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Introduction. Acute myeloid leukaemia (AML) poses a significant clinical problem, with clonal heterogeneity and a lack of targeted therapies contributing to poor prognosis and high mortality. Small molecule inhibitors such as the BCL2-family inhibitor venetoclax and the FLT3 inhibitor quizartinib have proven useful recently, however resistance to these has been attributed to NRAS mutations. 
Aims. To assess phenotypic impacts of clinically-relevant NRAS mutations in AML and how to overcome their risk.
Methods. NRAS wild-type (WT), G12C, G12D and Q61K over-expressing MOLM-13 cells were generated using lentiviral transduction. RNASeq validated by qPCR assessed transcriptional alterations. Proliferative and colony forming capacity of over-expressing cells was assessed in vitro. Cell death mechanisms induced by treatment with quizartinib, venetoclax, cytarabine (AML chemotherapeutic), sotorasib (KRAS G12C inhibitor), or RMC-6236 (Ras-ON inhibitor) was determined by Annexin V-FITC/PI staining and Western blotting. 
Results. Transcriptomic profiling comparing over-expressing cell lines versus unaltered MOLM-13 revealed alterations to the MAPK pathway, and specifically showed increased oxidative phosphorylation activity in G12 mutants and altered cytokine signalling in MOLM-13-NRAS-Q61K. This agreed with observed increased proliferation and colony-forming capacity of Ras mutant cells versus MOLM-13 or MOLM-13-NRAS(WT) cells. Therapy response differences were observed between the mutant variants: FLT3 was downregulated in MOLM-13-NRAS(Q61K) cells accompanied by quizartinib resistance, MOLM-13-NRAS(G12C) cells exclusively exhibited sotorasib sensitivity, and MOLM-13-NRAS(G12D) cells showed greatest sensitivity to cytarabine and RMC-6236. All cell lines showed sensitivity to venetoclax with the exception of MOLM-13-NRAS(Q61K) cells.
Discussion. These results reveal quizartinib and venetoclax resistance mechanisms specific to NRAS(Q61K) mutation in AML, the most common NRAS mutation observed in this disease. Further investigation of these mechanisms is now warranted to pave the way for the development of personalised medicines useful in the treatment of AML patients with NRAS(Q61K) mutations. 
