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Abstract (286/300 words)

Introduction: Drug selectivity and resistance is a major obstacle to successful epigenetic therapy in patients with hematologic malignancies and other cancers. No reliable tools have been developed to predict and/or to overcome epigenetic drug resistance in clinical settings. The role and clinical potential of chromatin topological domains in drug response and resistance and clinical diagnosis domains remain largely unexplored. 

Methods: 1. RNA cytosine methylation dot blotting and high-sensitivity mass spectrometry; 2. Western blot analyses and RNA interference technology; 3. RNase-coupled immunoprecipitation and co-immunoprecipitation (RNase-IP and co-IP); 4. Novel quantitative imaging techniques including STED confocal microscopy coupled with EU-clicking chemistry and proximity ligation and rolling circle amplification (PL-RCA).
Experiments and Results: We recently discovered that RNA and its modifying enzymes, RNA cytosine methyltransferases (RCMTs), can shape genomic DNA into unique chromatin functional domains/topologically associated domains (CFD/TAD) that regulate the response and resistance to epigenetic drug azacitidine (5-azacytidine, 5-AZA) in leukemia cells (Cheng, J.X. et al. Nature Communications 9, 1163, 2018). Mechanistically, specific RCMTs interact with distinct co-factors to recruit an elongating RNA polymerase II (RNAPII) complex to nascent (newly synthesized) RNAs to form unique transcriptionally active CFD/TAD in 5-AZA-sensitive vs. 5-AZA-resistant leukemia cells. Here, by using novel quantitative imaging techniques including STED confocal microscopy coupled with EU-clicking chemistry and proximity ligation and rolling circle amplification (PL-RCA), we demonstrated distinctly different RNA/RCMTs-associated CFD/TAD in the 5-AZA-sensitive vs. 5-AZA-resistant bone marrow cells from patients with myelodysplastic syndrome (MDS) and acute myeloid leukemia (AML). 
Conclusion: This is the first study to demonstrate quantitatively and qualitative different chromatin functional domains/structures in drug sensitive vs. resistant leukemia cells, which provides novel tools to predict drug response and to design more effective combinational therapies to overcome drug resistance in leukemia and other cancers.
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