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Menin is a scaffold protein that interacts with oncogenic histone-

lysine-N-methyltransferase MLL1 (KMT2A)-fusion protein (FP)

complex in MLL-rearranged (MLL-r) AML.

Menin inhibitors that evict menin from this interaction have been

shown to be active against MLL-r and NPM1MT leukemia by

modulating the expression of the leukemogenic homeobox A9

(HOXA9) gene and its co-factor, MEIS1 (top and bottom panel).

 Recent evidence showed that menin inhibitors can activate a

tumor-suppressive network via a non-canonical transcriptional

program through UTX (bottom panel).

 On the other hand, selective inhibitor of nuclear export (SINE)

against XPO1/CRM1 has been shown to have robust anti-leukemia

activity via enrichment of tumor suppressor proteins in the nucleus

(right panel).

 In the present study, we hypothesized that menin and nuclear

export inhibition would synergistically suppress AML cell

proliferation and possibly sensitize menin inhibitor-resistant cells.

We have used the clinical-stage menin inhibitor ziftomenib and

SINE compound selinexor to simultaneously target menin-KMT2A

protein-protein interactions and nuclear export.

 An ATP-based cell proliferation assay was used to assess growth

inhibition.

 Combination synergy was determined using CalcuSyn Version 2.0

synergy software.

 Stem-like progenitor cells were isolated using the StemSpan CD34+

expansion kit (StemCell Tech).

 Colony formation efficiency was determined using a Methocult

assay (StemCell Tech).

 Gene and protein expression and cell death were detected using

quantitative real-time PCR, western blotting.

 Flow cytometric analysis was performed to detect cell death and

cell cycle status.

 We performed whole transcriptomic analysis via RNA sequencing

approach and global proteomic analysis.

 The clinical candidate ziftomenib, in combination with selinexor,

synergistically inhibited the growth of MLL-r AML cells (MV4;11,

MOLM13, and SEM; CI < 1).

 The combination affected cell cycle pathway via the downregulation of

multiple proteins, including CDK4.

 These preclinical findings demonstrate that simultaneous inhibition of

the menin-KMT2A interaction and nuclear export is a viable strategy

for treating MLL-r AML.

 Further studies on menin inhibitor resistance cells and other xenograft

studies are ongoing.
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THE CLINICAL MENIN INHIBITOR ZIFTOMENIB AND THE NUCLEAR EXPORT 

INHIBITOR SELINEXOR SYNERGISTICALLY INHIBIT THE GROWTH OF MLL-R AML

Figure 4: [A] Cell line derived xenografts (CDX) in NSG mice using

GFP/Luciferase expressing MV4;11 cells. About 2 million cells were injected

through the tail vein. Mice were randomized based on the luciferase

intensity on bioluminescent imaging on Day 8 and received a fixed dose of

KO-539/Ziftomenib and different doses of selinexor. Survival of vehicle or

inhibitors treated mice (upper panel). Body weight (lower panel) [B] Patient

derived xenografts (PDX) in NSG mice. 0.75 Million Primary MLLr cells were

injected through the tail vein. Mice received 50 mg/kg dose of KO-

539/Ziftomenib and 7.5 mg/kg dose of selinexor. Survival of vehicle or

inhibitors treated mice (left panel). Body weight (right panel).

Figure 1: Menin and nuclear export (XPO1) inhibitors synergistically inhibit the growth of

MLL-r AML. [A-B] MV4;11 and MOLM13 cells were treated with varying concentrations of

ziftomenib or selinexor for 72 hrs (upper panels). Cell titer glo assay was performed to

determine the growth inhibition. The lower panel shows the combination index (CI) values

generated from Calcusyn 2.1 software. [C] The combination of menin and XPO1 inhibitors

in the suppression of colony formation of CD34+ MLL-r progenitor cells derived from

primary patient samples. [D] Representative colonies from all four groups. [E] The

combination of menin and XPO1 inhibitors in the suppression of both dense and scattered

colony formation of CD34+ MLL-r progenitor cells derived from primary patient samples.

Figure 3: Affected pathways in the

combination compared to control

from proteomic data analysis. [A]

Pathways that are significantly

perturbed shown in red or yellow

circle. Diameter of the circle is the

representation of differentially

expressed protein number. [B]

Differentially expressed proteins

in cell cycle regulatory pathways.

Figure 2: [A] Apoptotic cell death with ziftomenib and selinexor in MV4;11 AML

cells. Apoptosis was determined by the flow cytometric detection of annexin-V

and propidium iodide (PI). [B] Western blot analysis. [C] Cell cycle analysis from

ziftomenib and selinexor treatment alone or in combination. [D] Representative

flow cytometric image of cell cycle. *, p < .05 ; **, p < .01; ***, p < .001.
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