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ERK1/2 Inhibition Overcomes Resistance in Acute Myeloid Leukemia (AML) and Alters Mitochondrial Dynamics

Hypothesis

ERK1/2 inhibition decreases expression of Mcl-1, 

c-Myc, CyclinB1, CyclinD1 and CDK4

Compound 27 decreases proliferation of AML cells

Presence at diagnosis or acquisition of activating RAS

pathway mutations is a pervasive mechanism of resistance

to therapy in AML. Efforts to directly target mutant RAS have

been unsuccessful and the efficacy of BRAF and MEK

inhibitors has been limited due to compensatory reactivation

of MAPK signaling. ERK1/2 (ERK) is a key downstream

component in the MAPK pathway and therefore represents

an attractive target for inhibiting MAPK signaling. Compound

27 (1) is a dual-mechanism inhibitor of ERK found in a

fragment-based approach that inhibits both the catalytic

activity of ERK and its phosphorylation by MEK without

directly inhibiting MEK. It is a close analog of ASTX029, a

dual-mechanism ERK inhibitor currently under clinical

investigation in solid tumors (NCT03520075).

ERK inhibition by Compound 27 synergizes with 5-azacitidine, ABT-199

and AC220 and can overcome primary or acquired resistance. The impact

on mitochondrial dynamics suggests a potential impact on leukemia stem

cells. Additional mechanistic confirmatory work is in progress.

Combinatorial targeting of FLT3 and MAPK using AC220 and 

Compound 27 overcomes stroma mediated resistance

Compound 27 is synergistic in co-culture and 

overcomes resistance to ABT-199

Compound 27 is highly synergistic with ABT-199 

and overcomes intrinsic and acquired resistance

Compound 27 increased mitochondrial ROS, decreased OXPHOS, 

decreased pDRP1(Ser616) and increased mitochondrial length

ERK1/2 inhibition using dual-mechanism ERKi Compound 27

can overcome resistance to targeted therapies induced by

MAPK activation.

Cell Line Mutations IC50 (nM)
ED50 
(nM)

OCI-AML3
NPMc+, DNMT3Am (R822C), 

NRASm (Q61L) 14.9 659.5

OCIAML2
KMT2A-AFDN (MLL-MLLT4; MLL-

AF6) gene fusion, NPM1 wild type 1.9 271.25

MV411

(FLT3-ITD), KMT2A-AFF1 (MLL-
AFF1; ALL-1/AF4) gene fusion, 

KRASm 145 1515

MOLM13 FLT3-ITD, t(9;11) 388.32 2819.7

U937

Hemizygous for PTEN, 
Homozygous for TP53, 

Gene fusion; PICALM-MLLT10 35100 N/A

HL60 
TP53 NULL homozygous c.(del), 
NRASm (Q61L), CDKN2A (R80*) 54.82 N/A

KASUMI 1
t(8;21) translocation -kit mutant, 

TP53 mutation 3.017 704.65

THP1

TP53 Point mutation, 
NRASm (G12D) , Gene fusion 

KMT2A-MLLT3 146.7 N/A
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Decreased CD44 is observed in response to combination 

treatment in co-culture with MSCs
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Figure 2: Effect of combination of ABT-199 and Compound 27 in AML: A) OCI-AML3 and (B) OCIAML2 ABT-199 resistant cells were

treated with Compound 27 and ABT-199 alone and in combination. Absolute cell count and apoptosis was determined by flow cytometry

based bead count and AnnexinV binding assay. Combination index was determined using Calcusyn. (C) Western blot analysis showing

decreased expression of Mcl-1 and BCL-xL and increased cleaved PARP in OCIAML3 and OCIAML2 ABT-199 resistant cells in response

to ERK inhibition alone and in combination with ABT-199.

Figure 1: Effect of ERKi on multiple surface and intracellular molecules involved in apoptosis and proliferation

using A) CyTOF and B) Western blot analysis in OCIAML3 cells at indicated time points.
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Figure 3: Co-targeting of ERK1/2 using Compound 27 and Bcl-2 with ABT-199 was able to overcome the stroma mediated

resistance. AML cells were co-cultured with mesenchymal stromal cells (MSCs) followed by co-treatment with ABT-199 and

ERKi. Absolute cell count and apoptosis was measured at 72h post treatment using flow cytometry.

Figure 4: Expression of CD44 in response to treatment with ABT-199, ERKi or the combination analysed by flow cytometry

at 12h post treatment.
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Figure 5: Effect of combination of AC220 and Compound 27 in AML: A) MOLM13 cells were treated with Compound 27 and AC220

alone and in combination. Absolute cell count and apoptosis was determined by flow cytometry based bead count and AnnexinV

binding assay. Combination index was determined using Calcusyn. Co-targeting of ERK1/2 using Compound 27 and FLT3 using

AC220 was able to overcome the stroma mediated resistance.
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❖ CD44 decreased in response to ERKi in both mono- and co-culture
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Compound 27 induces apoptosis in AML bulk cells 

and progenitors and sensitizes cells to ABT-199
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Figure 6: Primary AML patient sample treated with ABT-199 and ERKi alone and in combination. Cell

proliferation and apoptosis was measured in bulk (CD45+ve) or stem/progenitor (CD34+ve) cells

by flow cytometry based AnnexinV binding assay.

Figure 7: OCIAML3 cells were treated with ERKi and its effect was analysed on (A) Mitochondrial length using super-resolution imaging,

B) Expression of pDRP1 and DRP1 as a single agent or in combination with ABT-199 treatment using western blot analysis and (C)

Mitochondrial parameters using flow cytometry based assays: ERKi treatment increased mitochondrial ROS production (MitoSox assay),

decreased mitochondrial membrane polarization (TMRE assay), with no significant difference in mitochondrial mass (MitoTracker Green

assay). ERKi (D) decreased basal and maximal OCR (Seahorse).
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1.Heightman TD, Berdini V, Braithwaite H, et al. Fragment-based discovery

of a potent, orally bioavailable inhibitor that modulates the phosphorylation

and catalytic activity of ERK1/2. J Med Chem. 2018;61(11):4978-4992.
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