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ASXL1 is one of the most commonly mutated genes in myeloid malig-
nancies, including myelodysplastic syndrome (MDS) and acute
myeloid leukemia (AML). In order to further our understanding of the

role of ASXL1 lesions in malignant hematopoiesis, we generated a novel
knockin mouse model carrying the most frequent ASXL1 mutation identi-
fied in MDS patients, ASXL1 p.G643WfsX12. Mutant mice neither dis-
played any major hematopoietic defects nor developed any apparent hema-
tological disease. In AML patients, ASXL1 mutations co-occur with muta-
tions in CEBPA and we therefore generated compound Cebpa and Asxl1
mutated mice. Using a transplantation model, we found that the mutated
Asxl1 allele significantly accelerated disease development in a CEBPA mutant
context. Importantly, we demonstrated that, similar to the human setting,
Asxl1 mutated mice responded poorly to chemotherapy. This model there-
fore constitutes an excellent experimental system for further studies into the
clinically important question of chemotherapy resistance mediated by
mutant ASXL1.
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ABSTRACT

Introduction

Additional sex comb-like 1 (ASXL1) is a frequently mutated gene in myeloid
malignancies including myelodysplastic syndrome (MDS) and acute myeloid
leukemia (AML).1,2 Moreover, ASXL1 mutations are also highly prevalent in prema-
lignant states such as clonal hematopoiesis of indeterminate potential (CHIP),
demonstrating that ASXL1 lesions are early driver events with the potential to pre-
dispose for further malignant transformation.3,4 The vast majority of ASXL1 muta-
tions are located in the last exon and are deletions, insertions, or substitutions
resulting in stop codon mutations and truncation of the ASXL1 protein.1,2

Mutations are always monoallelic and mRNA expression levels are variable. Due to
difficulties in detecting ASXL1 in human samples, ASXL1 mutations were original-
ly believed to be loss of function lesions and consequently haploinsufficient.5

However, in a more recent work, the truncated protein can indeed be detected, rais-
ing the possibility that ASXL1 mutations may act as dominant negative or gain of
function variants.6

Mechanistically, ASXL1 is a dual function epigenetic regulator. Specifically, it
interacts directly with the BRCA1-associated protein 1 (BAP1) to form a complex
which de-ubiquitinates H2AK119Ub, a repressive histone mark deposited by the
polycomb repressive complex 1 (PRC1).5,7,8 Moreover, ASXL1 interacts with the
components of the polycomb repressive complex 2 (PRC2) which deposits the
H3K27me3 repressive mark.5,9

The interest in the role of ASXL1 in malignant hematopoiesis has spurred the
development of several Asxl1 knockout mouse models10-12 (for a recent review, see13)
Although these models do not result in identical phenotypes, they all show pheno-
types consistent with human MDS. Interestingly, overexpression of a truncated
form of Asxl1 yielded similar results suggesting that the mutations found in patients



result in a dominant-negative version of the protein.6 In
line with these findings, several reports have indicated
that truncated ASXL1 enhances BAP1 complex activity,
thereby promoting depletion of the H2AK119Ub mark
and aberrant myeloid differentiation.14,15 More refined
modeling of ASXL1 function in hematological malignan-
cies has been performed by knockin of patient-specific
ASXL1 lesions into the murine Asxl1 locus.16,17 These
knockin mice generally exhibit more subtle phenotypes
compared to the complete deletion of the gene. Although
heterozygous knockin mice do no develop MDS or AML,
the knockin alleles collaborate with other leukemic drivers
such as MN1 and RUNX1 or accelerate AML development
in an insertional mutagenesis setting.16,17
CEBPA is a key myeloid transcription factor which is

mutated in approximately 10% of AML patients and bial-
lelic CEBPA mutant AML constitutes a specific AML sub-
type.18-20 These patients either harbor biallelic N-terminal
lesions or, more frequently, combine these lesions with a
C-terminal mutation. Whereas the N-terminal lesions pro-
mote the expression of the N-terminally truncated p30 iso-
form, C-terminal mutations result in variants that are
unable to dimerize and are consequently inactive. Hence,
the genetic lesions in biallelic CEBPA mutant AML con-
verge at the expression of the N-terminally truncated p30
isoform in the form of CEBPA-p30 homodimers.20 In stark
contrast to full-length CEBPA, CEBPA-p30 is not able to
repress E2F-mediated cell cycle progression21 and recent
work has also identified specific downstream targets of
this oncogenic CEBPA variant.22 Importantly, mice in
which CEBPA-p30 expression is driven from the endoge-
nous Cebpa locus develop AML within the first year of
their lives.21 Interestingly, mutations in ASXL1 are frequent
in biallelic CEBPA mutant AML, but how these two sets of
lesions interact functionally is currently unknown.23,24
In the present work, we generated a novel Asxl1

knockin line by introducing the most common disease-
associated mutation (p.G643WfsX12) into the murine
Asxl1 allele.2,25 In order to assess the importance of Asxl1
lesions in the context of biallelic CEBPA mutated AML,
we combined lesions in these two proteins and found that
the ASXL1 mutation accelerated the development of
CEBPA-p30 driven AML. Gene expression analysis yield-
ed potential drivers of the accelerated phenotype.
Interestingly, ASXL1 mutated AML were largely refracto-
ry to chemotherapy, thereby paralleling the findings from
the human setting.

Methods

Generation of the Asxl1G643W knockin mice
The Asxl1G643W knockin line was generated using the double

nicking CRISPR-Cas9 system in embryonic stem cells (ESC), fol-
lowed by blastocyst injection. Two pspCas9n-2A-Puro constructs
containing the two Asxl1 target sequences were electroporated
into C57BL/6N ESCs together with a 141-mer single stranded (ss)
DNA correction template containing the desired mutation. ESC
clones were screened for the presence of the mutation and correct-
ly targeted clones were injected into mouse blastocysts. Please
refer to the Online Supplementary Appendix for additional details.
F1 offspring were backcrossed into C57BL/6 and maintained on

that background. Animals were housed in a specific-pathogen-free
facility and all procedures were approved by the Danish Animal
Ethical Committee.  

In vivo acute myeloid leukemia development
Bone marrow (BM) cells were retrieved and frozen in fetal calf

serum (FCS) with 10% DMSO. For leukemic experiments,
stored BM was thawed and 2 million viable cells were trans-
planted into lethally irradiated (900 Gy) recipients by tail vein
injection. Three weeks later, recipients were subjected to three
intraperitoneal injections with poly-IC (0.3 mg in 200 mL PBS,
GE Healthcare) separated by 48 hours. Recipient mice were
monitored for leukemic development and euthanized when
moribund. Please refer to the Online Supplementary Appendix for
additional details.
For the chemotherapy experiments, we transplanted cohorts

of sublethally irradiated recipients with frozen secondary AML.
Three weeks after transplant half the mice in each cohort were
treated for 3 days with cytarabine 50 mg/kg and doxorubicine 1
mg/kg and for 2 days with cytarabine 50 mg/kg. The remaining
mice received PBS as vehicle treatment. 25-30 mL of blood were
harvested for analysis three days after the last injection.
Leukemic cell numbers were determined by combining cell
counting with CD45.1 (recipient)/ CD45.2 (donor) flow cytom-
etry. For the survival study, the mice were observed for signs of
disease and euthanized when moribund.

Flow cytometry analysis and cell sorting 
For blood analysis, 50 mL blood was collected from the facial

vein. Erythrocytes were depleted with BD PharmLyse. For BM
analysis, cells were collected by crushing tibia, femur and ilium
and filtered. Blood or BM nucleated cells were washed in PBS
with 3% FCS and stained for 15 min at 4°C. Please refer to the
Online Supplementary  Appendix for additional details (antibodies
and marker combinations).

Statistics
Unpaired t-test was used to compare values in the different

groups. Log-rank (Mantel-Cox) test was used to compare sur-
vival distributions. For the chemotherapy data in Figure 5B a
one-tailed Mann-Whitney U test was used.

RNA sequencing 
Donor derived AML blasts (CD45.2, Ter119-, B220-, CD3-,

Mac1low, Gr1low, c-Kit+) were sorted from frozen BM samples
into RLT lysis buffer (Qiagen) and RNA was extracted using the
RNA Microkit (Qiagen). 100 ng RNA was used for the library
generation, using TruSeq-V2 kit (Illumina). The libraries were
analyzed by Qbit (ThermoFisher) and Bioanalyzer (Agilent) and
pooled in equimolar amounts. Multiplexed samples were
sequenced on a NextSeq 500 (Illumina) yielding approximately 
35-45 million reads per sample. Please refer to the Online
Supplementary Appendix for additional details.

Results

Generation of the Asxl1G643W knockin mouse line 
In order to model the role of ASXL1 lesions in

hematopoietic malignancies in the best possible manner,
we decided to generate a mouse line expressing the most
common ASXL1 mutation (G643WfsX12, from hereon
G643W) found in MDS patients.2,25 Specifically, we used a
double nicking CRISPR-Cas9 system in combination with
a 141 bp ssDNA donor strand to introduce the
c.1934dupG mutation into the endogenous Asxl1 locus.
This approach results in the insertion of a G within a
stretch of eigth G located in the last exon of Asxl1 which
in turn generates a frameshift and an in-frame stop codon
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12 codons downstream, thereby precisely mimicking the
human situation (Figure 1A). The mutated Asxl1G643W allele
expresses a truncated form of ASXL1 lacking the C-termi-
nal plant homeodomain (Figure 1B). Both Asxl1G643W/+ and
Asxl1G643W/G643W mice express elevated levels of Asxl1,
demonstrating that the mutated allele escapes nonsense-
mediated mRNA decay (Figure 1C). This is in line with
the previously observed expression of truncated ASXL1
in patient cells.6 The increased levels of the mutated
mRNA could potentially be the result of a feedback
mechanism. 

The Asxl1G643W variant has minimal impact 
on normal hematopoiesis
We next assessed the impact of the G643W mutation in

the context of normal hematopoiesis. Both Asxl1G643W/+ and
Asxl1G643W/G643W mice were born at the expected Mendelian
ratios and showed a normal lifespan. This suggests that
the ASXL1G643W variant has no impact on embryonic devel-
opment or aging.  
We next analyzed peripheral blood for the relative fre-

quencies of the major blood lineages. Six-month old
Asxl1G643W/+ and Asxl1G643W/G643W mice displayed no major
changes within the peripheral blood compared to wild-
type (WT) controls (Figure 2A). However, at 18 months,
we observed a skewing towards the myeloid lineage in
ASXL1 mutated mice (Figure 2B-C, Online Supplementary
Figure S1A). The age-dependent skewing was accompa-
nied by a mild splenomegaly (Figure 2G).
Consistent with the lack of changes in the peripheral

blood in young mice, 6-month old Asxl1G643W/+ and
Asxl1G643W/G643W neither displayed any changes within the
hematopoietic stem cell (HSC) and multipotent progenitor
(MPP) compartment, nor within the distribution of mature
blood lineages in the bone marrow (Figure 2D-F, Online
Supplementary Figure S1B). Competitive transplantation of
ASXL1-mutated BM cells revealed a significant but minor
reduction in the ability of Asxl1G643W/G643W BM to reconsti-
tute hematopoiesis, suggesting that HSC functionality is
only mildly affected (Figure 2H).

Collectively, these findings show that mutation of
ASXL1 leads to a mild and age-dependent perturbation of
the hematopoietic system in mice.

The ASXL1G643W variant accelerates the development 
of CEBPA mutant acute myeloid leukemia 
Mutations in ASXL1 and CEBPA are frequently co-

occurring in AML patients.23,24 In order to test the potential
functional interplay between these factors, we crossed all
three Asxl1 genotypes onto either a Cebpafl/p30; Mx1Cre or
Cebpafl/+; Mx1Cre background resulting in a total of six
genotypes. We subsequently transplanted BM from these
mice into lethally irradiated recipients and 3 weeks later
induced the deletion of the conditional Cebpa allele by
injections with polyinosinic:polycytidylic (pIpC) acid
(Figure 3A). This strategy facilitates the deletion of the
full-length Cebpa allele, thereby allowing the Cebpap30

allele to exert its oncogenic function. Consistent with pre-
vious findings, Asxl1+/+; CebpaD/p30 donor cells sustain the
development of AML with a median latency of 43 weeks
(Figure 3B).26 Interestingly, both heterozygous and
homozygous expression of the ASXL1G643W variant signifi-
cantly accelerated CEBPA mutant driven AML develop-
ment, with median disease latencies of 37 and 38 weeks,
respectively. In contrast, none of the control CebpaD/+ geno-
types lead to AML, irrespective of their Asxl1 mutation
status. 
Given that Asxl1G643W/G643W animals, compared to their

heterozygous counterparts, displayed a somewhat more
pronounced phenotype during steady-state
hematopoiesis, we decided to focus on this genotype in
the context of CEBPA mutant AML. Whereas Asxl1+/+;
CebpaD/p30 and Asxl1G643W/G643W; CebpaD/p30 leukemias appeared
morphologically identical, the latter displayed a trend
towards increased levels of c-Kit (Figure 3C-E, Online
Supplementary Figure S2). This suggests that the Asxl1
mutation, at least in the context of CEBPA mutant AML,
could result in a slightly more immature leukemic pheno-
type which would be consistent with the more aggressive
nature of ASXL1 mutant AML. 
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Figure 1. Generation of the Asxl1G643W mutant mouse line. (A) Schematic representation of the three last exons of the Asxl1 gene. The red star represents the G643W
mutation. The “g” inserted in the mutated allele is indicated in red. The protein sequence is in capitals and the asterisk represents the stop codon generated as a
result of the frameshift. The blue arrows represent primers used for genotyping (two forward primers have been used to selectively anneal the wild-type [WT] and
mutated sequence, respectively). (B) Schematic representation of WT and G643W mutant ASX1 proteins. The major plant homeodomain (PHD) and additional sex
combs homology domain (ASXH) are indicated. Amino acids are numbered. The light blue arrows represent the primers used for quantitative RT-PCR. (C) The relative
expression of Asxl1 cDNA in Asxl1+/+, Asxl1G643W/+ and Asxl1G643W/G643W BM cells, determined by quantitative RT-PCR (n=3 mice in each experimental group).
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Collectively, these findings agree with the observed co-
occurrence of ASXL1 and CEBPA mutations in human
AML and suggest that these lesions co-operate in the
development of AML.

The ASXL1G643W variant affects the expression 
of leukemia relevant pathways
In order to understand the molecular underpinnings of

the functional co-operation between ASXL1 and CEBPA
mutations, we isolated leukemic blasts from Asxl1+/+;
CebpaD/p30 and Asxl1G643W/G643W; CebpaD/p30 donor-derived
AML and subjected them to gene expression profiling.
This analysis revealed that in the context of CEBPA
mutant AML, the Asxl1G643W/G643W genotype was associated
with the upregulation of 177 genes and the down-regu-

lation of 279 genes (adjusted P-value <0.05; Figure 4A,
Online Supplementary Table S1, Online Supplementary
Figure S3A). Interestingly, 18 of 30 of the most upregulat-
ed genes encoded pseudogenes, perhaps reflecting a role
for ASXL1 in mediating their repression. Gene set enrich-
ment analysis (GSEA) identified gene ontology processes
associated with mitosis (chromosome condensation,
metaphase/ anaphase transition of mitotic cell cycle and
others; Figure 4B and Online Supplementary Table S2) to be
up-regulated in the Asxl1G643W/G643W genotype likely reflect-
ing the recent finding of ASXL1 being involved in main-
taining sister chromatid separation.27 Furthermore, GSEA
identified gene ontology terms associated with ribosome
biosynthesis (ribosome biogenesis), DNA damage (regu-
lation of DNA damage response, signal transduction by
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Figure 2. The ASXL1G643W variant has minimal impact on normal hematopoiesis. (A) Fluorescence-activated cell sorting (FACS)-based analysis of the peripheral blood
of 6-month old Asxl1+/+, Asxl1G643W/+ and Asxl1G643W/G643W mice (n>11 mice in each experimental group). The relative distribution of B cells (B220), T cells (CD3), neu-
trophilic granulocytes (Mac1-Gr1) and other monocytic/granulocytic cells (Mac1) was analyzed. (B) FACS-based analysis of the peripheral blood of 18-month old
Asxl1+/+,  Asxl1G643W/+ and Asxl1G643W/G643W mice (n>5 mice in each experimental group). The relative distribution of B cells (B220), T cells (CD3), neutrophilic granulocytes
(Mac1-Gr1) and other monocytic/granulocytic cells (Mac1) was analyzed. (C) Representative FACS profiles of the data from (A-B) with the gating strategy indicated.
The FACS profile represents an Asxl1+/+ control mouse. See the Online Supplementary Figure S1 for representative FACS plots of Asxl1G643W/+ and Asxl1G643W/G643W ani-
mals. (D) FACS-based analysis of bone marrow hematopoietic stem cell (HSC) and multipotent progenitor (MPP) subsets in 6-month old Asxl1+/+, Asxl1G643W/+ and
Asxl1G643W/G643W mice (n>5 mice in each experimental group). (E) Representative FACS profiles of the data from (D) with the gating strategy indicated. The FACS profile
represents an Asxl1+/+ control mouse. See the Online Supplementary Figure S1 for representative FACS plots of Asxl1G643W/+ and Asxl1G643W/G643W animals. (F) Lineage
distribution of mature bone marrow (BM) subsets in 6-month old Asxl1+/+, Asxl1G643W/+ and Asxl1G643W/G643W mice (n>5 mice in each experimental group). The relative
distribution of B cells (B220), T cells (CD3), neutrophilic granulocytes (Mac1-Gr1) and other monocytic/granulocytic cells (Mac1) was analyzed. (G) Spleen weights
of 18-month old Asxl1+/+, Asxl1G643W/+ and Asxl1G643W/G643W mice (n>5 mice in each experimental group). (H) Competitive BM transplantation of 1:1 mixtures of CD45.2
donor BM cells from 6-month old Asxl1+/+, Asxl1G643W/+or Asxl1G643W/G643W mice and CD45.1 competitor cells into lethally irradiated CD45.1 recipient mice. The ratio of
CD45.2 to CD45.1 in peripheral blood is depicted (n>7 mice in each experimental group).
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p53 class mediator) and immune activation (antigen pro-
cessing a presentation of exogenous antigen) to be down-
regulated in the Asxl1G643W/G643W genotype (Figure 4C).
These findings do not only point to changes in the over-
all metabolic status of ASXL1 mutant cells, but may also
indicate a reduced activation of the immune system as
well as a decreased response to genomic insults. 
Focusing on individual genes, we noticed a marked up-

regulation of Traip in the Asxl1G643W/G643W genotype (log2 fold
change =6.7; Figure 4A, Online Supplementary Figure S3A).
TRAIP is an E3 ubiquitin ligase which has been shown to
be involved in the regulation of the NF-κB pathway, cell
proliferation, regulation of the spindle assembly check-
point, DNA replication fork recovery and more recently as
a master regulator of DNA crosslink repair.28-32
Finally, in order to understand the epigenetic character-

istics of the genes deregulated in the Asxl1G643W/G643W geno-
type, we overlaid published ChIP-seq data from
CebpaD/p30 AML22  with promoter coordinates from dereg-
ulated and constant genes, identified in our gene expres-
sion analysis described above. In these ASXL1 proficient
cells, the promoters of genes that were upregulated fol-
lowing mutation of Asxl1 (in the context of CEBPA
mutant AML), were characterized by low levels of “acti-
vating” histone modifications H3K4me3 and H3K27ac as
well as by high level of the repressive histone mark
H3K27me3 (Figure 4D, Online Supplementary Figure S3B-
C). This combination of epigenetic marks is consistent
with the low expression of these genes and previous
work has demonstrated that loss of ASXL1 activity is
associated with upregulation of PRC2-repressed genes.5,9
Genes that are down-regulated in the Asxl1G643W/G643W
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Figure 3. The ASXL1G643W variant accelerate CEBPA mutant acute myeloid leukemia. (A) Schematic outline of the experiment. Briefly, bone marrow (BM) was har-
vested from mice with different genotypes and then transplanted into cohorts of irradiated recipients. Three weeks after the transplant, mice were injected with pIpC
and subsequently observed for signs of disease development over a period of 60 weeks. (B) Kaplan-Meyer survival curve of transplanted mice. The arrow indicates
the time point for injection with pIpC. We used a Log-rank (Mantel-Cox) test to determine statistical significance (n>7 mice in each experimental group). (C) Giemsa
staining of Asxl1+/+; CebpaΔ/p30 or Asxl1G643W/G643W; CebpaΔ/p30 leukemic blasts isolated from the BM of moribund mice. A normal aged-matched mouse was included as
a control. (D) Fluorescence-activated cell sorting (FACS) analysis of Asxl1+/+; CebpaΔ/p30 or Asxl1G643W/G643W; CebpaΔ/p30 leukemic blast isolated from transplanted mice.
The plot shows the amount of donor-derived c-Kit positive cells. A normal aged-matched mouse was included as a control. (E) Quantification of the data from (D)
(n=3 mice in each experimental group).
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genotype are also weakly expressed and display a similar
epigenetic signature. The downregulation of these genes
could potentially be due to a global decrease in
H3K4me3 which has previously been found to be associ-
ated with the expression of a C-terminally truncated
ASXL1 variant.17
Collectively, these data suggest that expression of the

ASXL1G643W variant affects the expression of a number of
leukemic relevant genes and pathways, consistent with
the role of ASXL1 as a broad epigenetic modifier.

The ASXL1G643W variant is associated with increased
resistance to chemotherapy in the context of CEBPA
mutant acute myeloid leukemia
Failure to respond to chemotherapy is a major determi-

nant of overall survival in AML and genomic stratification
has associated ASXL1 mutations with adverse outcome in
human AML.33-35 This raises the possibility that AML-asso-
ciated mutations in ASXL1 specifically impact on the cel-
lular response to chemotherapy. In order to test this possi-
bility, we used our well-defined experimental set-up to
assess the impact of the Asxl1G643W/G643W genotype on the
response to induction chemotherapy in the context of
CEBPA mutant AML. To this end, we transplanted
Asxl1+/+; CebpaD/p30 and Asxl1G643W/G643W; CebpaD/p30 secondary
AML (a total of seven clones) into recipient mice and sub-
jected them to low-dose induction chemotherapy 3 weeks
post transplantation (Figure 5A, Online Supplementary
Figure S4). Compared to the ASXL1WT cohort, ASXL1G643W
mice displayed reduced response to chemotherapy as
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Figure 4. The ASXL1G643W variant affects the expression of leukemia relevant pathways. (A). Volcano plot depicting gene expression changes in Asxl1G643W/G643W;
CebpaΔ/p30 vs. Asxl1+/+; CebpaΔ/p30 leukemic blasts. (B-C). GSEA plots for selected gene sets which are either upregulated (B) or downregulated (C) in Asxl1G643W/G643W;
CebpaΔ/p30 versus Asxl1+/+; CebpaΔ/p30 leukemic blasts. (D) Boxplots showing the CHIP-signal levels of selected marks surrounding the TSS (+/- 500 bp) for genes that
are either up- or downregulated in Asxl1G643W/G643W; CebpaΔ/p30 vs. Asxl1+/+; CebpaΔ/p30 leukemic blasts (Online Supplementary Table S1). The data is derived from a pre-
vious CEBPA mutant (Cebpap30/p30, Asxl1 WT) dataset.22 Gene expression levels as determined by RNA sequencing are also indicated. Up: upregulated genes in
Asxl1G643W/G643W vs. Asxl1+/+ leukemic blasts (false discovery rate [FDR] 0.05, log2FC>0, baseMean>10, n=105), down: downregulated genes in Asxl1G643W/G643W vs.
Asxl1+/+; (FDR 0.05, log2FC <0, baseMean >10, n=201), neutral: neutral genes (-0.01 < log2FC<0.01, baseMean>10, n=165) in Asxl1G643W/G643W vs. Asxl1+/+. P-values
levels *P<0.05s, **P=0.01, ***P=0.001 are indicated
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measured by the decrease of leukemic cells in the periph-
eral blood 3 days post-treatment cessation (Figure 5B).
This translated into an increased latency for the treated
ASXL1WT cohort whereas chemotherapy had no impact
on survival of the ASXL1G643W mutant cohort (Figure 5C).
Taken together, these findings demonstrate that muta-

tion of ASXL1 renders CEBPA mutated AML largely resist-
ant to chemotherapy.

Discussion

Myeloid diseases such as AML are developing from pre-
malignant clones which mostly harbor lesions in epigenet-
ic regulators.3,4 One of these regulators is ASXL1 which is
consequently frequently mutated in both MDS and AML
as well as in premalignant settings such as CHIP. This
mutational profile raises the question whether ASXL1
plays a functional role in full-blown AML or whether it
merely provides a fertile ground in which AML can
evolve. 
There has been considerable confusion concerning the

molecular mechanisms by which ASXL1 mutations sus-
tain AML development or hematological deficiencies,
specifically whether ASXL1 mutations act as dominant
negatives. Some of this confusion is related to the inherent
difficulties in detecting ASXL1 by western blotting (issues
which we also experienced) thus making it nearly impos-
sible to determine whether the mutated protein is present
or not. However, overexpression of ASXL1 variants was
associated with hematological malignancies raising the
possibility that the mutated protein could act as a domi-

nant negative.6,14,15 Our analysis of heterozygous and
homozygous Asxl1G643W mice in the context of normal
hematopoiesis suggests that the Asxl1G643W variant has a
dose-dependent impact in this context. Given that com-
plete loss of Asxl1 leads to more pronounced hematopoi-
etic phenotypes, the most restrained  explanation from the
in vivo work is that the ASXL1G643W variant is hypomorphic
or, alternatively, that it exerts a combination of dominant
negative and hypomorphic effects.10-12
Expression of the Asxl1G643W variant in the context of

CEBPA mutant AML significantly accelerated AML devel-
opment and was associated with marked resistance to
induction chemotherapy. These findings are not only in
perfect alignment with the co-occurrence of CEBPA and
ASXL1 lesions in human AML, but also with the overall
poor prognosis of ASXL1 mutated human AML. Hence
the resistance towards chemotherapy is likely underlying
the poor prognosis of AXL1 mutated AML.33-35 It would be
interesting to test if other mouse models can recapitulate
this behavior beyond CEBPA mutant AML. 
Interestingly, gene expression analysis demonstrated that

Asxl1G643W/G643W; CebpaD/p30 exhibited downregulation of signa-
tures associated with immune activation perhaps reflecting
that the Asxl1 lesion renders the developing leukemia less
visible to the immune system. We also observed a reduc-
tion in activation of the DNA damage pathways in ASXL1
mutated cells which could potentially reflect efficient clear-
ing of ongoing genomic insults. Here our finding of the
marked upregulation of Traip is of particular interest as the
corresponding protein has recently been identified as a
master regulator of DNA crosslink repair.32 Thus, our data
strongly suggest that Asxl1 lesions have functional conse-
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Figure 5. The ASXL1G643W variant is associated with increased resistance to chemotherapy. (A) Schematic outline of the chemotherapy treatment set-up. Briefly, sub-
lethally irradiated recipient mice were transplanted with bone marrow (BM) cells harvested from leukemic mice. Twenty-one days after transplant, recipient mice were
treated with standard induction chemotherapy for 5 days. Three days later, blood was harvested for analysis and leukemic mice were subsequently monitored for
disease development. (B) Analysis of peripheral leukemic numbers in mice after chemotherapy/vehicle treatment. Each data point represents the fold change dif-
ference between the vehicle-treated and chemotherapy-treated groups for a given clone (n=12 mice per clone). The two different genotypes, Asxl1+/+; CebpaΔ/p30 and
Asxl1G643W/G643W CebpaΔ/p30, were represented by four and three clones, respectively. The responses of individual clones are indicated in the Online
Supplementary Figure S4. A one-tailed Mann-Whitney U test was used to assess statistical significance. (C) Kaplan-Meyer survival curves of leukemic mice after
chemotherapy/vehicle treatment. The data represent the aggregate of two different leukemic clones (n=6 recipients of each clone, clones 1-2 and 5-6) for each of
the two different genotypes (Asxl1+/+; CebpaΔ/p30 and Asxl1G643W/G643W; CebpaΔ/p30).
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quences in the context of CEBPA mutant AML and that
they therefore provide more than a fertile ground for AML
development.
To summarize, we have generated a novel ASXL1G643W

mouse model mimicking the most commonly observed
ASXL1 lesion mutation in human MDS and AML patients.
Consistent with the co-occurrence of CEBPA and ASXL1
lesions in AML, the ASXL1G643W variant accelerates AML
development in the context of CEBPA mutant AML. Finally,
the observed resistance towards chemotherapy conferred
by the ASXL1G643W variant provides us with an experimental
handle for future experiments aimed at its reversal.
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