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Abstract
FLT3 mutations are among the most common genetic alterations in acute-myeloid leukemia (AML). They are associated with poor prognosis.
Multiple FLT3 inhibitors have been in clinical evaluation at various stages. Resistance to FLT3 inhibitors due to acq uired point mutations in
the tyrosine-kinase domain (TKD), have limited the effectiveness of treatments. A "gatekeeper" mutation (F691L), is also resistant to most
FLT3 inhibitors. New therapies are therefore needed.
FLT3 inhibitors are needed to protect against FLT3-TKD mutations and FLT3 internal tandem duplicate (FLT3–ITD). We identified KX2391, a dual FLT3/tubulin inhibitor, and examined its efficacy and mechanisms for overcoming drug -resistant FLT3ITD-TKD mutations. KX2391 had potent growth inhibitory effects and apoptosis promoting effects on AML cell lines that harbor FLT3-ITD mutations. KX2-391 orally
administered significantly prolonged the survival time of a murine model with leukemia caused by FLT3ITD -F691L. KX2-391 also inhibited
growth of primary AML cells that express FLT3ITD-F691L and 2 primary cells that are FLT3ITD-D835Y. Preclinical data suggest that KX2391 is a promising FLT3 inhibitor.
The treatment of AML patients with FLT3 mutations, particularly refractory/relapsed patients sufferi ng from F691L or other FLT3TKD
mutations.
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Introduction
FLT3 mutations are found in more than 30% patients with acute myeloidleukemia (AML). They are associated with short relapse-free
survival and overall survival. This includes internal tandem duplications (ITD) as well as point mutations in the tyrosine ki nasedomain
(TKD). Multiple FLT3 kinase inhibitors have been identified and approved for clinical use. These include sorafenib and Gilteritinib.
These drugs have a high rate of drug resistance and relapse, which can lead to transient clinical responses.
This can lead to disease progression and poor overall longevity. A number of mutations have been acquired in the TKD, and a "gatekeeper
mutation" (F691L), is resistant to all FLT3 inhibitors currently available. F691L and other mutations can lead to drug resistance. Therefore,
it is critical that effective compounds are found. We identified KX2-391 FLT3 inhibitor, and tested its activity against FLT3ITD-TKD
mutations using both in vitro and in-vivo models. To computationally screen 1487 small molecules ligands from L3400 Clinical
Compound Library, we used molecular docking simulations. Previous studies had shown that KX2-391 was a potential FLT3 inhibitor.
Our modeling predicted that KX2-391 would interact with FLT3's V624 and L616, which was also predicted by our modeling.
E661 residues. By cellular thermal shift analysis, we further confirmed the interactions between FLT3 & KX2-391. Comparing with
DMSO, there was a clear thermal shift in the melting curve. KX2-391 treatment resulted in detection of the protein. KX2-391 increased
the thermal stability of FLT3 proteins in a dose-dependent way. KX2-391 had a potent inhibitory effect against FLT3 in Ba/F3 cell. It
also inhibited growth of FLT3ITD-expressing Ba/F3 and all cells that were expressing FLT3ITD-TKD mutations. These cells are
previously known to be drug resistant to FLT3 inhibitors like AC220. Ba/F3ITD-F691L cells showed a tenfold higher sensitivity to KX2391 (0.032mM vs. 0.372mM). KX2-391 had a higher inhibitory efficacy against human leukemia cells that harbor FLT3-ITD (MV4-11,
MOLM13) than it did on FLT3-mutated leukemia cells. We observed a dose-dependent induction apoptosis of Ba/F3 cells that expressed
FLT3–ITD, FLT3–ITD-D835Y, and FLT3–ITD-F691L. Also, we observed it in two FLT3–ITD positive AML cell line (Fig. 1e, f KX2391 prominently inhibited the phosphorylation of FLT3 and downstream targets STAT5, ERK and AKT in FLT3-ITD, FLT3-ITD-F691Lexpresssing Ba/F3 cells and other cells of our assay panel. KX2-391 is a tubulin/SRC inhibitor. We monitored SRC phosphorylation to
assess KX2-391's effects on microtubule structure.
KX2-391 treatment didn't alter the phosphorylation SRC in FLT3 mutant cell lines (Fig. 1g, h). In MOLM13 cells, we detected disruptions
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in tubulin polymerization when treated with KX2-391 or with other tubulin inhibitors. Assays did not show that Vincristine, a tubulin
inhibitor, had any effect on FLT3 phosphorylation or its downstream targets. To determine the efficacy of KX2-391, we used previously
described Ba/F3/ITDF691L leukemia models to assess in vivo. KX2-391 had a significant effect on median survival.
It extended the survival time from 12 days to 23.5 days in comparison with the control group (Fig. 2a, P0.0001. Treatment did not cause
significant weight loss or other toxicities. KX2-391-treated mice had less leukemia cells in peripheral blood, spleen and bone marrow
than the AC220 or Gilteritinib group. They also had smaller spleens. H&E staining showed that KX2-391 treatment significantly reduced
the number of leukemia cells in peripheral blood and spleen.
AML cell infiltration into liver and spleen. KX2-391 also had anti-leukemia effects on primary AML cells taken from six newly diagnosed
FLT3ITD AML patients. KX2-391 reduced cell viability in four primary blasts of FLT3-ITD mutations patients (comparable to AC220's
effect It also significantly inhibited growth of two primary AML cells that expressed FLT3-ITD–D835Y - both of whom were resistant
to AC220. KX2-391 didn't affect the growth of healthy peripheral mononuclear blood cells at the Similar concentrations. KX2-391
inhibited FLT3-phosphorylation in primary cells of AML. We conclude that KX2-391 is a strong FLT3/tubulin inhibitor which exerts
strong therapeutic effects both in vitro & in vivo against FLT3 -ITD and drug-resistant TKD mutations, including FLT3 -ITD-F691L.
This mutation is the most difficult to overcome.
Clinically. KX2-391 could be a valuable second-line treatment for some of the most challenging AML cases due to its therapeutic effects
and apparent low toxicity.
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