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AIM 
Our research group has a longstanding expertise in patient-centric 
translational AML research, with a specific focus on identifying 
therapeutic targets, exploring novel treatment modalities, and 
running clinical trials for AML patients. 

MATERIALS & METHODS
We combine omics analyses and drug screening of AML patient 
samples with mechanistic studies and preclinical trial programs 
utilizing genetically engineered AML mouse models (GEMM) and 
AML patient-derived xenografts (PDX). 

RESEARCH OBJECTIVES 
(i) Development of therapies targeting of  "oncogenic" signaling and 
DNA damage response pathways to enhance standard 
chemotherapy response in AML patients. 

(ii) Development and validation of novel antibody-drug conjugate 
and bispecific antibody therapies in our preclinical programs. 

(iii) Sponsoring of an investigator-initiated pan-Nordic AML trial & 
collaboration on implementation of novel treatment modalities in 
phase-I clinical trials. 
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SHORT REPORT

Acute myeloid leukaemia (AML) represents an aggressive 

cancer entity, which develops through clonal evolution, prop-

agated by accumulating independent somatic molecular and 

chromosomal aberrations in haematopoietic stem and pro-

genitor cells (HSPCs).1 Consistent with the significant het-

erogeneity and complexity of AML genomes, AML patients 

demonstrate highly variable response rates and overall sur-

vival when treated with conventional therapeutic regimens. 

Recurrent AML aberrations can emerge in pre- malignant 

HSPCs that propagate a state of clonal haematopoiesis before 

the HSPCs acquire additional driver aberrations, promoting 

definitive malignant transformation into overt AML.2

Loss- of- function (LOF) mutations of the epigenetic regu-

lator tet methylcytosine dioxygenase 2 (TET2) are frequently 

observed in healthy patients with clonal haematopoiesis and 

concur with other genetic aberrations in patients with myel-

odysplastic syndrome (MDS), myeloproliferative neoplasm 

(MPN), and AML.3,4 Mutations identified in the TET2 gene 

frequently confer a LOF, resulting in preferential hyper-

methylation of enhancers and silencing of tumour suppres-

sors as well as genes critical for haematopoietic development, 

including key transcriptional regulators of myeloid differen-

tiation such as RUNX1 and PU1.5 Consistently, TET2 LOF 

mutations promote clonal haematopoiesis and predispose 

to malignant myeloid transformation.5,6 In mouse mod-

els, TET2 deficiency alone leads to enhanced self- renewal 

of HSPCs and, over time, to a chronic myelomonocytic 

leukaemia- like disease rather than AML, and thus requires 

cooperating genetic driver aberrations for full transforma-

tion into overt AML.4– 7

The inversion of chromosome 16 [inv(16)] is among the 

most frequent chromosomal aberrations in adult and pae-

diatric AML and defines a prognosis- relevant genetic AML 

subclass. Inv(16) juxtaposes the five N- terminal exons of the 

CBFB gene in frame to variable lengths of the C- terminal 

region of the MYH11 gene. The resultant CBFB- MYH11 
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Figure 1.
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• CBFB-MYH11 cooperates 
with TET2 deficiency to 
induce AML with full 
penetrance and short 
latency

• Inv(16)/Tet2−/− AML mice 
and inv(16) AML patients 
share a common phenotype 
and a core transcriptional 
program

AML – Disease Models AML 

GEMM

AML - Novel Therapies
Small Molecule inhibitors  

AML - Novel Therapies
Antibody Drug-Conjugates (ADC) & Bispecific T-cell Engagers (BiTE) 

AML – Clinical Trial

• PI3Ki or DNA-PKi markedly reduced CT-

induced AKT signaling leading to increased

DNA damage and apoptosis of 
inv(16)/KITmut AML cells. 

• Double and triple combinations of CT and 

PI3Ki and/or DNA-PKi synergistically 

inhibited growth and survival of AML cells in 
vitro. Double combinations  of CT and PI3Ki 

or DNA-PKi significantly prolonged survival 
of mice with  inv(16)/KITmut AML.

PI3Ki = BKM120 , 1st gen DNA-PKi = NU7026 
2nd gen DNA-PKi = AZD7648 ,CT = Doxorubicin

Leukemia 2021;35:2030–2042 
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Abst ract

Most AML patients exhibit mutational activation of the PI3K/AKT signaling pathway, which promotes downstream effects

including growth, survival, DNA repair, and resistance to chemotherapy. Herein we demonstrate that the inv(16)/KITD816Y

AML mouse model exhibits constitutive activation of PI3K/AKT signaling, which was enhanced by chemotherapy-induced

DNA damage through DNA-PK-dependent AKT phosphorylation. Strikingly, inhibitors of either PI3K or DNA-PK

markedly reduced chemotherapy-induced AKT phosphorylation and signaling leading to increased DNA damage and

apoptosis of inv(16)/KITD816Y AML cells in response to chemotherapy. Consistently, combinations of chemotherapy and

PI3K or DNA-PK inhibitors synergistically inhibited growth and survival of clonogenic AML cells without substantially

inhibiting normal clonogenic bone marrow cells. Moreover, treatment of inv(16)/KITD816Y AML mice with combinations of

chemotherapy and PI3K or DNA-PK inhibitors signi cantly prolonged survival compared to untreated/single-treated mice.

Mechanistically, our ndings implicate that constitutive activation of PI3K/AKT signaling driven by mutant KIT, and

potentially other mutational activators such as FLT3 and RAS, cooperates with chemotherapy-induced DNA-PK-dependent

activation of AKT to promote survival, DNA repair, and chemotherapy resistance in AML. Hence, our study provides a

rationale to select AML patients exhibiting constitutive PI3K/AKT activation for simultaneous treatment with chemotherapy

and inhibitors of DNA-PK and PI3K to improve chemotherapy response and clinical outcome.

Introduction

Acute myeloid leukemia (AML) represents an aggressive

hematological cancer entity with a poor 5-year overall

survival (OS) rate (25%) due to relapse and primary resis-

tance toward current standard chemotherapy regimens [1].

AML emerges as a consequence of accumulating genetic

aberrations including a few drivers that in part confer
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Abstract
Resistance of cancer patients to DNA damaging radiation therapy and chemotherapy remains a major problem in 

the clinic. The current review discusses the molecular mechanisms of therapy resistance in acute myeloid leukemia 

(AML) conferred by cooperative chemotherapy-induced DNA damage response (DDR) and mutational activation 

of PI3K/ AKT signaling. In addition, strategies to overcome resistance are discussed, with particular focus on 

studies underpinning the vast potential of therapies combining standard chemotherapy AML regimens with small 

molecule inhibitors targeting key regulatory hubs at the interface of DDR and oncogenic signaling pathways.
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