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[ Abstract )

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

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

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

In addition, for the advancement of diagnosing and treating age-related diseases, several
projects are currently underway. (1) Identification of biomarkers for aging: Conducting
metabolomic analyses on biological samples from middle-aged and older adults to identify
biomarkers of aging. (2) Establishing new analysis methods for NAD" metabolism. (3)
Research on the immune response of hematopoietic stem cells during aging. Through these
comprehensive research initiatives, our goal is to contribute significantly to the establishment
of a healthier society.
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[ Abstract ]

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

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

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

influence

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

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

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

fatty acid elongation enzymes including ELOVL6 GPR124 iVNTTNB:

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

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

mammary epithelial cells resist to carcinogenesis

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

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

gastrulation system.

<2023 FORLE, EITRIESBROFE - BE>

CDK4/6 FHEAIZ KRAS BESDS ANEISIER T 5T > a F— L &R L7, CDK4/6
720 L CDK2/4/6 JLEA] & KRAS FLEANC L - CRBEDO ¥ %7 ¢ 7 A TRBI # Y g
fLIRHE & Ml L3R S 7oy BEfET S SASP DRRREN B 72 % Z &3 bho
72 KRAS ifind A KRASCZC [HEA AMGS10 ~DF52 M3 IZ 35\ T STK11/LKB1
& KEAP1 D[RR S b 2 2 5028 2 IV N R B & & O RS L7z, RB1 ANEMEALDS
ATLARD =8, AURKA 2 & Tt hu Y —A M #&xF—E#E, ELOVL6 & 5 e 5E
R RIEESERES OIRIEEEN & L COARMMEZBET L7, RBLAKFHZ /A 2z B b
% #TH cholesterol fEME H'E OIREZ TRIE L 7=, IEH LR B3 RB1 RiEMALKIC L B
TN IT DT 2 I 5N LT, EATRINZR2S A28V T RBI-SUCLA2 4ufa,
KRR D JRFL 72 R HE Z H 2 &, B LY, 2-isopropyl-5-methylbenzo-1,4-quinone
(Thymoquinone; TQ)N Z DX A 7 DEFICH TH LD A[REMEEZ®RE LT\ 5D, ZDfk
EMTREAET DR 4EEZFE, > b 2N TQICL ATEHEEEZZIT A L %
A L7, 5% TQ #EaEA-IC H”é%ﬁ%%ﬁﬂf—%l DR E R 5, R EESE
BIR W IREREE & OILFRBFFEIC L 0 EATRIN RS A BE M ctDNA |2 X % SUCLA2
RIDHEZWr x>~ N OBFEZ1T - 710 RECK & GPRI124 D& DN /v ks L OVE 73
AD WNT ¥ T FHNEGIEIT 2 A =X L EHE L (K), A CAF 1B 5
RECK DIEBLNF N ANBEDOHEIM G- 2B MG Lz, B7 77 4 v afzHn
N AHERICE D 2 iR LA, ZORFAIOBRIIZ SRS POC OFER L A
87,
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[ Abstract ]

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

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

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

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

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

signaling pathways is crucial for induction of cellular senescence, but its molecular mechanism
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has been elusive. In this study, we found that simultaneous induction of Erk-MAPK signaling
activation by all-trans retinoic acid (ATRA), a clinically used leukemia therapeutic agent, and
CDK4/6 inhibitor-mediated cell cycle inhibition, induced an irreversible cell cycle arrest by
promoting myeloid cell differentiation. This strongly suggests that a molecular biological
phenomenon similar to geroconversion is deeply involved in this irreversible leukemic cell
differentiation.
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