023.

<FERFER>

A _EFnsL;

1. The 41 Sapporo International Cancer Symposium [p53-Phlda3 Axis Restrains Gastric
Cancer Cell Plasticity by Blocking the PI3K-Akt Pathway] 2023 4F 10 A 11-14 H g
H AR

2. The 17% Anniversary India-Japan Fest BICON 2022-2023 A Genome-Scale CRISPR

screen reveals novel factors regulating Wnt-dependent renewal of mouse gastric epithelial
cells| 2023 41 H 21-25 H Jaipur, India

<SHEE 4>

1. FARBFZE(C)[MFEEEE © Ak Fngl]
(AT 7 A REHWTZE 2 AR o altiAb & B R 7168 EOBRER ) 130 7 H
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Division of Molecular Genetics
BIZF - FEAEBEMELF

Professor Atsushi Hirao /& 3
Assistant Professors Yuko Tadokoro P&+, Masahiko Kobayashi /MKE Z,

Masaya Ueno _|=#7f1, Mahmoud Ibrahim Shoulkamy
Postdoctoral Researcher Kenta Kurayoshi & & @K, Youngwei Jing

Graduate Students Hiroki Gugiyama #2[LE#fC, XiChen, Yihang Gu, Yuhang Yan,
JE L By
Assistant Staff Kazue Sawa Jf1A,  Yukiko Takai =M1

[ Abstract )

Nutrients undergo conversion into smaller molecules within the body, serving as crucial
components for both anabolic and catabolic metabolic reactions. The coordinated regulation of
these processes is paramount for sustaining life. Our group is committed to pioneering
innovative therapeutics for malignant brain tumors and myeloid leukemias. We aim to achieve
this by identifying nutrient metabolic pathways that characterize malignancy, focusing on the
transcription factor families FOXO and MiT/TFE, critical in governing autophagy and
lysosomal biogenesis.

Utilizing gene expression profiling and differentiation marker-based CRISPR/Cas9
screening, we identified TRIB1 as a functional FOXO downstream gene crucial for maintaining
an undifferentiated status in acute myeloid leukemia (AML). We designed a DNA-binding
pharmacological inhibitor using pyrrole-imidazole polyamides (PIPs), specifically binding to
the FOXO-responsive element (FRE) in the TRIB1 promoter. Treatment with FRE-PIPs
inhibited leukemia progression, promoting cell differentiation without notable adverse effects,
presenting a promising therapeutic strategy (Kurayoshi K., Cell Death Dis. 2023, Figure).

Recent investigations highlight the pivotal role of metabolic organelles, such as mitochondria,
in cancer development and malignant progression (Noguchi M., Cell Death Dis. 2023). We
found that lysosomal activity emerges as a metabolic biomarker of tumorigenesis, influencing
therapeutic efficacy in glioblastoma (GBM). Mechanistic studies revealed the TFE-lysosome
axis as a regulator of metabolic status, contributing to the malignant signature and tolerance to
temozolomide (TMZ) in GBM. Our findings identified a critical amino acid central to
preserving lysosomal membrane integrity, protecting GBM cells from lysosomal damage. We
successfully developed a novel lysosome-targeting therapeutic strategy by manipulating the
amino acid balance in GBM cell (Jing W., submitted).

In addition, for the advancement of diagnosing and treating age-related diseases, several
projects are currently underway. (1) Identification of biomarkers for aging: Conducting
metabolomic analyses on biological samples from middle-aged and older adults to identify
biomarkers of aging. (2) Establishing new analysis methods for NAD" metabolism. (3)
Research on the immune response of hematopoietic stem cells during aging. Through these
comprehensive research initiatives, our goal is to contribute significantly to the establishment
of a healthier society.
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a5, OEMEHIEOEICI T DL ST DEZED SR LD 7 m
TVl beEMLTND, TRHDOWNEZE LT, BhOTH, 2k, ST AOBLE)
5, RSO MRICEMT 2 Z L2 IEE LTV,
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SI, Hosomichi K, Ishikawa Y, Tadokoro Y, Kobayashi M, Kasahara A, Jing Y, Shoulkamy
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Targeting cis-regulatory elements of FOXO family is a novel therapeutic strategy for
induction of leukemia cell differentiation. Cell Death Dis. 2023,14(9):642.

2. Noguchi M, Kohno S, Pellattiero A, Machida Y, Shibata K, Shintani N, Kohno T, Gotoh N,
Takahashi C, Hirao A, Scorrano L, Kasahara A. Inhibition of the mitochondria-shaping
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Cell Death Dis. 2023, 14(4):241.
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1. Hirao A: Cell fate determination by diet and immune system in hematopoiesis. 2023
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2. Hirao A: Cell fate decision by metabolic regulation in normal and malignant hematopoiesis
Korea-Japan Blood and Vessel Symposium 2023 47 H 11 H, HE
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H 13 BH-15 H, Hnt

Ueno M, Kurayoshi K, Pham LT, Hirao A: Lysosomes suppress leukemia cell
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[ Abstract ]

We obtained rationales to expand the usage of CDK4/6 inhibitors to KRAS PDAC in which
RB1 is prevalently intact. We found CDK4/6 or CDK2/4/6 inhibitors induce SASP-high

senescence in an RTK-dependent manner however KRAS inhibitors induce SASP-low

although both promotes RB1 under-phosphorylation with a similar kinetics. We assessed the

influence

of STK11/LKB1 and KEAP1 status on the sensitivity by which RB1-intact KRAS

LUAD respond to a KRAS inhibitor AMG510. We explored number of promising therapeutic

targets in  RBl-inactive tumors including RECK
centrosomal mitotic kinases  including AURKA, {‘a’ %9

fatty acid elongation enzymes including ELOVL6 GPR124 iVNTTNB:

and a novel mitochondrial cholesterol-binding : O . LRP5/6

2l i
protein. We clarified the mechanism whereby F;mui)

mammary epithelial cells resist to carcinogenesis

(= =
caused by RBI1 deficiency. In collaboration with DISHEVELLED »p °
Jikei University School of Medicine, we identified ) . )
Ligand-selective
a considerable percentage of RB1-SUCLA2-deleted WNT/B-catenin signaling

in pancreatic and gastric cancer
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cases in Japanese advanced PC patients. We are developing a diagnostic kit using ctDNA in
blood. 2-isopropyl-5-methylbenzo-1,4-quinone (Thymoquinone; TQ) had appeared to exhibit
therapeutic effects on SUCLA2-negative PC. We identified four enzymes that bind to TQ, and
so far, detected that two of them are indeed inhibited by TQ. We will newly develop inhibitors
to one of these enzymes aiming to treat SUCLA2-deficient tumors. RECK appeared to
cooperate with GPR124 to regulate the ligand selective WNT signaling in PDAC and GC
(Figure). RECK was found to be downregulated in CAFs trained by neighboring BC cells.
Loss of RECK in CAF seems to support the malignant progression of BC through MMPs and
exosomes. We are investigating a metabolic gene involved in BC metastasis using a Zebrafish

gastrulation system.

<2023 FORLE, EITRIESBROFE - BE>

CDK4/6 FHEAIZ KRAS BESDS ANEISIER T 5T > a F— L &R L7, CDK4/6
720 L CDK2/4/6 JLEA] & KRAS FLEANC L - CRBEDO ¥ %7 ¢ 7 A TRBI # Y g
fLIRHE & Ml L3R S 7oy BEfET S SASP DRRREN B 72 % Z &3 bho
72 KRAS ifind A KRASCZC [HEA AMGS10 ~DF52 M3 IZ 35\ T STK11/LKB1
& KEAP1 D[RR S b 2 2 5028 2 IV N R B & & O RS L7z, RB1 ANEMEALDS
ATLARD =8, AURKA 2 & Tt hu Y —A M #&xF—E#E, ELOVL6 & 5 e 5E
R RIEESERES OIRIEEEN & L COARMMEZBET L7, RBLAKFHZ /A 2z B b
% #TH cholesterol fEME H'E OIREZ TRIE L 7=, IEH LR B3 RB1 RiEMALKIC L B
TN IT DT 2 I 5N LT, EATRINZR2S A28V T RBI-SUCLA2 4ufa,
KRR D JRFL 72 R HE Z H 2 &, B LY, 2-isopropyl-5-methylbenzo-1,4-quinone
(Thymoquinone; TQ)N Z DX A 7 DEFICH TH LD A[REMEEZ®RE LT\ 5D, ZDfk
EMTREAET DR 4EEZFE, > b 2N TQICL ATEHEEEZZIT A L %
A L7, 5% TQ #EaEA-IC H”é%ﬁ%%ﬁﬂf—%l DR E R 5, R EESE
BIR W IREREE & OILFRBFFEIC L 0 EATRIN RS A BE M ctDNA |2 X % SUCLA2
RIDHEZWr x>~ N OBFEZ1T - 710 RECK & GPRI124 D& DN /v ks L OVE 73
AD WNT ¥ T FHNEGIEIT 2 A =X L EHE L (K), A CAF 1B 5
RECK DIEBLNF N ANBEDOHEIM G- 2B MG Lz, B7 77 4 v afzHn
N AHERICE D 2 iR LA, ZORFAIOBRIIZ SRS POC OFER L A
87,
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Okada N, Ueki C, Shimazaki M, Tsujimoto G, Kohno S, Muranaka H, Yoshikawa K and
Takahashi C. NFY A promotes the malignant behavior of triple-negative breast cancer
through the regulation of lipid metabolism. Commun Biol. , 6(1):596, 2023. doi:
10.1038/s42003-023-04987-9
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Noguchi M, Kohno S, Pellattiero A, Machida Y, Shibata K, Shintani N, Kohno T, Gotoh
N, Takahashi C, Hirao A, Kasahara A, and Scorrano L. Inhibition of the
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adenocarcinoma resistant cell. Cell Death & Disease., 14(4):241, 2023. doi:
10.1038/s41419-023-05768-2
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Inaba Y, Hashiuchi E, WatanabeH, Kimura K, Oshima Y, Tsuchiya K, Murai S,
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[ Abstract ]

We aim to elucidate the molecular mechanisms of induction, maintenance, and function of
senescent cells in vivo, and to develop innovative approaches to control senescent cells
(Senotherapy), such as selective removal of senescent cells and cell rejuvenation by altering
epigenomic information. In this year, we focused our research on the following two issues.

[1] Pre-existed senescent fibroblasts in aged bladder create tumor permissive niche

Aging is a major risk factor for cancer, but the precise mechanism by which aging
promotes carcinogenesis remains largely unknown. Here, using transgenic mouse
models, we demonstrate that pl6-positive senescent fibroblasts (pl16h-sn fibroblasts)
accumulate with age, constitute inflammatory cancer-associated fibroblasts (iICAFs), and
promote tumor growth in bladder cancer models. Single-cell RNA sequencing of
fibroblasts in aged mice revealed higher expression of Cxcl12 in p16h-sn fibroblasts than
in pl6-negative fibroblasts. We identified the high expression of Smoc2, Gucylal (Gucyla3),
Cxcl12, Crispld2, Gasl, and Lum as a p16-positive senescent CAFs (pl16h-sn CAFs) signature
in both mouse and human. Importantly, the pl6h-sn CAFs signature is associated with age
and poor prognosis of both advanced and non-advanced bladder cancer patients. In
conclusion, our results suggest that pl6h-sn fibroblasts in aged bladder serve as a cancer
permissive niche and promote tumor growth by secreting CXCL12 (Meguro S et al, In revision).

[2] Cellular senescence-mediated irreversible differentiation in myeloid leukemia

Cell cycle inhibition is essential process in cellular senescence induction. On the other hand,
it was reported that cell proliferation signals, MAPK and mTOR signaling pathway, are
contradictorily activated in the senescent cells. A concept "Geroconversion" has been proposed
to suggest that the simultaneous activation of this positive and negative cell cycle-related

signaling pathways is crucial for induction of cellular senescence, but its molecular mechanism
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has been elusive. In this study, we found that simultaneous induction of Erk-MAPK signaling
activation by all-trans retinoic acid (ATRA), a clinically used leukemia therapeutic agent, and
CDK4/6 inhibitor-mediated cell cycle inhibition, induced an irreversible cell cycle arrest by
promoting myeloid cell differentiation. This strongly suggests that a molecular biological
phenomenon similar to geroconversion is deeply involved in this irreversible leukemic cell
differentiation.
<2023 EDOMFFERR, ERIE TSR OFHE >
1. IESITAEWEREPNIC &S U 72 BB D3 IDE DS A KAE S BB O iRt

IESXN A DFEEIRY R T 7 7 Z =T H—77, MDD A D FEMEHE AL 2 il 18]
T oM A T = X DIAR R 2V, R bl O~——TH 5 ple D
Tue— 4 —{EE AR & Lo i Bk~ T 2 2 FV T pl6 Bt oo A bk
FHAANES & & BICERE L. RIEZFE D 2 A B e 2 ik U, Bhts e
TIVCHEGRE ZEET 5 2 L 2B 50002 Uiz, M~ o 2 Ot E 72 H—#iie
RNA v — 27 22702k 0, pl6 FEMERRAEFMIE L D & ple BEPERRHESE ML T
Cxcll2 DFBRENZ ERgholz, S HIZ, v A& B MIBWT, Smoc2, Gueylal,
Cxcl12, Crispld2, Gasl. Lum DE3EHA pl6 [ EAL /S A BB ERME I O K54 T
HHZEERTE L, EEZRZ LT, pl6h-sn CAF ORI, #17MET X OFEET Tk
BENEDS AV EBE DO & RR e Tk & B L7z, BLEOREHERIC L 0 | nils U 72t
D pl6 BBPEDZALARMEF LN N AFFR = F & LTHEE L, CXCLI2 23T 5
IRV IEREAE EZRET S Z LRI S HL72 (Meguro S et al, In revision),
2. BRHEME A MR ISR DM AL A A U T R AT A 2B B Bk S AR S 0D BR %S

MR Z AL RS SR T o\ C L AR 0 A -5 2 L O BHBEMEZIRS HHE N TN D
A TR EIEPE L CRALAI TR SR 2 7559 5 MAPK ¥ 2 7 /L<°> mTOR
TFNUPNEHIESNTND Z DML TS, ZOMALEBICREDLLIELEADT 7
TVREEE O RIRFRTEE L 2N M Z b OFFEICEHE TH 5 & T 28E [Geroconversion |
PIRE SN TWD D, 3 FAEWFRNTHEA SN TO R, AFJETIE, b FarEiE
PE B A 2 T2 @@ B0 AR & L CERRIICHW B TV D all-
trans retinoic acid (ATRA) (2 X % Erk-MAPK > 7 1 /L DiEMEAL & CDK4/6 FLEAIIC X
2 Al E W O & RN ISR E T 5 2 & T, BRiEk O b2 RET 2 2 2 R LT,
Thbb, ZOARRHRYZ: A 3B geroconversion ([ZHAEL U 7253 AW 1Y
BENESBEELTWD Z Enm R I,
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like state. bioRxiv 2023 DOI: 10.1101/2023.11.01.564270

Harris AS, Aratani S, Johmura Y, Suzuki N, Dan L, Nakanishi M. In vivo dynamics of
senescence in rhabdomyolysis-induced acute kidney injury. Biochem Biophys Res
Commun 2023 17:673:121-130.

Sinha S, Aizawa S, Nakano Y, Rialdi A, Choi HY, Shrestha R, Pan SQ, Chen Y, Li M,
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Communications 2023 14(1):2651.

Postmus AC, Kruit JK, Eilers RE, Havinga R, Koster MH, Johmura Y, Nakanishi M, van
de Sluis B, Jonker JW. The chemotherapeutic drug doxorubicin does not exacerbate
pl6Ink4a-positive senescent cell accumulation and cardiometabolic disease development
in young adult female LDLR-deficient mice. Toxicol Appl Pharmacol 2023 468:116531.
Li D, Wang TW, Aratani S, Omori S, Tamatani M, Johmura Y, Nakanishi M.
Transcriptomic characterization of Lonrf1 at the single-cell level under pathophysiological

conditions. J Biochem 2023 173(6):459-469.
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Nakano Y, Johmura Y. Targeting cellular senescence as a therapeutic approach in non-
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[ Abstract ]
We have been studying the molecular mechanism and biological roles of apoptosis and
pyroptosis, both of which are mediated by caspases. In contrast to apoptosis which often results
in non-inflammatory and/or immunosuppressive outcomes, pyroptosis is a highly inflammatory
and immunogenic form of cell death. Thus, pyroptosis may be a more preferable way than
apoptosis to kill tumor cells to induce anti-tumor immunity in therapy.

Pyroptosis was originally discovered as a programmed cell death of macrophages infected by
pathogens. In this context, innate immunity activators derived from pathogens (pathogen-
associated molecular patterns = PAMPs) induce formation of multiprotein complex called
inflammasomes, which consist of pattern recognition receptors (such as NLRP3, NLRC4, and
AIM?2), an adaptor protein ASC and caspase-1, and cause caspase-1 activation. Some PAMPs
including lipopolysaccharide induce oligomerization and activation of caspase-4 and caspase-
5. These caspases (caspase-1,4,5) cleave a cytoplasmic protein gasdermin D (GSDMD), and
the N-terminal fragments of GSDMD forms pores in the plasma membrane to induce pyroptosis.
GSDMD pores are also required for the secretion of inflammatory cytokines including IL-1p.

We have found that a motor protein KIF11 contributes to inflammasome formation and
induction of pyroptosis. We succeeded to obtain in vitro evidence showing that KIF11 moves
on microtubules and that NLR moves along microtubules when coexisting with KIF11. These
results suggest that KIF11 plays a role in the intracellular traffic of NLRs.

We are searching for novel proteases that mediates the proteolytic maturation of GSDMs. We
found that caspase-12 is activated by bacterial-derived molecular patterns and cleaves GSDMD
and induces pyroptosis. Analysis of the activation mechanism of caspase-12 revealed that
approximately 100 amino acid residues at the N-terminus of caspas-12 are involved in the
ligand recognition. These results suggest that caspase-12 functions as a novel pathogen sensor.

In macrophages, GSDMD is required for the caspase-1-meidated pyroptosis and secretion of
mature IL-1f as described above. On the other hand, we have found that mast cells and nerve
cells express GSDMD at low levels, and that activated caspase-1 induces Bid-dependent
apoptosis rather than GSDMD-dependent pyroptosis in these cell types. We found that the
secretion of IL-1 induced by activation of the NLRP3 inflammasome in mast cells is GSDMD-
independent. We are currently elucidating the secretion mechanism of IL-1 by mast cells.
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[ Abstract]

Our research mission is to progress diagnosis and therapeutics based on the understanding of
bioactive molecules and molecular technologies, focusing on MET/HGF receptor. Our
research progresses in 2023 are followings. (1) The intracellular C-terminus of MET interacted
with mitochondrial antiviral-signaling protein and played a role in the induction of cytokine
production by non-self RNA, whereas the tyrosine kinase of MET was dispensable for
promoting cytokine production. Our results revealed a kinase activity-independent function of
MET in the promotion of antiviral innate immune responses (by Imamura). (2) In the lung
metastasis models, the processing from precursor inactive HGF to active HGF occurred in the
bronchial epithelial cells. MET activation in the bronchial epithelial cells induced expression
of genes involved in metastatic niche formation. Metastatic niche formation and subsequent
metastasis were suppressed by HGF-inhibitory Peptide-8. Processing of HGF in distant site
facilitates MET activation which promotes premetastatic niche formation (by Sato). (3)
Biochemical assay and molecular dynamics (MD) simulation provided MET-IPT domain-
mediated MET dimer formation. High-speed AFM analysis revealed MET-IPT-connected
dynamic 2:2 structure of HGF and MET purified from living cells. (by Yilmaz). (4) Employing
Lasso-Graft technology, high-performance MET receptor agonists were created. The one is
immunoglobulin Fc-based MET agonist with long circulatory residency (by Sakai). In
preclinical model, improvement of nonalcoholic steatohepatitis (NASH) was achieved by Fc-
based MET agonist (by Chaverra). When ubiquitin was used as a scaffold for Lasso-Graft of
MET-binding peptide, the MET-binding ubiquitin multimers acquired MET agonist activity
(by Sato). On the other hand, Fc grafted with macrocyclic peptide capable of binding to both
wild type and W104R mutant growth hormone receptor (GHR) could activate not only wild
type but also of a mutant GHR which cannot be activated by GH. This approach serves

versatile strategy to generate de novo agonists against mutant receptors (by Kida).
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[ Abstract ]

Using a novel glial cell culture method (mixed glial culture on/in soft substrate: MGS
method) developed in our laboratory, we identified metabotropic glutamate receptor 1
(mGluR1) as a molecule that plays an important role in lung cancer brain metastasis. Expression
of mGluR 1, which is involved in synaptic transmission as a receptor for glutamate, is almost
exclusively restricted to the central nervous system, and mGluR 1 expression is rarely observed
in lung cancer cells. However, mGluR1 expression was induced in lung cancer cells
metastasized to the brain, and cell proliferation was found to be dependent on mGIuR 1 signaling.
The molecular mechanism is that astrocyte-derived Wnt-5a induces mGluR1 expression in
cancer cells via nuclear translocation of the transcriptional repressor REST, and the induced
mGluR1 directly binds to EGFR in a glutamate-dependent manner to stabilize it and activate
the downstream MAPK pathway. Our results highlight increased dependence on mGluR1
signaling as an adaptive strategy and vulnerability of lung cancer brain metastasis.

In addition, three-dimensional time-lapse imaging using the MGS co-culture method
revealed the presence of microglia that induce aggressive and cell cycle-dependent cell death
in cancer cells. IFI16-mediated inflammasome formation and caspase-1 activation in cancer
cells were identified as the mechanism of cell injury, and further studies are underway to

elucidate the detailed molecular mechanisms.
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1. BAMIIRE 7V 7R E OLEMEAERICET 5%

WWFICEIC CRASE L7277 ) 7 fifass28 14 (mixed-glial culture on/in soft substrate :
MGS %) ZHWIZMATIC LY, WA AMEBEBICEE R &E2H 55+ LT
metabotropic glutamate receptor I (mGluR1) Z[FE L7z, 7 VF I UBOZEEKE LT
7 AR ST 5 mGluR1 ORIUTNZIE FHREAPRERICIE SN TR Y | Hlids A
JaTIiE mGluR1 OFRBUTIZE AL ERBD LR, & ZADPIZERE L7 Afiidis
X mGluR1 OFHNFHEE S, ML OHFEY mGluR]1 & 7 /UARTEME & 72 D 2 & 3
Bk ipolz, TN 1L LT, 7AW A MHK Wnt-5a 2355 HH] K 1
REST O BATZ I L CHRAMIIC mGluRl OB AFET L 2L, FEIN-
mGluR1 237 V% 2 VR FPEIC EGFR & EERKAE L Tz REl L, Fito
MAPK ¥ A TEMEAL T2 Z E D B IR o7z,

F7- MGS H58IEA W 3 IRTH A LT T AL A= 71280, MGS Tl
S AR R 2 2 B9 2 2 7 Z U T RFEIET D 2 ERHL N E 2o
Too T OMIMGEMRE L L COAMIEOD IFI6 20 LA v 7 T~ Y — LD E D
AZN—E-1 DIGHALRA SN E 725> TEY | BIfE, B2 50 T OIS 7ot
JEICHLY FHA TV D,

2. Fibulin-1 {2 X % 73 A/SXEEFE il A (2 B3 2 AT 20

SIURE S 77 Td 5 Fibulin-1 13, MRS EE O PR Z I L TR & 7o EmBl g
BHELTWDZERMBITWND, Fox OHFFEIZ LY | IR H AMIEIZ I Fibulin-1
DEFB LTS Z ENHL N E 72572, Fibulin-1 (2134 DDT A V7 4 — L FE
LTEY, BIE, BN ED LIRS A HIEH L T2 OENT 247> T
Do
3. Jifins A SEFITHMEIZ 33T % pre-persister HARIZ BE3 2 A 5T

EGFR ZH.% 454 B fi7s Akt L CIL EGFR BLEAI MO CTHITH L0, b
23t D EANIMED HBLN K& 2R & 7o > TV D, IRIEO I RIICBEZ SN D
persister AL A IO ERMEEZ 2 5N TWAHD, FRET NA A —%H
U7z persister FIAEORRFFIOBILZRIC LV | persister FIfE O HBLIZIZIBE OB R BT
% ERK FHEMALRMEATH D Z ERH LN E o7, BE. ZI 5 persister FlifidH
BLOO R & 72 % pre-persister A O ARBEMEINCEE T 284 D T 5,

4. A & L EE D EmFH S B~ DA B A1 5

2019 4RE LD | AR KFEE TR A MBL TR BE B it & oL RFRIC
L, AREATEDEIIEA A IR (zwitterionic liquid : ZIL) DA MmEMF5y B~
DISRICET 2R E2 D TV 5,
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matrices. Communications Chemistry. 6: 260 (2023)
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Shiraki Y, Enomoto A, Abe S, Hayakawa Y, Ushiku T, Mutoh M, Fujita Y, Kon S. Wnt
activation disturbs cell competition and causes diffuse invasion of transformed cells
through NF-«B-MMP21 pathway. Nature Communications. 14: 7048 (2023)
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1.

H OBEE A E 77U T e O Z A AR & ARASE ) 5 31 (Al H AR Cell
Death 22 ke s (FFF#ER) (R 2023 427 J1 15-16 H)

Fills N BT R T B R sE TRER V2 S R R T I
U 7o BMHRRE 03 AU D ZE 7RI | et e 7 VBNV SR 7T v b T o — 4 2023 4R
i3 E%B&Tﬁi%%”w\ (HEE%EER) (BBE 202349 H 8-10 H)

T ik TR IZ381T 5 fibulin-1 74 Y 7 4 — 2 O&E]] Jeist T Vi) 52
7Ty b7 a— 0 2023 FE B FEINEEE S (RA X —5%K) iR 2023
9 H 8-10 H)

Eishu Hirata “Induction of mGluR 1 expression and enhanced dependence on its signalling
in lung cancer brain metastasis” %5 82 [F] H AT FHTRE (R TY L) (B
& 2023429 H 21-23 H)
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Assistant Professor Takahiro Domoto & A & 5,

Graduate Students Satoshi Takenaka 77H' 7 (D4 : FNEIE - BHES L)
Postdoctoral Fellows Masahiro Uehara b JFU% K

Assistant Staff Atsuko Asaka ¥&EFE T

[ 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 (GI), refractory and
rare cancer types including glioblastoma, bone and soft tissue sarcomas and pancreatic
neuroendocrine neoplasms. 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)3[3; (2)
understanding of malignant phenotypes of cancer by investigating pathological metabolic
properties (eg., aerobic glycolysis, tumor-promoting autophagy); and (3) biological basis of GI
and refractory cancer, 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. During
an immediate couple of years, we have obtained the preliminary results indicating the putative
roles of tumor GSK3[ as a molecular node that is intersected by the pathways responsible for
tumor invasion and resistance to therapy, thus enforcing its potential as an emerging cancer
therapeutic target. We are extending this project toward investigation of the putative roles for
GSK3p in promoting pancreatic neuroendocrine neoplasms as well as in interconnecting
malignant phenotypes in pancreatic cancer with acquired chemoresistance. Following the project
on GSK3p, we have recently identified a number of molecules including cyclin D2 potentially
responsible for acquired resistance to gemcitabine in pancreatic cancer by comparing the cDNA
microarray-based gene expression between gemcitabine-sensitive BxPC-3 cells and BxPC-3-
derived clones that acquired resistance to gemcitabine. In addition to these projects, we have
participated in the collaborative studies on the pathologic roles of galectin-4 in promoting
peritoneal metastasis in the diffuse-type gastric cancer and of nucleoporin 153 in facilitating the

liquid-phase localization of super-enhancers resulting in progression of esophageal cancer.
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1. glycogen synthase kinase (GSK) 3 FHEIZ LD ANERIEDHIZE, BASE

Wt BEEEAHI R 7 LERHRE I TS GSK3B 23 A D5y TR 2L T A A DM
B aRHEET D2 L RN TR TEZ, £L T, GSK3B FLED I ATRIRE) FA L~
IVERRABM TIIELTZ, T2, FRAD T L —F LR A A B IEE G
@728 DR, Z VN ACTEIEMEZRT GSK3B 23, BB TEME S 1B (FLos AH., i
) RIS ME DO E s A28 & A Uiz, —HOMFE2b LI, GSK3B PR 3K
DEEH LTI AR Z O T 203 AT RIEZBIFE L, PRI B2 IE (BB R B e s ) &
HEATHEDS A (BIRERREEIRBL) 2%t G &3 2 R Rl 2 8 ER PRI PR 12 L0 & D22 a2k L HUiE
BN RAEMRGELT-, DWT, &R ERBA LTI A KM EE SRS ATk T5
GSK3p BLEDIREN R LA =K DE BN LT, 2022 FLLEHEAEE T, GSK3pB B
FEIZLDDBAAREOBESERED T2 | BEN /3 WE T (PNET) O 3L RIBFFEICINZ T, KET
AR FER D GSK3B PHEA 9-ING-41 ZBAJE L7 Actuate &[] TR MM RS A D
RITEGRAFFE 2 D TUD,

2. EIS A DPUH A K THPESE AR 1D TV B D fRHT T

BEDS A TSIV TWAD T A2 (GEM) XT3 DI PEIES S, EDS ARIR D AR
ERE=— A ThHD, TZ T, GEM MR A BXPC-3 fiEHEBEAIZ GEM iM% 18
BT 3 Fo7o—#iakk (Anticancer Drug 2015;26:90, b K BHE) 25512,
GEM [iHHIES O A FHIRHE R ET LT, & ORGSR THEES O SR M &3 A5
HERR T DS HEBR LT, F7., At a2~ AENICEA 5 &, @O RPn=E AT
OfEEER S A &7- L, GEM Mt EE IS L 7=l A BE DR IEA i 2T A B LT, &5
12, GSK3B MBINHDEMIE O NT EUTERT228% R GRsCIERT) . DUV T,
MR O & n -3 BUEATIZ LD cyclin D2 XD IO HFrT- 72 it S 2 B D
BT A R LT, BUE, %2 DO FIZ OV TI#T 2D T D,

3. ENELE BAFRR L 72 DT DDA D5y TR BRI ZE

T S AAFFE LG RS2 D IR E L C 2008 DA A BIAAL ., 2010 22
DFEFEE LI TEATE RIS AFLRE S 7 IR L BRI E - TS, ZOMKRE IR O I FF)
FREDT=0IZ, B A E R B S AAE 7 AR AR A MIIFRABL T\ D, 77 5
KFPTH BOBER LI KRKRIEA A AL —E & E AW, RIBNAE &5
Wik B D L RIIF ST A ke L QD KRB O E BT/ 37— b LITREA OREHR
Hr LAt 738 2 A Do TIED A A DRI (B2 W) 7 VT X LZHEEEL | 90%LA DI
JE LR R EEIC I D BIA FIRBIC U e, BT, UL KT AT S & B AR g B Al 78
A& DILFET, RIBDADE &5 — WHRBIZZWHED NIHET T A AR Z D TUD,
RN 7R E AL C, B O AFgEr e o FEFZEICLY . DNAME TE BRI TS
galectin-4 DNUNEARE NADENEFEFEMIEE T 5T 52BN LT, Fo, K7
T A SE T E D HLERFFRIZ I IR ALE SRR F (NUP) 153 28 A—/S—x
— DA RTEALZ L T, B R LR RO I TS 2% AL,
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The link of mRNA and rRNA transcription by PUF60/FIR through TFIIH/P62 as a novel
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RS, VURYT AL BNAOMUNESSE, 2023 4 11 A 24 B (&), 25 H
(1), G AyERERE (IR, &k

6. BAEE, LUK, Ludimila Cavalcante, Frank Giles, & F %05, B k. GSK3p
FHEAI DS L 28 MR A DO RTESE RGN, 25 34 [F] B ATHbasm s LT
B U—ray 3 BAIMMED A =R 8EZ D 5ER, 2023 4E 11 A 24 H (&),
25 H (1), G Ay E#EE (SR, milkif.

7. BECRER, 1 B, AR, WEE—, SEER, BN, BRIk, BESAIZ
BT L HEURMTEIROT-0 O cyclin D2 B OFERIE. 25 34 [ B ARTHEA{L
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Technical Assistant Atsuko Odawara /NHJE BT

[ Abstract ]

We have been studying the function of epigenetic and epi-transcriptomic regulators such as
histone methyl-modifying enzymes, long noncoding RNAs and RNA methyltransferase
complex in the various steps of cancer progression. ASH2L is a core subunit of the COMPASS
complex, the most notable writer of the methylation of histone H3 lysine 4 (H3K4). We found
that ASH2L mediated the cell invasion and migration activity of triple-negative breast cancer
cells via association with the COMPASS components and the target genomic regions.
Transcriptome analysis revealed that ASH2L regulated the expression of the genes involved in
inflammatory/immune responses, such as IL1B, indicating a novel function of ASH2L on the
maintenance of breast cancer malignancy through H3K4 methylation of the specific target
genes. Previously we have screened novel candidates of EMT-related transcription factors
based on the changes of broad histone methylation domains on their gene regulatory regions
and identified CEBPG. We demonstrated that CEBPG induced EMT through the interaction
with CEBPB. We also investigated the role of CEBPG in the DNA repair mechanism because
the analysis of proteins interacting with CEBPG revealed several DNA repair factors as the
candidates. In response to etoposide-induced DNA double-strand breaks, CEBPG enhanced
DNA repair efficiency through its leucine zipper domain, suggesting the collaborative role of
CEBPG and its interacting proteins in promoting DNA repair. We aim to comprehensively
understand the role of CEBPG in the malignant progression of cancer and explore its potential

as a novel target for cancer therapy.
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1. ADAENREESICEST 2= = %7 1 v 7 Hl#IE 7 ASH2L OfEHT
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[ Abstract ]
In the clinical practice, we treated the various types of cancer patients with anticancer agents,
including targeted drugs and immune checkpoint inhibitors. Furthermore, as a working unit of
the Outpatients Chemotherapy Center and the Cancer Genomic Medicine Center in Kanazawa
University Hospital, we managed outpatient chemotherapy and practiced cancer genome
medicine, including comprehensive gene panel testing.

As basic researches, we investigated the mechanisms of tolerance and acquired
resistance to entrectinib, which is approved for solid tumors with NTRK gene rearrangement
and non-small cell lung cancer (NSCLC) with ROS1 gene rearrangement, focusing on the
growth factors produced by the tumor microenvironment, including hepatocyte growth factor
(HGF) produced by tumor-associated fibroblasts. Among the growth factors assessed, HGF
most potently induced entrectinib resistance in NTRK [-rearranged colon cancer KM 12SM cells
and ROSI-rearranged NSCLC HCC78 cells by activating its receptor MET. HGF-induced
entrectinib resistance was reversed by the active-HGF-specific macrocyclic peptide HiP-8 and
the MET kinase inhibitor capmatinib in vitro. In addition, HGF-producing fibroblasts promoted
entrectinib resistance in vitro (culture model) and in vivo (subcutaneous tumor model). The use
of capmatinib circumvented entrectinib resistance in a subcutaneous tumor model inoculated
with KM12SM and HGF-producing fibroblasts. Our findings suggest that growth factors in the
tumor microenvironment, such as HGF, may induce resistance to entrectinib in tumors with
NTRKI or ROSI rearrangements. Our results further suggest that optimally coadministering
inhibitors of resistance-inducing growth factors may maximize the therapeutic efficacy of

entrectinib.
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BRI BRI COMSRIL R IE v 7 — 2 E
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[ Abstract ]
Enhancing effect of a novel Schiff base derivative combined with tyrosine kinase
inhibitor on photodynamic therapy using S-aminolevulinic acid (Endo)

Previously, we demonstrated that the Schiff base derivative TX-816 enhances the effect of
S-aminolevulinic acid-based photodynamic therapy (ALA-based PDT) by facilitating
intracellular PpIX. However, in aqueous solution, TX-816 is rapidly hydrolyzed to 3,5-
dichlorosalicylaldehyde (DCSA) and 2-chloro-4-nitroaniline (CNA). Recently, we found that
a TX-816 derivative (YS3-35) in which CNA was substituted with dasatinib has a strong
enhancing effect on ALA-based PDT. In the present study, we examined the stability of YS3-
35 in ethanol solution using the TLC method. We found that YS3-35 was very stable in ethanol
solution after 48 h at room temperature, whereas TX-816 was completely hydrolyzed within a
few minutes. Moreover, YS3-35 inhibited the phosphorylation of the Src family proteins in
cancer cells to the same extent as dasatinib did. These findings suggest that DCSA combined
with tyrosine kinase inhibitor as a Schiff base may play an important role as an ALA-PDT
sensitizer. However, further enhancement of ALA-based PDT requires more efficient
dissociation of DCSA from YS3-35 after incorporation into cancer cells. Structural
improvements in YS3-35 and the molecular design of a novel Schiff base derivative combined
with other tyrosine kinase inhibitor are planned.

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. Uterine strips prepared from ADAMTS-1 null mice of the
prepartum period showed reduced contractile responses to uterotonins. ADAMTS-1 null mice
also showed significantly reduced expression of uterine genes encoding for contraction-
associated proteins (CAPs) on gestation day 19, suggesting that ADAMTS-1 participates in
the induction of CAP genes prior to onset of labor in mouse uteri. Immunohistochemical
staining using anti-ADAMTS] antibodies revealed that ADAMTS] protein is expressed in
both uterine smooth muscle and decidual layers on gestation day 19. We are currently
investigating the role of ADAMTS-1 in the activation processes of both myometrial and
decidual layers during the prepartum period as well as the cervical ripening process.
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<2023 FOMFRE, EWRNKL S % OFHE >
Fuv o —PREREZEESELEHFHRS Y ITREICLD5-TI VT Y Vg%
A2 23 AR FEIBREE D RIEE (GREE)

5-7 2/ L7 U R (ALA) 1, 23 AFIEN TRENEMHEAL S 2 5 o e sz 1w
B L LT DN SR 1B (PDT) ITHWHNT WD, ZILE TOHFSET,
HxlX 5-7 I/ L7 U B (ALA) & ORIRFALERIZ L 0 M PpIX &4 NS w T
BRIVFEOZ WrPTR R PDT R B2 B9+ 5 o v 7 LAY TX-816 # RH L=, L»
L, TX-816 [Z/KEE T CEDMKGIRE T D 2 nh, BENOEHEEEZFT
LHHFFERE LT TX-816 @ CNA Fifi T v o —BHERTH LAV TF =7
(L L 72 YS3-35 38 LN YS3-35 D pkFE-aEFR _EE A A IEILHT I /{E L7z YS6-39
AR LT-, ABCG2 Z&%Ei L, b b PEPT1 ZPRHIZE SH7- b MEEMIIZ ST 5
ALA-PDT DOZhFLBEFRIEME 2 it U755, YS3-35 13 YS6-39 &4 F =7 L ¥ {580
ALA-PDT Zh R tEs8RIGTEZ R LT, ANEEOWFIE TIL, YS3-35 1X XV F =7 L[AFREED
HIBEN cSrc OV VIR LR EMERZAT 5 Z ERBIKT THLEETIE & A ETKsy
R 22 7N L2 BRSNS Uiz, 28 AMIBIZ 38\ TR 727200 B Ry 28 38
X AH7-OI120%, AN TR YS3-35 76 DCSA MRS A NENH S = L
DB, A%, YS3-35 D & b7 HREEZAH L ONA BRAICE AT 5 F u v —EHE
FNZOWTHEEITY TETH D,

ADAMTS-1 OHEATEREEEIC 1T DR BIDENT (AEF)

ADAMTS-17"v U7 2 (129/B6 Bis 1) X, IE BRI T 2 A -OPEIpkE
EEIRTH, —J7 BALB/c B 15 5D ADAMTS-17 < 7 A3 WRE D w2 7”9,
SIURRTD ADAMTS-17"< U 20 LB LTz 75 5 i & VT 78 A GHE 28R C I,
Oxytocin, 'R AH 7T T U ~OIHMEISEMEME T L, BRI IOET LT
WAHZEEINETIZAWE LTS, 4419 HEH, kAT ADAMTS-17~
7 ADFE TlE, Oxytocin receptor, Connexind3 72 & DY Ei & o 737 (CAP)E/& T
FEORBDOIELTNRBD SND Z &M D, ADAMTS-1 TS EETOFEIZBWT, b
CAP BB FHEORBNFEINDMBRICKNETH D Z EVNRBE Iz, £72F DR
PEZ WRAE L7z ADAMTST Bk % W CTHRE G 21T - 724558, 4088 19 B B 2 ikaT
DOFEAAETIEL, FEIEihE B L OB T T ADAMTS-1 Z > /37 OIFEBLHTE D &
iz, BUE, S Weal o152 B BE 36 X OVEIE T g OTE il RO AR SR I2 81T 5
ADAMTS-1 O#&E|, F7c 5 HERLMFRIZIBIT 2 ZENZOWTEE LW 217 -
TW5, E72 ADAMTS-1 {2 K 223 AU NREE DI DWW T S FEIT 21T 9,
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Ravdandorj Odongoo, I. Ketut Gunarta, Purev Erdenebaatar, Ryusuke Suzuki, Makiko
Meguro-Horike, Shin-ichi Horike, Yoshio Endo, Toshihiro Fujii, Rikiro Fukunaga, Katsuji
Yoshioka: Overlapping role of c-Jun N-terminal kinase (JNK) 1 and 2 in imidazole ketone
erastin-induced ferroptosis. Gene Reports 2023 December 33 (2023) 101813.
https://doi.org/10.1016/j.genrep.2023.101813.
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Yoshio Endo, Yoshihiro Uto, Yusei Shinohara, Chiaki Abe, Tohru Obata, Shun-ichiro
Ogura, Yutaka Yonemura: Development of a novel TKI derivative for enhancing the
anticancer potential of 5-aminolevulinic acid-based photodynamic therapy. The 82th
Annual Meeting of the Japanese Cancer Association. Pacific Convention Plaza Yokohama
(PACIFICO Yokohama)
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Inflammation and Epithelial Plasticity
ERATEE - KIEAZY b

Associate Professor Dominic Chih-Cheng VOON

Graduate students Sarah Momtazkari (D2) (Co-supervisor: Chiaki Takahashi)
Anahita Dev Choudhury (D2)
Thanh Dong Le (D2) (Co-supervisor: Kenichi Harada)

[ Abstract )

Classically, a proinflammatory tumor microenvironment is thought to promote carcinogenesis
and tumor growth 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 poorly understood. Moreover, with the advent of cancer immunotherapy, it is now well
appreciated that recruitment of certain subtypes of immune cells hold the key to turning a
“cold” tumor “hot”. In this context, we are interested in the role of epithelial-derived IL23A
(eIL23A) in modulating immunity during gastrointestinal infection and carcinogenesis, and its

potential impact on tumor immunity.
<2023 research achievement and future plan>

We continue to deepen our investigation on the molecular mechanism through which epithelial
IL23A (elL23A) augments canonical IL-23 in the production of proinflammatory cytokines to
induce tumor immunity. We previously observed that the phosphorylation of STAT3 and STAT1
were elevated by the co-treatment of eIL23A in a time- and dose-dependent manner in Kit225
T-CLL cells. In the past year, we have established aTh17/ILC3 gene signature with which we
can determine if e[L23A enhances the effector functions of IL-23. To elucidate the molecular
mechanism of augmentation, in collaboration with Hirotaka Takahashi (Ehime University) we
have established a proximity biotinylation assay to empirically identify the extracellular and
intracellular molecular partners of elL23 A during its secretion and juxtacrinal signaling. During
this year, we continue a fruitful collaboration with Jun Won Park (Kangwon National
University; Korea), in which we study the in vivo contribution of epithelial IL23A by analyzing
the 7/23a conditional knockout mouse tissues during Helicobacter-induced gastric
inflammation. Our current focus is in completing our study into the interplay between 1L-23
and IL-2 in Th17/ILC3 phenotype in Kit225 cells.
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[ Achievements ]

< Publications (Primary) >

An HW, Seok SH, Kwon JW, Choudhury AD, Oh JS, Voon DC*, Kim DY * and Park JW*
(2022) The loss of epithelial Smad4 drives immune evasion via Cxcll while displaying a
vulnerability to combinatorial immune checkpoint blockade in gastric cancer. Cell
Reports, 41(13):111878. DOI: 10.1016/j.celrep.2022.111878 *Joint Corresponding
Authors

< Publications (Collaboration) >

Ma M, Wu M, Gu X, Yang J, Wang C, Zhang Y, Cheng S, Xu S, Zhang M, Wu Y, Zhao Y,
Tian X, Voon DC, Sheng J, Wang Y. Inactivation of CSGALNACT2 Promotes Ovarian
Cancer Migration and Invasion Through the MAPK/ERK Signaling Pathway. Cell.
Oncol. doi: 10.1007/s13402-023-00903-9.

Li MJ, Nishimura T, Takeuchi Y, Hongu T, Wang Y, Shiokawa D, Wang K, Hirose H,
Sasahara A... Tojo A, Yoon DC, Ogawa S, Okamoto K, Foukakis T, Gotoh N (2023)
FXYD3 functionally demarcates an ancestral breast cancer stem cell subpopulation with
features of drug-tolerant persisters. J. Clin. Invest. 133(22):e166666.

Yang J, Wang C, Zhang Y, Cheng S, Yoon DC, Wu M, Gu S, Xu S, WU Y Wu, Wang Y
(2023) Clinical Significance and Immune Infiltration Analyses of a Novel
Coagulation-related Signature in Ovarian Cancer. Cancer Cell International.
23(1):232.

Kwon J-W, Oh JS, Seok SH, An HW, Lee YJ, Lee NY, Ha TH, Kim HA, Yoon WM, Kim
SE, Oh PR, Lee SH, Yoon DC, Kim DY, Park JW (2023) Combined inhibition of Bcl-2
family members and YAP induces synthetic lethality in metastatic gastric cancer with
RASAI and NF?2 deficiency. Mol Cancer, 22: 156.

Imamura R, Sato H, Yoon DC, Shirasaki T, Honda M, Kurachi M, Sakai K*, and
Matsumoto K* (2023) Met Receptor is Essential for MAVS-Mediated Antiviral Innate
Immunity in Epithelial Cells Independent of its Kinase Activity. Proc. Natl. Acad. Sci.
USA.,120(40):€2307318120. DOI: 10.1073/pnas.2307318120
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< Conference Presentation >

1. Sarah Momtazkari , Kason K. Koo, Anahita D. Choudhury, Thank D. Le, Tuan Z. Tan,
Seiichi Mori, Masaharu Hazawa, Richard W. Wong, Kenichi Harada, Chiaki Takahashi,
Yoshiaki Ito, Dominic C. Voon (2023) RUNX3 and p53 act cooperatively to induce S10042
in gastric epithelial cells in response to DNA damage. Oral presentation at the 82" Annual

Meeting of the Japanese Cancer Association. 21%-23™ September 2023, Yokohama, Japan.

<2023 Research Funds >

Not applicable.
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Cancer-Immune System Interactions
NA-REZMEEERI=Y b

Associate Professor Kohsuke Tsuchiya +J& 547

[ Abstract ]

Pyroptosis is a pro-inflammatory form of regulated necrosis caused after the formation of
plasma membrane pores by gasdermin (GSDM) family proteins that are activated by cleavage
by specific proteases. This study is progressing in the identification of novel proteases that
activate GSDM. In this study, it was discovered that caspase-12 derived from several species
activates GSDMD. Furthermore, it was revealed that caspase-12 is activated by bacterial-
derived molecular patterns, suggesting that this molecule may function as a novel pathogen
sensor. Analysis of the activation mechanism of caspase-12 revealed that approximately 100
amino acid residues at the N-terminus of the molecule are involved in ligand recognition. The
results also suggested that caspase-12 multimerizes in the presence of the ligand. Moreover,
exploration is underway for proteases derived from bacteria/fungi that activate GSDM. It was
suggested that a protease produced by the Aeromonas genus bacteria can activate human
GSDMD.

<2023 FOWFREE, EHRRKE VSR O HE >

SRAB M=V REMEEN DR 0 — U AO T 1 7T MBI, RAELEWE %K
H4 22 & TRIEAZFR L, EREHSCNASGEDOFEMWAL CICHEST D, WAL —
773U =57 (GSDM) %, A8 h—YRADFATRFTHY, FrED7 a7
T—EBIZL o TUMr &5 Z & CIEME(ET D, A TIX GSDM Z &ML 588
7aT 7T —EDREEEDTVD,

AIFFRIZ BT, BEEOEMFER kDB A 3—P-12 7 GSDMD % iEMAr42 = &
Wbmole, IHIT, HANR—E-12 DHEBRS FNZ— ko TEHE LS D
ZEMBABNNTRY, RFDE LWRERE Y —Th D AR R ST,
A= -12 OIEHACHEFAIZ DOV THRNT 24T o 7o 3. [F1453 1D N R0 100 7 2
JERIRFEN Y T R D Z ERbiroTz, £lo, DAN—E-12 R HT R
FAE FCEEMRIT 2 AREMEN /R ST,

Z DA, GSDM Z{EMEL S ELME/ EE RO 7 v T 7 —EB DR Z1T> T 5,
B2 Aeromonas JBE P EAET H 70T T —EAE M GSDMD ZiEMHA LT 25 Z & n
RIS,
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Inaba Y, Hashiuchi E, Watanabe H, Kimura K, Oshima Y, Tsuchiya K, Murai S, Takahashi C,
Matsumoto M, Kitajima S, Yamamoto Y, Honda M, Asahara SI, Ravnskjaer K, Horike SI,
Kaneko S, Kasuga M, Nakano H, Harada K, Inoue H. The transcription factor ATF3 switches
cell death from apoptosis to necroptosis in hepatic steatosis in male mice. Nat Commun, 14:167,
2023.

Ogura K, Endo M, Hase T, Negami H, Tsuchiya K, Nishiuchi T, Suzuki T, Ogai K, Sanada H,
Okamoto S, Sugama J. Potential biomarker proteins for aspiration pneumonia detected by
shotgun proteomics using buccal mucosa samples: a cross-sectional case-control study. Clin

Proteomics, 20:9, 2023.

YN
JMEN R

Hernandez-Cuellar E, Tsuchiya K, Valle-Rios R, Medina-Contreras O. Differences in Biofilm
Formation by Methicillin-Resistant and Methicillin-Susceptible Staphylococcus aureus Strains.

Diseases, 11:160, 2023.

<HERFER>

Kohsuke Tsuchiya, Shoko Hosojimal and Takashi Suda. A novel pyroptosis-inducing protease
that senses bacteria-derived molecular patterns. The 3rd Japan and Australia Meeting on Cell
Death 2023. 20234E8 7 16~18 F (AL /L)
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Microenvironment Regulation in Cancer Stem Cells Unit
MNAFBIRESEIE L= v +

Assistant Professor Yasuto Takeuchi 77N FEA

[ Abstract ]

Cancer stem cells (CSCs) have been reported to exist in many cancers. CSCs have been
suggested to have high tumor-initiating ability and to contribute to colonization and
proliferation at metastatic sites. However, the role of tumor microenvironment in the tumor-
initiating ability and metastatic potential of CSCs remains unclear. I focused on cancer-
associated fibroblasts (CAFs), a major component of the cancer microenvironment to clarify
their interaction with CSCs.

BCSC Recombinant
When human breast cancer cells (BCCs) GCSF DI HuiTiCSF
= CAF - ere proliferation
were cultured under sphere condition in the  pmary breast 25411 O ~ )
. . cancer tissue * ,‘-.‘.‘: —— CO:':- BCC GCSFR expression I
conditioned medium of BCCs and CAFs Ll L e 0
. »
co-culture, larger spheres were formed
compared to conditioned medium of BCCs = © .

Bone metastatic

microenvironment CAF GCSFR"" BCSC

-

alone culture. This suggested that CAFs
secreted factors that promote sphere e e e :
proliferation of BCSC populations. Next, t0  wewee corw.cors) @  Frobies tcoun ram =
identify the secreted factors derived from TmmTme L e
CAFs, we performed transcriptome analysis by comparing CAFs cultured alone with those co-
cultured with BCCs. As a result, we identified granulocyte colony stimulating factor (G-CSF).
We examined the effect of GCSF on the tumorigenic potential of BCSCs using sphere culture
and limiting dilution assay and found a concentration-dependent increase in tumorigenic
potential of G-CSF. On the other hand, the expression of G-CSFR, a receptor for G-CSF, was
increased in BCCs co-cultured with CAFs compared to BCCs cultured alone. In addition, the
high G-CSFR-expressing cells had higher tumor-initiating ability and metastatic potential than
the low G-CSFR-expressing cells, suggesting that G-CSFR-high cells have a feature of BCSCs.
These results suggested that G-CSF-mediated interaction between CAFs and G-CSFR-high
BCSCs is a new therapeutic target against BCSCs.

<2023 SEDOBFFEER, EHRILKOS KR OFHHE >

Z < ORAIZEBNT, DBAFESHIIE (Cancer stem cells: CSCs) DAFENHE XL TV
%o MDA, BEEFAKAE (Tumor-initiating ability) 2315 <, HAFEIE TOAEE O
56 (colonization) (ZRHH-T 25 Z LAVREIN TS, L, DABMUNRERED, BNA
AR DS AR CHER I E D K 9 B2 H > TV D Dy, RIEZICAHTH D,
T 2T, MABUNREE O EE IR ERR T C o 5 05 A BEFMEL MY (Cancer-associated
fibroblasts: CAFs) (235 B L, WAL E OMBE/ERZA LT Z L2 B L,

CAFs & A3 AMIAE (BCCs) DIREHE I TBCCs Z# A7 = THi#E L7 L 2 5, BCC
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BB EE LI LT, KO RERRAT 2T NIV ELIBRENTZ, 2D Enb,
CAFs 1%, A7 = 7 HE# 23T % BCSCs ML D 2 7 = 7 {5 A R 5 K+ % 5
W 5B Z LIRS LT, RIS, CAFs HRODOZIBR T ZFRIET 572912, HMEEE
L7 CAFs L FL2S AL & 4h8538 U7z CAFs OEIZ LD R T A7 U 7 b — LT
ATo T, TORER, LML & 5538 L7 CAFs TlE, NFkB OiEME(LEATRO,

HEIMMA R =K & LT, JEhiEk = o =—fI#[E ¥ (Granulocyte colony
stimulating factor: G-CSF) Z [FlE L7z, WIZ, FL2SARMILOEISEEKRRIZRTT 5 G-
CSF O %, A7 = 7145 L limiting dilution assay C, #i-X7z& Z A, G-CSF Dj
FEARAF RN BB R BE DS AS FL H 7z, F72, G-CSF OZFRTH H G-CSFR D
B2 Avfifla T2 & 24, IS Ao BRER#ERE & b~ T, CAFs & 3LH5%
Lo HLDN AMIR T, FBEBLMEIN L T\ e, & 51T, G-CSF @7 BififnlL, (R7sEim
fa & T, JEBEEREESCIRBREN B2 & Ny o 7z, G-CSF #4 L7- CAF &
BCSCs & DM EAEA ZH5ET 572912, G-CSF FFPiAE =& 2 A, LA AJFESE
5 70 & NS BRI OB 2 32 Z E R LT o T2, 2D OFERMN S,
G-CSF %#71 L7= CAFs & G-CSFR-high BCSCs & OAHAEAERIE, FL2S AJF 5 fEg & #is
BN Z6E 9 DT R IRIRIER) & 72 B 2 L SRR STz,

[ #F %8 % #& ]
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1. M Lif, T. Nishimura’, Y. Takeuchi', T. Hongu, Y. Wang, D. Shiokawa, K. Wang, H.
Hirose, A. Sasahara, M. Yano, S. Ishikawa, M. Inokuchi, T. Ota, M. Tanabe, K-I. Tada, T.
Akiyama, X. Cheng, C-C. Liu, T. Yamashita, S. Sugano, Y. Uchida, T. Chiba, H. Asahara,
M. Nakagawa, S. Sato, Y. Miyagi, T. Shimamura, LAE. Nagai, A. Kanai, M. Katoh, S.
Nomura, R. Nakato, S. Suzuki, A. Tojo, VC. Voon, S. Ogawa, K. Okamoto, T. Foukakis,
N. Gotoh. FXYD3 functionally demarcates an ancestral breast cancer stem cell
subpopulation with features of drug-tolerant persisters. "Equally contribution. Journal of
Clinical Investigation., 2023 Nov 15;133(22):e166666.

2. Y. Takeuchi, N. Gotoh. Inflammatory cytokines-enriched microenvironment plays ley
roles for the development of breast cancers. Cancer Science.,2023 May;114(5):1792-1799.

3. T Ishizaki, Y. Takeuchi, K. Ishibashi, N. Gotoh, E. Hirata, K. Kuroda. Cryopreservation
of tissues by slow-freezing using an emerging zwitterionic cryoprotectant. Scientific
Reports., 2023 Jan 2;13(1):37.

<FRRR>

1. NN, FHL&EE, WEAEE, MAREY, REERE HZIEZ, AR, KH
WA, ZHGRS, MEFE, ETACT, HER, FARRES, HGA M, %kl
¥ : CAF Hik Ok Ek = v = —HIIK 7 GCSF 1%, ~VU VR TT 4 THBADNE
WIER i 2 RthT 5. 13 E 7y NU— T HFPES, 2023.11.24-11.25.
)], AR
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VNN, FHLEE, TAEE, MR, REBERE BUFEZ, AR, KH
e, ZH—RS, MBI, ST, H R, AR, BEAH, #ERil
- : CAF HROFERIER 72 0 = —JIJ%IK 7 GCSF 1L, NV TN BT 4 THBADNE
IR L i 2 BRta T 5. 2 82 [BIH A4, 2023.9.21-9.23. ik, #dt

- PIARRRA, AILEE, VEAEE, MRERY, REERE, FUEZ, A)IRT, KH

YA, ZHE—RS, mEfE, SiACT, LR, RARHER, HREAM, %Rk
T 8 A BEEERAE 2 A R R D BRI ER = = —RIPHIA - (GCSF) 1, FL72% A D Fi &
HIBICH G 5. 5843 M AP~ — 0 —hijes, 2023.9.20. A, A
The

PNERA, FLUEE, WEAEE, mrED, REEME HUEZ, A)IRT, KH
YAz, ZHERS, mEAnE, AT, LR, AR, R, %Rk
F 1 D3 A BEELRRAE SR B R O BRI ER = v = —HIIKIA - (GCSF) 13, FL7% A O Higi &
BEBICHEGT 5. 8 27 BIBARASFERRRTS, 2023.621-623. {EH,
Ak

Yasuto Takeuchi, Noriko Gotoh : The membrane-linked adaptor FRS2b fashions a cytokine-

rich inflammatory microenvironment that promotes breast cancer carcinogenesis.
5520 BIEHIIE S AW D T A, 2023.5.19-20. HKER R, A

<A EEE >

1.

2.

[5F0 5 R BHeafse & Bk e & T8, 123 AUmHila o SR il fE A
T = RXLOEB |, TNEEN, RFE, ST 3FE-5m 745, 4,550,000 [
[BF0 SRR BBl et B Brm St soedte s ), [THLA3 AU BEMER L
FERE DM PTNEEN, 3R, &0 54, 1,400,000 [

(5F0 5 A BRSAIBFSEHEE Y v 77 4 BT ey =7 b, TRWEA A ik
WRIZL DT A 7 A = A O R L1328 /04, 5F0 5 47, 500,000 [
(B0 5 FE Beparsed ks B B), MEERRRIMEICE S H LV HE
DS AARIRERIE OREEE |, AL)IEE, o, SF0 4 -5 7 45, 100,000 1
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Mitochondrial Dynamics in Stem Cells
ShaVRYTHREIZ=V

Assistant Professor Atsuko KASAHARA %5 R+
[ Abstract ]

Mitochondria fuse and divide for their pleiotropic functions as a power plant (ATP supply) and
as regulators in metabolic pathways, calcium and redox homeostasis, and apoptosis.
Mitochondrial quality, distribution, size, and motility are excellently tuned by their continuous
fusion and fission. Mitochondrial fusion and fission are regulated by a family of GTP-
dependent dynamin-related proteins, Mitofusinl (MFN1), Mitofusin2 (MFN2), Optic Atrophy1
(OPAL1), and Dynamin-1-like protein (DRP1), and their expression can be linked to malignant
phenotypes, such as chemo-resistance.

Mitochondria create contact sites between other organelles, especially with the endoplasmic
reticulum (ER), for calcium homeostasis, lipid metabolism, and control of mitochondrial shape
and mitophagy. The ER-mitochondria contacts are less in glioma stem-like cells, while the
contacts are more created in differentiated glioma cells. Likewise, embryonic stem cells (ESCs)
displayed distant organelles with fewer contacts, whereas cardiomyocytes differentiated from
ESCs showed closer organelles and more contacts. Both are associated with an up-regulation
of MFN2, a known tether protein, in differentiated cells.

MFN?2 is involved in the fusion of the mitochondrial outer membrane with MFN1. In addition,
MFN2 also resides at the ER membrane and tethers the ER and mitochondria. The molecular
mechanism of how MFN2 regulates these two different events is unknown; thus, I have
identified a novel MFN2-interacting protein, RAB35, in a purified mitochondria-associated
membrane fraction. Knockout of RAB35 increased the ER-mitochondria contact sites by
detecting the ER-mitochondria split GFP system, and this increase is MFN2-dependent, and
MFNI1, or PDZDS8, another known tether protein, is independent.

RAB35 ablation induced mitochondrial Ca** uptake stimulated with IP3R agonist ATP,
whereas RAB35 and MFN2 double knockout decreased mitochondrial Ca** uptake, which
functionally confirmed that RAB35 untethers MFN2 tethered ER-mitochondria contact sites.

<2023 FDOHFFERE, EHRNE NS % OFHE >

SR RYTIUMAREBEREZRR L, ZOETEC/MIENS Far Ry
T D Ca¥ DBATONRENBICEE TH D, 7 U A — <A DEEEED R 722 %
fEH D TRINLZZ I by U7 L/NaROERE, #aA0EV T, ES fild &
SHALDARAIILCH FERICBIZE TE T D, Zabidid, I 3 R T L/hlaks
BCHRTTHD MFN2 O 27 BEEBZALA D TR D . 3 IR O Byl
EMREEHBE L TVWDE L) THDH, MFN2 1 b= KU THAEBER T TH b
V. 2 ODREE ED & D ITHIE L3 TV D Dh MEN2 BNWEWEA VTR T3 E
DEIICHESHTVEDMN, REFELWST AT =R NIbho TRV, + 27T,
I RaY RY T LMD AT T LT D EA A S L, MFN2 L fHE
VY 23 2 >/ T RAB3S & TLRAHTIC & > TRHIE L7z, RAB3S KIHICL 5T,
b RU T EMUEOBE AN, ZO8IE MFN2 KIBIC X - TRRE S,
I by RUTHMERE O MFN2 O 3— b —ToH 5 MFN1 R, Bl b= Y
T E/NEARZ SN T PDZDS ORI TITMM L7z £ Th o7, HEEMICH

_86_



RAB35 K#BIZL > T, S har FU 7O Ca¥ i iAZlT E5H L, RAB35 K MFN2
KB TR T D720, RAB35 X MFN2 (255 2 hay RU T E/NAROLRE % fif g
THRTTHD EHELERIND, A%k, /Mais o< RAB35S B ED X 912 MFN2
DEENTEI Fary RU T E/NREEZREL TS0, FIHICLTHNE L,

[#F 52 4K ]

< FEFKFwX >

1. Kurayoshi K, Takase Y, Ueno M, Ohta K, Fuse K, Ikeda S, Watanabe T, Nishida Y,
Horike SI, Hosomichi K, Ishikawa Y, Tadokoro Y, Kobayashi M, Kasahara A, Jing Y,
Shoulkamy MI, Meguro-Horike M, Kojima K, Kiyoi H, Sugiyama H, Nagase H, Tajima A,
Hirao A.

Targeting cis-regulatory elements of FOXO family is a novel therapeutic strategy for
induction of leukemia cell differentiation, Cell Death Dis, 2023 Sep 29;14(9):642, 2023

2. Noguchi M, Kohno S, Pellattiero A, Machida Y, Shibata K, Shintani N, Kohno T, Gotoh N,
Takahashi C, Hirao A, Scorrano L Kasahara A.

Inhibition of the mitochondria-shaping protein Opal restores sensitivity to Gefitinib in a lung
adenocarcinoma resistant cell line, Cell Death Dis, Apr 5; 14 (4):241, 2023

<FEoFERK>

1. THEFEM R EICE 1T D MFEN2-RAB35 ([T LD 3 hay KU T &/ OAR RS )
WZOWTY BB 2BHARI hay R 7HEE84,2023 4 11 A 14-15 H, OEARFE, O
S

2. [ har RUT E/NEIKROBE ST « fEBE S T A T = AL EHOEMNIT 5], 5B
0 HAI iy R 7HSES 202343 H 16-18 H, R A Z —383, # T

<A EE 4>
L,

_87_



Senescent Cell Dynamics Unit

ZlMRaEgREAET1I=Y

Assistant Professor Yasuhiro Nakano H'Hy Zgfd

[ Abstract ]

Senescent cells are known not only to permanently cease proliferation but also to exhibit a
senescence-associated secretory phenotype (SASP), marked by the excessive secretion of
inflammatory cytokines and chemokines. We have previously demonstrated the accumulation
of pl6™4a_positive senescent cells in organs and tissues in cancer and chronic inflammatory
diseases, revealing their involvement in the malignancy of pathophysiology. However, the
dynamics of senescent cells in acute tissue injury have not been elucidated. Therefore, this
year, we induced acute liver injury in p16“ERT2/R2LSIdTomato mjce where pl6™42-positive
senescent cells can be labeled with tdTomato, to investigate the dynamics of senescent cells.

Analysis of the liver tissue immediately after injury revealed the expression of tdTomato in
hepatocytes adjacent to the injury area. Subsequently, evaluation of the tissue repair process
after injury revealed that tdTomato-positive hepatocytes showed marked proliferation,
including expression of the proliferation marker molecule Ki67, which contributed to tissue
repair. Following this, tdTomato-positive cells immediately after injury were isolated using
FACS, and gene expression was analyzed by single cell RNA-sequencing. Feature analysis of
cells using UMAP showed a hepatocyte cluster exhibiting characteristics similar to senescent
cells, including SASP, with a neighboring cluster of proliferating hepatocytes. Additionally,
this several SASP factors reported to promote liver regeneration. On the other hand, inducing
acute liver injury in plé6-deficient mice resulted in delayed tissue repair compared to
wild-type mice. These findings suggest that some hepatocytes activate a transient cellular
senescence program through p16™ expression, promoting proliferation of both themselves
and neighboring hepatocytes via the expression of SASP factors, thereby contributing to
tissue repair following acute liver injury.
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The 11" KUCRI-FUSCC Joint Symposium on Tumor Biology 2023
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“Establishing a collaborative intelligence platform towards extending healthy life expectancy”
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