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[ Abstract ]

Diet is the most common, physiological and long-term stimulus influencing tissue homeostasis.
Recent studies have revealed that obesity induced by consumption of a fat-rich diet triggers
abnormal hematopoiesis that can compromise immune system function. We previously
discovered an important mechanism by which hematopoietic stem cells (HSCs) are protected
against the ill effects caused by the dysbiosis (microbial imbalance) of gut microbiota induced
by a high fat diet (HFD) (Tadokoro et al., Cell Stem Cell 2018). We have investigated the nature
of the "pathological" microenvironments regulating HSCs (HSC niche) created by diet-related
metabolites to understand how diet affects hematopoiesis. To see roles of HFD in
leukemogenesis, we established several leukemia models driven by mutant genes, including
NF1, Cbl, BCR-ABL, NPM1, and DNMT3a, and found importance of RAS-MAPK-ERK
pathways in response to HFD for abnormal behavior of HSC and progenitor cells. By multiple
metabolomics analyses, we found that several microbiota derived metabolites which are
remarkably down- or up-regulated by HFD, followed by further investigation of functions of
the candidate metabolites. Interestingly, we found that a microbiota derived metabolite
suppressed abnormality of HSC/Progenitor cells in vivo and in vitro. We are currently
investigating mechanisms of the functional metabolite and if the compound contributes to
prevention or treatment of diet-induced hematopoietic diseases.

We also aim to identify critical metabolic pathways controlling malignant properties. By
functional screening based on CRISPR/Cas9 library, we found importance of nicotinamide
metabolism and its metabolite, 1-methylnicotinamide (I-MNA), as a unique pathway for
therapy resistance. Collaborative research with chemists of NanoLSI, we successfully
generated a sensor molecule that specifically recognizes 1-MNA in biological samples (Ueno
et al., Commun. Chem 2020). Since this metabolite is up-regulated in cancer tissues from
patients, the sensing method may be useful as a diagnostic tool. We have started further
collaboration with SPM imaging group. This interdisciplinary collaboration will lead to the
development of a unique metabolite imaging system at the single cell level, contributing to a
deep understanding of cancer malignancy and establishment of novel methods for clinical
cancer diagnosis.
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[ Abstract ]

All cancers maintain or lost RB1 function. Synthetic CDK4/6 inhibitors are applicable to
RB1-intact cancers. In HR";HER2" breast cancers, the combination of CDK4/6 inhibitors
together with endocrine therapy actually doubled DFS. These reagents keep RBI1 in
unphosphorylated form for extended time, causing cellular senescence, apoptosis and
enhanced immunogenicity, and are in clinical trials for many types of solid tumor. We
invented CDK4/6 inhibitor combination therapies to treat RBl-intact HCC and K-Ras
mutated lung and colon cancers. We are investigating if we can apply our strategy to other
RB1-intact cancers especially K-Ras mutated ones. On the other hand, we have been long
time investigating therapeutic targets in RB1-inctaivetd cancers. We so far proposed Ras,
LOX, IL6, CCL2, CCLS5, SCD1 and ELOVL6 as possible ones. We recently invented drugs
that target RBI-SUCLA2 genomic deletion frequently occurring in advanced prostate cancers
(Figure). One of these, thymoquinone, has no known molecular target. We are trying
molecular
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binding molecules. We are also running a large-scale re-screening on P1 facility base to find
better effective compounds. We are still investigating the role of RB1-PGAMs axis in
differentiation control in cancers. We identified anti-tumor effect of ELOVL6 inhibition, thus
are trying to obtain its POC. We found ceramides and PI3K/AKT/mTOR signals are
mechanistically involved in the tumor suppression. To contribute to preventive medicine, we

clarified the role of fatty acid signaling in mammary carcinogenesis.
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[ Abstract )
1. Megakarvocyvtosis in chronic myeloid leukemia (CML) pathogenesis

Transplantation of BCR-ABL-expressing hematopoietic stem/progenitor cells caused CML in
mice with an increase in bone marrow BCR-ABL" leukemic megakaryocyte-lineage (MgkL)
cells, which exhibited enhanced senescence markers with increased expression of TGF-B1, and
pl6 and p21, key molecules that are crucially involved in senescence. Moreover, knockout of
pl6 and p21 genes reduced both BCR-ABL-induced abnormal megakaryopoiesis and the
maintenance of CML cell leukemogenic capacity. TGF-B1 inhibition attenuated CML cell
leukemogenic capacity both in vitro and in vivo. Thus, BCR-ABL induced the expansion of
senescent leukemic MgkL cells, which supported CML leukemogenesis by providing TGF-B1.
2. Cytoplasmic DNA accumulation-induced cell death of myeloid leukemia cells

At hematopoietic stem cell transplantation (HSCT) to mouse myeloid leukemia models, double-
stranded (ds)DNAs were constitutively secreted in the form of extracellular vesicles (EVs) from
myeloid leukemia cells, and were transferred to the donor cells to dampen their hematopoietic
capabilities. Autophagy regulated cytoplasmic dsDNA accumulation and subsequent
redistribution into EVs, and accumulated cytoplasmic dsDNAs activated STING pathway,
thereby reducing leukemia cell viability through reactive oxygen species (ROS) generation.
Autophagosome formation inhibition induced cytoplasmic DNA accumulation to trigger
cytoplasmic DNA sensing pathways to exert cytotoxicity preferentially in leukemia cells.

3. A transcription factor, Nfe2. in murine breast cancer metastasis to bone

We previously established 4T1.3 clone with a high capacity to metastasize to bone, from a
murine triple-negative breast cancer (TNBC) cell line, 4T1.0. Comprehensive gene expression
analysis detected enhanced Nfe2 mRNA expression in 4T1.3 grown in a bone cavity. Nfe2 gene
transduction into 4T1.0 cells enhanced their capability to form intraosseous tumors. Moreover,
Nfe2 shRNA treatment reduced tumor formation arising from intraosseous injection of 4T1.3
clone as well as another mouse TNBC-derived TS/A.3 clone with an augmented intraosseous
tumor formation ability. Furthermore, NFE2 expression was associated with in vitro growth
advantages of these TNBC cell lines under hypoxic condition as well as Wnt pathway activation.
4. GPRS6/ADGRGTI in breast cancer metastasis to bone




An adhesion G-protein coupled receptor, GPR5S6/ADGRG1, was expressed selectively in 4T1.3
grown in bone cavity while fibroblasts present in bone metastasis sites expressed its ligand,
type III collagen. Consistently, GPR56/ADGRG1 proteins were detected in tumor cells in bone
metastasis foci of human breast cancer. Intraosseous injection of GPR56/ADGRG1-deficient
4T1.3 cells reduced markedly intraosseous tumor formation, whereas that of GPR56/ADGRG1 -
transduced mouse and human breast cancer cell lines exhibited enhanced tumor formation.
Moreover, the cleavage at the extracellular region was indispensable for GPR56/ADGRGI1-

induced increase in breast cancer cell growth upon its intraosseous injection.
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