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Acute myeloid leukemia (AML) is an aggressive and lethal blood cancer originating from rare
populations of leukemia stem cells (LSCs). AML relapse after conventional chemotherapy is caused
by a remaining population of drug-resistant LSCs. Selective targeting of the chemo-resistant
population is a promising strategy for preventing and treating AML relapse. Polycomb repressive
complex 2 (PRC2) trimethylates histone H3 at lysine 27 to maintain the stemness of LSCs. In this
study, we show that quiescent LSCs expressed the highest levels of enhancer of zeste homolog
(EZH) 1 and EZH2, the PRC2 catalytic subunits, in the AML hierarchy, and that dual inactivation
of EZH1/2 eradicated quiescent LSCs to cure AML. Genetic deletion of £zAl/2 in a mouse AML model
induced cell cycle progression of quiescent LSCs and differentiation to LSCs, eventually
eradicating AML LSCs. Quiescent LSCs showed PRC2-mediated suppression of Cyc/in D, and Cyclin D-
overexpressing AML was more sensitive to chemotherapy. We have developed a novel EZH1/2 dual
inhibitor with potent inhibitory activity against both EZH1/2. In AML mouse models and patient—
derived xenograft models, the inhibitor reduced the number of LSCs, impaired leukemia progression,
and prolonged survival. Taken together, these results show that dual inhibition of EZH1/2 is an
effective strategy for eliminating AML LSCs.

Multiple myeloma (MM) is a hematological malignancy caused by accumulation of abnormal clonal
plasma cells. Despite the recent development of novel therapies, relapse of MM eventually occurs
due to a remaining population of drug-resistant myeloma stem cells. Side population (SP) cells
exhibit cancer stem cell-like characteristics in MM; thus targeting these cells is a promising
strategy to completely cure this malignancy. In this study, we showed that SP cells expressed
higher levels of EZHI and EZHZ than non-SP cells, suggesting that EZH1/2 are both potential
therapeutic targets to eradicate myeloma stem cells. A novel EZH1/2 dual inhibitor, OR-SI,
effectively eradicated SP cells and had a greater antitumor effect than a selective EZH2 inhibitor
in vitro and in vivo, including in a patient—derived xenograft model. Moreover, long—term
continuous administration of OR-S1 completely cured mice bearing orthotopic =xenografts.
Additionally, PRC2 directly regulated WNT signaling, and over—activation of this signaling induced
by dual inhibition of EZH1/2 eradicated myeloma stem cells. Our results demonstrate that dual
inhibition of EZH1/2 is a promising therapeutic approach to eradicate myeloma stem cells, leading

to significant advances in the treatment of MM.
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Mantle cell lymphoma (MCL) is a rare subtype of non—Hodgkin’ s lymphoma, which is characterized
by overexpression of cyclin D1. Although novel drugs, such as ibrutinib, show promising clinical
outcomes, relapsed MCL often acquires drug resistance. Therefore, alternative approaches for
refractory MCL are needed. In this study, we examined whether a novel inhibitor of EZH1/2, OR-
S1, had an antitumor effect on MCL cells. In an ibrutinib-resistant MCL patient—derived xenograft
(PDX) mouse model, OR-S1 treatment by oral administration significantly inhibited MCL tumor growth,
whereas ibrutinib did not. [/n vitro growth assays showed that compared to an established EZH2-
specific inhibitor GSK126, OR-S1 had a marked antitumor effect on MCL cell lines. Furthermore,
comprehensive gene expression analysis was performed using OR-Sl-sensitive or insensitive MCL
cell lines and showed that OR-S1 treatment modulated B-cell activation, differentiation, and cell
cycle. In addition, we identified CDKNIC (p57, KIP2), which contributes to cell cycle arrest, as
a direct target of EZH1/2 and showed that its expression influenced MCL cell proliferation. These
results suggest that EZH1/2 may be a potential novel target for the treatment of aggressive
ibrutinib-resistant MCL via CDKN1C-mediated cell cycle arrest

Adult T-cell leukemia—lymphoma (ATL) shows global gene expression alterations that confer
cellular characteristics and unfavorable prognosis. We analyzed epigenome and transcriptome to
decipher ATL-specific epigenetic—code. H3K27me3 was significantly and frequently reprogrammed at
half of genes in ATL, the pattern of which appears distinct from other cell types. The global
H3K27me3 alterations occurred at an early stage of disease progression and were involved in
determination of a broad spectrum of gene categories (Blood, 2016). The H3K27me3 landscape was
explained by two epigenetic writers EZH1 and EZH2 co—occupancy. Indeed, simultaneous depletion
of EZH1/2 significantly diminished H3K27me3 and dramatically inhibited ATL and HTLV-1 infected
cell growth compared with single depletion, suggesting the compensatory actions of EZH1/2. The
new EZH1/2 inhibitors successfully inhibited genome-wide EZH1/2 occupancies without compensation,
resulting in effective H3K27me3 reduction and gene reactivation compared with the single inhibitor.
The dual-inhibitor significantly blocked primary ATL cell survival and in vivo tumor growth.
Transcriptome and epigenome dataset also demonstrated EZH1/2-mediated epigenetic abnormalities
in various lymphomas including ATL, DLBCL, BL, AITL, ALCL, and PTCL-NOS, all of which showed
higher sensitivity against the EZH1/2 inhibitor in vitro and in vivo (5.2°200-fold). These
integrated analyses provide a novel concept “EZH1+EZH2 dual-targeting” and demonstrate the
preclinical validity. Based on our results, a first—in—human phase 1 clinical trial against T-
and B-cell non-Hodgkin lymphomas is now underway and clinical safety and promising activity

against lymphomas have been suggested



