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[ Abstract ]

Nutrients, such as amino acid, sugar, lipid and vitamin, are critical determinants of cell
survival, proliferation and differentiation processes in normal and malignant tissues. Recent
studies have revealed critical roles of metabolic control in stem cell properties, so called
"stemness", which contribute to malignant progression of cancers. Our group aims to elucidate
molecular mechanisms underlying metabolic control of normal and malignant stemness.

Hematopoietic stem cells (HSCs) maintain hematopoietic homeostasis by both self-renewing
and differentiating into mature blood cells. We previously reported that loss of Spredl causes
abnormality of self-renewal and malignancy by high-fat diet (HFD). To identify critical
mediators between HFD and HSC regulation, we performed metabolomics analysis of HFD fed
mice. We found that several candidate metabolites which are remarkably down- or up-regulated
by HFD. Interestingly, we found that Spredl deficient mice exhibited leukemia development
by administration of a candidate metabolite that is up-regulated with HFD, indicating that the
metabolite may be a critical mediator for leukemogenesis in response to HFD. On the other
hand, we found several metabolites that are remarkably downregulated by HFD. Thus, we
currently aim to identify functional metabolites, which contribute to prevention or treatment of
diet-induced hematopoietic diseases.

We also aim to identify critical metabolic pathways controlling malignant properties. To
identify functional downstream molecules of FOXO or mTOR, which are both involved in
metabolic regulations in malignancy, we performed sgRNAs library screening of molecules
responsible for malignant properties of leukemias. As a result, we identified a critical cis-
element for induction of molecule for blockage of leukemia differentiation in FOXO
downstream. Therefore, we currently pursue to develop new drugs based on the FOXO
downstream molecule. Also, we have identified critical metabolic pathways, including vitamin
metabolisms, for cell survival under chemotherapeutic condition. Importantly, mice genetically
lack the vitamin enzyme can survive normally (Manuscript preparation), indicate that the
pathway is specifically essential for tumorigenesis. We believe that investigation of molecular
functions in these pathways will lead to the development of successful therapeutics.
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Deletion of FOXO binding element (FRE) leads to leukemia cell differentiation
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Hirao A: Critical roles of gut microbiota in self-renewal of hematopoietic stem cells and
leukemogenesis 2nd Japan-German symposium Oct.3™, 2019, Kanazawa

Hirao A: The nutrient signals in self-renewal of hematopoietic stem cells and tumorigenesis
2019 US-Japan Symposium on Normal/Malignant Hematopoiesis and Novel Therapies for
Hematologic Malignancies, Feb. 19, 2019, Hawaii, USA

Hirao A: Metabolic Regulation of Stemness in Malignant Hematopoiesis. Eleventh AACR-
JCA Joint Conference on Breakthroughs in Cancer Research: Biology to Precision
Medicine. Feb.12 2019. Hawaii, USA
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Tadokoro Y, Hirao A : Regulation of hematopoietic stem cell fate by gut microbiota-derived

metabolites. Joint symposium on tumor microenvironment and precision oncology
between SNU-GCRC and CRI, May 13, 2019, Seoul
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[ Abstract ]
We innovate in vitro and in vivo cancer model systems that can be readily analyzed by
molecular biology techniques; this aims to find pathways critical for carcinogenesis,
malignant progression, metastasis, drug resistance and stem cell-like behaviors in cancer cells.
In recent years, we have been trying to find effective targets of cancer therapy in the
retinoblastoma tumor suppressor gene 1 (RB1) inactivated signature. Our efforts highlighted
pivotal roles of RB1 gene in tumor metabolism, tumor microenvironment, apoptosis and
epigenetics. In addition, we are attempting to develop new drugs targeting cancer-specific

genomic abnormalities in metabolic genes.
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Takahashi C, Hirata T, Watanabe N, Krummel MF and Narumiya S. mDial/3-dependent
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[ Abstract )
1. Pathogenic role of leukemia cell-derived extracellular vesicles (EVs) in donor cell-

derived leukemia (DCL) after bone marrow (BM) transplantation

Hematopoietic stem cell transplantation (HSCT) is widely used for various hematologic
malignancies as a curative strategy. We demonstrated that the transplantation with normal BM
cells after sublethal irradiation could induce chronic myeloid leukemia-bearing mice to develop
several types of hematopoietic malignancies arising from donor cells, the condition which
mimics DCL. We further proved that replication nuclear damage-mediated stimulator of
interferon genes (STING) pathway activation induced leukemia cells to load dsDNA into EVs,
which can initiate leukemogenesis by interacting with intracellular DNA sensor signaling
pathway in adjacent normal hematopoietic cells.

2. BCR-ABL-induced senescence and senescence-associated secretory phenotype (SASP)

Transplantation of BCR-ABL-expressing hematopoietic stem/progenitor cells caused CML
in mice with an increase in bone marrow BCR-ABL"CD41"CD150" leukemic megakaryocyte-
lineage (MgkL) cells, which exhibited senescence-associated B-galactosidase activities and
increased expression of p16 and p21, the molecules crucially involved in senescence. Moreover,
deficiency of p16 and p21 gene depressed BCR-ABL-induced abnormal megakaryopoiesis and
reduced CML cell stemness. The expression of TGF-B1, a representative molecule of SASP,
was enhanced in leukemic MgkL cells, and TGF-B1 inhibition attenuated the replication
capacity of CML cells. Furthermore, BCR-ABL-expressing MgkL cells displayed enhanced
autophagic activity and autophagy inhibition reduced bone marrow MgkL cell number and
prolonged the survival of CML mice, which transiently received a tyrosine kinase inhibitor,
imatinib, beforehand. Thus, BCR-ABL-induced expansion of senescent leukemic MgkL cells
can promote CML progression by providing TGF-f1, a mediator which is crucially involved in
CML cell stemness maintenance.

3. The roles of transcription factors in the regulation of bone metastasis in murine breast

cancer model



We previously established 4T1.3 clone with a high capacity to metastasize to bone after
orthotopic injection, from a murine triple-negative breast cancer cell line, 4T1.0.
Comprehensive gene analysis revealed that 4T1.3 cells at bone metastasis sites exhibited the
enhanced expression of three transcription factors, Lmo2, Nfe2, and Myb, compared with its
parental clone, 4T1.0. Among these transcription factors, the gene transduction of Nfe2 but not
that of other factors conferred higher capacity to grow in bone cavity on 4T1.0 cells, when the
cells were injected into bone cavity, suggesting the contribution of Nfe2 to bone metastasis

formation.
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