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[ Abstract ]

Missense-type p53 mutations have shown to acquire novel oncogenic functions. However,
there is an intratumor heterogeneity in stabilization of mutant p53, and it has not been well
understood about interaction of p53-stabilized and p53-destabilized cells within the same tumors.
We established mouse intestinal tumor organoids carrying Apc?’’6, Kras®!?P, and Tgfbr2”"
mutations with Trp53%270% or Trp53V mutation (AKTPR?7%H and AKTPN!!, respectively). Using
these organoids, we found that the activation level of Wnt signaling is significantly higher in
AKTPR?7M cells compared to AKTPN!! cells. Notably, Wnt activation in the AKTPN! cells was

significantly increased when cocultured with AK TPR?70H

cells. Expression analysis revealed that
cyclooxygenase (COX)-2 is upregulated in AKTPR?" but not in AKTPN! cells, suggesting that
mutant p53 induces COX-2/prostaglandin E2 (PGE2) pathway. Importantly, Wnt activation in
cocultured AKTPN! cells with AKTPR?"° was suppressed when treated with COX-2 inhibitor.

PNl cells. These

Furthermore, stimulation with PGE> increased Wnt signaling activity in AKT
results indicate that COX-2/PGE: pathway is activated in the p53-stabilized cancer cells, and
secreted PGE2 may transactivate Wnt signaling in neighboring p53-destabiliz ed tumor cells in
the intratumor microenvironment. Therefore, targeting stabilized mutant p53 or COX-2/PGE2

AKTPR27o" liver tumor IHC pathway may suppress Wnt/B-

catenin signaling of both mutant
= @ p53-stabilized and destabilized cells,
p53-destabilized cells

PGE,

R o Vintactivation by PSE:  thys can be a possible preventive or

ol
pS53-stabilized ce{ LY

= COX-2 expression PGE, ‘

therapeutic strategy.. (Nakayama M,

Muckoar ocoumation
. mutant p53

. p-catenin

S et al, Cancer Res Commun, 2023).
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;". % Cancer Res Commun, 2024) ,

Merged

p53 IHC B-catenin IHC

AKTPR# | jver met
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BN BC3 WE BCB
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Il BCS 1 BC1O

3. Wnt U RMEFR 72 E 5 AMEE O FFis it
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=»Ligand-dependent Wnt signaling promotes gastric cancer metastasis.

4. & MRBBAANTT ) A B & TSRS MR BR

Kras91?P 78 5 % RO RIG N AV FHIGRIN D AN T 7 A RERSL L, BBl Kras®'?P
PRS2 W TR R AT /2 o 72, Kras BRESKICIZ, AVA /o R s8]
BRI B D DRI & & b ICTME 2R L7z, EGFR 2 A RBRE 3EX> MEK
PRER & OO L0 EHIIPED AR S 2 LB Kras FRERRIZ T 1 — 3y
7 &R LTIMEZ R LB, SRIRGET 2,



[#F %2 %€ 4% ]

<FEFKimL >
o JE fi

1

1.

(WF7E== E1K)

. Nakayama M, Saito H, Murakami K, Oshima H, Oshima M. Missense mutant p53

transactivates Wnt/B-catenin signaling in neighboring p53-destabilized cells through the
COX-2/PGE2 pathway. Cancer Res Commun, 5: 13-23, 2025. Doi:10.1158/2767-
9764.CRC-24-471.
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. Wang D, Nakayama M, Hong CP, Oshima H, Oshima M. Gain-of-function p53 mutation acts
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3. Oshima M. Tumor and stroma signaling interactions for invasion and metastasis. The 52th
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[ Abstract ]
High throughput screening (HTS) for identifying novel inhibitors for mitochondrial one-
carbon metabolic enzyme MTHFD1L
In the de novo nucleotide-synthesis pathway, carbon atoms of purine and pyrimidine
nucleotides are supplied from the one-carbon metabolism downstream of the folate pathway.
The carbon atoms are supplied from serine (Ser) or glycine (Gly), and folate-derived
tetrahydrofolate (THF) derived from folate serves as a cofactor. In the mitochondria,
MTHFD2 uses CH>-THF and NAD" as substrates to catalyze the two step reactions for
production of '°CHO-THF and NADH. Subsequently, '°CHO-THF is divided into THF
and formate, which is catalyzed by a different enzyme, MTHFD1L. We and others recently
reported that the mitochondrial one-carbon metabolic enzymes are highly expressed in
cancer cells compared with those of normal cells. In this study, our goal is to develop novel

inhibitors specific for MTHFDI1L. We overexpressed and purified MTHFDIL using a



bacterial expression system and then reconstituted its in vitro enzyme reaction (figure). In
collaboration with the RIKEN team, we performed high-throughput screening (HTS) for
MTHEFDIL inhibitors using libraries containing approximately 35,000 compounds. From
this screen, we identified 157 initial hits. After a subsequent cell-based secondary screen,

we narrowed these down to 14 true hit compounds.

MTHFD1L
THF (H,PteGlu,)
sk T CHO-THF
HCOONa

ATP ADP |ﬂ[ ADP Glo assay ]

optimized by RIKEN team

<2024 FEDOHFERR, ERILEOEE OFHHE >
L b RY T REREHRE Eo 3 SOREFE, MTHFD2, MTHFDIL, SHMT2 (Z7E
H L CR#tr 2> T\ 5, MTHFDIL @ HTS OR &S L, BULE TR F— L & D
HLRBFZEIC L - T, 35,000 DR FALEM T A 7TV —2 A7 ) —=T L, £
DA, 157 O v MEaEM [Tz, (LEWHEGIZ I VAT U7/ e 2
MTHFDIL @ Tt DA T b % il 2 N2 2 Z 12 K-> TRIE TE UL
MTHFDIL $rRERAFEAITH L LI TE D, 2D 2 RAZ ) —= T %175 T,
14 A truhit #4572, 5%IZTZN5O truhit {ELAWE S & ICHEEREZ1T-> T, &5
(2 IC50 2ME< | in vivo DFEMENEDOENTALEW Z1F TV,

HBAICHER L THTE 2~ T ABAET VOER &, BE LD AR i S i
(Patient-derived cancer cells, PDC)D A 7 =11 A KR NAIH ) A REF#EHT2 TR L,
Patient-derived xenograft (PDX)E 7 /VOREE L Z DA Z v 7k &5 & &{T>o T\ 5D,

B O PDX BT /L OREEE ST TV 5,
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Division of Epithelial Stem Cell Biology

R eI 5 BT
Visiting Professor Nicholas Barker (/> 77 73v—/V A-STAR #F9E7T « FALA9ER)
Associate Professor Kazuhiro Murakami #f L F154
Assistant Kenji Kita dt & — (GLREAFITHLE)

[ Abstract ]

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

Cancer stem cells (CSCs) are defined as a unique subpopulation within tumors that possess
the ability to initiate tumor growth, sustain self-renewal, and exhibit metastatic potential. These
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 identified Lgr5+ and Agp5+ cells in the corpus and pylorus of the stomach,
respectively. These cells serve as reserve stem cells that facilitate epithelial renewal following
oxyntic atrophy. These reserve stem cells drive spasmolytic polypeptide-expressing metaplasia
in the stomach after a conditional KRasG12D driver mutation, highlighting their likely
contribution to gastric cancer initiation in vivo.

However, it remains unclear whether Lgr5+ and Agp5+ cells serve as the origin of gastric
cancer cells under chronic inflammation, and how cancer stem cells are induced from reserve
stem cells. To study the effects of chronic inflammation on stem cell-driven cancer formation
and progression in the stomach, we are focusing on evaluating the potential cancer stem cell
function of Lgr5+ and Agp5+ cells present within Wnt-driven, inflammation-dependent gastric
tumors. We aim to leverage the extensive knowledge and mouse models available through our
collaborator, Professor Masanobu Oshima, to investigate the effects of chronic inflammation
on stem cell-driven cancer formation and progression in the corpus stomach. This is particularly
relevant, as the majority of human gastric cancers are thought to arise in the context of chronic

inflammation caused by Helicobacter pylori infection.
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Division of Molecular Genetics
BIZF - FEAEBEMELF

Professor Atsushi Hirao “FZE

Assistant Professors Yuko Tadokoro FHFT#E7-, Masahiko Kobayashi /MRS =,
Masaya Ueno B RFh

Postdoctoral Researcher Youngwei Jing

Graduate Students Hiroki Sugiyama #2[Lfffd, Xi Chen, Yihang Gu, Yuhang Yan,
JE L By

Assistant Staff Kazue Sawa Jf1A,  Yukiko Takai =M1

[ Abstract ]

Our research focuses on identifying metabolic pathways associated with cancer stem cells,
particularly those regulated by the FOXO and MiT/TFE transcription factor families, which
play critical roles in autophagy and lysosomal biogenesis. Recently, we identified lysosomal
activity as a metabolic biomarker of tumorigenesis, significantly influencing the therapeutic
efficacy of cancer treatments. Using glioblastoma (GBM) patient-derived cells, we
demonstrated that lysosomal activity serves as a unique metabolic biomarker of tumorigenesis,
governing the efficacy of temozolomide (TMZ), the standard therapy for GBM. Through
integrated analyses of clinical patient samples and xenograft models, we further elucidated the
pivotal role of TFE3, a master regulator of lysosomal biogenesis, in modulating malignant
properties, particularly TMZ tolerance, via the regulation of PGCla-mediated mitochondrial
activity. Notably, we discovered that lysine protects GBM cells from lysosomal stress by
counteracting the effects of arginine on nitric oxide production. Administration of homoarginine,
a lysine restriction mimetic, markedly enhanced the efficacy of anticancer therapies by inducing
lysosomal dysfunction. This study highlights the critical role of lysosomal function, regulated
by amino acid metabolism, in GBM pathogenesis and treatment (Fig.1, Jing W., Kobayashi M.,
et al., Nat. Commun. 2025).

In addition, we are advancing diagnostic methods by detecting NAD* metabolic abnormalities
in vivo, utilizing supramolecular sensors developed in collaboration with chemistry research
groups at WPI-Nano LSI. Previously, we demonstrated the potential of the molecule
pillar[6]arene functionalized with 12 carboxylate anions (P6AC) as a sensor for [-MNA, a
metabolite produced through the methylation of nicotinamide (Nam) by nicotinamide N-
methyltransferase (NNMT) in the NAD" salvage pathway. To identify a biosensor with
improved sensitivity, we investigated the binding interactions between 1-MNA and
pillar[6]arene functionalized with sulfonate groups (P6AS). Our results showed that the binding
affinity of POAS for 1-MNA was 700 times higher than that of POAC, enabling the development
of a biosensor with sub-micromolar sensitivity, even in unpurified human samples (Fig.2, Ueno
M., Sugiyama Y., et al., Anal. Chem. 2024). Furthermore, we are conducting multiple clinical
studies to develop diagnostic tools for cancer-associated metabolic diseases. Through these
initiatives, we aim to make significant contributions to establishing a healthier society.
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[ Abstract ]
We discovered that while the effect of PLK4 inhibition on RBI-positive osteosarcoma is
reversible, its effect on RB1-deficient cells is irreversible (Figure). Furthermore, we found that
abnormal centrosome function caused by RB1 loss leads to disruption of a specific DNA
mismatch repair pathway, which will unveil a new role of centrosome in maintaining
chromosomal stability. We identified enzyme X as one of the binding molecules of 2-isopropyl-
5-methylbenzo-1,4-quinone which targets collateral SUCLA2 deletion associated with RB1
deletion in advanced prostate cancer. In addition, we obtained significant achievement in the
structural development of the compound, which promotes drug optimization toward clinical

trials and confirms the true therapeutic target for the disease. With the support of an USA

venture company, we are trying to license out the RB1-positive RB1-negative
PLK4 inhibitor
product. Meanwhile, enzyme Y was identified as Bt /\ g, f\ Duplicaion x
and unstable
the molecule responsible for the initial resistance — sosissonon s @ @
“o( n . .
- @ Q@ ’ WASH OUT £ ..'..“..‘.‘.
4ol o

to KRAS inhibitors in KRAS-LKBI-KEAPI 000000 @ 000
Py Vi

A

mutant  non-small  cell lung  cancer.

and duplication O

Coincidentally, both X and Y appeared to be mother

enzymes involved in ‘anaplerosis’. We found that >

in breast cancer, the sensitivity to inhibition of

fatty acid elongation enzyme ELOVL6, which e e &,
was identified as a new target of E2F by us, differs Figure: RB1 and PLK4-mediated centrosomal protein assembly
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depending on the status of the RB pathway and that the mechanism involves the regulation of
ceramide pathway and AKT signal. In breast cancer CAFs, RECK expression is suppressed in
an HDAC-dependent manner, which promotes EMT in target cancer cells depending on the
MMP-2-mediated maturation of TGF-B leading to metastasis. The rationale of therapeutic
recipes that will enable the expansion of the indication of CDK4/6 inhibitors to KRAS
pancreatic and non-small cell lung cancer has been consolidated using preclinical pancreatic
and lung cancer models. A new endocrine therapy for metastatic triple negative breast cancer

by targeting HSD11 3 1 is under development.

<2024 FORLE, EITRIE S B OFE - BE>
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state through downregulation of RAS signaling in mammary epithelial cells. Cancer Sci.,
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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] Analysis of p16-Positive Cells, a Senescence Marker, Induced During Acute Liver Injury

Senescent cells possess both positive and negative attributes in maintaining organismal
homeostasis. Therefore, understanding the diversity of senescent cells is essential for the
successful clinical application of drugs targeting these cells. Using a genetically engineered
mouse model that enables lineage tracing of cells expressing the senescence marker p16, along
with single-cell gene expression analysis, we revealed that pl6-positive hepatocytes induced
during acute liver injury transiently acquire a senescence-like gene expression profile. These
cells promote liver regeneration through the secretion of Wnt5b. Unexpectedly, pl6-positive
senescence-like cells induced during acute injury were not cleared by the conventional immune
mechanisms previously thought to eliminate such cells. Instead, they resumed proliferation by
downregulating p16 expression to baseline levels, thereby contributing directly to liver tissue
regeneration. This finding suggests the intriguing possibility that senescent-like hepatocytes
induced during tissue regeneration possess an intrinsic program to transiently regulate the
expression of senescence-associated factors, including pl6, effectively reversing the
irreversible characteristics traditionally attributed to senescent cells.

[2] Cell cycle burst-mediated cytotoxicity in acute myeloid leukemia

Cellular fate decisions, such as differentiation, apoptosis, and senescence, are closely
linked to cell cycle status. However, whether the cell cycle directly regulates these processes
remains unclear. In cellular senescence, paradoxical activation of mitogenic signaling in non-

proliferating cells leads to disruption of the cell cycle, triggering senescence; however, the

_31_



underlying molecular mechanisms are not yet fully understood. In this study, we demonstrated
that the conflicting activation of mitogenic ERK signaling under conditions of CDK4/6
inhibitor-induced cell cycle arrest—referred to here as a "cell cycle burst"—induces the
excessive formation of intra-nuclear, membrane-less organelles known as PML nuclear bodies
(PML-NBs). This phenomenon drives cytotoxicity in leukemia cells when treated with a
combination of all-trans retinoic acid (ATRA) and the CDK4/6 inhibitor palbociclib.

<2024 FEORFELR, EWRILKE NS % OF B >
1. SYERFRERICHE SN 5 BLiill~ — 1 —pl6 BtEMia O fi#sT

LML, AMEEMEER ISR O, EARMEOREE o), ZHiE A
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NTE MO Z EFIREBICERERITNEE e 7 7052 FT 50 ) L
RV ATREME 2 oRIR LT 5,

2. Cell cycle burst (2 & 2 MRS EIETEOFHE 2 A & U772 Sk B 860k A i 2 x4

% FBURIEE OB %

AlaEb, 7R b= A bre & ORIREEMTE X, MR EH & BRI R LT
WHZENHBNTWVWD, Lol MEENA Z s 07 vt X2 EEMICHIE LT
WD INTDOWTIEH BT 7 - TZe Wy, E bRl T, MfaE M oEl & 5 /E LT
TEMEAL S 30T 2 IR FERE S O o 7L 28 . HEJE HA A & O A AT ) 72
BZH G L TWDEEZLNTVDEN, DT AN = ALIOWTIIRMHTH 5,
AWFZETIL, SVEE BT A AR LT, CDK4/6 BHZEAI palbociclib & IE AL D
X IV A ThHD ATRA Z#0FRWLET S & MRREEE RO LM FIck T 24 K H
72 ERK v 7 v DiEVE L (cell cycle burst)3i5E <41, PML-NB ORIk %zt L C
H iAo U CRIi S E1E 2~ 2 E 2 6T Lz,

3. S%OFHE

LM AL - BrE~ T XA FAWT, RRICHERE - BEER - IiRE - BN - ik
Aoz U, D3 AUl M OV O JELOARRR O BALAI O 2B 2 5025 2 &
T, EARE(LE BADOFRIEREN - BEALERO A B =X L5 RIS 5,

_32_



[ #F %8 3% & ]

<HRHWL>
JREE

1.

4.

(WF7EEE 321K)
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S, Kayama E, Yamaguchi K, Hatakeyama S, Yamazaki S, Shimizu E, Imoto S, Furukawa
Y, Kojima Y, Nakanishi M. Preexisting senescent fibroblasts in the aged bladder create a
tumor-permissive niche through CXCL12 secretion. Nat Aging 2024 4(11):1582-1597.
Nakano Y, Saijou E, Itoh T, Tanaka M, Miyajima A, Kido T. Development of a high
throughput system to screen compounds that revert the activated hepatic stellate cells to a
quiescent-like state. Sci Rep 2024 14:8536.

Baba T, Tomaru U, Hirao A, Mukaida N, Johmura Y. Autophagy Inhibition-induced
Cytosolic DNA sensing combined with differentiation therapy induces irreversible

myeloid differentiation in leukemia cells. Cancer Res Commun. 2024 4(3):849-860.

(FL[RIAF5E)

Wu W, Zhu J, Nihira NT, Togashi Y, Goda A, Koike J, Yamaguchi K, Furukawa Y, Tomita
T, Saeki Y, Johmura Y, Nakanishi M, Miyoshi Y, Ohta T. Ribosomal S6 kinase (RSK) plays
a critical role in DNA damage response via the phosphorylation of histone lysine
demethylase KDM4B. Breast Cancer Res. 2024 DOI: 10.1186/s13058-024-01901-x.
Zeng X, Wang TW, Yamaguchi K, Hatakeyama S, Yamazaki S, Shimizu E, Imoto S,
Furukawa Y, Johmura Y, Nakanishi M. M2 macrophage-derived TGF-f induces age-
associated loss of adipogenesis through progenitor cell senescence. Mol Metab 2024 DOI:
10.1186/s13058-024-01901-x.

Kawakami S, Johmura Y, Nakanishi M. Intracellular acidification and glycolysis modulate
inflammatory pathway in senescent cells. J Biochem 2024 176(2):97-108.

Suda K, Moriyama Y, Razali N, Chiu Y, Masukagami Y, Nishimura K, Barbee H, Takase
H, Sugiyama S, Yamazaki Y, Sato Y, Higashiyama T, Johmura Y, Nakanishi M, Kono K.
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Assistant Staff Shoko Hosojima #fi5 #£+

Graduate Student Shenghui Zhi & JHiE (FhEFFFLFEHE M1)

Research Cooperator Hiroko Kushiyama L #1

[ 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 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-1.

We have found that a motor protein KIF11 interacts with NLR proteins and contributes to
inflammasome responses. Endogenous KIF11 and NLRs colocalized on microtubules in cells
and NLR proteins moved along microtubules in the presence of KIF11 in vitro. Furthermore,
KIF11 inhibitors affected intracellular localization of Nod2. These results suggest that KIF11
plays a role in the intracellular traffic of NLRs.

We previously found that mast cells, unlike macrophages, express little GSDMD. However,
NLRP3 activator nigericin induced IL-1 secretion and cell death in LPS-primed mouse bone
marrow-derived mast cells. In addition, under the same conditions, IL-16, which is activated
by caspase-3, was released from mast cells. These responses were shown to be mediated by
NLRP3 inflammasome, but GSDMD-independent by using chemical inhibitors and gene-
knockout mice. IL-1f secretion and cell death was caspase-1 dependent entirely or partially,
respectively. On the other hand, IL-16 secretion was caspase-1-independent. In addition, lack
of GSDME, a caspase-3-dependent pore-forming protein, did not affect these responses. These
results indicate that inflammasome responses in mast cells are somewhat different from that in
macrophages.
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[ Abstract ]
Cancer cells that have metastasised to the brain are immediately captured by astrocytes and
microglia. However, there are still many unknowns about the role of these glial cells and their
functional regulation. To elucidate the role of these glial cells and their interactions in the
initiation and progression of brain metastasis, we conducted comprehensive analyses using our
original mouse models of brain metastasis and a novel in vitro glial cell culture method (mixed-
glial culture on/in a soft substrate: MGS). Three-dimensional time-lapse imaging demonstrated
the presence of microglia with robust tumouricidal activity within the MGS. From a mechanistic
perspective, our findings indicate that these microglia are capable of recognising and enclosing
cancer cells, delivering specific DNA into the cancer cells and inducing active cell death.
Additionally, our findings indicate that the cell death is induced by IFI16-mediated
inflammasome formation, resulting in caspase-1-dependent cell death. Additionally, we have
discovered that cancer cells that have been modified to enhance their ability to metastasise to
the brain have acquired the capacity to evade microglial induction of cell death. Surprisingly,
however, this capacity was not solely intrinsic but was mediated by astrocytes. These findings
indicate the existence of a sophisticated intercellular network within the central nervous system
that facilitates the eradication of brain metastatic cancer cells. Currently, our research team is
employing single-cell RNA sequencing and cell type mapping techniques to identify the
specific fractions of tumour cell-killing microglia and regulatory astrocytes that suppress their

function.
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[ Abstract ]

The immune system protects our body by eliminating foreign substances such as pathogens as
non-self. However, the mechanism to distinguish self and non-self is not perfect. If the
immune response is not properly regulated, it can lead to chronic inflammation such as
autoimmune diseases and tumor progression. In tumors, mutant proteins derived from tumor
cells are targets of attack by the immune system as "non-self. Nevertheless, tumors can evade
the immune attacks by inducing immunosuppression in the surrounding tissues and by reducing
immunogenicity. It is becoming clear that the tumor microenvironment is established by the
interaction of immune cells with not only cancer cells, but also with various tissue stromal cells
such as mesenchymal cells and endothelial cells. We have study on the mechanisms
underlying the pathogenesis of autoimmune diseases as well as cancer, by focusing on the
crosstalk between immune cell and mesenchymal cells.

Bone is one of the most preferential metastatic target sites for certain cancers. Aberrant
expression of the TNF family cytokine RANKL induced by the metastatic tumor cells causes
the pathological bone resorption, resulting in skeletal tumor progression as well as skeletal
disorders. On the other hand, RANKL is synthesized as a membrane-bound molecule, which
is cleaved into the soluble form by proteases. We have revealed that soluble RANKL does not
greatly contribute to physiological bone remodeling or pathological bone loss such as
postmenopausal osteoporosis, and that bone tissue-derived soluble RANKL promotes bone
metastasis by exerting a chemotactic activity in tumor cells. By elucidating how the attractant
activity of soluble RANKL is regulated, we aim to gain a beter understating of the key
mechanisms underlying the preferential metastasis of certain tumor cells to bone.
Furthermore, bone marrow is the primary lymphoid organ that provides the specialized
environment for differentiation and maintenance of hematopoietic stem cells and the progeny.
Elucidation of the unique tumor microenvironment established by the multicellular network of
immune, bone and tumor cells would help provide a more comprehensive understanding of the
pathogenesis of bone metastases and new insights to guide the development of cancer

immunotherapy.
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Professor Toshinari Minamoto J#i Fl[pk% (~2024 43 H)
Assistant Professor Takahiro Domoto # A& (~2024 47 H)
Postdoctoral Fellows Masahiro Uehara FJFEFR (~2024 4F 6 H)
Assistant Staff Atsuko Asaka EHEB T (~2024 43 H)

[ 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)3f; (2)
understanding of malignant phenotypes of cancer by investigating pathological metabolic
properties (eg., acrobic 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 GSK3f 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
GSK3pB in promoting pancreatic neuroendocrine neoplasms as well as in interconnecting
malignant phenotypes in pancreatic cancer with acquired chemoresistance. Following the project
on GSK3f, 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 developing GSK3f inhibitor against gemcitabine-

resistant pancreatic cancer in collaboration with Actuate Therapeutics Inc.

_54_



<2024 FEOMFFERR R, EHRIMBIOESHZ O E >

1. glycogen synthase kinase (GSK) 3f FHEIZ L D23 ANRIFRIEDOHISE, BH¥E
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BN RAEMRGELT-, DWT, KR ERBALHN A KM EE SRS AR T5
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1. Uehara M, Domoto T, Takenaka S, Takeuchi O, Shimasaki T, Miyashita T, Minamoto T.
Glycogen synthase kinase 3f: the nexus of chemoresistance, invasive capacity, and cancer
stemness in pancreatic cancer. Cancer Drug Resist 7: 4,2024. doi: 10.20517/cdr.2023.84.
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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
the enzymes engaged in post-translational modification of histones, long noncoding RNAs and
RNA methyltransferase complex in the various steps of cancer progression. In EGFR-mutated
lung cancer, acquired drug resistance to EGFR-TKIs poses a significant challenge, leading to
poor clinical outcomes. We identified an epigenetic regulator HDACS, a class Ila histone
deacetylase (HDAC) rapidly induced by EGFR-TKI, is involved in the emergence of EGFR-
TKI (osimertinib) resistance. Treatment with LMK235, a selective HDACS inhibitor,
significantly increased global histone acetylation and enhanced osimertinib-induced apoptosis.
These results demonstrate HDACS as a novel therapeutic target for overcoming EGFR-TKI
resistance and highlight LMK235 as a promising candidate for combination therapy. We also
found that METTL3, a key methyltransferase responsible for N6-methyladenosine (m6A)
modification of RNA, contributes to the acquisition of osimertinib resistance in EGFR-mutated
lung cancer cells. Mechanistically, METTL3 enzyme positively regulates the expression of its
targets, CDC25A and AURKB, by maintaining the stability of their mRNAs, and these
METTL3 targets are implicated in promoting osimertinib resistance. Furthermore, we found
that the small molecule compound inhibitors targeting METTL3 or its downstream target,
CDC25A, exhibit synergistic effects with osimertinib, mitigating the development of drug
resistance. Collectively, this study not only elucidates a novel molecular mechanism underlying
the acquisition of EGFR-TKI resistance but also highlights the potential of overcoming drug

resistance by targeting METTL3 to suppress its expression and function.
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[ Abstract ]

Innate immunity is a defense system that cells intrinsically own to protect the human body from
infectious diseases. While it is a beneficial function in normal cells, its excessive functioning
can help cancer development and progression. We recently revealed that APOBEC3A, one of
the innate immune factors, contributes to development of acquired drug resistance in cancer
cells. Targeted therapy induces cytidine deaminase APOBEC3A which causes somatic
mutations in drug tolerant persister cells (DTPs). APOBEC mutations accumulate in cancer
genome over the course of treatment, leading acquired drug resistance. Deletion of APOBEC3A
gene reduces DTP cell survival and delays the acquired resistance. Our findings suggest that
targeting APOBEC3A is potential therapeutic strategy to prevent acquired resistance (Isozaki
et al. Nature 2023, Villanueva Nat Rev Drug Discov. 2023). As such therapy induced
APOBEC3A, the excessive functioning of certain innate immune factors can increase the
genomic instability of cancer cells, promoting the development and progression of cancer. We
call this phenomenon "cancer evolution" and aim to understand the mechanisms of cancer
evolution to find therapeutic targets that can prevent the development and progression of cancer.
In our laboratory, we use the latest genome analysis technology to analyze cancer patient tissues
and patient-derived models to explore the mechanisms of cancer evolution and therapeutic
targets. In addition, we aim to open up the possibilities for cancer treatment by developing

therapies using genome editing technology.

Conceptual model for cancer evolution driven by innate immunity and genomic instability

Tolerance Evolution Resistance

Pre-treatment Innate immunity (APOBEC3A) 1
Genomic instability

oo — &

Cancer DTPs (Drug tolerant persister cells) Isozaki et al, Nature, 2023
Piotrowska®, Isozaki* et al, Cancer Discov. 2018
Isozaki et al, Cancer Res. 2016
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. Hideko Isozaki. 83th Japanese Cancer Association Annual Meeting, Tumor evolution driven
by therapy-induced APOBEC3A in non-small cell lung cancer. Invited Speaker (Fukuoka,
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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 and developmental researches, we aim to develop innovative anti-cancer drugs and
ultimately achieve their practical application in the real world, by conducting advanced
interdisciplinary research in collaboration with researchers from different fields such as science,
engineering and pharmacy, based on basic research into the molecular and biological aspects of
cancer.

As an example, anti-cancer siRNA drugs can specifically suppress the expression of target
molecules in cancer. Anti-cancer siRNA drugs have various problems, such as sequence design
and drug delivery systems, but through joint research, we have overcome these problems and
led to the First in Human clinical trial at the Cancer Institute Hospital of Japanese Foundation
for Cancer Research. We have also started developing innovative anti-cancer multi-target
siRNA drugs that suppress the expression of multiple target molecules simultaneously.

In addition to the above, we are conducting research that continues the research of our
predecessor, Professor Seiji Yano (currently Professor of the Department of Respiratory
Medicine at Kanazawa University), such as elucidating the mechanism of drug resistance in
lung cancer and developing treatments for KRAS-mutated cancer. We are also developing
treatments such as innovative immunotherapies such as CAR-T, and establishing screening
systems for low- and medium-molecular-weight anticancer drugs based on protein-protein
interactions.

At the university hospital, we are in charge of clinical oncology, outpatient chemotherapy,
and cancer genome medicine. We aim to conquer cancer through both basic and clinical
research, including translational research (TR) and reverse TR, and we practice comprehensive
cancer treatment that covers the most up-to-date cancer treatment and diagnostic methods.
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Inflammation and Epithelial Plasticity
ERATEE - KIEAZY b

Associate Professor Dominic Chih-Cheng VOON
Visiting Fellow Moustafa A. Sakr
Graduate students Sarah Montazkari (D3) (Co-supervisor: Chiaki Takahashi)

Thanh Dong Le (D3) (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.

<2024 research achievement and future plan >

During the year, we completed and published a study that describes the differential effects of
IL-2 and IL-23 on a human T-CLL cell model, Kit225, that we utilized to elucidate the
molecular mechanism through which epithelial IL23 A functions. In this study, we observed that
Kit225 cells can undergo differentiation into a Th17/ILC3-like phenotype through the
attenuation of IL-2 signaling. Moreover, we confirmed earlier reports in primary mouse and
human cells that IL-23 is not necessary for the differentiation of Thl7-like phenotype. Our
primary focus remains the elucidation of the functional consequences of epithelial-derived
IL23A and the Kit225 cell model have provided important new insights. Based on these
observations, we aim to elucidate the interactome of IL-23/IL23A in Kit225 cells using a
proximity biotinylation approach, which is now at an advanced stage of preparation
(collaborators: Hirotaka Takahashi, Tatsuya Sawasaki; Ehime University). In a further study
that also utilizes the Kit225, we are investigating interesting preliminary phenomena that could
potentially enhance T cell resilience and survival, an important topic in the context of

enhancing cancer immunotherapy (collaborator: Yota Tsuge, Kanazawa University).
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[ Achievements ]
< Publications (Primary)>
1. Momtazkari S*, Dev Choudhury A*, Yong ZWE, Le TD, Nguyen Canh H, Harada K,
Hori T, Osato M, Takahashi C, Koh CP', Voon DC'. (2024) Differential requirement for
IL-2 and IL-23 in the differentiation and effector functions of Thl7/ILC3-like cells in a
human T cell line. J. Leukoc. Biol., 115(6):1108-1117. doi: 10.1093/jleuko/qiae034.

(" Joint corresponding authors)

< Publications (Collaboration) >

1. Yu H, Kohno S, Voeon DC, Nada H, Zhang Y, Nakayama J, Takegami Y, Takahashi C.
(2024) RECK-GPR124-driven WNT signaling in pancreatic and gastric cancer cells.
Cancer Sci. doi: 10.1111/cas.16258.

2. Matsumoto K, Ikliptikawati DK, Makiyama K, Mochizuki K, Tobita M, Kobayashi I,
Voon DC, Lim KS, Ogawa K, Kashiwakura I, Suzuki HI, Yoshino H, Wong RW,
Hazawa M (2024) Phase-separated super-enhancers confer an innate radioresistance
to genomic DNA. J. Radiation Res. https://doi.org/10.1093/jrr/rrac044.

3. Gong L, Voon DC, Nakayama J,Takahashi C, Kohno S. (2024) RBI loss induces
quiescent state through downregulation of RAS signaling in mammary epithelial cells.

Cancer Sci., 115(5):1576-1586. doi: 10.1111/cas.16122.

<Conference Presentation>
1. Yoon DC. Deconvoluting the epithelial-immune interaction in the tissue
microenvironment and its implication in gastric carcinogenesis. 12" FUSCC-KUCRI

Joint Symposium on Tumor Biology. 25" October 2024, Shanghai, China.

< External Research Funds >
Not applicable
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Cancer-Immune System Interactions
NA-RERMBEERIZ=Y b

Associate Professor Kohsuke Tsuchiya 1= 47

Graduate Student Shenghui Zhi % JHiE (Fh&EMFILEBRE M1)

[ Abstract ]

Pyroptosis, a necrotic form of regulated cell death, induces inflammation by releasing
inflammatory substances and contributes to host defense and cancer immunity. Gasdermin
family molecules (GSDMs) act as executors of pyroptosis, which are activated through
cleavage by specific proteases. In this study, we aim to identify proteases that activate

GSDMs and elucidate the pathways involved in pyroptosis induction.

Our research revealed that caspase-12, derived from specific species (cats, dogs, and mice),
cleaves and activates GSDMD. Furthermore, we found that caspase-12 is activated by
pathogen-associated molecular patterns (PAMPs) of bacterial origin, suggesting that it may
function as a novel pathogen sensor. Cat-derived caspase-12 recognized Pam3CSK4,
Pam2CSK4, lipoteichoic acid (LTA), and lysyl-phosphatidylglycerol (Lysyl-PG), while
mouse-derived caspase-12 recognized Pam3CSK4, Pam2CSK4, and LTA, and dog-derived
caspase-12 recognized Pam2CSK4 and LTA. The structural differences in the N-terminal
prodomain among caspase-12 from cats, dogs, and mice appear to influence ligand
recognition. Specifically, the CARD domain, common to caspase-12 in all three species, was
found to be critical for LTA recognition. Meanwhile, the unique acidic amino acid-rich region
in cat caspase-12 was crucial for recognizing Lysyl-PG and Pam3CSK4. These findings
demonstrate that caspase-12 recognizes multiple PAMPs through different mechanisms and
plays a role in species-specific ligand recognition. It is speculated that differences in the
living environments and pathogens encountered by each mammalian species may have

contributed to the diversity of ligand recognition by caspase-12.
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Microenvironment Regulation in Cancer Stem Cells Unit
MNABMRIRERE L= Y b

Assistant Professor Yasuto Takeuchi 77PN FEA

[ Abstract ]

Breast cancer tissue is composed of diverse and heterogeneous cancer cells, and the
existence of cancer stem-like populations has been reported. Cancer stem-like cells have high
tumor-initiating ability, metastatic potential, and drug resistance. So, these cells are known to
be involved in cancer recurrence and metastasis. It was found that when breast cancer stem-like
populations were cultured in sphere conditions, very few cells were proliferated. Furthermore,
we discovered a population of FXYD"e" cells as a new breast cancer stem-like cells with drug
resistance and showed that these population is a quiescent stem cell with low proliferative
potential (M Li. et al., Journal of Clinical Investigation. 2023.). These results suggested that
breast cancer stem-like cells required factors from tumor microenvironment.

Breast cancer tissue is known to contain abundant stromal tissue, which is mainly
composed of fibroblasts (Cancer-associated fibroblasts: CAFs). We have previously reported
that CAFs are recruited when an inflammatory cytokine-rich environment, which is essential
for the development of breast cancer, is formed. (Y. Takeuchi. et al., Proc Natl Acad Sci U.S.A.
2021.)

Based on the background described above, we have been investigated how CAFs is
involved in the breast cancer stem-like cells. We identified granulocyte colony stimulating
factor (G-CSF) as a regulatory factor derived from CAFs that promoted the proliferation of
breast cancer stem-like cells in sphere conditions. We also found that breast cancer cells that
highly express G-CSF receptor (G-CSFR) are a novel population of breast cancer stem cells
with high tumor-initiating ability, metastatic potential, and drug resistance. Moreover, we
demonstrated that G-CSFR"" cells were interacted with myeloid cell vis G-CSF-G-CSFR in

the early stage of bone metastasis of breast cancer.
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[ Abstract ]
Senescent cells permanently cease proliferation and exhibit a senescence-associated secretory
phenotype (SASP), characterized by the secretion of inflammatory cytokines and chemokines.
While pl6-positive senescent cells accumulate and exacerbate pathologies during cancer and
chronic inflammatory diseases, their physiological role has not been fully elucidated. Recent
studies suggest that SASP factors are involved in tissue repair after acute injury, but the
dynamics of senescent cells during this process remain unclear.

To investigate this, we used pl6CTERT2/R26LSLTomato mice  which allow labeling of
pl6-positive cells with tdTomato, and induced acute liver injury. Shortly after injury,
tdTomato-expressing hepatocytes were detected near the injury site. These cells proliferated
significantly during tissue repair, contributing to liver regeneration. Single-cell
RNA-sequencing analysis revealed that these tdTomato-positive hepatocytes initially
exhibited senescence-like traits, including SASP, but transitioned toward a proliferative state.

The elimination of pl6-positive hepatocytes delayed liver tissue repair, confirming their
importance in regeneration. Furthermore, pl6-deficient mice also exhibited delayed tissue
repair compared to wild-type mice. RNA-sequencing analysis during injury, combined with
single-cell RNA-sequencing of tdTomato-positive hepatocytes, identified candidate SASP
factors that promote liver regeneration. Inducing acute liver injury in mice with
hepatocyte-specific deletion of one of these SASP factors resulted in impaired tissue repair,
further supporting their role.

These results demonstrate that a subset of hepatocytes activates a transient senescence
program via pl6 expression, promoting tissue repair after acute liver injury by stimulating

their own and neighboring hepatocytes’ proliferation through the SASP factor expression.
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[ Abstract ]
Enhancing effect of novel Schiff base derivative combined with tyrosine kinase inhibitor
on ALA-PDT (Endo)

Photodynamic diagnosis and therapy using 5-aminolevulinic acid (ALA) is a widely
accepted noninvasive therapeutic strategy for patients with various cancers. Our previous study
demonstrated that the Schiff base derivative TX-816 markedly enhances the effect of ALA-
based photodynamic therapy (ALA-PDT) by promoting intracellular protoporphyrin IX (PpIX)
accumulation. However, TX-816’s instability in aqueous solution leads to its rapid hydrolysis
to 3,5-dichlorosalicylaldehyde 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-PDT. Cancer cells expressing high levels of PEPT1 (ALA influx
transporter) and low levels of ABCG2 (porphyrin efflux transporter) can accumulate high levels
of PpIX after ALA treatment. Tyrosine kinase inhibitors such as imatinib mesylate and
dasatinib enhance ALA-PDT efficacy by inhibiting ABCG?2. In this study, we synthesized a
novel derivative, YS6-107, in which the CNA of TX-816 is replaced with gefitinib, and
evaluated its enhancing effect on ALA-PDT. As a result, YS6-107 exhibited superior ALA-
PDT-enhancing activity and higher intracellular PpIX accumulation in cancer cells relative to
gefitinib. These results suggest that Schiff base derivatives combined with tyrosine kinase
inhibitors are effective lead compounds for the development of novel ALA-PDT
photosensitizers.

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
have shown that ADAMTS-1 is involved in ovulation and in 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 during 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 is involved in the induction of CAP
genes prior to the onset of labor in mouse uteri. Decidual activation is an important process in
parturition, and decidual macrophages are generally thought to play a role in this process.
Immunohistochemical staining using F4/80 antibodies revealed that the number of decidual
macrophages was reduced in ADAMTS-1 null uteri. We are further investigating the role of
ADAMTS-1 in the activation processes of both decidual and myometrial layers during the
prepartum period as well as the cervical ripening process.
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