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[ Abstract ]

We recently established in vivo model of liver metastasis by spleen transplantation of
mouse intestinal tumor-derived organoids (Sakai et al, Cancer Res, 2018). Using this model
system, we have examined a novel concept of polyclonal metastasis. In this system, cancer cell
clusters are detached from the primary site, disseminated to distant organs, and develop
metastasis lesion, which can explain how genetic heterogeneity transfers from the primary site
to metastatic lesions. AKTP organoids formed liver metastasis when transplanted to the spleen
(Figure, top), while AP organoids
did not (Figure, middle). Notably,

when non-metastatic AP cells AKTP %Z% actvaton i;w‘ ;
. (metastatic) _\f. @
were co-transplanted with AKTP, \

they formed chimeric metastasis .
(Figure, bottom). Mechanistically, | (non- melastat'c)$ )
AKTP cells induced fibrotic niche
generation by activation of hepatic AKTPIAP ctlvallon ‘
stellate cells (HSCs), which may | "™ dmer)%
support survival and proliferation ‘
(Kok et al, Nat Commun, 2021).
These results expand our knowledge about cancer metastasis, which further contributes to

primary tumor liver (sinusoid) liver metastasis

metastatic niche
Yo generation

=1

1Y metastatic niche
jil generation

polyclonal metastasis

discovery of effective drug targets against metastasis.

Using the organoid system, we further analyzed mechanical properties of tumor cell surface,
such as topography and stiffness, by using Scanning Ion Conductance Microscope (SICM).
Inportantly, metastatic organoids (AKT, AKTP, AKTPF) showed distinct physical properties,
i.e., increased roughness, membrane volume changes and softness. The results suggest a
potential use of SICM for diagnosis of metastatic ability (Wang et al, Biomaterials, 2021).

We have established human gastric and colonl cancer-derived organoids. Using these
organoids, we examined the roles of tumor suppressor FOXO3 (Tsuji et al, Oncogene, 2021)
and E3 ligase RNF43 in cancer development (Yamamoto et al, J Pathol, in press).
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&i*z ﬁ:.)%ﬁ L/ Al %EHH@&%WIETIU%U%’7 PI3K-AKT signaling activation
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Z T, IEMEER FOXO3 i~ 7 PI3K-AKT inhibitors
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FOXO03 BRATIC & 2 BAZE R MMl 258072, ZORRIZE Y . FOXO3 i B
23 A% T 5 AKT LSRRI O RIREMEDN S 2 5 #U7- (Tsuji et al, Oncogene, 2021) ,
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KGR AHERANT 7 A REHWT, TGF-B HIFZ X 2 9o BEME LM e s~ 28
{bZ2#%2 L7 (Wang et al, Biomaterials, 2021)

4. RNF43 8572 BT X 5 KGH AT A O

MSI U728 AFIIE ClE. Wnt 222K Frizzled 21200 & 3% E3 U /' —1F & RNF43 &
BFERNROND, MSI RUR 3JEFIZZTe 9 RitD M RIBNAANT ) A R
RIS U CREAT L 7oA 5. RNF43 Bin1-~7 2 8% R-spondin A7 D K AS A%
A THE T HAREMED R S 417 (Yamamoto et al, J Pathol, in press) .
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. Tsuji T, Maeda Y, Kita K, Murakami K, Saya H, Takemura H, Inaki N, Oshima M, Oshima

H. FOXO03 is a latent tumor suppressor for FOXO3-positive and cytoplasmic-type gastric
cancer cells. Oncogene, 40: 3072-3086, 2021.
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1. Oshima H, Ju Xiaoli, Echizen K, Han TS, Oshima M. The role of inflammation in gastric
tumorigenesis. In: Research and Clinical Applications of Targeting Gastric Neoplasms,
Capter 2. Ed. by Jenkins B, Academic Press, 25-41, 2021.
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[ Abstract ]

1. Cancer cells are characterized by their unregulated proliferation and require large
amounts of nucleotides to replicate their DNA. One-carbon metabolism contributes to purine
and pyrimidine nucleotide synthesis by supplying one carbon atom. Although mitochondrial
one-carbon metabolism has recently been focused on as an important target for cancer treatment,
few specific inhibitors have been reported. In this study, we aimed to examine the effects of
DS18561882 (DS18), a novel, orally active, specific inhibitor of methylenetetrahydrofolate
dehydrogenase (MTHFD2), a mitochondrial enzyme involved in one-carbon metabolism.
Combinatorial treatment with DS18 and inhibitors of checkpoint kinase 1 (Chk1), an activator
of the S phase checkpoint pathway, efficiently induced apoptotic cell death in breast cancer
cells and suppressed tumorigenesis in a triple-negative breast cancer patient-derived xenograft
model. Combinatorial treatment with both inhibitors released cell-cycle arrest caused by
activation of the S-phase checkpoint pathway triggered by MTHFD2 inhibition, but induced
accumulation of DNA double-strand breaks, leading to apoptotic cell death. Collectively, a
combination of MTHFD2 and Chkl1 inhibitors would be a rational treatment option for patients
with triple-negative breast cancer.

2. Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) are effective
in patients with non-small cell lung cancer (NSCLC) harboring EGFR mutations. However, due
to acquired resistance to EGFR-TKIs, even patients on third-generation osimertinib, have a
poor prognosis. Resistance mechanisms are still not fully understood. Here, we demonstrate
that the increased expression of MUSASHI-2 (MSI2), an RNA-binding protein, is a novel

mechanism for resistance to EGFR-TKIs. Transcriptome analysis revealed that MSI2 was



among the stemness-related genes highly upregulated in EGFR-TKI-resistant cells.
Knockdown of MSI2 reduced cancer stem-like properties, including the expression levels of
Nanog, a core stemness factor. We demonstrated that the knockdown of MSI2 restored
sensitivity to osimertinib or gefitinib in EGFR-TKI-resistant cells to levels similar to those of
parental cells in vitro. Finally, MSI2 knockdown greatly increased the sensitivity to osimertinib
in vivo. Collectively, our findings provide proof of principle that targeting the MSI2-Nanog

axis in combination with EGFR-TKIs would effectively prevent the emergence of acquired

resistance.
MTHFD2 inhibitor MTHFD2 inhibitor MTHFD2 1%, 2 AM BRI AR
v V ThHY . BAOERE LTIEERER
HEINTWDHDOD, RIZEK THEH
Shortage of Shortage of N s A
purine nucleotides purine nucleotides I Eﬁgﬁifﬁuﬁlﬁﬁi?:ib@\ iﬁ;ﬁt; ?%
v B O L[/t 5T B
‘1’ ‘1’ DNA replication  %g & i 72 ¥ M #¢ 5 "] E /2 MTHFD2 B
The S phase checkpoint ~ The S phase checkpoint continues KEZHNT, TEABRRNY PR H
pathways S T4 T HA T AT B IR
¢ Chit Inhibit N7, B ROk NE £ T v (Patient-
S-phase arrest e DNA double- derived xenograft[PDX]) & /L 7= bR 72
stranded break  TEHT 24T > 7o R, Chkl FHEAI L DOPF
l L TREC D SRR
N5z NI,
Cell cycle arrest apoptosis
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Division of Epithelial Stem Cell Biology

e lRa s ZE 2 B
Visiting Professor Nicholas Barker (/> 78—/ A-STAR #F7EFT « EALAFTEE)
Assistant Professor Kazuhiro Murakami #f_E Fi54
Assistant Kenji Kita 4t & (QL[FEBFFEHLA)
Postdoctoral Researcher Yumi Terakado =FF {635 (—~2021.3)
Assistant Staff Yoshie Jomen Ef FELFL

Kikue Saitou 75 % =/AJL (—~2021.2)

[ 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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Division of Molecular Genetics
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Professor Atsushi Hirao /& 3K
Assistant Professors Yuko Tadokoro FHFT#7-, Masahiko Kobayashi /NMRE Z,

Masaya Ueno =B 40,
Postdoctoral Researcher Kenta Kurayoshi & 5 A

Graduate Students Youngwei Jing, Loc Thi Pharm, Hiroki Gugiyama #ZLI#Ec,
Xi Chen, Yihang Gu, Yuhang Yan
Assistant Staff Kazue Sawa ZF1A&,  Yukiko Takai = JHifdF

[ Abstract ]

Nutrients are converted by the body to smaller molecules, which are utilized for both
anabolic and catabolic metabolic reactions. Cooperative regulation of these processes is critical
for life-sustaining activities. Our group has been focusing on how the regulation of nutrient-
driven metabolism controls cell fate determination of stem cells and cancer cells. For this
purpose, we have examined the metabolic regulation from two perspectives: (1) the control of
intracellular metabolism by the balance of anabolic and catabolic reactions; and (2) the control
of organismal metabolic status by dietary intake of nutrients.

Several types of tissue stem cells, including hematopoietic stem cells (HSCs), experience
long periods of quiescence or dormancy, which is supported by catabolic regulations, such as
autophagy and lysosomal degradation process (Figure 1). We found a critical role of autophagy
in protecting HSCs against insults during the early neonatal stage, which is essential for healthy
long-term hematopoiesis (Ito C, Sci. Rep. 2021). Such catabolic regulation is also important for
maintenance of stem cell properties in malignant tissues. We found that lysosomal degradation
is essential for maintenance of undifferentiated status of myeloid leukemia, mediated by iron
pathways (Pharm TL, JSH meeting 2021). Since the iron-dependent regulation for cell
differentiation is controlled by epigenetic alterations, we are aiming to identify critical
epigenetic modifiers in the downstream of lysosome activity. In addition, we have discovered
that the endo-lysosomal activity is a critical biomarker for malignant progression in patient-
derived glioma cells, and that lysosome is an important target for a novel therapeutic strategy
(Jing Y, JCA meeting 2021).

It has recently been proposed that non-mutational drug resistance mechanisms underlie the
survival of residual ‘drug tolerant persister’ (DTP) cancer cells, and that these DTPs display
transcriptional and functional similarities to cells in “embryonic diapause” (Figure 2). Recently,
we have identified a critical metabolic molecule induced by catabolic status, contributing to the
induction of diapause state in cancer cells. We have started collaborative research for drug
discovery to overcome the drug resistance, by using information technology, such as molecular
simulation with a high-performance supercomputer.

In conclusion, delving into how cancer behavior is influenced by nutrient-driven metabolism
leads to the development of novel therapeutics useful for treating a variety of cancers.
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Figure 1. Anabolic/Catabolic balance Figure 2. Diapause signature for drug resistance

_19_



[ #F %8 3% #& ]

< FEF L >
JFE

1.

2.

9]

(5387 1K)

Nomura N, Ito C, Ooshio T, Tadokoro Y, Kohno S, Ueno M, Kobayashi M, Kasahara A,
Takase Y, Kurayoshi K, Si S, Takahashi C, Komatsu M, Yanagawa T, Hirao A. Essential
role of autophagy in protecting neonatal haematopoietic stem cells from oxidative stress in
a p62-independent manner. Sci. Rep. 2021, 11(1):1666.

(FLFAFFE)

Hiraiwa M, Fukasawa K, Iezakil T, Sabit H, Horie T, Tokumura K, Iwahashi S, Murata M,
Kobayashi M, Park G, Kaneda K, Todo T, Hirao A, Nakada M, and Hinoi E. SMURF2
phosphorylation at Thr249 modifies the stemness 1 and tumorigenicity of glioma stem cells
by regulating TGF-P receptor stability. Commun. Biol. 2022, in press

Tanabe M, Hosokawa K, Nguyen MAT, Nakagawa N, Maruyama K, Tsuji N, Urushihara
R, Espinoza L, Elbadry MI, Mohiuddin M, Katagiri T, Ono M, Fujiwara H, Chonabayashi
K, Yoshida Y, Yamazaki H, Hirao A, Nakao S. The GPI-anchored protein CD109 protects
hematopoietic progenitor cells from undergoing erythroid differentiation induced by TGF-
B. Leukemia 2021 [Online ahead of print]

Fukasawa K, Kadota T, Horie T, Tokumura K, Terada R, Kitaguchi Y, Park G, Ochiai S,
Iwahashi S, Okayama Y, Hiraiwa M, Yamada T, lezaki T, Kaneda K, Yamamoto M, Kitao
T, Shirahase H, Hazawa M, Wong RW, Todo T, Hirao A, Hinoi E. Oncogene 2021,
40(15):2803-2815.

Baba T, Yoshida T, Tanabe Y, Nishimura T, Morishita S, Gotoh N, Hirao A, Hanayama R,
Mukaida N. Cytoplasmic DNA accumulation preferentially triggers cell death of myeloid

leukemia cells by interacting with intracellular DNA sensing pathway. Cell Death Dis.
2021, 12(4):322.

BB S MARRTE E e X OWEESSAE - MEICB T AN MEEOERR IR
Mg 2021, 62(7):739-743

EREG S AN TR RIS S S ASERIE R E O =01 GETH 6 i) ,
2021, 47-49, FEILAE

<,‘—‘4

1.

FOREK >

Hirao A: Cell fate decision by metabolic regulation in hematopoietic stem cell homeostasis

and leukemogenesis. The 39th Sapporo International Cancer Symposium 2021 4% 7 H 6-

_20_



7 H, LR

Hirao A: Cell fate determination mediated by nutrient-derived metabolites in tumor
development and malignant progression. 5 80 [F] H A& P FIlTfR 2, 2021 429 H
30-10 H 2 H, Hiik

RIS & D ME AR E & A A, B 94 [\l B AL RS, 2021 4F
11 A 3-5 H, Web Btk

H AT s > o fb—dEmsgle > 7IiZEB L T—,
BPNP2021 7 7 A hv > RY D A, B6JAGED #FJte 4 3 Bl Gl Z, 2021 4F 7
H 13 H, 5

Kobayashi M, Jing Y, Hirao A: Acquisition of therapy-resistance through proneural-
mesenchymal transition in glioblastoma, #f 80 [F] H A¥#E AR 2y, 2021 429 H
30 H-10 H 2 H, Hik

BEREK, R FOXO0s TiftRlF 2 k5 & L7z B My efiiia oo 53 (L if 8k o b
¥, 202149 H 6 H, Web Brff

Pham TL, Kurayoshi K, Ueno M, Hirao A : Critical roles of iron homeostasis controlled

by lysosomal acidification in maintaining undifferentiated status of leukemia, % 83 [A] H
AR PSS, 2021 429 H 23-25 H, Web B
Jing Y, Kobayashi M, Hirao A: A novel therapeutic strategy for glioblastoma by targeting

lysosome membrane integrity controlled by autophagy activity, &5 80 [F] H AS¥E 2 =2l
2y, 20214E 10 A 1 H, #iik

Chen X, Tadokoro Y, Si S, Honda H, Hirao H : Identification of diet-dependent metabolites
for controlling development of hematopoietic neoplasm, 5 25 [A] i Il #% JE 55 iff 71 2,
2021 451 H 23 H, Web Blfi

< FHIRABE >

1.

VR, Jing Y, IMREE, T E DGR EGA R R, HREE 5 2021-
151703

<HEE &>

1.

2.

3.

4.

SHREK AL (A) RI~R4 5 TREFFAGIC L 2 03A 2T LR AHIH OS5+
Fx ) 8,600 T-H

R PREAIMEE () R3~R4 [ NE MR OIRRB L O TFHIICET 5
REIETE > AT L OHEEE ] 2,000 FH

SEREC RIS VEEIRAIAEATZE 2 R1I~R3 4R [RE L 7z & 5 R0k
PEFI A 21200 & U7 B s A TRIRIE OB | 16,509 TH

HPTEE 7 - BT (C) RI~R3 R TR BREEZARIT K 2 18 i i e PR e
Frigmg oMl 1,100 THM

_21_



HATE T« BF 2 FE  mE i@t sletstiime R REICERFE L
BEIMEA N L RIC K D A R O T 2,000 T

FEPIE - JUERFZE (C) R2~R44EFE [ AR BRI HIRIB ICBI 5 ==
F 7 X MGHOMREAT) 1,000 T

FEPRE - BARMIR T 2021 AEEERFEBNAR =2 F 07 I FRE@T A2 L 72 B s
DOPL KA (Drug tolerant persister) HiEDOMEE | 500

IREE - BUBEIFSE (C) R2~R4 4 TR O ARE)— M & 1GHRARPTEIC @)
< MRE R SRR O 7y 1 HA% ) 1,100 T-H

AEHA  BFIE R34 4EE TV VY — MMRUEHRE ST 5 B s i o
FITEHEHERFREAE ORI ) 1,900 T

_22_



Division of Oncology and Molecular Biology
EBES FEVFRARIE

Professor Chiaki Takahashi =G &
Assistant Professors Susumu Kohno {i[#F ¥,

Sheng Jindan 2% <&/t (2021.10.1~2021.12.31)
Graduate Students Kulathnga Liyana Arachchillage Nilakshi(~2021.3.31),

Sheng Jindan B% 4+ (~2021.9.30) ,

Zhang Zhiheng & #'1H (~2021.9.30) ,

Yu Hai 4% ¥, Gong Linxiang #8& [E{E,

Kana Teranishi =778 5 3%, Zhang Yuanyuan 9 [ [,

Zhang Zixue 9 F5, Yujinghui T ¥EIE (2021.1.1~)

Renata Akhmetzianova (2021.4.1~) , Quan Ruifang #£ %i/7
(2021.4.1~) , Yu Peifu T {ifik (2021.4.1~) , Nada Hamdy

Mohamed Hussein (2021.10.1~)
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[ Abstract ]
Majority of cancers carry wild-type RB1 to those synthetic CDK4/6 inhibitors might be
effective. For HR+; HER2- advanced breast cancer patients, it is recommended to use these
agents in combination with endocrine therapy. However, the expansion of indications for
other cancers has been developed slowly. We determined rationales for synthetic CDK4/6
inhibitor combination therapy to treat hepatocellular carcinoma, K-Ras-mutated lung, colon
and pancreatic cancers. We also explored the intrinsic mechanisms whereby cancer cells resist
to CDK1/2/5/9, CDK9 and newly developed CDK2/4/6 inhibitors. RB1 inactivation causes
cancer initiation in limited type of cancers but in most types promotes progression. We
identified a number of novel RB1 targets including ELOVL6 in the latter context and
explored clinical significance. The frequency of RB1 gene deletion in primary prostate cancer
is less than 10%, which reaches to 37% in metastatic lesions. RB1 deletion in advanced
prostate cancer very frequently involves SUCLA?2 loci located in the vicinity causing certain
metabolic ~ vulnerabilities ~ which can be  pharmacologically targetable by
2-isopropyl-5-methylbenzo-1,4-quinone. We are trying to identify the molecular target of this
agent and discover compounds with similar/better bioactivity by a large-scale rescreening.

Based on collaborations, we defined thus far the most reasonable explanation for Warburg’s
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effect in tumor cells, and discovered RECK as a promising therapeutic target in Alzheimer’s

disease.
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[ Abstract )

Cvtoplasmic DNA accumulation-induced cytotoxicity in myeloid leukemia cells

Accumulating evidence indicates the presence of cytosolic DNA in various types of malignant
cells, and its involvement in anti-cancer drug- or radiotherapy-mediated DNA damage response
and replication stress. However, the pathophysiological roles of cytosolic DNA in leukemias
remain largely unknown. We investigated the cytosolic DNA dynamics in acute myeloid
leukemia (AML) cells and revealed that autophagy can regulate cytosolic DNA accumulation.
Inhibition of autophagosome formation induced cytosolic DNA accumulation, eventually
triggering cytosolic DNA-sensor signaling pathways to exert cytotoxicity in AML cells.
Furthermore, autophagy inhibitors augmented an effect of differentiation therapeutic drug, all-
trans retinoic acid (ATRA), revealed as an irreversible myeloid cell differentiation. Thus,
manipulation of cytosolic DNA dynamics can be a novel and potent therapeutic strategy for

AML.
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[ Abstract ]

In response to infection, massive cell death in the surrounding tissue, and so on, macrophages
commit suicide called pyroptosis, which is a necrotic and inflammatory form of programmed
cell death. Simultaneously, dying macrophages release inflammatory cytokines such as IL-1a.,
IL-1B and IL-18. Under these conditions, various pattern recognition receptors, such as
NLRP3, NLRC4, and AIM2, form multiprotein complex called inflammasome together with
procaspase-1. Caspase-1 activated in the inflammasome cleaves gasdermin D (GSDMD),
whose N-terminal fragments then form pores in the plasma membrane to induce pyroptosis.
Caspase-1 also cleaves prolL-1 and prolL-18 to convert them into mature forms. During the
process of pyroptosis, prolL-1a is also converted into its mature form in caspase-1 dependent
manner. However, prolL-1a is not a substrate of caspase-1. Thus, what cleaves prolL-1a, and
how caspase-1 is involved in IL-1o maturation has been unclear. We found that GSDMD is
required for the rapid induction of IL-1o maturation by inflammasome activators. Ablation of
GSDMD abrogates the maturation of IL-1a, but not of IL-13. Maturation of IL-1a required
extracellular Ca?* and calpains. Ca®" influx and calpain activation are induced in a
GSDMD-dependent manner. These results suggest that IL-1a. is cleaved by calpains that are
activated by Ca*" influx through plasma membrane pores generated with caspase-1-cleaved
GSDMD fragments (Cell Reports, 2021).

We have found that KIF11 contributes to inflammasome formation and induction of
pyroptosis. To investigate the role of KIF11 in NLRP3 inflammasome functions in vivo, we
are currently investigating the effect of a KIF11 inhibitor in mouse obesity model, because the
role of NLRP3 inflammasome in obesity-mediated metabolic disorders has been reported.
KIF11 is known to play an important role in spindle formation and chromosome segregation
during cell division. Phosphorylation of KIF11 is required for this function of KIF11. We
found that KIF11 is also phosphorylated after NLRP3 activation. The importance of KIF11

phosphorylation in inflammasome formation is currently under investigation.
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Mediates the Maturation and Release of IL-loo Downstream of Inflammasomes. Cell
Reports, 34: 108887, 2021.
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[ Abstract]

Our research is focusing on 1) discovery of new physiological function of MET/HGF receptor,
2) mechanisms of metastatic niche formation by HGF-MET activation, 3) drug discovery
based on cyclic peptides and protein engineering. Our research progresses in 2021 are
followings. (1) As an innate immunity, infection of RNA virus induces inflammatory cytokine
production in epithelial cells. We revealed that MET intracellularly facilitates MAVS
aggregation in mitochondria, which induces inflammatory cytokine production, MET tyrosine
kinase activity is indispensable in this innate immune response. Promotion of innate immune
response is new function of MET regulated by non-canonical kinase-independent mechanism.
(2) In the model of lung metastasis, the processing from precursor HGF to active HGF
occurred in the lung before the colonization of tumor cells. Newly generated HGF activated
MET in epithelial cells and induced expression of genes closely involved in metastatic niche
formation, and metastatic niche formation was suppressed by selective inhibition of active
MET. Processing of HGF, rather than de novo gene induction, in dsitant site facilitates MET
activation which promotes premetastatic tumor microenvironment formation before tumor cell
colonization. (3) Employing Lasso-Graft technology which confers new binding properties to a
variety of protein scaffolds by functional insertion of macrocyclic peptide pharmacophores,

immunoglobulin Fc-
synthetic aMD4-Fc
MET agonist %

HGF

based receptor agonist
(right figure) and anti-
transferrin antibody-
based receptor agonist
with long circulatory
residency and the
blood-brain-barrier

EXTTTRTLTS

penetrance were

generated. S g e B e
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HEPE, fAHEAED, BEREE, Witwth, S8EE, &R, FHEER, F
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[ Abstract )

Malignant brain tumors have an extremely poor prognosis regardless of whether they are
primary or metastatic, and overcoming these devastating diseases is an extremely high social
demand. In the case of brain metastasis, spatio-temporally diverse interactions between cancer
cells and glial cells play very important roles in its progression. In the previous study, we have
developed a simple and stable culture method of primary astrocytes and microglia (mixed-glial
culture on/in soft substrate: MGS), which enables long-term analyses of cancer-glia interactions.
Through drug screening with MGS co-culture system, we identified metabotropic glutamate
receptor 1 (mGIuR1) as a key regulator of cancer cell proliferation in the brain
microenvironment. mGluR 1 is a G-protein-coupled receptor belonging to group I metabotropic
glutamate receptors. The expression of mGluR1 is almost limited to the central nervous system,
and cancer cells usually do not express this protein. However, we found that a mGluR 1-specific
inhibitor, LY456236, strongly suppressed the proliferation of cancer cells when co-cultured in
MGS, while the drug has no effect on mono-cultured cancer cells. As molecular mechanisms,
we found that mGluR 1 expression is induced in cancer cells through interactions with astrocytes,
and that cancer cells with induced mGluR 1 expression show enhanced dependence on mGluR1
downstream signaling for survival and proliferation. These results strongly suggest mGluR1 as
a potent therapeutic target of cancer brain metastasis. On the other hand, 3D-live imaging of
cancer-glia interactions in MGS revealed a microglia subpopulation that shows strong cancer
cytotoxicity. Cancer cell death induced by these tumoricidal microglia is cell cycle-dependent
and most of the cells die in S/G2/M phase or within 2 hours after mitosis. We found that the
cell death is mediated by caspase-1 via inflammasome activation in cancer cells and is
completely independent from phagocytosis by the microglia. Our studies with MGS co-culture
system have been revealing a series of previously unknown, multifaceted interactions between

cancer cells and glial cells.
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1. 7Y TIEREZHWERSAME— 7Y THIER Y T —7 OREYT

~ 7 R AT IR Sk 2 ) T M o0 BT R 2 R 2 BRI AR TR (MGS % ¢
Mixed-glial culture on/in soft substrate) % f#37. L7z (Ishibashi et al., under review), Z D
MGS HEE#IEEZ WA A 7 UV —= 7120 DA OERICEG 35 &
BZONDEBONT « VT T IMEERKZRETHZ LB LI, Zhbd)
B, KR NV—T TR 7V & X s 52K C & % metabotropic glutamate receptor
1 (mGIluR1) 23S/ NREEIZ I T AMIRL DA & BERRIC B B2 5 Z & %
R L7, mGRlIZZNA—F TRFFR N4 I V2 RIRICET D G Z o3y Bk
BZHERTHY, FHRAPRRICBW T L-ZAE I VBBOZRIRE LTV 7 A 5E
(2B LT 5, mGluRl OFEFUTNTIFTHRARRICIR B TR Y | A FEDS Mk
IZBWVTH mGluR1 DFBLUIITE A ERD LTV, & T AN, MM ER
B T Tl a< RO 720y mGluR1 BLFAIDY . MGS 5528 N2\ TEA Asiiad
B AR < T2 Z E RN E o, ZONTIELE LT, TA g b
& DMENERIC X > THAMIIZ mGluRl OFEHNFEIND Z &, mGluR]l DOFEEH,
INFHE ST VA T, Mg EAF - HEIZEA L C mGluRl Rty 7 F/b~d
BTN L TS Z L 2RBT 57 — X 2457, LLEOELRED S mGluR1 123
PR R LR ) DBR ) R IR IR 0 F Ch D & B2 b, BlfE, Hie DT
BITo>TWb, £7- MGS #8IEEZ W3 RITEAA LT TAAL A=V 7Tk
V. MGS FIZIZFRWA MG EEREZ AT 2I 70 7 U T BRFEEL TWD Z & A
bnkipole, ZOI7ua Y TIZL-> TEE I DMt E R Ch
D, DAMIBOIFEAETXS/IG2ZME S L < 1TSS 2 REE LANIZ IR T 5,
B REZ LT, ZOMIEIITA 7 T~ Y — %I LTz caspase-1 DIEMEALIZ L -
THEIN, IV TICL2B8RBLIFEBFRETHLIZ LT LNE RS
2o BUE. NEEAIUEENE 7 0 2 7 OARRE & 2 AMKSE DO FEMEICR L TH
IR B EHED TN D,
2. INRFBRIEA A RO EME S B~ DG

EIRKFE TAFIEI AR B Lk Bl i Ll obFEMEIC LY . ARES
PEDENMEA A RAA (zwitterionic liquid : ZIL) OAEMFEMFEYEF~DISHIZEET 5
Wge D TV D, ZivE TICHIaBE RFAl & L CoiE k. (Kato et al.,, Commun
Chem 2021) . 3 X OSEEULAW & W= SRS A 7T F L BIF| DB %
(Kadokawa et al., Sci Rep 2021) (Z%Eh L7z, BifE. #Hf#% + PDX (patient-derived
xenograft) D22 EHIHRAGERATOMG 1+ N7« AEIND @R AE R, iPS Ml 2 &
TR ZE N B~ DS 2D DD, T B EHENT DD DERKFFER
F v —BEONL EIFEIT-o TV 5,
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1. KatoY, Uto T, Tanaka D, Ishibashi K, Kobayashi A, Hazawa M, Wong RW, Ninomiya
K, Takahashi K, Hirata E*, Kuroda K*. Synthetic zwitterions as efficient non-permeable
cryoprotectants. Communications Chemistry. 4, 151, 2021 (*co-corresponding author)

2. Sharma G, Kato Y, Hachisu A, Ishibashi K, Ninomiya K, Takahashi K, Hirata E,
Kuroda K. Synthesis of a cellulose dissolving liquid zwitterion from general and low-cost
reagents. Cellulose. doi.org/10.1007/s10570-021-04185-y, 2021

3. Kadokawa R, Fujie T, Sharma G, Ishibashi K, Ninomiya K, Takahashi K, Hirata E*,
Kuroda K*. High loading of trimethylglycine promotes aqueous solubility of poorly
water-soluble cisplatin. Scientific Reports. 11(1):9770, 2021 (*co-corresponding author)
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fie 2021429 H 6 H)

4. 41 A" B, FH #J& [The concept of cancer associated glial-network in brain
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6. Eishu Hirata “Multifaceted interactions between cancer cells and glial cells in brain
metastasis” (Symposium) The 16th International Symposium of the Institute Network for
Biomedical Sciences & KEY FORUM 2021 (Kumamoto and hybrid online, 11-12 Nov
2021)

7. Eishu Hirata “Multifaceted interactions between cancer cells and glial cells in brain

metastasis” (Symposium) International Symposium on Tumor Biology in Kanazawa 2021
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<HEEL>
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Kanazawa University SAKIGAKE International Symposium “Aiming the fusion of chemistry
and life science” (Zoom online meeting, 8 Nov 2021)
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_44_



N JAN
DA FRENER 2 7T A



Division of Molecular Cell Signaling
ST IVEERRLE

Professor Katsuji Yoshioka ] 7&K
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Odongoo (D4), Yuhei Kishi & 5 (M2)

Assistant Staff Hisayo Inotani &4 At

[ Abstract ]

JNK/SAPK-associated proteins (JSAPs), JSAP1 (also known as JIP3) and JSAP2 (also
known as JLP or SPAGY), were first identified as scaffold proteins for the MAP kinase (MAPK)
signaling pathways. Subsequent studies showed that JSAP proteins can also function as motor-
cargo adaptors. Increasing evidence suggests that JSAP2 is overexpressed in many types of
cancer and involved in cell proliferation and invasion. However, the physiological roles of JSAP
in non-transformed cells remain largely unknown. Recently we found that aneuploidy was
induced in non-transformed hTERT RPE-1 cells by overexpressing JSAP2 (or JSAP1). To
explore the functional roles of JSAP, we analyzed JSAP2 knockdown (KD) hTERT RPE-1 cells
and found reduced cell proliferation of JSAP2 KD cells. RNA-seq analyses of JSAP2 KD and
control cells suggested the involvement of JSAP2 in the regulation of cell cycle progression.
We are studying how JSAP2 is involved in the processes.

Curcumin, a major component of turmeric, is known to exhibit multiple biological
functions including antitumor activity. We previously reported that JSAP2 reduces curcumin-
induced cell death by modulating p38 MAPK and autophagy through the regulation of lysosome
positioning. We investigated the role of JSAP1 in curcumin-induced stress, and found that
JSAP1 also attenuates curcumin-induced cell death. However, JSAP1 knockout showed no or
little effect on the activation of JNK and p38 MAPKSs in response to curcumin. In addition,
small molecule inhibitors of JNK and p38 MAPKs did not increase curcumin-induced cell death.
Furthermore, JSAP1 depletion did not impair lysosome positioning and autophagosome-
lysosome fusion. Instead, we noticed substantial autolysosome accumulation accompanied by
an inefficient autophagic flux in JSAPI knockout cells. Taken together, these results indicate
that JSAP1 is involved in curcumin-induced cell death differently from JSAP2, and may
suggest that JSAP1 plays a role in autophagosome degradation and its dysfunction results in

enhanced cell death.
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1. BetafRZZENMEIZI T D JSAP D& H

Yot R 22 TEVE DHERFITIE R 70 R AECIEE VEOHERF IS E AR AR TH Y, DRI
A DFEAE - ML RIIERIE 72 & LIRS b o T, Fxld, ZHLETIT, E
NIEH 5K FE{L RPE-1 (hTERT RPE-1) #liidC JSAP2 % L /X7 EOFEHL L~ )L %
EH &S & B OEENEFITHENT S 2 L, KO JSAPL, 2 _EXE~Y
A RS I AR R R E NFEINDL Z LR EXRAM L TWD, £k
UT, hTERT RPE-1 #ll1 C siRNA % AW TJSAP2 8% /) v 7 X7 (KD) 45 L#l
JRdEFEHE N E = 5 2 E 3oz, LavL, Z @ JSAP2KD #ild D54, metaphase
spreads FATIZ LB 2R S WP I R 2T 2 2 L IXT&E oo, BUE, AF v
R B RBLGMRET D22 ENAlige At —F T 7 a k0B NTHEY A
TW5, A1k, HBEIHIEICIT D ISAP # L /R B O&RE| L Z D4y HE O R
FHIEL TR EZED D TETH D,

2. IV I UEMEMBSEIZ T D JISAPL D& E
INT I T A OFEERSTHY, FUEGEEZ T2 ER8MoN TS, &
T, BexlX, JISAP2 34— h 7 7 ¥ — & p38MAPK > 7 F VBRI & HilfE4 5 = &

&Y, 7 I EEEOIEMERER 2T

L 72 HBBEIS s LTI 2 E D3] | v« - - ]

# LT, LinL, 247 JUAREIMIIE | wee - - o I

25 B ISAP1 OEFENZHSWTIE, —hE (- - ] i
TIHER AR, R TH 5, JSAPIKD f L
Fa e « R4 KO ISAPL (B 5\ P
JSAP2) ff )EH v 7%— VAKX a2 — 7’%% % ??I’ Y JSAP1 is involved in curcumin-induced cell death
JSAP1 1% JSAP2 & |3 %72 5 g7 \c kL »Cy L Independentlyfrom JSAP2

V7 X VUEEEMEOMIBEAEIT 3 L CTHIHIICE < Z E 2B 52 Lz (DDT Gunarta et
al. 2021),

3. A L RIRE MAPK DfEAT

INK/p38 MAPK [ZA h L AJEZE MAPK & L CELSHBINTEY, ZihbOEITIC
IHED FILERIAHEA SN TW5D, UL, 3FEO INK (JNKI1, INK2, INK3) £ X
O 4 FEFAD p38 (p38a, p38P, p38y, p383), FAVEAVTHRFERM e HERNT /2L, &7 A4
VT G — LOBEREIC DWW TUIAAR AN L, KilT, FABECENE L (RIREFEKR)
DI N—TBERBE LT LE ) v 770 MEEZHWZ, A L RIRE MAPK OFFEH72
BEREFRMTICAE T Lo (KB CERE L & 0 ILFRIIF) .
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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
cancer types 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 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. In an immediate couple of years, we have
obtained the preliminary results indicating the putative roles of tumor GSK3f as a molecular
hub that connects the pathways responsible for tumor invasion and resistance to therapy, thus
enforcing its potential as a major cancer therapeutic target. We are extending this project toward
investigation of the putative roles for GSK3fB in promoting esophageal squamous cell
carcinoma (ESCC; the major type of esophageal cancer in Asia and Japan) and pancreatic
neuroendocrine neoplasms as well as in acquiring chemoresistance in pancreatic cancer. We
also have been trying to develop cellular and mouse models predisposing to ESCC by CRISPR-
Cas9-based genome editing of the metabolic enzymes including glycogen synthase and GSK3p.
In addition to these projects, we have clarified the genetic and epigenetic characteristics of

traditional serrated adenoma and duodenal non-ampullary adenoma and adenocarcinoma.
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1. glycogen synthase kinase (GSK) 3B FHFEZ K 2 8 ATERIEDHIZE, BHZE

Wnt REEEINHIA 7 & 385k STV D GSK3B MEA Dy TR Z I LT, BNADE
MW EZHEET 2 Z L 2 RFBEMNTR L TE 2, £ LT, GSK3B [HEDNATRER %
AR L~ EHDS VBN THGE LT, 72, FRINOAEI R 7 v —7 L L, BER A,
JBERIECF R ARE 2 & OERE, b3 A CElEtE A R GSK3B 23, FEEREM: &6
W (PUSAA, SR RISEOEME 22 2 L2 A L, — @O % b
E1Z, GSK3B FHEHS O & i AR Z T 203 ATERIE LB L, HRBHFHE
(BB IRBERARRRANEL) & A TIEDS A (IR ERF RSB 25 & 5 Al 5K
FZEIC L 0 F 022t & BUEBI 2 MGEE LT, 2021 FFICIEBER T LR A & B
AFITMHIEAFIREDS AN KT 2D GSK3B IHEDIRIEZIR & A=A LEWEMNT LT, £
72, GSK3B FHLEIZ X D DB ABROBESILRED T2, N WIESE: (PNET) O2:[EFSE
(N T, KE TR O GSK3B FHEAI 9-ING-41 % Bi¥E L7 Actuate £1: & J£[F] T
TRIRTHPEREDS A D RTEGAR SR A 31 L 7=,

2. N A DRFHHFMEIC b & 3 < MR O TR

GSK3B 127V a—7 Rt filiHd 5, F7=, FEOPRIHED O EEERR & 8
BIEHOESIZRD ERMBEN TS, T2 TRENAZFLINT, 25 AEA OREH
(Warburg Zh5) (ZB8H0 2 il 2 003 AMIEENE B B /ERIC K92 GSK3B Dt & HfiE
W Tung, 2R EITBNS, PHREEIC I — FRYRZ S L T 5 BE D RE LR
N AR D EW AR I THIIRIN 7Y a— 7 o, A TH D, £ T, BEHK
DIEFREERE LR~ 0 22810, 7Y a—F U GREESR & GSK3B 05/ A
RERIZ L D BRI LG TN AIRREDFEIE & 3 208984 2018 AEICBA4A L, HAYD
WA~ AZEH LT, BaBBE2ikei L T\ 5, £72 2021 F121E, GSK3B AT r/L
XF—t ¥ —fEFR AMPK Z U UBLIC L O NEHIET 5 W  mRE S &I, RibkR
e b B8 AT 1T D WESE O BRELARHT & 4 6D T,

3. b MHILE DN AHGR S 7 Bl &35 RIGH A D5y F-IR BRI ZE

THILE S ARFFECIG IR SE D JEEEE TR & LT 2008 N D ARFEL B L, 2010 4
IZZ DFEEEZ YT F DS AFRR N 7 T LBIEICE > TV 5, Z OMREIR
OHEFFARED DT, HAREREFICHBEHEE T 2 LERERIET A b
(http://www.biobank.amed. go.jp/biobank/index.html) [ZfFHAB L TV 5, LI -
YT BB BRFE Lo RK&UEA A AIEE &SI 2 T, KBS AE &SIz Wis
B D IL[RIAFSE & Mkt L T D, KEBRRBEOE BT % — 2 & b L IR OfqHiE
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[ Abstract ]

We have been studying the function of epigenetic regulators such as histone methyl-
modifying enzymes, long noncoding RNAs and RNA methyltransferase complex in the various
steps of malignant progression of cancer. This year we investigated the role of KDM2B, a
member of PRC1 complex that regulates histone ubiquitination, during TGF-beta-induced EMT
of lung and pancreatic cancer cells. Knockdown of KDM?2B inhibited TGF-beta-induced
morphological conversion of the cells and increased cell migration/invasion as well as the
expression changes of EMT-related marker genes. Overexpression of KDM2B influenced the
expression of a subset of epithelial marker genes such as CDHI, miR200a and CGN, and
enhanced the effects of TGF-beta. Mechanistic investigations revealed that KDM2B
specifically recognized the regulatory regions of CDH1, miR200a and CGN genes and induced
histone H2AK 119 mono-ubiquitination as a component of PRC1 complex, thereby mediating
the subsequent EZH2 recruitment and histone H3K27 methylation required for gene repression.
Studies using KDM2B mutants confirmed that its DNA recognition property but not its histone
H3 demethylase activity was indispensable for its function during EMT, suggesting the crucial
role of KDM2B in the determination of target gene specificity. This study demonstrated the

significance of the regulation of histone H2A ubiquitination in EMT process.

<2021 FFOMRE, EBRIE NS % OFHE >
1. MO EMT ICEIT 5 B 2 b oo B xF AbESEE S 1K PRC1 O E|

TGF-B#%5E EMT OH#EITIZIBWT, B A h v 2 F /(b (H3K27me) BEFRE A K PRC2
DADEF Z ZVE TIZH LN L TE 7, RFEEILPRC2 LML TEHL S %
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PRC1 & X F = &% F 1k (H2AK119Ub) EEEHE AR DB 5 % 7~ 7=, CRISPR/Cas9
A7) == 72X > T, PRCI BEK - 23 FAH DO 5, FEBLINHI EMT 128 b 5%
Wh 5 2 5N KDM2B % [A] & L 72, KDM2B I%, —¥# o bR REE 1 (CDHI, miR200a,
CGN 73 &) OFRBAMHIHIE 2 N L C EMT 1 7o/ iEdh ik LR 5325 2 L AVR
ST, ZEFARENTN 5, KDM2B @ DNA F8ikiE 2 PRCLIC L DB A h B % F
AMpe, ZRUHEK PRC2 IZXHE R MU AT UL, ZOFfERE L TO EEREBET
DORERBBIHEN KT CTH D Z ERXbhoTz, 7205, EMT ifEE -7 m

7T LDTEY = FRT 4 v 7 HENZI T, KDM2B (2 X 2 £ 5 DNA S D85 &

B AR EX T AUEMIDSEER R R EI A S Z LR LR o T,

2. RNA ® mb6A A FIAUESGZ 7853 5 Reader 73112 & 5 EMT B mRNA il £

EMT (2B 2=t F 727 U b— Al Z2 B3 2 72012, m6A Effiz 217
P RNA OFFHEiFE 2 90~ T\ 5, EMT #1712 E B2 E M| K 1 JUN & JUNB 2%
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IZ L DHIEARIB I D Z LD, RNA LA X DM AEERMITIC L - TF%
Reader 731 D[RE & #E D, RNA O moA EfFOEE 2 6T 55 TH 5,
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BEAR TGN T CThHH I ENmINTz, EEX /X7 B0 NG, EMT LIAMZ
DNA B IBFE~D L RIE SN TV D, 5%, T bIEMER R ORERE & 1F %
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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 investigated
integrated clinical and next-generation sequencing data generated in a nationwide lung cancer
genome screening project (LC-SCRUM-Japan). We found that 7P53 co-mutated patients
treated with ALK-tyrosine kinase inhibitors (TKIs) showed significantly worse progression-
free survival than 7P53 wild-type patients. In the cell based experiments, ALK-rearranged lung
cancer cell lines which lost p53 function were resistant to ALK-TKI-induced apoptosis, but a
proteasome inhibitior markedly induced apoptosis in the ALK-TKI-treated cells, in vitro and in
vivo, by increasing the expression of a pro-apoptotic protein, Noxa which bound to an anti-
apoptotic protein, Mcl-1. These clinical and preclinical results indicate that concomitant 7P53
mutations reduce the efficacy of ALK-TKIs and the combined use of a proteasome inhibitor
with ALK-TKISs is a promising therapy for ALK-rearranged/7P53-mutated lung cancer.

We also surveyed retrospective data on hospital cancer registration as well as information on
disability certificates obtained through the Hokushin Ganpro database. In total, 93,545 cancer
patients in 10 principal hospitals covering the region of northwestern Japan were registered
with the Hokushin Ganpro database between 2010 and 2015. We found that 2,983 patients,

which accounted for 3.2% of the total patients, had disabilities. No significant differences in
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gender, age at diagnosis, cancer stage distribution, and cancer incidence rates were observed
between the disabled and non-disabled patients. These results indicate that deep disparities
between cancer patients with and without disabilities are not apparent and that the disabled

patients in the region of northwestern Japan receive appropriate hospital follow-up.

<2021 FEOMFERE, EHRRE RS HOFE >

.fW&EE%%ﬁ R % 4 FARRY SRR G O AR A & ek

53 FAERYSEITRER S Ve S AURERRLE, — 33 HEpTififie & U CAAE LR IC ISR % mf

ﬁém@l%%%%bfm@@%%%&ﬁéoit,ﬁﬁ#égm%ﬁa>ﬂ%
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No
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p53-dependent apoptosis p53-independent apoptosis

2. MEPAT BT —FN—RT X 2 UG - D BEH N DS A B O R FENT
AERALT B TERT 27 —F _X—=2FEIZSM L TV HAUE IR FEIER, A1
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WENZATHOI TV D Z & 23R S 172 (Int J Clin Oncol, 2021),
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[ Abstract ]
Enhancing effect of novel Schiff base derivative combined with tyrosine kinase inhibitor
on photodynamic therapy using 5-ALA (Endo Y)

Photodynamic diagnosis and therapy using 5-aminolevulinic acid (ALA) is widely accepted
as a noninvasive strategy against various cancers. We have previously demonstrated that the
Schiff base derivative TX-816 markedly increases the effect of ALA-based photodynamic
therapy (ALA-PDT) by facilitating intracellular protoporphyrin IX (PpIX) accumulation.
However, TX-816 is unstable in aqueous solutions and quickly hydrolyzes into 3,5-
dichlorosalicylaldehyde and 2-chloro-4-nitroaniline. Recently, we found that a TX-816
derivative (YS3-35) in which 2-chloro-4-nitroaniline was substituted with dasatinib, a dual
Src/Abl tyrosine kinase inhibitor, has a high enhancing effect on ALA-PDT. Interestingly, Y S3-
35 exhibited strong ALA-PDT enhancing activity against cancer cells expressing high levels of
ABCG?2 transporter, which acts as a PpIX efflux transporter and plays an important role in
regulating the intracellular PpIX level. These findings indicate that Schiff base derivatives
combined with tyrosine kinase inhibitor 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)
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 from ADAMTS-1 null mice showed reduced
contractile responses to uterotonins. In this study, we found that both precursor (110kDa) and
mature forms (90 kDa) of ADAMTS-1 protein were detected in the uterine tissue at the
prepartum period. ADAMTS-1 null mice showed normal progesterone withdrawal but
displayed significantly reduced expression of uterine genes encoding for contraction-
associated proteins (CAPs), suggesting that ADAMTS-1 is required for uterine activation
process prior to parturition. We are currently investigating the role of ADAMTS-1 in the
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organization of myometrial and decidual tissues and their activation process during the

prepartum period as well as the cervical ripening process.
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Inflammation and Epithelial Plasticity
ERAIEE - KIEAZY b

Associate Professor Dominic Chih-Cheng VOON

[ Abstract )
Classically, a proinflammatory tumor microenvironment is regarded as one that promotes
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 under appreciated. 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 with a

specific focus on tumor immunity.

<2021 research achievement and future plan>

The focus of this year has been the functional characterization of epithelial-derived IL23A
(eIL23A). Firstly, in a syngeneic transplantation mouse model, it was confirmed that canonical
IL-23 confers strong tumor immunity. Importantly, the co-secretion of elL23A resulted in a
strong augmentation of tumor immunity and the eradication of the transplanted tumor cells. To
better understand the immunological process, resident peritoneal exudate cells (PECs) were
tested. This revealed that eIL23A alters the production of IL-17 by PEC in response to
canonical IL-23, hence providing a basis for understanding the anti-tumor effects of eIL23A.
Secondly, to study the function of IL23A during infection and inflammation a gastric-specific
conditional knockout mouse model was developed. Preliminary data indicate that the loss of
1123a in mouse gastric epithelium altered inflammation following Helicobacter felis infection.
These observations are consistent that epithelial-derived IL23A play a proinflammatory role. In

the coming year, these two themes will remain the focus of my research.
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[ Achievements ]
< Publications (Primary)>

< Publications (Collaboration) >

1. Linn P, Kohno S, Sheng J, Kulathunga N, Yu H, Zhang Z, Voon D, Watanabe Y,
Takahashi C. Targeting RBI Loss in Cancers. Cancers (Basel). 2021 Jul 25;13(15):3737.
doi: 10.3390/cancers13153737.

2. Takeuchi Y, Kimura N, Murayama T, Machida Y, Iejima D, Nishimura T, Terashima M,
Wang Y, Li M, Sakamoto R, Yamamoto M, Itano N, Inoue Y, Ito M, Yoshida N, Inoue JI,
Akashi K, Saya H, Fujita K, Kuroda M, Kitabayashi I, Veon D, Suzuki T, Tojo A, Gotoh
N. The membrane-linked adaptor FRS2p fashions a cytokine-rich inflammatory
microenvironment that promotes breast cancer carcinogenesis. Proc Natl Acad Sci
USA 2021. doi: 10.1073/pnas.2103658118.

3. Makiyama K , Hazawa M, Kobayashi A, Lim K, Voon DC, Wong RW. NSP9 of
SARS-CoV-2 attenuates nuclear transport by hampering nucleoporin 62 dynamics and
functions in host cells Biochem Biophys Res Commu. 2021;586:137-142. doi:
10.1016/j.bbrc.2021.11.046.

< Symposiums Presentations (Oral) >

1. Yoon DC Epithelial-derived IL23A4 and its emerging role in inflammation and tumor
immunity.10" Protein Island Matsuyama International Symposium 2021,

Matsuyama, Japan. (Invited)

<2021 Research Funds >

Dominic Voon: A48 M FVE N & 48 5 HLSCHIV ] DRI AN A2 elL23A DOAEREE S 2
TV EREREOAE | (Principal Investigator) (2021) 1,000

<Other Contribution>

Not applicable.
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Cancer-Immune System Interactions
NA-RERBEERIZ=Y

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. Although GSDMs are
expressed as inactive forms, they are proteolytically activated by certain proteases, leading to
pyroptosis. Caspase-1, an inflammatory caspase, is known to induce pyroptosis by cleaving
GSDMD. It has been suggested that caspase-1 activation leads to the maturation of the
proinflammatory cytokine IL-1a. However, pro-IL-1a is not a substrate for caspase-1, and the
mechanism of caspase-1-induced IL-10 maturation remains unclear. We found that GSDMD is
required for IL-lo maturation following inflammasome activation. Inflammasome-induced
maturation of IL-1a was dependent on extracellular Ca®* and the calcium-dependent proteases
calpains, but not cell lysis. Ca®" influx and calpain activation were induced in GSDMD-
expressing macrophages stimulated with inflammasome activators. Collectively, these results
suggest that during inflammasome formation, caspase-1-processed GSDMD forms membrane
pores that mediate Ca** influx, resulting in calpain-dependent maturation of IL-1a. In addition,
a screen for proteases that activate GSDMD was conducted. The results showed that a caspase
activates GSDMD in response to bacteria-derived molecular patterns. In the next step, we

intend to clarify its detailed molecular mechanism and physiological significance.

<2021 FEOMERER, EWRILKL A& OFHE >

NA B M=V REMEIND R v — RO T 1 7T ARSI, RIEAEVE T L
H9 52 & CRIEZFR L, DAREDOIEMALZ: EICTHET 5, AFRICEBNT, IL-
lo EFEEINDYA OA B4 8 b= APICERBbB L O S5 Z &b
MY, A1 b=V AR DRIEFEOFH LT & LTRSS, E6IT, IL-la D
AL A B b — 2 RELTIR - GSDMD ([ZEAF9 25 Z & N> 7=, GSDMD 7235
FaBEIZH L2 TERR T 5 2 & T Ca¥' 1 A O ~DIRA & Ca? ikFH 7 e T T —F
THADNASL L OIEHALRE Y, IARL L5 TIL-la BEE(L S5 &0
IV T T IARERE D ST/ o 72, AT, GSDMD Z{EMHALT 287 e 77
— P OEREZITV., TOFEE, HDHH A= RMEE RS /3% — s LT
GSDMD ZiEMALT 5 Z &3 bhroTc, Atk T OFEMR S TR E R 4
5T B,
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[ #F %8 % & |
<FERmIL >
JR3%E (BFIE==115)
Tsuchiya K, Hosojima S, Kushiyama H, Mahib MR, Kinoshita T, Suda T. Gasdermin D
Mediates the Maturation and Release of IL-1a Downstream of Inflammasomes. Cell Reports,

34: 108887, 2021.

25 QL)

Uematsu T, Tsuchiya K, Kobayashi N, Seiki M, Inoue JI, Kaneko S, Sakamoto T. Mint3
depletion-mediated glycolytic and oxidative alterations promote pyroptosis and prevent the
spread of Listeria monocytogenes infection in macrophages. Cell Death & Disease, 12: 404,

2021.

it (BF7E=E T4K)
Tsuchiya K. Switching from Apoptosis to Pyroptosis: Gasdermin-Elicited Inflammation and

Antitumor Immunity. International Journal of Molecular Sciences, 22: 426, 2021.

<ERFER>
TR RS, ZHH & . Gasdermin D mediates the release and maturation of IL-1a during
inflammasome formation. #594[F] H AR Ff e, 2021423 H23~25H (A 712).

<HERE 4>

1. Bl Eaighe FBIFE®) M a h—v 2flan i+ 2 ) 2707
TR DT ) (LR (04H) 2AEHAR: 2020 ~2022 & Bl/y%E
(2020-2021 #-F£) : 670 T-H

2. AMED TEERZE fE « Bl PRI S5 A 05 B T R E AL E 36 R BIC L DT
AIASE ORISR & OATEEIERRIE « HEDO A =X L0 | (LER
) (OrHH) 2RI 2021 ~2023 45 BdoydE (2021 47) 1,000 T-H

3. HHBIFIRBLMH 2021 5 52090k EEBI R GEE) T A X—E-112 &
LRI E Dy T A v T T~ Y — LAEERBICRB T A &E] (HRR
M) (FR52) IR 2021 ~2022 4R BlAy%E: 3,000 T

4. ANIEAFHIEN =B F5EBRSE SR IA R - AFZEBH R E A Bhak ToRIEMERIRSE XA =
b= A THRIEZLINT [T DAz TR | 325 FEOBFE] (HE2EN)
(f85%) IR 2021 £ Bdo%E: 1,500 T-H
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Microenvironment Regulation in Cancer Stem Cells Unit
AARMRRERHELI=Y +

Assistant Professor Yasuto Takeuchi 77N FEA

[ Abstract ]

Accumulating evidence has been reported the presence of cancer stem-like cells (CSCs) in
many types of tumors. Cancer stem cells have a high tumor-initiating ability and are resistant
to anticancer treatment, such as chemotherapy and radiation. In addition, it has been
suggested that they are closely related to cancer metastasis and recurrence. [Batlle E .et al.,
Nature Medicine, 2017.] One of the biggest problems in today’s cancer therapy is that there is
still no effective treatment for metastatic or recurrent cancer. Therefore, we aim to establish a
novel therapeutic method for refractory cancer by targeting cancer stem cells.

In this year, we reported that FRS2[3, a cytoplasmic adaptor protein, plays an important role in
the development of breast cancer. We found that FRS2f is expressed in a small subset of
luminal cells and induces the secretion of the proinflammatory cytokine IGF1 and the
chemokine CXCLI12. We also elucidated that the formation of a cytokine-enriched
microenvironment is necessary for the development of breast cancer.

IGF1, and inflammatory cytokine, acts on the breast cancer cells and breast cancer-stem like
cells and promote their proliferation. On the other hand, CXCL12 induced the migration of
fibroblasts in stroma tissues. In fact, few fibroblasts were observed in breast cancer tissues
formed in FRS2[ knockout

mice,  suggestin that Fibroblast CAF
fibroblasts a{rgeg cruciil for the cxcmu.{%i‘i't& gﬁ%@r‘ﬁ
carcinogenesis and growth  ca OO

of breast cancer. We will ;
clarify the significance of

IGF1 O ] Cancer
Luminal -~ Cancer cell

cancer-associated fibroblasts
(CAF) that have migrated progenitor cell
into breast cancer tissue. Cytokine-enriched microenvironment

<2021 FFDOMFERLR, EHRIKE NS %O HE >

LAERE . 3 DD BRI BT —~ D L HiE LT,

1 DHDFIE, DNA A F LV ANET TWAIHN A DN AEMIBIZIBWT, Ed X
INTERANTHTEZ ST 2 DI, FD AN = AL ZH ST Uiz, ARFEF G I, Cancer
Science 76(Z & 5 2021 4£0 Young Scientist Award (& H S 7= MILERLOHTE S 1!

2 DHODOFICTIX, WS A DOERIMEDES A I = XL ZW 50T L, WPERS A
(BT DT 7RIREAER) (MSI2) O R 2WE Lic, ARUFSENAIL, 5 25 [ H AN
A FRERNRIRFRICBWT, BREEELZSE L, A IVEEBDTEY |

3 DHDFLTIL, FRS2BIZE DY A M A U BERABREOEN, LRAD
FIEIZBWTHETHDL Z L2 Lz, AFERRFIL, 5 80 B H AEFEIZHB N
T, BHEEEZZE LTz, 5%, LA &2 ABERHEEM & ORREZ I 57
WL TWEF-WNWEEZ TN,
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<FEFRKFWL>
1. Y. Takeuchi’, N. Kimura’, T. Murayama’, Y. Machida, D. Iejima, T. Nishimura, M.

Terashima, Y. Wang, M. Li, R. Sakamoto, M. Yamamoto, N. Itano, Y. Inoue, M. Ito, N.
Yoshida, J. Inoue, K. Akashi, H. Saya, K. Fujita, M. Kuroda, I. Kitabayashi, D. Voon, T.
Suzuki, A. Tojo and N. Gotoh. The membrane-linked adaptor FRS2b fashions a
cytokine-rich inflammatory microenvironment that promotes breast cancer
carcinogenesis. 'Equally contribution. Proc Natl Acad Sci USA., 2021 Oct
26;118(43):¢2103658118.

R. Yiming', Y. Takeuchi’, T. Nishimura, M. Li, Y. Wang, M. Meguro-Horike, T. Kohno,
S. Horike, A. Nakata, N. Gotoh. MUSASHI-2 confers resistance to third-generation
EGFR-tyrosine kinase inhibitor osimertinib in lung adenocarcinoma. ‘Equally
contribution. Cancer Science. 2021. Sep;112(9):3810-3821.

T. Murayama', Y. Takeuchi’, K. Yamawaki, T. Natsume, R. Chaverra, T. Nishimura, Y.
Kogure, A. Nakata, K. Tominaga, A. Sasahara, M. Yano, S. Ishikawa, T. Ohta, K. Ikeda,
K. Horie-Inoue, S. Inoue, M. Seki, Y. Suzuki, S. Sugano, T. Enomoto, M. Tanabe, K.
Tada, M. Kanemaki, K. Okamoto, A. Tojo, N. Gotoh. MCM10 compensates for
Myc-induced DNA replication stress in breast cancer stem-like cells. "Equally
contribution. Cancer Science. 2021. Mar;112(3):1209-1224.

<FEoFEF>
1.

VI, %I i 7 & 7 % — & > o377 FRS2b 1%, AN A ZetET 5
RIEMES A N A ) v FREZEHKT 5. 2021 BEHRRN AT T VEEHE,
2021.12.165-17. A2 T4 >, Hailk

PrNEN . # eI~ : The membrane—1inked adaptor FRS2b fashions a cytokine—rich
inflammatory microenvironment that promotes breast cancer carcinogenesis.
18 [mIEpHIfE S R P w7 A, 2021.5.21-22. A v T AV, il

VI %ARILF- : MUSASHI-2 RNA & & o 73 7 B A3 Av 0D EGFR [FHEFI A
ANF=TMEEM G525, & 25 B HANAD FIEMBRESFINES,
2021.5.26. A2 T4, Hailkk

PN, FHLEZ, ATEE, REPIEME, #RR-. AUEEZ, Al KH
WA, ZHE—S, tEFE, R IR MARERR], REA . #pRil
T S A BE TR E ZE I B SR O WA IR X LY AR IR S IR OHERR I T 595
2021 SEdRENM AR ST R T 4 — 4, 2021.9.6. AL TA v, BHE

PIREEAN., AREET, FLEE, BTHET), FZERE, mAEE, EH, R
B IAREE, AREFER, LB, GRRIEZE, EHER, HE EM—RR JRE]
W—. TERFHAT, BEREE, B, Aek—4E, A, %R Mg
BB —5 37 FRS2b 1%, HDS AT ERET D RIEVE A SO A U v FERER
EIEALT B, 5 80 [Bl B AR, 2021.9.30-10. 2. FfjkE, AFLHE
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Mitochondrial Dynamics in Stem Cells
ShaVRYTEHEIZ=Y

Assistant Professor Atsuko KASAHARA %5 R+
[ Abstract ]

Mitochondria play pleiotropic roles in glucose-amino acids-lipid metabolic pathways, calcium
and redox homeostasis, and apoptosis. These diverse mitochondrial functions are reflected by
and tightly connected with their extremely dynamic morphology, and distribution in the cells.
Mitochondrial quality, distribution, size, and motility are excellently tuned by their continuous
fusion and fission.

Mitochondrial fusion factor and anti-apoptotic protein OPA1 was up-regulated in gefitinib-
resistant lung adenocarcinoma cell line, and down-regulation of OPA1 in these resistant cells
restored the gefitinib sensitivity. Likewise, the OPA1 specific inhibitor, developed in the
laboratory of Prof. Scorrano (University of Padua) also restored the gefitinib sensitivity in these
resistant cells. This effect was mediated by the inhibition of cytochrome c¢ release, which is
regulated by OPA1. We were able to reproduce its effect on the xenograft experiment.
Endoplasmic reticulum (ER)-mitochondria contacts are important for proper calcium uptake
from the ER to the mitochondria, and phospholipids synthesised in both organelles are shuttling
at the contacts. ER-mitochondria contacts are less in glioma stem-like cells, while the contacts
are more in differentiated glioma cells. Likewise, undifferentiated embryonic stem cells (ESCs)
displayed distant two organelles with fewer contacts, while differentiated cardiomyocytes (CM)
showed close organelles with more contacts, with up-regulation of MFN2, which is a known
tether protein. MFN2 fuses mitochondrial outer membrane (MOM) with MFN1 or MFN2,
moreover, MFN2 also locates at ER membrane, and tethers ER and mitochondria with MFN1
or MFN2 at MOM. Since there is one MFN2 sequence known so far, I’ve assumed there is a
specific molecular mechanism, which inhibits mitochondria and ER membranes fusion. For
this, I purified mitochondria-associated membrane, and identified a protein X associates with
MFN2. I am investigating about this protein X.

<2021 FDOHFFERRE, EBRNE NS % OFHE >

T hIRUTIE, BE - TR B - IRERE, Ca Lo TR N — v R AT
L5777 N 74 —LTHY, MRKKONRT—TF 0 N CTHDH, BERANTFRT
Thod, Ibhar NI T7O/EG SR, MG, E—%—Z 2 78 R HH
L. ZTOFRRNERE, MIBANRBESREINTEY, I har R 7070k
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[ Mitochondrial dynamics and intraorganellar contact sites in stemness and
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1. FREBHIPAENZEDVRIVL2021

International Symposium on Tumor Biology in Kanazawa 2021

B B HRNICERLAREEOIREEHD [Epigenetic mechanisms of cellular
DARROBEICDNT T R Ay a3y plasticity |
HID2EEBRNET D, Maria Elena Torres-Padilla (IES,
H BF: 2021F11826H (%) 17:00~20:20 Helmholtz Zentrum, Munich, Germany)
B PR/ ERREMEFRABREERUA
o4 Session Il: Cellular functions and tumor
Sn&E% 1457 biology
[Mitochondrial dynamics: a new therapeutic
09545 : target to beat malignant tumour cells|
Session | : Stem cell, embryogenesis and FE BF (SRRENAEETEIATET)
development [Multifaceted interactions between cancer
[Intestinal stem cells in development and cells and glial cells in brain metastasis|
disease] EH ®KAE (SRXENAEESEHRTTET)
Kim Jensen (Biotech Research & [Uncovering how epithelial cell dynamics
Innovation Centre & Novo Nordisk shape tumour evolution]|
Foundation Center for Stem Cell Biology, Erik Sahai (The Francis Crick Institute,
University of Copenhagen, Denmark) UK)

[Dissecting molecular mechanisms to
regulate chromatin structure]
B 18N (RARZFT / £ B Z TR
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