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ABSTRACT

The invention is directed to a compound for use in the
prophylaxis and/or treatment of leukemia and/or the devel-
opment of leukemia, a pharmaceutical composition for the
prophylaxis and/or treatment of leukemia and/or the devel-
opment of leukemia, comprising said compound, a method
for the prophylaxis and/or treatment of leukemia and/or the
development of leukemia in a living being, a single guide
RNA (sgRNA) molecule which can be used in the method
according to the invention.

Specification includes a Sequence Listing.
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COMPOUND AND METHOD FOR THE
PROPHYLAXIS AND TREATMENT OF
LEUKEMIA

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of copoending
international patent application PCT/EP2022/060294 filed
on 19 Apr. 2022 and designating the U.S., which has been
published in English, and claims priority from European
patent application EP 21 169 352.8 filed on 20 Apr. 2021.
The entire contents of these prior applications are incorpo-
rated herein by reference.

REFERENCE TO A SEQUENCE LISTING

[0002] This application contains references to nucleic acid
sequences and/or amino acid sequences which have been
submitted concurrently herewith as the computer readable
sequence listing text file in XML file format: file name:
5402P627USCONWO_sequence_listing.xml, date
recorded: Nov. 7, 2023, size: 98,530 bytes. The afore-
mentioned sequence listing is hereby incorporated by refer-
ence in its entirety pursuant to 37 C.F.R. § 1.52(e)(5).

FIELD OF THE INVENTION

[0003] The invention is directed to a compound for use in
the prophylaxis and/or treatment of leukemia and/or the
development of leukemia, a pharmaceutical composition for
the prophylaxis and/or treatment of leukemia and/or the
development of leukemia, comprising said compound, a
method fo SUBSTITUTE SPECIFICATION_CLEAN
[0004] r the prophylaxis and/or treatment of leukemia
and/or the development of leukemia in a living being, a
single guide RNA (sgRNA) molecule which can be used in
the method according to the invention.

[0005] The present invention relates to the field of molecu-
lar medicine, more particular to the field of small molecules
and of genetic engineering applications, preferably to the
targeted knockout of disease-associated genes.

BACKGROUND OF THE INVENTION

[0006] Leukemia, also spelled leukaemia, is a group of
blood cancers that usually begin in the bone marrow and
result in high numbers of abnormal blood cells. These blood
cells are not fully developed and are called blasts or leuke-
mia cells. Symptoms may include bleeding and bruising,
fatigue, fever, and an increased risk of infections. These
symptoms occur due to a lack of normal blood cells.
Diagnosis is typically made by blood tests or bone marrow
biopsy.

[0007] The exact cause of leukemia is unknown. A com-
bination of genetic factors and environmental (non-inher-
ited) factors are believed to play a role. Risk factors include
smoking, ionizing radiation, some chemicals (such as ben-
zene), prior chemotherapy, and Down syndrome. People
with a family history of leukemia are also at higher risk.
[0008] There are four main types of leukemia—acute
lymphoblastic leukemia (ALL), acute myeloid leukemia
(AML), chronic lymphocytic leukemia (CLL) and chronic
myeloid leukemia (CML)—as well as a number of less
common types. Leukemias and lymphomas both belong to a
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broader group of tumors that affect the blood, bone marrow,
and lymphoid system, known as tumors of the hematopoietic
and lymphoid tissues.

[0009] In 2015, leukemia was present in 2.3 million
people worldwide and caused 353,500 deaths. In 2012 it
newly developed in 352,000 people. It is the most common
type of cancer in children, with three-quarters of leukemia
cases in children being the acute lymphoblastic type. How-
ever, over 90% of all leukemias are diagnosed in adults, with
CLL and AML being most common in adults. It occurs more
commonly in the developed world.

[0010] Severe congenital neutropenia (CN) is a pre-leu-
kemia syndrome that, in the majority of patients, is caused
by heterogeneous ELANE mutations encoding neutrophil
elastase (NE). The hematopoietic stem and progenitor cells
(HSPCs) of CN patients fail to differentiate into neutrophilic
granulocytes, without any severe maturation defects in other
blood lineages. The cumulative incidence of MDS or AML
in CN patients is approximately 20% after 20 years. Expo-
sure of CN-HSPCs to high concentrations of granulocyte
colony-stimulating factor (G-CSF) partially reverses granu-
locytic maturation defects. However, there is a correlation
between susceptibility to G-CSF therapy and frequency of
leukemia.

[0011] Treatment of leukemia may involve some combi-
nation of chemotherapy, radiation therapy, targeted therapy,
and bone marrow transplant, in addition to supportive care
and palliative care as needed. Certain types of leukemia may
be managed with watchful waiting. The success of treatment
depends on the type of leukemia and the age of the person.
Outcomes have improved in the developed world. Five-year
survival rate is 57% in the United States.

SUMMARY OF THE INVENTION

[0012] Against this background there is a need for novel
therapeutic and prophylactic approaches which specifically
and selectively interfere with the leukemogenesis, thereby
not only allowing the healing or at least attenuation of an
existing leukemia but also preventing the development
thereof originating from a pre-leukemia status.

[0013] This object is met by the provision of an inhibitor
of ‘mitogen-activated protein kinase-activated protein
kinase 2’ (MK2 inhibitor) for use in the prophylaxis and/or
treatment of leukemia and/or the development of leukemia.
[0014] According to the invention “mitogen-activated pro-
tein kinase-activated protein kinase 2, also designated as
MK2, MAPKAPK?2, MAPKAP-K2, MK-2, mitogen-acti-
vated protein kinase-activated protein kinase 2, or MAPK
activated protein kinase 2, refers to an enzyme that in
humans is encoded by the MAPKAPK2 gene. This gene
encodes a member of the Ser/Thr protein kinase family. This
kinase is regulated through direct phosphorylation by p38
MAP kinase. In conjunction with p38 MAP kinase, this
kinase is known to be involved in many cellular processes
including stress and inflammatory responses, nuclear export,
gene expression regulation and cell proliferation.

[0015] According to the invention “MK2 inhibitor” refers
to a molecule which specifically inhibits the activity of
MK2. In a preferred embodiment the MK2 inhibitor is a
small molecule or an organic compound having a molecular
size of <900 daltons. Examples of MK2 inhibitors are
CMPDI1, PF 3644022, PHA 767491 hydrochloride, MK2-
IN-1 hydrochloride, MK2-IN-3 hydrate, CDD-450, MK2
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inhibitor IV (MK 25; CAS no: 1314118-94-9) etc. Alterna-
tively, the MK2 inhibitor can be a peptide or a small protein.

[0016] According to the invention not only an existing
leukemia can be effectively treated by the MK2 inhibitor.
The inventors have also realized that the development of
leukemia can be prevented by the use of an MK2 inhibitor.
This is of particular importance because leukemia is often
the result of a pre-existing condition such as pre-leukemia
bone marrow failure syndromes e.g., congenital neutropenia
(CN), familial platelet disorder with predisposition to acute
myelogenous leukemia (FPD/AML) or myelodysplastic
syndrome (MDS), secondary therapy-related leukemias or
others. The invention also effectively remedies this situation
and prevents the development of leukemia due to such
pre-existing conditions. The invention, therefore, includes
also the use of an MK2 inhibitor to prevent a relapsed
leukemia, in particular relapsed AML.

[0017] In particular, according to the invention the MK2
inhibitor can be used to prevent or reduce the uncontrolled
proliferation of AML blasts, in e.g. case of recurrence or in
the period between diagnosis and bone marrow transplan-
tation.

[0018] According to the invention, in an embodiment, the
MK2 inhibitor can be used as the only active agent, i.e. in
form of a monotherapeutics, without any additional further
active agent. It is understood that the anti-leukemia activity
according to the invention is exerted by the MK2 inhibitor.
In an embodiment of the invention a synergistic activity on
an other compound which is used against leukemia, e.g.
SAHA (vorinostat), is explicitly excluded and not subject of
the present invention.

[0019] The findings of the inventors were surprising and
could not be expected.

[0020] In the art the use of MK2 inhibitors is described in
relation with several tumors, such as glioblastoma (Gurgis et
al., 2015, Cytotoxic activity of the MK2 inhibitor CMPD1
in glioblastoma cells is independent of MK2, Cell Death
Discovery 1, 15028, p. 1-11), or gastric cancer (Li et al.,
2018, CMPDI1 inhibited human gastric cancer cell prolif-
eration by inducing apoptosis and G2/M cell cycle arrest,
Biol. Res. 51:11, p. 1-9).

[0021] Bogenberger et al. (2014), MK2a substrate-selec-
tive p38 inhibitor CMPDI1 selectively synergizes with
HDAC inhibitors in CD34" cells from myeloid malignan-
cies, Blood (2014) 124 (21): 2239, disclose the histone
deacetylase inhibitor SAHA (vorinostat) as having a low
clinical activity against myelodysplastic syndrome (MDS)
and acute myeloid leukemia (AML). The authors propose to
add CMPD1 to achieve a synergy. However, the authors
were not able to demonstrate any activity of CMPDI1 if
administered alone. To the contrary, the authors even indi-
cate that CMPD1 does not affect the regulation of several
canonical MK2 targets at doses that are potently synergistic
in AML cell lines, including the phosphorylation of HSP27
or AATF, and rather teach away from the invention.
[0022] The art is, therefore, silent about using an MK2
inhibitor for the prophylaxis or treatment of leukemia or the
development thereof.

[0023] In another embodiment of the invention said leu-
kemia is acute myeloid leukemia (AML).

[0024] This measure has the advantage that one of the
most clinically relevant forms of leukemia is effectively
addressed, which the art fails so far in doing so. This
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embodiment includes all different kinds of AML, such as de
novo AML, RUNXI1-mutated AMIL, secondary therapy-
related AML etc.

[0025] In another embodiment of the invention said AML
is de novo AML.

[0026] The inventors have surprisingly realized in an
experimental set-up that for variants of AML which occur
independently and without prior bone marrow disease or
cancer, the administration of an MK2 inhibitor is of particu-
lar effectiveness.

[0027] In another embodiment of the invention said AML
is AML with high expression of BAALC (BAALC"#").
[0028] According to the invention “BAALC” refers to a
gene that codes for the ‘brain and acute leukemia cytoplas-
mic’ protein (human variant: NCBI gene no. 79870). The
function of BAALC is not fully understood yet but high
BAALC expression level is known to be associated with
more aggressive AML and has been described to have
adverse impact on the outcome of AML; see Baldus et al.
(2003), BAALC expression predicts clinical outcome of de
novo acute myeloid leukemia patients with normal cytoge-
netics: a Cancer and Leukemia Group B Study, Blood
102(5), p. 1613-1618; Baldus et al. (2006), BAALC expres-
sion and FLT3 internal tandem duplication mutations in
acute myeloid leukemia patients with normal cytogenetics:
prognostic implications, J. Clin. Oncol. 24(5), p. 790-797,
Weber et al. (2014), BAALC expression: a suitable marker
for prognostic risk stratification and detection of residual
disease in cytogenetically normal acute myeloid leukemia,
Blood Cancer J. 4(1):e173. This measure has the advantage
that a particularly aggressive form of AML can be effec-
tively treated and/or prevented by the invention.

[0029] In a further embodiment of the invention said
development of leukemia results from a pre-existing condi-
tion that is selected from the group consisting of: congenital
neutropenia (CN), familial platelet disorder with predispo-
sition to acute myelogenous leukemia (FPD/AML) or
myelodysplastic syndrome (MDS).

[0030] The indicated conditions are well-known for pre-
existing diseases which are high risk factors for a subsequent
development of AML. In this embodiment the invention can
be effectively used in an early stage prior to or in the
development of AML to eliminate or at least significantly
reduce the risk of a progression of the pre-existing condi-
tions. The invention can even be used for the prophylaxis
and/or treatment of the indicated pre-conditions, thereby
effectively preventing the manifestation of leukemia or
AML, respectively.

[0031] In another embodiment of the invention the MK2
inhibitor is an MK2a inhibitor.

[0032] This measure has the advantage that such an iso-
form of MK2 is specifically addressed by the invention
which plays a central role in the p38MAPK/MK2-dependent
signaling pathway and, therefore, in the development of
leukemia.

[0033] In a yet further embodiment of the invention the
MK?2 inhibitor is CMPDI.

[0034] CMPD1 (CAS. no. 41179-33-3; MW: 3494,
C,,H,,FNO,) is a selective and non-ATP-competitive p38
MAPK-mediated MK2 phosphorylation inhibitor with
apparent K, (K,*??) of 330 nM.

[0035] The inventors have surprisingly realized in an
experimental screening set up that CMPD1 induces a gene
expression profile which is similar to the one that can be



US 2024/0122882 Al

observed when knocking out the BAALC gene, thereby
reversing the driving force of the development of AML.
CMPD1 is, therefore, according to the findings of the
inventors, one of the most effective MK2 inhibitors in the
prophylaxis and treatment of leukemia, in particular of
AML.

[0036] Another subject-matter of the invention is a phar-
maceutical composition for the prophylaxis and/or treatment
of leukemia and/or the development of leukemia, compris-
ing the MK2 inhibitor according to the invention and a
pharmaceutically acceptable carrier.

[0037] A “pharmaceutical composition” is a composition
suitable for an administration to an animal and/or human
being in a medical setting. Preferably, a pharmaceutical
composition is sterile and produced according to GMP
guidelines.

[0038] In an embodiment of the invention the MK2 inhibi-
tor can be used as the only active agent of the pharmaceu-
tical composition, i.e. in form of a monotherapeutics, with-
out any additional further active agent.

[0039] The pharmaceutical composition comprises the
MK?2 inhibitors either in the free form or in the form of a
pharmaceutically acceptable salt.

[0040] Pharmaceutically acceptable carriers are well
known in the art and include, for example, aqueous solutions
such as water or physiologically buffered saline or other
solvents or vehicles such as glycols, glycerol, oils such as
olive oil or injectable organic esters. In preferred embodi-
ments, when such pharmaceutical compositions are for
human administration, e.g., for parenteral administration,
the aqueous solution is pyrogen-free, or substantially pyro-
gen-free. The excipients can be chosen, for example, to
effect delayed release of an agent or to selectively target one
or more cells, tissues or organs. The pharmaceutical com-
position can be in dosage unit form such as tablet, capsule
(including sprinkle capsule and gelatin capsule), granule,
powder, syrup, suppository, injection or the like. The com-
position can also be present in a transdermal delivery
system, e.g., a skin patch. The composition can also be
present in a solution suitable for topical administration, such
as an eye drop. Alternatively, the pharmaceutical composi-
tion can be present in form of an acrosol administrable by
inhalation.

[0041] The pharmaceutical composition as well as the
methods to be explained below of the present invention may
be utilized to treat a living being in need thereof. In certain
embodiments, the living being is a mammal such as a
human, or a non-human mammal.

[0042] In an embodiment of the pharmaceutical composi-
tion of the invention the MK2 inhibitor is present per dosage
unit at a concentration which, upon administration into a
living being, results in a concentration in said living being
which inhibits the leukemogenesis and/or eliminates leuke-
mia cells in said living being.

[0043] This measure has the advantage that the MK2
inhibitor is provided in said pharmaceutical composition in
an adequate amount, thereby reducing potential side effects
to a minimum.

[0044] The features, embodiments and advantages of the
inhibitor according to the invention apply to the pharma-
ceutical composition in a corresponding manner, even if not
specifically indicated.

[0045] The invention further relates to a method for the
prophylaxis and/or treatment of leukemia and/or the devel-
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opment of leukemia in a living being, preferably a human
being, comprising a step of inhibiting the leukemogenesis in
said living being, wherein said inhibition of the leukemo-
genesis and/or elimination of leukemia cells is realized via
the administration of an MK2 inhibitor to said living being.
[0046] The invention also relates to a method for the
prophylaxis and/or treatment of leukemia and/or the devel-
opment of leukemia in a living being, comprising a step of
inhibiting the leukemogenesis in said living being, wherein
said inhibition of the leukemogenesis is realized via the
inhibition of BAALC in said living being, preferably knock-
ing out of the gene encoding BAALC (BAALC KO) in said
living being.

[0047] According to the invention “inhibition of BAALC”
refers to any phenomenon which specifically and selectively
reduces or abolishes the activity and/or functionality of
BAALC in said living being, e.g. human being. This inhi-
bition can be achieved, e.g. via the administration into the
living being of a specific BAALC inhibitor, an siRNA
inhibiting the translation of the coding molecule of BAALC,
or, preferably, via knocking out the gene encoding BAALC
(BAALC KO) etc.

[0048] The features, embodiments and advantages of the
inhibitor according to the invention apply to the methods
according to the invention in a corresponding manner, even
if not specifically indicated.

[0049] In an embodiment of the method according to the
invention the BAALC KO is realized via the use of pro-
teases, preferably via CRISPR/Cas9 gene-editing.

[0050] This method has the advantage that the BAALC
gene is knocked-out in a targeted manner, thereby limiting
or even avoiding off-target effects.

[0051] The invention further relates to a ‘single guide
RNA’ sgRNA molecule targeting the gene encoding BAALC
in a living being, preferably a human being, for use in the
prophylaxis and/or treatment of leukemia and/or the devel-
opment of leukemia.

[0052] By this measure a tool is provided which can be
used in the method according to the invention for knocking
out of the gene encoding BAALC via CRISPR/Cas9 gene-
editing.

[0053] According to the invention a “single guide RNA”
(sgRNA) or guide RNA is a component of the CRISPR
complex which serves to guide the CRISPR endonuclease to
its target. The sgRNA is a non-coding short RNA sequence
which binds to the complementary target DNA sequence of
the BAALC gene. The sgRNA first binds to the CRISPR
endonuclease enzyme and the sgRNA sequence guides the
complex via pairing to the location on the DNA specifically
encoding the BAALC gene. There the modified CRISPR
endonuclease performs its nickase activity by cutting the
target single DNA strand resulting in a knock-out of the
BAALC gene.

[0054] Another subject-matter of the invention is a nucleic
acid molecule, preferably the sgRNA molecule according to
the invention, comprising any of the nucleotide sequences of
SEQ ID NOS:1, 2, 39-78.

[0055] As the inventors were able to realize said nucleic
acid molecule precisely cuts the BAALC encoding sequence
on the DNA, thereby ensuring a knocking out of the BAALC
gene resulting in the targeted inhibition of the leukemogen-
esis.

[0056] The features, characteristics, and embodiments of
the inhibitor according to the invention apply to this sgRNA
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or nucleic acid molecule according to the invention in a
corresponding manner, even if not specifically indicated.
[0057] In case of discrepancies between the nucleotide
sequences disclosed in the application body and those dis-
closed in the sequence listing the nucleotide sequences in the
application body have priority.

[0058] It is to be understood that the before-mentioned
features and those to be mentioned in the following cannot
only be used in the combination indicated in the respective
case, but also in other combinations or in an isolated manner
without departing from the scope of the invention.

[0059] The invention is now further explained by means of
embodiments resulting in additional features, characteristics
and advantages of the invention. The embodiments are of
pure illustrative nature and do not limit the scope or range
of the invention. The features mentioned in the specific
embodiments are general features of the invention which are
not only applicable in the specific embodiment but also in an
isolated manner and in the context of any embodiment of the
invention.

[0060] The invention is now described and explained in
further detail by referring to the following non-limiting
examples and figures.

BRIEF DESCRIPTION OF THE FIGURES

[0061] FIG. 1: Allele frequencies of missense RUNX1
mutations in CN/AML with trisomy 21. (A) Analysis of the
allele frequency (AF) of wild type (WT) and corresponding
mutant RUNX1 in CN patients prior- and after onset of
AML (CN/AML). Each bar represents percentage of WT
(green) and mutant (red) RUNX1 AF quantified by dPCR. In
the CN phase, genotyping of BM or PB samples revealed an
absence of mutant RUNXI1 allele; whereas, in overt AML,
59-68% of leukemia cells acquired RUNX1 mutations,
indicating the gain of a second mutant RUNX1 allele. Data
are represented as mean+SD. (B) A stepwise in vitro model
of leukemogenesis in congenital neutropenia through the
generation of patient-specific iPSCs and the insertion of
additional mutations using CRISPR/Cas9 gene-editing. Top
panel represents the time scale of leukemic transformation in
CN/AML patients, the bottom panel represents the genera-
tion of single iPSC clones at specific time points during
disease progression. (C) dPCR analysis of the allele fre-
quency of WT and mutant (p.R139G) RUNXI1 in CD45*
cells derived from CNI1, CN/AMLI1.1 and CN/AMLI1.2
iPSCs.

[0062] FIG. 2: Representative images of digital PCR data
plots for quantification of RUNXI1 allele ratio in CN and
CN/AML samples, related to FIG. 1. (A) The x-axis shows
the signal from FAM reporter dye, and the y-axis shows
the—the VIC reporter dye. Blue dots represent FAM-labeled
mutant RUNX1 PCR product, red dots represent VIC-
labeled WT RUNX1 PCR product, green dots represent
droplets containing both mutant and WT DNA, and yellow
dots are droplets with no DNA incorporated. Ratio of mutant
and WT RUNXI allele was calculated based on number of
FAM and VIC positive signals on the chips. For example, for
Pat. #1 DNA isolated from BM (CN-phase) and DNA
extracted from single-cell derived CFU clones (CN/AML
phase) were amplified using TagMan assay probe set against
WT RUNXI1 and RUNX1 p.R139G allele. The presence of
RUNX1 p.R139G mutation was detected in 360 droplets,
representing an allelic fraction of 66.8%. Correspondingly,
the ratio of mutant to WT allele is 2.04.
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[0063] FIG. 3: Genetic analysis of iPSCs clones derived
from CN/AML patients, related to FIGS. 1 and 6. (A)
Representative Sanger Sequencing diagrams of DNA iso-
lated from indicated iPSC clones confirming ELANE
p-C151R, CSF3R p.Q741X and RUNX1 p.R139G heterozy-
gous mutations for CN/AML patient 1, and ELANE
p-G214R and CSF3R p.Q743X heterozygous mutations for
CN/AML patient 2. (B) Representative images of array
CGH of indicated iPSC clones. Whole genome view is
shown. (C-E) Assessment of CRISPR/Cas9 gene-edited
iPSC clones. DNA isolated from single-cell derived iPSC
clones was amplified by PCR and analyzed using TIDE
(Tracking of Indels by DE-composition). Graphs show the
estimated composition of the inserted/deleted (in/del)
nucleotide bases in iPSC lines calculated by TIDE. Addi-
tionally, genetic changes introduced by CRISPR/Cas9 have
been annotated at protein level in order to predict the
consequence of in/del introduced by genome editing in the
amino acid sequences of modified genes.

[0064] FIG. 4: Characterization of HD, CN and CN/AML
iPSC clones, related to FIG. 6. (A, B) qRT-PCR analysis of
mRNA expression of pluripotency-specific genes using
mRNA isolated from indicated iPSC clones of CN/AML
patient 1 (A) and patient 2 (B). Gene expression levels were
normalized to GAPDH and shown relative to HD CD34*
cells. PRE indicates exogenous mRNA expression of the
lentiviral vector. Data are represented as meanxSD; two
independent experiments. (C) Percentage of pluripotency-
specific surface markers (Tral-60 and SSEA4) in indicated
iPSC clones of CN/AML patient 1 and 2. (D, E) Represen-
tative images of the Alkaline Phosphatase activity (purple)
analysis in iPSC colonies of CN/AML patient 1 (D) and
patient 2 (E).

[0065] FIG. 5: Analysis of hematopoietic differentiation of
CN and CN/AML iPSC-derived HSPCs by flow cytometry,
related to FIG. 6. (A) Schematic overview of the EB-based
hematopoietic/neutrophilic differentiation of iPSCs. (B, C)
Percentage of iPSC-derived immature hematopoietic cells
(CD34"KDR", CD34°CD43*, CD4la*CD235a*CD45",
CD33*CD45") in CN/AML patient 1 (B) and patient 2 (C).
iPSCs were cultured under EB differentiation conditions for
14 days. Data are represented as mean+SD; two independent
experiments; including group comparisons. Significant dif-
ference between groups to CN is indicated, *P<0.05, **P<0.
01, ***P<0.001.

[0066] FIG. 6: Hematopoietic differentiation of CN/AML
patients derived iPSCs. (A, B) Percentage of CD34" cells
derived from CN/AMLI1 (A) and CN/AML2 (B) iPSCs on
day 14 of culture. Data are represented as mean+SD; two
independent experiments. Group comparisons were done
between CN and all other iPSC clones. Significant difference
between groups to CN is indicated, *P<0.05, **P<0.01. (C,
D) Proliferation rate of CD34" cells derived from
CN/AML1 (C) and CN/AML2 (D) iPSCs on day 14 of
culture. HSPCs were expanded on SL/SL feeder for 7 days.
Data were normalized to healthy donor (HD) control and are
represented as mean+SD; two independent experiments.
Significant difference between groups to CN is indicated,
*¥P<0.05, **P<0.01. (E, F) Percentage of iPSC-derived
granulocytes (CD15*CD16*CD45* and CDI15*CD11b*
CDA45%) in CN/AMLI1 (E) and CN/AML2 (F). iPSCs were
cultured under EB differentiation conditions for 32 days.
Data are represented as mean+=SD from two independent
experiments. Group comparisons were done between CN
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and all other iPSC clones. Significant difference between
groups to CN is indicated, *P<0.05, **P<0.01. (G, H)
Representative images of iPSC-derived hematopoietic cells
at day 32 of differentiation stained with Wright Giemsa are
shown for CN/AML1 (G) and CN/AML2 (H). 40x magni-
fication is shown. (I, J) CFU assay of iPSC-derived CD34*
cells isolated from EBs culture at day 14. Total CFU counts
are shown for CN/AML1 (I) and CNJAML2 (J). Data are
represented as mean+SD from two independent experiments
in triplicate. Group comparisons were done between CN and
all other iPSC clones. Significant difference between groups
to CN is indicated, *P<0.05, **P<0.01, ***P<0.001.

[0067] FIG. 7: Up-regulation of AML-associated genes in
primary CN/AML blasts and CN/AML iPSC-derived CD34*
cells. (A) mRNA expression of indicated genes in BMMNCs
from three CN and five CN/AML patients, measured by
gqPT-PCR. Gene expression levels were normalized to [3-ac-
tin and shown relative to CN. Data are represented as
mean+SD from two independent experiments. *P<0.05,
*¥P<0.01, ***P<0.001 compared to CN. (B, C) mRNA
expression of indicated genes in CD34™ cells derived from
CN1 and CN/AML1 (B) as well as CN2 and CN/AML.2 (C)
iPSCs, measured by qPT-PCR. Gene expression levels were
normalized to f-actin and shown relative to CN. Data are
represented as mean+SD; two independent experiments.
*¥P<0.05, **P<0.01, ***P<0.001 compared to CN. (D)
Western blotting of BAALC protein expression in CD34*
cells derived from HD, CN, CN/AML iPSCs. Numbers
indicate protein expression levels were normalized to [3-ac-
tin and shown relative to HD. The results are representative
of two independent experiments. (E) mRNA expression of
BAALC in CD34" cells from healthy individuals (n=2)
transduced with control GFP, WT RUNXI1 or mutant
RUNX1 (p.R139G and p.R174L) lentiviral constructs, mea-
sured by qPT-PCR. Gene expression levels were normalized
to p-actin. Data are represented as mean+SD from two
independent experiments. *P<0.05. (F, G) mRNA expres-
sion of indicated genes in CD34* cells derived from (F) HD,
CN1 and CN/AMLI and (G) HD, CN2 and CN/AML2
iPSCs. Gene expression levels were normalized to f-actin
and shown relative to HD. Data are represented as mean+SD
from two independent experiments. *P<0.05, **P<0.01,
*¥P<0.001. (H, I) Western blotting of indicated proteins in
CD34* cells derived from (H) HD, CN1 and CN/AML1 and
(D HD, CN2 and CN/AML2 iPSCs. Numbers indicate
protein expression levels relative to HD and normalized to
p-actin. The results are representative of two independent
experiments.

[0068] FIG. 8: BAALC upregulation is essential for leu-
kemogenic transformation in CN/AML. (A) Schematic
overview of the experimental design. CRISPR/Cas9-medi-
ated gene-editing of indicated genes was performed in
CN/AML iPSCs followed by EB-based differentiation.
Hematopoietic differentiation was compared to unedited
CN/AML iPSCs and HD iPSCs. (B) Proliferation rate of
CD34* cells derived from CN/AML1 and CN/AMLI1
BAALC KO iPSCs. CD34" cells were expanded on SL/SL
feeder for 7 days. Data were normalized to HD and are
represented as mean+SD from two independent experi-
ments. **P<0.01. (C) Percentage of iPSCs derived granu-
locytes (CD15"CD16"CD45* and CD15*CD11b"CD45")
on day 32 of culture. Data are represented as mean +SD from
two independent experiments. *P<0.05. (D) Representative
images of iPSC-derived hematopoietic cells at day 32 of
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differentiation stained with Wright Giemsa at 40x magnifi-
cation are shown. (E) CFU assay of iPSCs-derived CD34*
cells isolated at day 14 of culture. Total CFU counts are
shown. Data are represented as mean+SD from two inde-
pendent experiments in triplicate. Group comparisons were
done between CN/AML1 and all other iPSC clones. Sig-
nificant difference between groups to CN/AMLI1 is indi-
cated, *¥P<0.05, **P<0.01. (F) Proliferation rate of CD34"*
cells derived from CN/AML2 and CN/AML2 BAALC KO
iPSCs. CD34" cells were expanded on SL/SL feeder for 7
days. Data were normalized to HD and are represented as
mean+SD from two independent experiments. **P<0.01.
(G) Percentage of iPSC-derived granulocytes (CD15*
CD16*CD45* and CDIS5S*CDI11b"CD45") on day 32 of
culture. Data are represented as mean+SD from two inde-
pendent experiments. *P<0.05. (H) Representative images
of iPSC-derived hematopoietic cells at day 32 of differen-
tiation stained with Wright Giemsa at 40x magnification are
shown. (I) CFU assay of iPSCs-derived CD34" cells isolated
at day 14 of culture. Total CFU counts are shown. Data are
represented as mean+SD from two independent experiments
in triplicate. Group comparisons were done between
CN/AML2 and all other iPSC clones. Significant difference
between groups to CN/AML2 is indicated, *P<0.05, **P<0.
01, ***P<0.001. (J) Percentage of iPSC-derived granulo-
cytes (CD15*CD16*CD45", CD15*CD11b*CD45") on day
32 of culture. Data are represented as mean+SD from two
independent experiments. *P<0.05, **P<0.01. (K) Prolif-
eration rate of primary CN/AML mock and CN/AML
BAALC KO blasts from three CN/AML patients. Gene-
edited primary CN/AML blasts were expanded on SL/SL
feeder for 14 days. Data were normalized to mock cells and
are represented as mean+SD, *P<0.05.

[0069] FIG. 9: Assessment of CRISPR/Cas9 gene-edited
knockout iPSC lines and further analysis of hematopoietic
differentiation in CN/AML iPSC knockout lines, related to
FIG. 8. (A-F, I-J) DNA isolated from single-cell derived
iPSC clones was amplified by PCR and analyzed using
TIDE (Tracking of Indels by Decomposition). Graphs show
the estimated composition of inserted/deleted (in/del)
nucleotide bases in iPSC lines calculated by TIDE. Addi-
tionally, genetic changes introduced by CRISPR/Cas9 have
been annotated at protein level in order to predict the
consequence of in/dels introduced by genome editing in the
amino acid sequences of modified genes. (G, H) Percentage
of iPSC-derived immature hematopoietic cells (CD34*
KDR", CD34*CD43", CD41a*CD235a"CD45*, CD33"
CD45%) in CN/AML iPSC KO clones of patient 1 (G) and
patient 2 (H). iPSCs were cultured under EB differentiation
conditions for 14 days. Data are represented as mean+SD;
two independent experiments; including group comparisons.
Significant difference between groups to CN is indicated,
*¥P<0.05, **P<0.01, ***P<0.001. (K) Alignment of Sanger
sequencing traces from parent control iPSC line (upper
panel) and base edited HD BAALC KO (lower panel)
confirmed the introduction of BAALC stop codon mutation
in a single-cell derived iPSC clone. Positions of based edited
nucleotides are depicted with black arrows. PAM sequence
of' guide RNA is marked above the alignment with a red line.

[0070] FIG. 10: Gene expression signature of CD34* cells
derived from CN and CN/AML iPSCs. (A, B) Volcano plot
showing differentially expressed genes (DEGs, log 2FC>1
or <-1, adjusted P-value<0.05) in iPSC-derived CD34" cells
from (A) CN/JAMLI1 vs CN1 and (B) CN/AML2 vs CN2



US 2024/0122882 Al

group comparisons. The x-axis shows the log 2 fold change,
and the y-axis shows the -log 10 adjusted P-value. Colors
represent the significance of the genes in terms of P-value
and log, fold change. Gene names are indicated for the top
10 upregulated and top 10 downregulated genes. (C, D)
GSEA 4.0.3 analysis of normalized read counts of iPSC-
derived HSPCs from CN/AMIL1 vs CN1 (C) and CN/AML2
vs CN2 (D) groups. (E) Transcription factors predicted by
TFEA of DEGs in CN/AMLI1 vs CNI1 (red) and CN/AML2
vs CN2 (blue) groups. Common transcription factors are
plotted on the same graph. Data are displayed as -log 10
adjusted P-value. (F) Kinases predicted by KEA of DEGs in
CN/AMLI1 vs CNI1 (red) and CN/AML2 vs CN2 (blue).
Common kinases with P-value<10~® are plotted on the same
graph. Data are displayed as -log 10 adjusted P-value.

[0071] FIG. 11: Gene expression and histone H3 trimethyl
Lys27 (H3K27me3) analysis of iPSC-derived HSPCs,
related to FIGS. 10 and 12. (A) Supervised average linkage
clustering of 702 differentially expressed genes (log 2 FC>1
or <-1, adj. P-value<0.05) between iPSC-derived HSPCs
from CN/AML1 and CN1 RNA-seq samples were obtained
from 3 independent EB-based hematopoietic differentiation
experiments performed with CN1, CN/AMLI1.1, or
CN/AMLL1.2 iPSC clones. Expression heatmap was created
using variance stabilizing transformed read counts as an
input. (B) Supervised average linkage clustering of 1992
differentially expressed genes (log, FC>1 or <-1, adj.
P-value<0.05) between iPSC-derived HSPCs from
CN/AML2 and CN2. RNA-seq samples were obtained from
2 independent EB-based hematopoietic differentiation
experiments performed with CN2 or CN/AML2 iPSC
clones. Gene expression heatmap was created using as input
variance stabilizing transformed read count data. (C) Total
histone H3 trimethyl Lys27 (H3K27me3) in iPSC-derived
HSPCs from CN and CN/AML clones of both patients. Data
are represented as mean+SD; duplicates/patient, **P<0.001.
(D) Supervised average linkage clustering of 419 differen-
tially expressed genes (log 2 FC>1 or <-1, adjusted
P-value<0.05) between iPSC-derived HSPCs from
CN/AMLI and CN1 BAALC KO. RNA-seq samples were
obtained from 3 independent EB-based hematopoietic dif-
ferentiation experiments performed with CN/AML1.2 and
CN/AML1.2 BAALC KO iPSC clones. Gene expression
heatmap was created using variance stabilizing transformed
read counts as an input. (E) Supervised average linkage
clustering of 566 differentially expressed genes (log 2 FC>1
or log 2FC<-1, adjusted P-value<0.05) between iPSC-
derived HSPCs from CN/AML2 and CN2 BAALC KO.
RNA-seq samples were obtained from 2 independent EB-
based hematopoietic differentiation experiments performed
with CN/AML2 and CN/AML2 BAALC KO iPSC clones.
Gene expression heatmap was created using variance stabi-
lizing transformed read counts as an input.

[0072] FIG. 12: BAALC-dependent gene expression pro-
file of CN/AML iPSC-derived CD34" cells. (A, B) Volcano
plot showing DEGs in iPSC derived CD34* cells from (A)
CN/AML1 vs CN/AML1 BAALC KO and (B) CN/AML?2
vs CN/AML2 BAALC KO group comparisons. The x-axis
shows the log, fold change, and the y-axis shows the —log 10
adjusted P-value. Colors represent the significance of the
genes in terms of P-value and log, fold change. Gene names
are indicated for the top 10 upregulated and top 10 down-
regulated genes. (C, D) Venn diagram showing overlap of
DEGs between (C) CN/AML1 vs CN/AML1 BAALC KO

Apr. 18,2024

(pink) and CN/AML1 vs CN1 (blue) groups, as well as (D)
CN/AML2 vs CN/AML2 BAALC KO (pink) and
CN/AML2 vs CN2 (blue) groups. (E, F) GSEA 4.0.3 analy-
sis of normalized read counts of RNA-seq from iPSC-
derived HSPCs from (E) CN/AML1 vs CN/AML1 BAALC
KO and (F) CNJAML2 vs CN/AML BAALC KO groups.
(G) Transcription factors predicted by TFEA of DEGs in
CN/AMLI1 vs CN/AML1 BAALC KO (red) and CN/AML?2
vs CN/AML2 BAALC KO (blue) groups. Common tran-
scription factors (P-value<0.05) are plotted on the same
graph. Data are displayed as —log 10 of adjusted P-value. (H)
Kinases predicted by KEA of DEGs in CN/AMLI1 vs
CN/AML1 BAALC KO (red) and CN/AML2 vs CN/AML?2
BAALC KO (blue) groups. Common kinases (P-value<10-
8) are plotted on the same graph. Data are displayed as -log
10 of adjusted P-value. (I, J) Venn diagram showing overlap
of transcription factors (I) and kinases (J) between CN/AML
vs CN/AML BAALC KO (pink) and CN/AML vs CN (blue)
groups of both CN/AML patients.

[0073] FIG. 13: MK2a- and p38c—inhibitor treatment of
iPSC-derived CD34" cells, primary CN/AML blasts and de
novo AML blasts, related to FIG. 14. (A) Connectivity MAP
analysis of RNA-seq data of CN/AML and CN/AML
BAALC KO iPSC-derived CD45*CD34* cells. pc_selection
represents the percent of total perturbagens, querying the
column sample against selected rows that exceed the given
thresholds. (B) Flow cytometry analysis of intracellular
MK2a and p38a levels in CN, CN/AML, CMPD1-treated
CN/AML (1 pM of CMPDI1 for 1 day), and CNJAML
BAALC KO iPSC-derived CD34"CD45" cells. Data are
represented as mean+SD; two independent experiments of
both patients. (C) Proliferation rate of Kasumi-1 WT cells
treated with either AZD-6244 (1, 2 and 5 uM), CMPDI1 (1,
2 and 5 uM), or DMSO for 7 days. Data are represented as
mean+SD; two independent experiments. *P<0.05,
#AE%P<0.0001 compared to DMSO control. (D) Prolifera-
tion rate of Kasumi-1 WT cells treated with UO126 (1, 5 and
10 uM) or DMSO for 7 days. Data are represented as
mean+SD; two independent experiments. (E) Proliferation
rate of HD, CN, and CN/AML iPSC-derived CD34*CD45*
cells treated with either 1 uM AZD-6244 or DMSO for 7
days. Data are represented as mean+SD; two independent
experiments. *P<0.05, **P<0.01 compared to DMSO con-
trol. (F) Proliferation rate of primary CN/AML blasts treated
with either 1 uM AZD-6244 or DMSO for 7 days. Data are
represented as mean+SD; two independent experiments.
*#P<0.01 compared to DMSO control. (G) Proliferation rate
of'de novo AML blasts treated with either AZD-6244 (1 uM
and 2 uM) or DMSO for 7 days. Data are represented as
mean+SD; two independent experiments. **P<0.01,
*4%P<0.001 compared to DMSO control.

[0074] FIG. 14: Inhibition of proliferation of iPSC-derived
and primary CN/AML or de novo AML blasts by MK2a
inhibitor, CMPD1. (A) Flow cytometry analysis of intrac-
ellular phospho-MK?2a and phospho-p38a. protein levels in
CN, CN/AML, CMPD]-treated CN/AML (1 uM CMPDI;
24 hours), and CN/AML BAALC KO iPSC-derived CD34*
cells. Data are represented as mean+SD from two indepen-
dent experiments of two CN/AML patients. *P<0.05,
*¥p<0.01, ***P<0.001 compared to CN/AML. (B) Prolif-
eration rate of iPSC-derived CD34* cells from HD, CN and
CN/AML clones treated with either 1 uM CMPD1 or DMSO
for 7 days. Data are represented as mean+SD from two
independent experiments. **P<0.01 compared to DMSO
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control. (C) mRNA expression of BAALC in blasts of
CN/AML patients. Gene expression levels were normalized
to [-actin and shown relative to HD. Data are represented as
mean+SD from two independent experiments. **P<0.01
compared to CD34" cells of 3 HDs. (D) Proliferation rate of
primary CN/AML blasts treated with 1 uM CMPDI1 or
DMSO for 7 days. Data are represented as mean+SD from
two independent experiments. ***P<0.001 compared to
DMSO control. (E) mRNA expression of BAALC in de
novo AML blasts. Gene expression levels were normalized
to [-actin and shown relative to HD. Data are represented as
mean+SD; two independent experiments. ***P<0.001 com-
pared to CD34* cells of 3 HDs. Proliferation rate of de novo
AML blasts treated with 1 uM and 2 uM CMPD1 or DMSO
for 7 days. Data are represented as mean+SD from two
independent experiments. **P<0.01, ***P<0.001 compared
to DMSO control. (G) Proliferation rate of iPSC-derived
CD34* cells from CN/AML and CN/AML BAALC KO
clones treated with 1 uM CMPD1 or DMSO for 7 days. Data
are represented as mean+SD from two independent experi-
ments/patient. *P<0.05 compared to DMSO control. (H)
mRNA expression of BAALC in CN/AML iPSC-derived
CD34™ cells treated with 1 uM CMPD1 for 24 hours. Data
are represented as mean+SD from two independent experi-
ments/patient. **P<0.0 normalized to DMSO control. (I)
Schematic diagram of the role of BAALC upregulation in
CN-related leukemia development. In CN patients with
inherited CN-associated mutations (e.g., ELANE), geneti-
cally ‘unfit® HSPCs acquire CSF3R mutations. The acqui-
sition of CSF3R mutations along with prolonged exposures
to high doses of G-CSF leads to the clonal selection of
pre-leukemia HSPCs, which exhibit elevated proliferation
and reduced differentiation upon G-CSF treatment. The
co-acquisition of further RUNX1 haploinsufficiency or mis-
sense RUNX1 mutations along with trisomy 21 leads to
elevated BAALC expression levels and leukemogenic trans-
formation. Inactivation of BAALC in CN/AML cells using
CRISPR/Cas9-mediated gene-editing restores normal hema-
topoietic differentiation, while selective inhibition of MK2a
phosphorylation with CMPD1 efficiently blocks prolifera-
tion of CN/AML cells.

[0075] FIG. 15: In vivo analysis of the effects of MK2
inhibition on the proliferation and survival of primary
CN/AML patients blasts xeno-transplanted into zebrafish
embryos.

EXAMPLES

1. Introduction

[0076] Pre-leukemia bone marrow failure syndromes are
characterized by abnormal differentiation and functions of
hematopoietic stem and progenitor cells (HSPCs). They
frequently culminate in the development of myelodysplastic
syndrome (MDS) or acute myeloid leukemia (AML). The
prevailing hypothesis of leukemia development in inborn
pre-leukemia syndromes postulates that homeostasis, self-
renewal, proliferation or differentiation of HSPCs is dis-
turbed owing to inherited mutations. These “unfit” HSPCs
are exposed to constant stress through intrinsic HSPCs
defects and extrinsic abnormalities within the HSPCs niche,
which together may lead to the acquisition of mutations
and/or chromosomal abnormalities in leukemia-associated
genes. The background of an inherited disease can create
selective pressure that supports the outgrowth and evolution
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of mutant HSPCs clones. Severe congenital neutropenia
(CN) is a pre-leukemia syndrome that, in the majority of
patients, is caused by heterogencous ELANE mutations
encoding neutrophil elastase (NE). The HSPCs of CN
patients fail to differentiate into neutrophilic granulocytes,
without any severe maturation defects in other blood lin-
eages. The cumulative incidence of MDS or AML in CN
patients is approximately 20% after 20 years. Exposure of
CN-HSPCs to high concentrations of granulocyte colony-
stimulating factor (G-CSF) partially reverses granulocytic
maturation defects. However, there is a correlation between
susceptibility to G-CSF therapy and frequency of leukemia.
The inventors recently reported a high frequency of acquired
cooperative mutations in CSF3R (encoding the G-CSF
receptor) and RUNX1 (runt-related transcription factor 1) in
55% of CN/AML patients (31 patients were studied).
Recently, the inventors described a clinical case of two
cyclic neutropenia (CyN) patients with acquired CSF3R
mutations. One of these patients co-acquired RUNX1 muta-
tion, trisomy 21 and developed AML. In the majority of CN
and CyN patients who developed AML or MDS, the emer-
gence of HSPCs clones carrying a CSF3R mutation pre-
ceded the co-acquisition of RUNX1 mutations in the same
cells. The mechanism of leukemogenic transformation of
HSPCs downstream of acquired CSF3R and RUNX1 muta-
tions on the pathological background caused by CN-asso-
ciated inherited mutations is unclear. CSF3R mutations are
stop-codon mutations localized in the intracellular domain
of the G-CSF receptor, which is responsible for the inhibi-
tion of STATS mediated proliferative signals by SOCS3, and
the activation of STAT3-dependent differentiation. Missense
and nonsense RUNX1 mutations in the DNA-binding Runt
homology domain (RHD), or truncating mutations in the
transactivation domain (TAD) have been detected in
CN/AML patients. Numerous studies have reported a diver-
sity of mechanisms underlying the pathogenesis of missense
and nonsense RUNX1 mutations. Most of these studies are
performed in a mouse system or by overexpressing mutated
RUNXI1. Interestingly, RUNX1 maps to chromosome 21,
and leukemic blasts from some CN/AML patients harbor
trisomy 21. Thus, the ratio of mutant to wild type RUNX1
alleles may contribute to leukemogenesis.

[0077] The establishment of a viable experimental model
would be essential for studying multistep leukemogenesis in
CN. Transgenic mice with a knock-in of the human ELANE
mutation exhibit no neutropenia phenotype under steady-
state conditions. Despite some limitations, patient-specific
induced pluripotent stem cells (iPSCs) are an excellent
alternative to animal models. Generation of CN patient-
specific iPSCs that recapitulate the maturation arrest of
granulopoiesis has been previously described. iPSCs have
been used to study leukemogenesis and to identify com-
pounds targeting AML. Using CRISPR/Cas9 gene-editing, it
is possible to introduce distinct mutations in iPSCs and to
study stepwise, stage-specific leukemia progression. This
approach allows the development of leukemia models to
compare different types of mutations (e.g., missense versus

nonsense) in endogenously expressed proteins (e.g.,
RUNX1).
[0078] In the present study, the inventors established an in

vitro model of leukemia evolution in CN using patients-
derived iPSCs and CRISPR/Cas9-mediated introduction of
gene mutations. Using this model, the inventors described
the upregulation of BAALC (brain and acute leukemia,
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cytoplasmic) as a key leukemogenic event. The inventors
identified a small molecule inhibitor of MK2 phosphory-
lation that targets CN/AML blasts without affecting healthy
HSPCs. This strategy could be applied to treat CN/AML or
de novo AML patients with RUNX1 mutations and/or
elevated BAALC expression.

2. Material and Methods

[0079] iPSC Lines

[0080] CN and CN/AML patient samples for reprogram-
ming were received from Severe Chronic Neutropenia Inter-
national Registry (SCNIR), Hannover, Germany. Informed
written consent was obtained from all participants of this
study. The experiments involving human inducible pluripo-
tent stem cells (iPSCs) were performed with the approval
obtained from the Ethical Review Board of the Medical
Faculty, University of Tubingen.

Generation of iPSC

[0081] Peripheral blood mononuclear cells (PBMNCs) or
bone marrow mononuclear cells (BMMNCs) from 2 male
CN/AML patients at different stages of leukemic transfor-
mation and male healthy donors were reprogrammed using
Octd4, Sox2 and KLF4 (OSK) lentivirus (pRRL.PPT.SF.
hOct34.hK1{4 . hSox2.i2dTomato.pre.FRT, kindly provided
by A. Schambach, MHH Germany). Additional mutations in
CSF3R or RUNX1 were introduced using CRISPR/Cas9
gene-editing, if not already obtained by reprogramming.
iPSCs were cultured on SNL-feeder cells (Public Health
England) for general maintenance or feeder-free on Geltrex
with StemFlex medium (Thermo Fisher Scientific) for fur-
ther gene-editing experiments.

Reprogramming of PBMNCs

[0082] 1.5x10° PBMNCs were cultured for 6 days in
CD34* cells expansion medium (Stemlinell medium,
Sigma-Aldrich) supplemented with 10% FCS, 1% Pen/
Strep, 1 Glutamine and cytokines: 1L-3 (20 ng/ml), 11-6 (20
ng/ml), TPO (20 ng/ml), SCF (50 ng/ml) and FLT3L (50
ng/ml). All cytokines were purchased from R&D Systems.
After 1 week, cells were transferred to Retronectin (Clon-
tech)-coated 12-well plates together with OSK lentiviral
supernatant at a multiplicity of infection (MOI) of 2. Four
days later, cells were transferred to SNL-feeders and cul-
tured in a 1:1 mixture of iPSC-medium and CD34* cell
expansion medium supplemented with 2 mM valproic acid
and 50 pg/ml Vitamin C. Medium was gradually changed to
iPSCs medium only. First iPSCs colonies appeared approxi-
mately three weeks after initiation of reprogramming.
Sequencing of iPSCs

[0083] Genomic DNA of iPSCs was isolated using
Nucleo-Spin Tissue Kit (Machery-Nagel) and DNA regions
for sequencing were amplified using the following primers:
RUNX1-F  5-ACATCCCTGATGTCTGCATTTGTCC-3'
[SEQ ID NO: 33], RUNX1-R 5-TGTGGGTTTGTTGCCA
TGAAACGTG-3' [SEQ ID NO: 34], ELANE-F
5'-CGCCCTGAGCCTTGGTGACG-3' [SEQ ID NO: 35],
ELANE-R 5-AGCCACGGTGCCTGTTGCTG-3' [SEQ ID
NO: 36], CSF3R-F 5-ATGGCATGTGTCAGGCATGT-3'
[SEQ ID NO: 37], CSF3R-R 5'-AGTCACAGCGGAGA-
TAGTGC-3' [SEQ ID NO: 38]. Sanger Sequencing was
performed by GATC Biotech.

iPSCs Culture
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[0084] iPSCs were maintained on mitomycin-C treated
SNL-feeder cells (Public Health England) in iPSC-medium
consisting of DMEM F12 (Sigma-Aldrich) supplemented
with 20% Knockout Serum Replacement (Invitrogen), 30
ng/ml bFGF (Peprotech), 1 non-essential amino acids solu-
tion (Invitrogen), 100 uM 2-Mercapto-Ethanol and 2 mM
L-Glutamine. iPSC-medium was replaced every day. For
CRISPR/Cas9 gene-editing experiments and expansion of
single cell derived clones, iPSC lines were cultured on
Geltrex with Stem Flex medium (Life Technologies).
CRISPR/Cas9 Gene-Editing of iPSC Lines

[0085] The sgRNAs capable of knocking out of the
BAALC gene by targeting the first coding exon are listed in
Table 3. Corresponding sgRNAs (Table 2) were cloned into
all-in one pSpCas9(BB)-2A-GFP (PX458) plasmid, a gift
from Feng Zhang (Addgene plasmid #48138). CN- and
CN/AML iPSC lines were nucleofected with 1-5 pg PX458-
sgRNA construct using P3 Primary Cell 4D-Nucleofector™
X Kit L. (Lonza) and 4D Nucleofector (LLonza) or reverse
transfected with TransIT®-LT1 Transfection Reagent (Mi-
rus). BAALC KO in HD iPSCs was introduced by trans-
fection with cytosine base editor plasmid BAALC_p.19.
NLS.BE3.2xNLS.GFP.PX458 which was generated by
sticky end cloning of BE3 into PX458 backbone followed by
cloning guide RNA sequence BAALC p.19 (Table 2). BE3
insert was isolated from pCMV-BE3 plasmid which was a
gift from the David Liu lab (Addgene plasmid #73021).
GFP* cells were sorted 48 hours post-transfection and
cultured on the Geltrex. Single-cell clones were analyzed by
Sanger sequencing at the gene-edited target regions.
BAALC KO in primary CN/AML cells was achieved by
nucleofection of Cas9-sgRNA-BAALC-p.20 ribonucleopro-
tein (RNP) complex using P3 Primary Cell 4D-Nucleofec-
tor™ X Kit L. (Lonza) and 4D Nucleofector (Lonza). The
RNP nucleofection protocol has been recently published by
our group. Off-target sites were predicted using http://
crispor.org. The top 3 sites with the highest off-target scores
and/or exon localization were selected for Sanger sequenc-
ing (Table 4).

EB-Based Hematopoietic Differentiation of iPSCs

[0086] iPSCs were dissociated from SNL-feeders or
Geltrex (Thermo Fisher Scientific) coated plates using PBS/
EDTA (0.02%) for 5 min. EB generation was done via
centrifugation of 20.000 cells per EB in 96-well plates using
APEL serum-free differentiation medium (Stemcell Tech-
nologies) supplemented with bFGF (20 ng/ul) and ROCK
Inhibitor Y-27632 dihydrochloride (Tocris). Next day,
BMP4 (40 ng/ml) (R&D Systems) was added to the culture
to induce mesodermal differentiation. On day four, EBs were
plated on Matrigel-coated 6-well plates (10 EBs/well) in
APEL medium supplemented with VEGF (40 ng/ml) (R&D
Systems), SCF (50 ng/ml) (Peprotech) and 1L.-3 (50 ng/ml)
(Peprotech). For neutrophilic differentiation, medium was
changed 3 days later to fresh APEL medium supplemented
with IL.-3 (50 ng/ml) and G-CSF (50 ng/ml) (Amgen). First
hematopoietic suspension cells appeared on day 12-14.
Suspension cells were harvested every 3-4 days and ana-
lyzed starting from day 14 to day 32.

[0087] Culture of iPSC-derived CD45*CD34" cells, de
novo CN/AML cells and AML cells on SL/SL Feeder Cells
and Drug Treatment

[0088] 1-3x10°iPSC-derived CD45*CD34* cells, primary
CN/AML blasts, or de novo AML blasts were cultured on
SL/SL feeder cells producing FL'T3L (kindly provided by C.
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Eaves, Vancouver, Canada) in HLTM/Myelocult H5100
medium (Stemcell Technologies) supplemented with 107 M
hydrocortisone, IL.-3 (20 ng/ml), 11-6 (20 ng/ml), TPO (20
ng/ml), SCF (50 ng/ml) and FLT3L (50 ng/ml) for 7 days
with medium change every 3-4 days. For drug treatment, 1
M AZD-6244, 1 uM CMPD1 or DMSO was added to
culture medium and incubated for 7 days with medium
change and addition of fresh drugs every 3 days. After 7
days, cell viability was assessed by Trypan blue staining and
counting using Neubauer cell counting chambers.
Transduction of CD34" Cells with RUNX1 Constructs
[0089] CD34* cells from healthy donors (2x10°/well)
were transduced with lenti-viral supernatant at a MOI of 5.
Lentiviral particles expressed either control plasmid, WT
RUNX1 or two RUNX1 mutants (p.R139G and p.R174L)
cloned into pRRL.PPT.SFFV.i2RFP vector (kindly provided
by A. Schambach, MHH, Hannover, Germany). A second
transduction was performed the next day. Seventy-two hours
post-transduction, GFP-positive cells were sorted and ana-
lyzed for RUNX1 and BAALC mRNA expression by qRT-
PCR. Vector and primer information is available upon
request.

Quantitative RT-PCR

[0090] RNA was isolated using RNeasy Micro Kit (Qia-
gen). cDNA was prepared from 0.2-1 pg of total RNA using
Omniscript RT Kit (Qiagen). qPCR was performed using
SYBR Green qPCR master mix (Roche) and Light Cycler
480 (Roche). Data were analyzed using ddCT-method. Tar-
get genes were normalized to GAPDH and/or p-Actin as
housekeeper genes. qPCR Primer information are available
upon request.

Western Blotting

[0091] 1x10° cells were lysed in 200 ul of 3xLimmli
buffer. Protein was denatured for 10 min at 95° C. 5 ul of cell
lysate in the Lammli buffer were loaded per lane. Proteins
were separated on a 12% polyacrylamide gel and transferred
on a nitrocellulose membrane (GE Healthcare) (1 hour,
100V, 4° C.). Membrane was blocked for 1 hour in 5%
BSA/TBST and incubated with primary antibody overnight
(at 4° C.). The following primary antibody were used:
anti-RUNX1/AML1 (Cell Signaling Technology, #4334,
1:500), anti-STATS5a (Cell Signaling Technology, #4807,
1:500) anti-G-CSFR (Santa Cruz Biotechnology, #sc-74026,
1:500), and p-Actin (Cell Signaling Technology, #4970,
1:1000) and anti-BAALC (Santa Cruz Biotechnology, #sc-
515606, 1:500). Next, membranes were washed and incu-
bated with secondary HRP-coupled antibody (Cell Signaling
Technology, #7076 or #7074, 1:2000) for 1 hour at room
temperature. Pierce ECL solution (Thermo Fisher Scientific)
and Amersham Hyperfilm (GE Healthcare) were used to
detect chemiluminescence signals of proteins.

Alkaline Phosphatase Assay

[0092] iPSC colonies on SNL-feeders at day 10 of culture
were washed with PBS, fixed in 4% PFA/10% sucrose in
water and stained with NBT/BCIP staining dye (Sigma-
Aldrich) for 20 min at RT.

Array-CGH

[0093] Array-CGH was performed using the Agilent
Human Genome Microarray Kits 2x400K (Agilent Tech-
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nologies). Labelling and hybridization of genomic DNA was
performed according to the protocol provided by Agilent.
Microarray slides were scanned using an Agilent microarray
scanner G2505B at a resolution of 2 um. For image analysis,
default CGH settings of Feature Extraction Software (Agi-
lent Technologies) were applied. Output files from Feature
Extraction were subsequently imported into Agilent’s CGH
data analysis software, Genomic-Workbench. The Aberra-
tion Algorithm ADM?2 was applied and Aberration Filters
were set to: threshold 7.0, at least 4 probes with mean log 2
ratio of +/-0.3 leading to a resolution of approximately 20
kb.

Flow Cytometry

[0094] 30.000 suspension cells collected from EB-based
hematopoietic differentiation system were used for flow
cytometry. For cell surface staining, cells were prepared in
PBS/1% BSA containing 0.05% sodium azide and stained
with specific mouse monoclonal anti-human antibodies. For
detection of hematopoietic progenitor cells, a multicolor
FACS antibody panel for ‘early-stage’ hematopoietic differ-
entiation using the following antibody was applied: CD33-
BV421 (Biolegend, BL), CD34-PeCy7 (BD Biosciences,
BD), KDR-AF647 (BL), CD43-PE (BD), CD4la-FITC
(BD), CD235a-FITC (BD), CD45-BV510 (BL), 7-AAD
(BD). For detection of mature myeloid cells, a multicolor
FACS antibody panel for ‘late-stage’ hematopoietic differ-
entiation using the following antibody was applied: CD15-
PE (BD), CD16-FITC (BD), CD14-APC-H7 (BD), CD45-
BV510 (BL), CD33,BV-421 (BL), 7-AAD (BD). For iPSCs
characterization, the stem cell surface markers TRA1-60-PE
(eBioscience) and SSEA4-FITC (BD) were analyzed.
TRA1-85-APC (R&D Systems) was used as a human iPSCs
marker. Anti-mouse IgGk beads (BD) were used for com-
pensation. Samples were analyzed using FACSCanto II
(BD) and FlowJo V10 (BD).

Morphological Analysis

[0095] Wright-Giemsa stained cytospin slides were pre-
pared using Hema-Tek slide stainer (Ames). Hematopoietic
cells were classified into 4 groups according to the differ-
entiation state: myeloblast and promyelocyte (MB/ProM),
myelocyte and metamyelocyte (Myelo/Meta), band and seg-
mented neutrophils (Band/Seg) and monocytes/macro-
phages (Mo/M¢).

Colony Forming Unit (CFU) Assay

[0096] 10.000 suspension cells from EB-based iPSC
hematopoietic differentiation at day 14 were used for CFU-
Assay using Methocult H4435 enriched medium (Stem-Cell
Technologies). Colonies were counted after 107'* days.
Digital PCR (dPCR)

[0097] Digital PCR was used for absolute endpoint quan-
tification of gene copy numbers using TagMan SNP geno-
typing Assay and QuantStudio 3D Digital PCR System
(Thermo Fisher Scientific). dPCR was performed according
to QuantStudio 3D Digital PCR protocol using genomic
DNA. Data was processed using QuantStudio 3D Digital
PCR Analysis Suite Software (Thermo Fisher Scientific).

RNA Sequencing (RNA-Seq)

[0098] mRNA was isolated from iPSC-derived CD45*
CD34* cells using RNeasy Mini- or Micro Kit (Qiagen).
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Isolated RNA was quantified (Qubit RNA assay kit, Thermo
Fisher Scientific) and quality was assessed using an Agilent
2100 Bioanalyzer. Samples with high RNA integrity number
(RIN>8) were selected for library preparation. Using the
TruSeq RNA Sample Prep Kit (Illumina) and 100-500 ng of
total RNA for each sequencing library, poly (A) selected
single- and pair-end sequencing libraries were generated
according to the manufacturer’s instructions. All libraries
were sequenced by the c.ATG (University Hospital Tuebin-
gen) on an [llumina NextSeq500 platform at a depth of
20-30 million reads each. Read quality of RNA-seq data in
fastq files was assessed using FastQC (v0.11.4). Reads were
aligned using STAR (v2.4.2a) allowing gapped alignments
to account for splicing against a custom-built genome com-
posed of the Ensembl Homo Sapiens genome v90. Align-
ment quality was analyzed using samtools (v1.1) and visu-
ally inspected in the Integrative Genome Viewer (v2.3.67).
Read counts per gene were extracted with HTSeq count.
Genes covered with less than 50 reads were excluded from
the analysis leaving>12.000 genes for determining differen-
tial expression between the experimental groups. Normal-
ized read counts for the genes were obtained in DESeq2
package (v1.8.2) and used for GSEA to find significant
differences between groups. Differential expression analysis
was performed using the DESeq2 package. Differentially
expressed genes with log 2FC>1 or log 2FC<-1, adjusted
P-value<0.05 were selected for downstream analysis. Heat
maps were produced in Heatmapper. Venn diagrams were
created in Venny 2.1 (https://bioinfogp.cnb.csic.es/tools/
venny/index.html). eXpression2Kinases algorithm was used
to identify upstream transcription factors that regulate dif-
ferentially expressed genes and to perform kinase enrich-
ment assay.

Connectivity Map (CMAP) Analysis

[0099] CLUE platform (https://clue.io/cmap) was used for
CMAP analysis to evaluate the gene expression profiles of
CN/AML and CN/AML BAALC KO RNA-seq data sets for
connectivity to known perturbagens.

Intracellular Flow Cytometry for Phospho-MK2a, Phospho-
p38, MK2a and p38 in iPSC-Derived CD34" Cells

[0100] iPSC-derived CD45*CD34* cells were fixed for 15
min with 4% PFA and permeabilized for 30 min with 90%
Methanol. Intracellular protein staining was performed with
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the following antibodies for 45 min at RT: phospho-p38 PE
(sc-166182), p38 AF 647 (s¢-81621), p-MK2a FITC (sc-
293139) and MK2a AF 647 (5¢-393609). All antibodies
were purchased from Santa Cruz Biotechnology. The fol-
lowing isotype controls were used: 1gG2a, k PE (Miltenyi
Biotec), 1gGlk AF 647 (BD) and IgGlk FITC (BD).
Samples were measured on BD FACSCanto II.

Histone H3 Trimethyl Lys27 ELISA

[0101] Total histone protein extracts were isolated from
CN and CN/AML iPSC-derived HSPCs of both CN/AML
patients using the EpiQuik™ Total Histone Extraction Kit
(Epigentek, catalog #OP-0006). Yield of the total histone
protein extraction was measured by Quant-iT™ Qubit™
protein assay kit (Thermo Fisher Scientific, catalog
#Q33212). The inventors quantified trimethylated lysine 27
in histone H3 (H3K27me3) using the Histone H3 methylated
Lys27 ELISA kit (Active Motif, catalog #53106) according
to the standard protocol. The assay was performed in dupli-
cates using 6 pg of total histone protein extract per well.

Quantification and Statistical Analysis

[0102] Data are presented as meanzstandard error of the
mean (SEM). Comparison of two groups was performed
using unpaired t-test. Statistical analyses were performed
using GraphPad Prism 8 (GraphPad Software Inc.),
Microsoft Excel 2010 (Microsoft Corp.) or DESeq2. A p
value<0.05 was considered significant.

3. Results

[0103] Missense RUNX1 Mutations are Associated with
Trisomy 21 in CN/AML Patients

[0104] A comparison of cytogenetic abnormalities and
type of acquired RUNX1 mutations in 23 CN/AML patients
revealed that seven of 14 CN/AML patients with missense
RUNX1 mutations only co-acquired numerical or structural
abnormalities of chromosome 21 (trisomy 21, add (21q)). In
contrast, tetrasomy 21 was detected in 1 out of 5 CN/AML
patients with nonsense or frameshift RUNX1 mutations
(Table 1). Digital PCR (dPCR) revealed two copies of
mutated missense RUNX1 in two CN/AML and one CyN/
AML patients with trisomy 21, suggesting a crucial role of
the dosage of missense RUNX1 for leukemia initiation
(FIG. 1A; FIG. 2A).

TABLE 1
Acquired
Patient AML Inherited Acquired RUNX1 CSF3R
number subtype Karyotype mutation mutation mutation
1 AML M1 45 XY, -7; 46, XY 47, XY + 21; 46, XY ELANE (C151Y) R139G Q718X
2 AML M4 46, XY ELANE (G214R) R139Q Q720X

3 AML 47, XY, 21/46, XY
FAB NA

4 AMLM2 47, XX, #21

5 AML/B- 46, XY, add(21q)
ALL

6 AMLM2 47, XY, +21

7  AMLMI 46, XY - 7, +21
8 AMLMS5 45,XX, -7

9 AML 46, XY, (9, 11)
FAB NA
10 AML 45, XY, -7
FAB NA
11 MDS 46, XY

ELANE (G174R  DI17IN Q718X, Q726X

GPT1 K83Q Q720X
ELANE (A57V) RI174L neg
ELANE (A233P, DI7IN Q741X
V235TfX)

ELANE (C151S) RI135K Q731X
ELANE (L152P) RS0S Q726X
ELANE (N113K) R64P Q718X
WAS (L270P)  R80S Y729X

HAX1 (V44X) 122K neg
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TABLE 1-continued

Acquired
Patient AML Inherited Acquired RUNX1 CSF3R
number subtype Karyotype mutation mutation mutation
12 MDS 46, XX HAX1 (V44X) L1298, R64P Y729X
13 AML M1 46, XY ELANE K83Q Q718X
(IVS + 1G > T)
14 MDS-EV 46, XX, dup(21)(q22.1922.3) Neg S114P, Q726X
Y380G394delinsC
15 preB 48, XX, del(5)(q21q349), p21.p ELANE (G185R) A160T, S114X Q702X
ALL 22(16)/46, XX
16  AMLMI t(pl; g3) ELANE (C151Y) R139X Q731X
17 MDS-EB 46, XX, add(2)(q37), add(7)(q22) WAS Q370X Y729X
18 AML M2 47, XX + mar[8], 47, idem, del(10)(q32) ELANE (G214R) R174X, L294Qs6 Q739X
GFI1
19  AML MO 45, XX, -7; 46, XX WAS (S4781) Intron 4, c.415_427dup6 Q707L
Intron 4, ¢.421_427dup7
20  MDS/ 46, XY - 7, +21 ELANE (S 126L) RI135K Q726P
AML M1
21 MDS-EB 45, XY - 7, 46XY HAX1 (V44X) F13TrpfsX14, Q726P
R139ProfsX47
22 AML 46.XX ELANE R139X, V137D neg
FAB NA (AT9VEX9)
23 B-ALL/ 49, XXdel(5)(q13q33), +21, +21 + 22/47, ELANE (V101M) R139fs Q754X
AML XX - 7, +21, marl/46; XX
iPSC Model of Stepwise Leukemogenic Transformation in TABLE 2-continued
CN/AML
. . Number of
[0105] The inventors generated iPSCs from two CN/AML off-
patients harboring ELANE mutations, p.C151Y and targets
p-G214R (FIG. 1B). Using mononuclear cells (MNCs) iso- for 0-1-2-
lated from peripheral blood (PB MNCs) of CN patient 1 at 3-4 mis-
time of overt AML, the inventors generated an iPSC clone Out matches,
. . on- Speci- of total SE
carrying ELANE p.C151Y mutation only (CN1) and two n peci- o ora Q
sgnNA sgnNA target ficity frame number of iD

iPSC clones carrying ELANE mutation and acquired non-
sense CSF3R p.Q741X mutation in combination with mis-
sense RUNX1 p.R139G mutation and trisomy 21 (CN/
AML1.1 and 1.2) (FIGS. 3A and 3B). dPCR showed one RUNX1  CACTTACTTCE1 47 68 0-0-0-2- 4
copy of WT and two copies of mutated RUNXI1 in iPSCs Pp-R174 GRGGTTCTCG 33,35

and CD45" cells (FIG. 1C), in line with observations in off-targets
prlmary CN/AML blasts. USing CRISPR/Cas9 gene-editing CSF3R CTGGTGCCAGS0.7 66 64 0-0-2-26- 5
(Table 2), the inventors generated two iPSC lines, one P-Q741 ACTGGGATTG 229, 257
carrying the heterozygous CSF3R mutation off-targets
p-Arg734SerfsX35 (CN1+CSF3R R734fs) and another car-

name sequence score! score’ score® mismatches NO:

rying the compound heterozygous CSF3R mutations CSF3R GCTGGGTGGA33.2 77 71 0-0-1-14- ¢
p.GIn741AsnfsX59 and p.Ser742PhefsX29 (CN1+CSF3R ~ P-F73% ARCIGCTCTT 1‘; . t157 .
Q741fs) (FIG. 1B; FIGS. 3C and 3D). ort-hargers
CD109 GCGCGGCGGT62 86 65 0-0-0-9- 7
TABLE 2 p.14 GCACACGCAG 49,58

Number of off-targets

off-
targets HPGDS AGTGAGTTTG60.3 67 65 0-0-0-23- 8
for 0-1-2- p.2 TAGTTTGGCA 200, 223
3-4 mis- off-targets
out matches,
on- Speci- of total SEQ
sgnNA  sgnNA target ficity frame number of ID BAALC GGGTCCAGCT54.9 96 64 0-0-0-3- 2
name sequence score! score? score’® mismatches NO: p.19  CTCGTAGTAG 52,55

off-targets

BAALC GTCCAGCTCT70 99 67 0-0-0-0- 1
p.14 CGTAGTAGCG 13, 13 !score is from 0-100. Higher is better.
off-targets ’Score is from 0-100. Higher is better.
33core is from 0-100. Higher is better.
RUNX1 CATCTTGCCTé69 68 62 0-0-3-36- 3
p.20 GGGCTCAGCG 234, 273
off-targets [0106] Table 3 lists all sgRNA which are capable of

knocking out the BAALC gene.
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TABLE 3 TABLE 3-continued

Human Human

genome PAM SEQ genome PAM SEQ

refer- Start Guide RNA se- ID refer- Start Guide RNA se- ID

ence Chr position Strand sequence guence NO: ence Chr position Strand sequence quence NO:

GRCh38 Chrs 103140949 1 AGCCCCGCTATGE 39 GRCh38 Chrs 103141026 -1 CCGCTTCGGGGGE 61
CTACGAGAGC GCCGCTATCC

GRCh38 Chrs 103140989 -1 CGGCGCGTCCAGE 40 GRCh38 Chrs 103141060 1 GCGGCCTGCATGG 62
GAGTCGGTGT CTCGGGTAAG

GRCh38 Chrs 103140942 -1 GGGTCCAGCTCGR 2 GRCh38 Chrs 103141037 1 CCCGGACAGCCGG 63
CTCGTAGTAG GECCCCGARG

GRCh38 Chrs 103140940 -1 GTCCAGCTCTGGG 1 GRCh38 Chrs 103141041 1 GACAGCGGCCCGG 64
CGTAGTAGCG CCGAAGCGGG

GRCh38 Chrs 103140995 -1 GCTGGGCGGCCER 41 GRCh38 Chrs 103141022 -1 TTCGGGGCCGCEE 65
GCGTCCGAGT CTGTCCGEGRE

GRCh38 Chrs 103140932 -1 CTCGTAGTAGTGG 42 GRCh38 Chrs 103141012 -1 CTGTCCGGGGEEE 66
CGGEGCTCGA CGECEECECT

GRCh38 Chrs 103141039 -1 GAGTGCAGGCGGS 43 GRCh38 Chrs 103140977 -1 GTCGCTGTAGTGE 67
CECCCECTTC GTGAGCCAGE

GRCh38 Chrs 103140992 1 CTGGCTCACCCGE 44 GRCh38 Chrs 103141013 -1 GCTGTCCGGGTGE 68
TACACCGACT GCGECEGCEC

GRCh38 Chrs 103141053 -1 CCGGCCACTTAGE 45 GRCh38 Chrs 103140963 -1 GCCAGGTGGACGE 69
ACCCGAGTGC TTCTGTCTCC

GRCh38 Chrs 103141040 -1 CGAGTGCAGGCGE 46 GRCh38 Chrs 103140962 -1 CCAGGTGGATGGG 70
CCECCCGCTT TCTGTCTCCC

GRCh38 Chrs 103140955 1 GCTACTACGACGG 47 GRCh38 Chrs 103141019 1 GCCGCCCAGCCGa 71
GAGCTGGACC fcleleclelslclelels:

GRCh38 Chrs 103140941 -1 GGTCCAGCTCGGS 48 GRCh38 Chrs 103140914 1 CGATGGGCTGCGRG 72
TCGTAGTAGC GECGGGAGCC

GRCh38 Chrs 103140921 -1 GGGGCTCGATCGR 49 GRCh38 Chrs 103140907 1 GCAGGAGGATGGG 73
GGCATCCGCC GEGCTGCGEC

GRCh38 Chrs 103141038 -1 AGTGCAGGCCGGS 50 GRCh38 Chrs 103141009 -1 TCCGGGGCGGCEE 74
GCCCGCTTCE CGECECTARG

GRCh38 Chrs 103141052 1 CGAAGCGGGCCGE 51 GRCh38 Chrs 103141019 -1 GGGGCCGCTGCEE 75
GGCCTGCACT TCCGGEGECaa

GRCh38 Chrs 103141026 1 AGCGCCGCCGCGE 52 GRCh38 Chrs 103140906 1 CGCAGGAGGACGG 76
CCCCGGACAG TGGECTGCEG

GRCh38 Chrs 103140956 1 CTACTACGAGGGG 53 GRCh38 Chrs 103140913 1 GCGATGGGCTGCGG 77
AGCTGGACCC CGECGECAGT

GRCh38 Chrs 103140980 -1 CGAGTCGGTGAGG 54 GRCh38 Chrs 103140917 1 GGGCTECGECCaa 78
TAGGTGAGCC GGGAGCCGEE

GRCh38 Chrs 103141025 -1  CGCTTCGGGGGES 55
CCGCTGTCCG . . .

[0107] iPSC clones of CN patient 2 carrying ELANE

GRCh38 Chrg8 103141053 1 GAAGCGGGCGRES 56 pG214R mutation only (CN2) or ELANE mutation and
GCCTGCACTC acquired CSF3R p.Q743X mutation (CN2+CSF3R

CRCh3E  Chrs 103141027 L CeCEOTTORECGE o Q743X*"") were generated from BM MNCs isolated at AML

r - .
GOCCGOTATE stage (FIG. 1B; FIG. 3A). Heterozygous frame-shift
RUNX1 p.Glul75SerfsX7 mutation was introduced in

GRCh38 Chrs 103141038 1 CCGGACAGCGGEE 58 CN2+CSF3R Q743X*~ iPSC clone using CRISPR/Cas9
GCCCCGRAGC (CN/AML2) (FIG. 1B; FIG. 3E).

GRCh38 Chrg 103140973 1 CCCGGGAGACTGG 59 [0108] The inventors observed no off-target effects in the
AGRATCCACC CRISPR/Cas9 gene-edited iPSCs (Table 4). Array-CGH

GRCh38  Chrs 103141064 1 COTGCACTCGCGE 6o conﬁrme?d no chrpmosomal abnormahtle.s in CN1 iPSC
CATAAGTGGC clone, trisomy 21 in CN/AML1.1 and 1.2 iPSC clones, and

the additional gain of a part of chromosome 12 in
CN/AMLI1.1 iPSC clone (FIG. 3B). The chromosome 12
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gain is a frequent finding during iPSC maintenance, reflect-
ing high proliferation of these cells. No chromosomal abnor-
malities were detected in iPSC clones derived from CN
patient 2 (FIG. 3B).

TABLE 4
Posi- Of f-
Off- tions tar-
iPscC target of the get
lines sites mis- site
tested selected Off- matches se-
for for target on the quenc-
off- inspectionsite off- ing SEQ
sgRNA tar- by Sanger se- target re- iD
name gets sequencingquence site sults NO:
BAALC CN1 4inter- CTCCAG *...... nega- 9
p.l4 BAALC genic: CCCTCA . *...** tive
Ko, RP11- CAGTAG . ......
CN2 672A2.1- CGAGG
BAALC RP11-
Ko, 2IL23.4
CN/ 4: GGCCAG .*..... nega- 10
AML1.2 inter- CTCTAG ...*..* tive
BAALC genic: TGGCAG .*. ...
Ko, RNABSP358-CGCGG
CN/ RNA5SP359
AML2 4:intron: TTCCTG *...*.. nega- 11
BAALC ERC2 CTCTCT ....*.. tive
KO TAGTAG ... .. *
c1, CTAGG
CN/
AML2
BAALC
KO
c2
BAALCHD BAAL intron: GGGTCC nega- 12
p.19 KO EPASL AGCTAT . . .. tive
CTTACT *..*. ..
AGTGG
inter- GTTTCC .**.... nega- 13
genic: AGCTCT . .... *. tive
SERPINA7- AGTAGT ......
RP11- AGTAG
506L11.1
intron: GGGTCC . ...... nega- 14
HECW2 AGCTCT ...... * tive
CCTTGG . *.* ..
AGAGG
RUNXI CN/ 2:inter- CATCCT ....*.. nega- 15
p.20 AML1.2 genic: GCCTGG . ...... tive
RUNXI/ AFF2- GCTCAG ..... *
KO IT1-AFF2 CTGGG
3:inter- CATTTT ...*... nega- 16
genic: GCCAAG . .**. .. tive
RP11- GCTCAG ......
28211.2- CGTGG
GPR26
3:intron: GATCTT *...... nega- 17
SORCS2 GTCTGG *...... tive
GCTCAG ..... *
CTGGG
RUNXI CN/ 4:exon: TATTTA **. . ... nega- 18
p.R174 AML2 RP11- CTCTGA **. . ... tive
244N9 .4 GGTTCT .....
CGCGG
4:exon: CACTTA ....... nega- 19
MAP4K4 CTATGT .**.**. tive
AGTTCT ......
CGTGG
4:exon: TACTTA *...... nega- 20
RUNX2 CTTCTG ...**.. tive
GGTTCC ...*
CGAGG
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TABLE 4-continued

Posi- Off-
Off- tions tar-
ipsc target of the get
lines sites mis- site
tested selected Off- matches se-

for for target on the quenc-
off- inspectionsite off- ing SEQ
sSgRNA tar- by Sanger se- target re- iD
name gets sequencingquence site sults NO:
CSF3R CN1 + 2:intron: CAGTTG .*.*... nega- 21
p.Q741 CSF3R C8B CCAGAC ....... tive
Q741fs TGGGAT ......
TGAGG
3:intron: CTGGCG ...... * nega- 22
LOXHD1 CCTGAC .*....* tive
TAGGAT ......
TGAGG
3:intron: CAGGTG .*.... nega- 23
GRHL2 AAAGAC ** . . ... tive
TGGGAT .......
TGAAG
CSFR CN1- 3:intron: GCTGGG ....... nega- 24
p.R734 CSF3R ILI15 TGTAAG .*..... tive
R7341fs CTGCCC .. .**,
TTAGG
2:intron: GATGGC .*...*. nega- 25
PDE4D TGGAARA ....... tive
CTGCTC .. .*.
CTGGG
3:exon: GATGGC ....** nega- 26
MRGPRF TGGAARA ....... tive
CTGCTC ..... .
CTGGG
CD109 CN/ 3:exon: CTGCGG ** .. .. nega- 27
p.14 AML1.2 CRIM1 GGTTGC *.*. ... tive
CD109 ACACGC .......
KO AGCGG
4:inter- AGGAGG **.... nega- 28
genic: CAGTGC ** .. ... tive
NKX2-5- ACACGC .......
Y_RNA AGAGG
3:inter- GCGGGG ...*... nega- 29
genic: GGGGCA ..*. ... tive
EFNA2- CACACA ..*. ..
RPS15P9 GGGG
HPGDS CN/ 4:intron: AGTAAG ..... ** nega- 30
p.2 AML1.2 BLMH CCTGTA *. .. ... tive
HPGDS GTTAGG .*....
KO CATGG
3:intron: AGTGAG ....... nega- 31
SERPINI1 TATTTA *.*.... tive
GTTTGG .. ... *
CTGGG
3:intron: TGTGTG *...*.. nega- 32
NUMBL TTTGTG ...*... tive
GTTTGG .. ..
CAGGG
[0109] All iPSC lines expressed pluripotent stem cell

markers (FIGS. 4A-4C), displayed alkaline phosphatase
activity (FIGS. 4D and 4E), differentiated into three germ
layers (data not shown) and had inactivated lentiviral plas-
mid used for reprogramming (FIGS. 4A and 4B).

Impaired Differentiation and Elevated Proliferation of
CN/AML iPSC-Derived HSPCs

[0110] The inventors performed in vitro embryoid body
(EB)-based hematopoietic and myeloid differentiation in
generated iPSC lines (FIG. 5A). The proportions of imma-
ture cells showed only slight differences between CN1 and
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CN/AMLL1 iPSC lines (FIG. 6A; FIG. 5B). For CN/AML2,
the percentages of CD45*CD34* and CD34*CD43* cells,
but not of CD41a*CD235a*CD45~ cells, were increased as
compared to CN2 (FIG. 6B; FIG. 5C).

[0111] To assess proliferation, HSPCs were collected at
day 14 of EB differentiation and cultured on FLT3-L-
secreting feeder cells. The inventors observed a substantial
increase in proliferation of CN/AML iPSC-derived HSPCs
from both patients as compared to CN or healthy donor (HD)
HSPCs (FIGS. 6C and 6D). Proliferation of HSPCs express-
ing mutated CSF3R was significantly higher than in CN
cells, but much lower than in CN/AML cells (FIGS. 6C and
6D). Granulocytic differentiation was markedly reduced in
CN- and CN-CSF3R iPSCs compared with HD iPSCs, and
practically abolished in CN/AML iPSCs (FIGS. 6E and 6F).
Morphological analysis of cytospin preparations revealed
almost no mature granulocytes in CN/AML samples (FIGS.
6G and 6H). CD34™* cells derived from CN iPSCs produced
fewer numbers of CFU-Gs and CFU-GMs colonies as
compared to HD iPSCs. These numbers were further
decreased in CSF3R-mutated CN iPSCs and CN/AML
iPSCs (FIGS. 61 and 61J).

AML-Associated Gene Expression Signature in CN/AML
iPSC-Derived HSPCs

[0112] The inventors next examined whether top genes
that they found to be upregulated in primary CN/AML blasts
(BAALC (brain and acute leukemia, cytoplasmic), HPGDS
(hematopoietic prostaglandin D synthase), CD34 and
CD109 (own unpublished observations of transcriptome
studies) might be also elevated in CN/AML iPSCs-derived
HSPCs. The inventors confirmed increased mRNA levels of
BAALC, HPGDS, CD34 and CD109 in primary blasts of
five CN/AML patients carrying RUNX1 and CSF3R muta-
tions compared with CD34"CD33* BM cells isolated from
three CN patients prior to leukemia development (FIG. 7A).
BAALC, CD34, HPGDS and CD109 expression was also
increased in CD34* cells derived from CN/AML1.1 and 1.2
iPSC lines compared with CN1 iPSCs, and BAALC mRNA
was higher in CN/AML2 HSPCs as compared to CN2 cells
(FIGS. 7B and 7C). BAALC protein was elevated in
CN/AML HSPCs of both patients (FIG. 7D).

[0113] The inventors further tested whether elevated
BAALC level is caused by mutated RUNX1. Indeed, intro-
duction of mutated RUNX1 (p.R139G or p.R174L) in
healthy individuals CD34™" cells led to markedly increased
BAALC mRNA, as compared to WT RUNXI1 transduced
cells (FIG. 7E).

[0114] The inventors have reported elevated levels of
STATSa in primary CN/AML blasts. Here, upregulated
STATS5a mRNA and protein were detected in CN/AML
iPSC-derived HSPCs (FIGS. 7F-71). Interestingly, RUNX1
mRNA and protein expression was markedly increased in
CN/AMLI cells with missense RUNX1 and trisomy 21,
whereas in CN/AML2, with truncated RUNXI, only
RUNX1 mRNA was elevated. G-CSFR protein expression
was enhanced in CN/AML1, but not in CN/AML2 (FIGS.
7F-70).

Leukemogenic Effects of Elevated BAALC in CN

[0115] To determine which of the candidate genes,
BAALC, HPGDS, CD109 or RUNX1, is responsible for the
leukemogenic transformation in CN, the inventors generated
knockout CN/AML1 iPSCs for each of these genes (FIG.
8A). The inventors created sgRNAs targeting the first coding
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exons of each gene, cloned them into a pSpCas9(BB)-2A-
GFP (PX458) construct (Table 2), and generated single-cell
derived CN/AML1 iPSC clones with homozygous (RUNX1,
BAALC), or compound heterozygous (CD109, HPDGS)
mutations (FIGS. 9A-9F). Pluripotency of selected iPSC
clones was unaffected (data not shown), and there was no
evidence of CRISPR-Cas9 off-target activity (Table 3).
[0116] BAALC, but not CD109, RUNX1 or HPGDS
knockout resulted in a dramatic induction of granulocytic
differentiation and a significant reduction in proliferation of
CN/AMLI1 iPSC-derived HSPCs (FIGS. 8B-8E; FIG. 9G).
Similarly, the inventors observed a striking increase in
granulocytic differentiation along with a marked reduction
in proliferation in CN/AML2 iPSC-derived HSPCs after
BAALC KO (FIGS. 8F-8I; FIG. 9H). In contrast, BAALC
KO did not affect granulocytic differentiation in HD iPSCs,
but induced granulopoiesis in CN iPSCs (FIG. 8], FIGS.
91-9K).

[0117] The inventors also assessed the inhibitory effect of
BAALC KO on proliferation of primary blasts from three
CN/AML patients. BAALC KO (CRISPR/Cas9 KO effi-
ciency was around 80%) led to a marked reduction of cell
proliferation measured on day 14 of culture as compared to
mock electroporated cells (FIG. 8K).

Leukemia-Specific Gene Expression Signature in CN/AML
iPSCs-Derived HSPCs

[0118] The inventors compared the transcriptome of CN
and CN/AML iPSCs-derived HSPCs from both patients.
Differential gene expression analyses using DESeq2R pack-
age identified 132 up- and 570 down-regulated genes, as
well as 570 up- and 1422 down-regulated genes between
CN/AML and CN stages for patient 1 and patient 2, respec-
tively (log 2FC>1 or <-1, adj. P-value<0.05; FIGS. 10A and
10B; FIGS. 11A and 11B; Tables 4 and 5). Gene set
enrichment analysis (GSEA) revealed E2F targets, MYC
targets and oxidative phosphorylation pathway as top sig-
nificant altered pathways in CN/AML1, whereas platelet-
specific genes were enriched in CN1 (FIG. 10C). G2M
checkpoint signaling, E2F targets and TGF signaling were
significantly deregulated in CN/AMIL.2, whereas the struc-
tural integrity of the ribosomes was affected in CN2 (FIG.
10D).

[0119] To predict transcription factors that control differ-
entially expressed genes, the inventors performed
eXpression2Kinases analysis. The inventors detected

RUNX1 binding motifs, GATA1, GATA2 motifs, as well as
AML -associated SUZ12 and EZH2 motifs (FIG. 10E) to be
significantly enriched in CN/AML cells. TRIM28 and TP53
motifs were specifically enriched in CN/AML1, whereas
CEBPB, NANOG, KLF4 in CN/AML2 (FIG. 10E).
[0120] Using kinase enrichment analysis (KEA), the
inventors predicted kinases that phosphorylate proteins
regulated by the subnetwork of prioritized transcription
factors. A majority of enriched kinases, including HIPK?2,
MAPK1/3/14, CSNK2A1, ERK1 and AKTI1, were shared
between both patients at the selected threshold (P-value<10~
s) (FIG. 10F). Unique enriched kinases (e.g., CDK1, JNK1,
ERK2) were detected in CN/AML2 only (FIG. 10F).
[0121] To determine the effects of SUZ12 and EZH2
differential binding in CN/AML, th einventors measured
total levels of H3K27me3 in CN and CN/AML iPSC-
derived CD34™" cells. SUZ12 and EZH2 belong to a core
subunit of the (polycomb repressive complex 2) PRC2
complex responsible for H3K27 methylation. The inventors
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detected reduced H3K27me3 levels in CN/AML cells com-
pared to CN cells (FIG. 11C), suggesting a modulatory effect
of RUNX1 mutations on the H3K27me3 status in CN/AML.

BAALC-Dependent Leukemogenic Pathways in CN/AML

[0122] To identify BAALC-dependent leukemia-associ-
ated gene expression, the inventors compared the transcrip-
tomes of CN/AML iPSCs before and after BAALC KO. The
inventors identified 165 up- and 254 down-regulated genes
between CN/AML1 and CN/AML1 BAALC KO, as well as
185 up- and 381 down-regulated genes between CN/AMIL.2
and CN/AML2 BAALC KO (log 2FC>1 or <-1, adj.
P-value<0.05) (FIGS. 12A and 12B; FIGS. 11D and 11E;
Tables 6 and 7). BAALC KO led to a dramatic shift in the
gene expression signature (FIG. 12C,D). GSEA revealed
enrichment of oxidative phosphorylation, tricarboxylic acid
cycle (TCA), p53 signaling and inhibition of platelet-spe-
cific genes in CN/AML1 sample as compared to BAALC
KO (FIG. 12E). E2F targets, G2M checkpoint-associated
genes, TGF signaling and MYC targets were enriched in
CN/AML2 cells (FIG. 12F).

[0123] Transcription factor enrichment analysis (TFEA)
of differentially expressed genes revealed RUNX1, GATA1/
2, SUZ12 transcription factor binding motifs to be BAALC
dependent in both patients. AR, TCF3, RAD21, NANOG
motifs were deregulated in CN/AML1 only. EGR1, STAT3
and ZC3H11A motifs were CN/AML2 specific (FIG. 12G).
[0124] CSNK2A1, CDKI, GSK3B, HIPK2, MAPK14/
p38a were among the top BAALC-dependent kinases in
both patients (FIG. 12H). CN/AML2, but not CN/AML1,
showed patient-specific kinases enrichment (FIG. 12H).
[0125] Key transcription factor motifs such as RUNX1,
GATA1/2, SUZ12, SMAD4 as well as 7 out of 12 kinases
(e.g. MAPK14, MAPK1, ERK1, AKT1) were enriched in
CN/AML compared to either CN or CN/AML BAALC KO
stages in both patients (FIGS. 121 and 12J). These data
indicate that BAALC KO at least partially restores CN
phenotype in CN/AML cells irrespective of the RUNX1
mutation type.

The Anti-Proliferative Effect of a Selective Inhibition of
MAPK14/p38a-Mediated MK2a Phosphorylation in
CN/AML

[0126] Using Connectivity Map (CMAP) analysis of dif-
ferentially expressed genes between CN/AML and
CN/AML BAALC KO HSPCs, we evaluated drug candi-
dates inducing a gene expression profile similar to the
BAALC KO. A selective inhibitor of p38a-mediated MK2a
phosphorylation, CMPD1, was the first hit (FIG. 13A). This
result is in line with the kinase enrichment analysis—
MAPK14/p38a. was among the top BAALC-dependent
kinases in CN/AML (FIGS. 10F and 12H).

[0127] The inventors assessed MK2a and p38c phospho-
rylation levels in CN and CN/AML iPSC-derived HSPCs as
well as in CN/AML cells treated with CMPD1 and CN/AML
BAALC KO cells. The detected elevated phospho-MK?2a,
but not phospho-p38c. levels in CN/AML cells as compared
to CN (FIG. 14A). At the same time, CMPD1 treatment or
BAALC KO resulted in a reduction of MK2a but not p38a.
phosphorylation in CN/AML (FIG. 14A). Basal levels of
non-phosphorylated MK2a and p38a proteins remained
unchanged in all groups (FIG. 13B). These data confirm
BAAILC-dependent phosphorylation of MK2a in CN/AML.
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[0128] The inventors next tested the effects of CMPDI1-
dependent reduction of MK2a phosphorylation on the
growth of CN/AML cells. The inventors treated BAALC"&"
AML cell line Kasumi-1 with CMPD1 and found markedly
reduced cell proliferation as compared to DMSO control
(FIG. 13C). Importantly, CMPD1 treatment of CN/AML
iPSC-derived HSPCs from both patients significantly
reduced cell growth without affecting the proliferation of
HD and CN iPSC-derived HSPCs (FIG. 14B), as compared
to DMSO groups. Moreover, treatment of primary blasts
from three BAALC"8" CN/AML patients with CMPD1 led
to a dramatic suppression of proliferation, without affecting
HD cells (FIGS. 14C and 14D). A less prominent effect of
CMPD1 was observed in de novo BAALC"* AML samples
(FIG. 14E). BAALC KO partially protected CN/AML cells
from CMPDl-induced death (FIG. 14G). Additionally,
BAALC mRNA levels were slightly but significantly
reduced after CMPD1 treatment (FIG. 14H), suggesting a
feedback regulation of BAALC expression by MK2a.
[0129] It has been reported that MEK1/2 inhibitor U0126,
in combination with KL.F4 activation, reduces the growth of
BAAILC-expressing de novo AML cells. The inventors thus
compared the effects of two MEK inhibitors, U0126 and
AZD-6244, on the proliferation of CN/AML and BAAL-
C"&" de novo AML cells. U0126 treatment had no effects on
cell proliferation (FIG. 13D), whereas AZD-6244 had a
moderate effect (FIGS. 13E-13G). No effect of AZD-6244
was observed in Kasumi cells (FIG. 13C). KLF-4 activator,
APTO-253, in combination with 1 pM of AZD-6244 was
either not effective in a dose of 10 nM of APTO-253, or was
toxic at the 100 nM and 1000 nM concentrations (data not
shown).

In Vivo Analysis of the Effects of MK2 Inhibition on the
Proliferation and Survival of Primary CN/AML Patients
Blasts Xeno-Transplanted into Zebrafish Embryos

[0130] The have performed an in vivo analysis of the
effects of MK2 inhibition on the proliferation and survival of
primary CN/AML patients blasts xeno-transplanted into
zebrafish embryos 2 dpf (days post-fertilisation). Trans-
planted fish embryos were treated with the MK2 inhibitor,
CMPD1 or DMSO as a vehicle control. As shown in FIG. 15
the inventors detected a significant decrease in the numbers
of DM-Dil labeled AML blasts in CMPD1-treated group, as
compared to DMSO treated group.

4. Discussion

[0131] The inventors present here an in vitro model of
stepwise leukemia development in pre-leukemia bone mar-
row failure syndromes, exemplified by CN. Using CRISPR/
Cas9 gene-editing, the inventors introduced gene alterations
associated with pre-leukemia and leukemia conditions in
iPSC lines of CN patients. By generating iPSCs recapitu-
lating non-leukemic and leukemia conditions, the inventors
were able to evaluate hematopoietic differentiation and
intracellular signaling differences between these two condi-
tions. The inventors observed almost completely abrogated
myeloid differentiation and elevated proliferation of
CN/AML iPSCs compared with control or CN iPSCs. The
elevated levels of AML-associated genes (e.g., BAALC,
STATS) in HSPCs derived from CN/AML iPSCs along with
their increased proliferation and diminished differentiation
argues for their leukemic features. Therefore, the in vitro
model recapitulates step-wise leukemia development in CN.
Given the absence of animal models of ELANE-CN, in vitro
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modeling of CN and leukemia using CRISPR/Cas9 gene-
editing of patient-derived iPSCs is of high importance. The
in vitro data were confirmed by the inventors in an in vivo
model using zebra fish embryos.

[0132] Different RUNX1 mutations types, missense, non-
sense, frame-shift, were detected in CN/AML. CRISPR/
Cas9 gene-editing allows a comparison of the effects of
different mutations in endogenously expressed proteins. The
inventors provided evidence for dose-dependent outcomes
of missense mutations versus RUNX1 haploinsufficiency:
missense RUNX1 mutations, but not nonsense or frame-
shift mutation in RHD, require trisomy 21 to amplify the
leukemogenic effect of the mutated RUNX1. The inventors
generated iPSC lines carrying ELANE, CSF3R and, addi-
tionally, mutations and chromosomal abnormalities mimick-
ing CN/AML phenotype: (1) missense RUNX1 mutation
and trisomy 21 with two copies of mutated RUNXI1, or (2)
RUNXI1 haploinsufficiency without trisomy 21. In both
conditions, myeloid differentiation was severely abrogated,
and proliferation was elevated. The inventors identified
signaling pathways deregulated by both missense and frame-
shift RUNX1 mutations in CN/AML cells or affected explic-
itly by each mutation. The vast majority of crucial signaling
leukemia-causing pathways, such as the activation of the
E2F pathway, an enrichment of RUNX1, GATA1/2, SUZ12,
EZH2 targets, and targets of MAPK1/3/14, HIPK2, AKT1,
ERKI1 kinases were overlapped in CD34" CN/AML cells
with missense or frameshift RUNX1 mutations. Interest-
ingly, some transcription factors and signaling pathways
were regulated on the RUNX1 mutation type-specific man-
ner: missense p.R139G RUNX1 regulated MYC targets and
oxidative phosphorylation, while truncated RUNX1 affected
the constituents of ribosomes, G2M checkpoint genes, and
TGF[Osignaling. These data provide a better understanding
of the mechanistic outcomes of different types of RUNX1
mutations in leukemogenesis. Particularly interesting is the
fact of the differential activity of SUZ12 and EZH2 in
CN/AML vs CN. SUZ12 and EZH2 are core PRC2 subunits,
suggesting possible changes of H3K27me3 distribution in
RUNX1-mutant cells. There is an enrichment of EZH2
mutations in RUNX1-mutant AML and H3K27 mutations
cooperate with RUNX1 mutations in AML. In line with this,
the inventors detected reduced H3K27me3 levels in
CN/AML samples compared to CN samples. It would be
interesting to further investigate a specific H3K27me3 dis-
tribution in CN/AML cells.

[0133] The inventors identified elevated BAALC levels in
CN/AML blasts, and CRISPR/Cas9-mediated BAALC
knockout inhibited proliferation, simultaneously inducing
myeloid differentiation of CN/AML cells. BAALC is
upregulated in RUNXI1-mutated de novo AML and the
inventors found that mutated RUNX1 induced BAALC
expression in HD HSPCs. High BAALC expression is
associated with aggressive AML and poor prognosis. To
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study the mechanism of leukemogenesis downstream of
BAALC activation, the inventors performed RNA sequenc-
ing of CD34* cells derived from CN/AML and CN/AML
BAALC KO cells. BAALC KO led to a marked shift in gene
expression in CN/AML cells independent of the RUNX1
mutation type. The inventors detected oxidative phosphory-
lation, MYC-, TGFp-, E2F- and G2M checkpoint-control-
ling pathways to be BAALC-dependent in CN/AML. More-
over, RUNX1, SUZ12, SOX2, GATA1/2, SMAD4, and
SALLA4 transcription factors as well as MAPK14, GSK3B,
CSNK2A1, CDK1/2 kinases pathways were found to be
downstream of BAALC in both CN/AML patients. These
findings clearly demonstrate the fundamental role of
BAALC in leukemia development downstream of missense
and truncated RUNX1 mutations.

[0134] Searching for the translational applications of our
findings, the inventors identified the selective MK2a inhibi-
tor, CMPD1, as the best drug candidate mimicking BAALC
KO expression signature, when comparing CN/AML with
CN/AML BAALC KO using CMAP. CMPD1 treatment
effectively reduced proliferation of iPSC-derived and pri-
mary CN/AML blasts without affecting HD and CN HSPCs.
This result was in line with inhibition of MK2a but not p38c.
phosphorylation by CMPDI1 treatment or BAALC KO.
These data argue for a BAALC-dependent activation of
MK2a phosphorylation in CN/AML. Thus, CMPDI, or
alternative MK2a inhibitors, might be implemented in the
treatment of CN/AML and BAALC"#" de novo AML.
CN/AML and BAALC"#" de novo AML patients have
aggressive leukemia with poor prognosis, and our findings
represent a first step toward the establishment of advanced
therapies for these leukemias. Of note, CMPD1 treatment
was partially effective in CN/AML BAALC KO cells. Atthe
same time, BAALC expression was reduced upon CMPD1
treatment, suggesting a feedback regulation of BAALC
expression by MK2a pathway.

[0135] In summary, iPSC-based in vitro model is reliable
for investigating stepwise leukemogenesis in pre-leukemia
bone marrow failure syndromes. Implementation of this
model led to the characterization of high BAALC expression
and elevated MK2a phosphorylation, as ultimate leukemia-
causing events in CN/AML, and the identification of
CMPDI1 as a potential therapeutic drug for CN/AML and
BAALC"#" de novo AML patients. Inhibition of BAALC or
treatment with MK2a inhibitors might prevent leukemia
development in CN/AML and eliminate RUNX1-mutated
BAALC"#" de novo AML blasts (FIG. 141). The findings of
the inventors were confirmed in an in vivo model (FIG. 15).

5. Conclusion

[0136] The inventors provide a new compound and
method for the prophylaxis and/or treatment of leukemia
and/or the development of leukemia, in particular AML.

SEQUENCE LISTING

Sequence total quantity: 78
SEQ ID NO: 1 moltype = DNA length = 20
FEATURE Location/Qualifiers

misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
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-continued

organism = synthetic construct
SEQUENCE: 1

gtccagctet cgtagtagcg 20
SEQ ID NO: 2 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 2

gggtccaget ctecgtagtag 20
SEQ ID NO: 3 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 3

catcttgect gggctcageg 20
SEQ ID NO: 4 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 4

cacttacttc gaggttctceg 20
SEQ ID NO: 5 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 5

ctggtgccag actgggattg 20
SEQ ID NO: 6 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 6

gctgggtgga aactgctctt 20
SEQ ID NO: 7 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 7

gcgeggeggt gcacacgcag 20
SEQ ID NO: 8 moltype = DNA length = 20

FEATURE Location/Qualifiers

misc_feature 1..20

note = None
source 1..20
mol_type = other DNA
organism = synthetic construct
SEQUENCE: 8
agtgagtttg tagtttggca 20

SEQ ID NO: 9 moltype = DNA length = 23
FEATURE Location/Qualifiers
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-continued
misc_feature 1..23
note = None
source 1..23

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 9
cteccagecct cacagtagceg agg

SEQ ID NO: 10 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc_feature 1..23

note = None
source 1..23

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 10
ggccagetet agtggcageg cgg

SEQ ID NO: 11 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc_feature 1..23

note = None
source 1..23

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 11
ttectgetet cttagtaget agg

SEQ ID NO: 12 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc_feature 1..23

note = None
source 1..23

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 12
gggtccaget atcttactag tgg

SEQ ID NO: 13 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc_feature 1..23

note = None
source 1..23

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 13
gtttccaget ctagtagtag tag

SEQ ID NO: 14 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc_feature 1..23

note = None
source 1..23

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 14
gggtccaget ctecttggag agg

SEQ ID NO: 15 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc_feature 1..23

note = None
source 1..23

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 15
catcctgect gggcetcaget ggg

SEQ ID NO: 16 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc_feature 1..23

note = None
source 1..23

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 16

23

23

23

23

23

23

23
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cattttgcca aggctcageg tgg

SEQ ID NO: 17
FEATURE
misc_feature

source

SEQUENCE: 17

moltype = DNA length = 23
Location/Qualifiers

1..23
note = None
1..23

mol_type = other DNA
organism = synthetic construct

gatcttgtet gggctcaget ggg

SEQ ID NO: 18
FEATURE
misc_feature

source

SEQUENCE: 18

moltype = DNA length = 23
Location/Qualifiers

1..23
note = None
1..23

mol_type = other DNA
organism = synthetic construct

tatttactct gaggttcteg cgg

SEQ ID NO: 19
FEATURE
misc_feature

source

SEQUENCE: 19

moltype = DNA length = 23
Location/Qualifiers

1..23
note = None
1..23

mol_type = other DNA
organism = synthetic construct

cacttactat gtagttcteg tgg

SEQ ID NO: 20
FEATURE
misc_feature

source

SEQUENCE: 20

moltype = DNA length = 23
Location/Qualifiers

1..23
note = None
1..23

mol_type = other DNA
organism = synthetic construct

tacttactte tgggttcceg agg

SEQ ID NO: 21
FEATURE
misc_feature

source

SEQUENCE: 21

moltype = DNA length = 23
Location/Qualifiers

1..23
note = None
1..23

mol_type = other DNA
organism = synthetic construct

cagttgccag actgggattg agg

SEQ ID NO: 22
FEATURE
misc_feature

source

SEQUENCE: 22

moltype = DNA length = 23
Location/Qualifiers

1..23
note = None
1..23

mol_type = other DNA
organism = synthetic construct

ctggegectyg actaggattg agg

SEQ ID NO: 23
FEATURE
misc_feature

source

SEQUENCE: 23

moltype = DNA length = 23
Location/Qualifiers

1..23
note = None
1..23

mol_type = other DNA
organism = synthetic construct

caggtgaaag actgggattg aag

SEQ ID NO: 24
FEATURE
misc_feature

moltype = DNA length = 23
Location/Qualifiers

1..23

note = None

23

23

23

23

23

23

23

23
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-continued

source 1..23

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 24

gctgggtgta agctgcectt agg 23
SEQ ID NO: 25 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc_feature 1..23
note = None
source 1..23

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 25

gctgggagga aactgctcat gga 23
SEQ ID NO: 26 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc_feature 1..23
note = None
source 1..23

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 26

gatggctgga aactgctcct ggg 23
SEQ ID NO: 27 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc_feature 1..23
note = None
source 1..23

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 27

ctgcggggtt gcacacgcag cgg 23
SEQ ID NO: 28 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc_feature 1..23
note = None
source 1..23

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 28

aggaggcagt gcacacgcag agg 23
SEQ ID NO: 29 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc_feature 1..23
note = None
source 1..23

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 29

gceggggeggyg gcacacacag ggg 23
SEQ ID NO: 30 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc_feature 1..23
note = None
source 1..23

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 30

agtaagcctg tagttaggca tgg 23
SEQ ID NO: 31 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc_feature 1..23
note = None
source 1..23

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 31
agtgagtatt tagtttggct ggg 23
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SEQ ID NO: 32 moltype = DNA length = 23

FEATURE Location/Qualifiers
misc_feature 1..23

note = None
source 1..23

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 32

tgtgtgtttg tggtttggca ggy 23
SEQ ID NO: 33 moltype = DNA length = 25
FEATURE Location/Qualifiers
misc_feature 1..25
note = None
source 1..25
mol_type = other DNA
organism = synthetic construct
SEQUENCE: 33
acatccctga tgtctgcatt tgtcce 25
SEQ ID NO: 34 moltype = DNA length = 25
FEATURE Location/Qualifiers
misc_feature 1..25
note = None
source 1..25
mol_type = other DNA
organism = synthetic construct
SEQUENCE: 34
tgtgggtttg ttgccatgaa acgtg 25
SEQ ID NO: 35 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20
mol_type = other DNA
organism = synthetic construct
SEQUENCE: 35
cgccctgage cttggtgacyg 20
SEQ ID NO: 36 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20
mol_type = other DNA
organism = synthetic construct
SEQUENCE: 36
agccacggtg cctgttgetg 20
SEQ ID NO: 37 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20
mol_type = other DNA
organism = synthetic construct
SEQUENCE: 37
atggcatgtg tcaggcatgt 20
SEQ ID NO: 38 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20
mol_type = other DNA
organism = synthetic construct
SEQUENCE: 38
agtcacagcg gagatagtgce 20

SEQ ID NO: 39 moltype = DNA length = 20

FEATURE Location/Qualifiers
misc_feature 1..20

note = None
source 1..20

mol_type = other DNA
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organism = synthetic construct
SEQUENCE: 39

agccccegeta ctacgagagce 20
SEQ ID NO: 40 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 40

cggcgegtec gagteggtgt 20
SEQ ID NO: 41 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 41

gctgggcegge gcegtcecgagt 20
SEQ ID NO: 42 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 42

ctcgtagtag cggggctcga 20
SEQ ID NO: 43 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 43

gagtgcaggc cgcccgcette 20
SEQ ID NO: 44 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 44

ctggctcacce tacaccgact 20
SEQ ID NO: 45 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 45

ccggecactt acccgagtge 20
SEQ ID NO: 46 moltype = DNA length = 20

FEATURE Location/Qualifiers

misc_feature 1..20

note = None
source 1..20
mol_type = other DNA
organism = synthetic construct
SEQUENCE: 46
cgagtgcagg ccgceccgett 20

SEQ ID NO: 47 moltype = DNA length = 20
FEATURE Location/Qualifiers
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misc_feature

source

SEQUENCE: 47
gctactacga gagctggace

SEQ ID NO: 48
FEATURE

misc_feature

source

SEQUENCE: 48
ggtccagete tcegtagtage

SEQ ID NO: 49
FEATURE

misc_feature

source

SEQUENCE: 49
ggggctcegat ggcatccgece
SEQ ID NO: 50

FEATURE

misc_feature

source

SEQUENCE: 50
agtgcaggee geccgetteg

SEQ ID NO: 51
FEATURE

misc_feature

source

SEQUENCE: 51
cgaagceggge ggectgeact

SEQ ID NO: 52

FEATURE

misc_feature

source

SEQUENCE: 52
agegecgeeg ccceggacag
SEQ ID NO: 53

FEATURE

misc_feature

source
SEQUENCE: 53
ctactacgag agctggaccc
SEQ ID NO: 54

FEATURE

misc_feature

source

SEQUENCE: 54

-continued
1..20
note = None
1..20

mol_type = other DNA
organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20
note = None
1..20

mol_type = other DNA
organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20
note = None
1..20

mol_type = other DNA
organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20
note = None
1..20

mol_type = other DNA
organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20
note = None
1..20

mol_type = other DNA
organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20
note = None
1..20

mol_type = other DNA
organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20
note = None
1..20

mol_type = other DNA
organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20
note = None
1..20

mol_type = other DNA
organism = synthetic construct

20

20

20

20

20

20

20
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cgagteggty taggtgagec

SEQ ID NO: 55
FEATURE
misc_feature

source

SEQUENCE: 55
cgecttegggy cegetgtecyg

SEQ ID NO: 56
FEATURE
misc_feature

source

SEQUENCE: 56
gaagcgggceg gcectgcacte

SEQ ID NO: 57
FEATURE
misc_feature

source

SEQUENCE: 57
cecegettegyg ggceegetgte

SEQ ID NO: 58
FEATURE
misc_feature

source

SEQUENCE: 58
ceggacageyg gecccgaage

SEQ ID NO: 59
FEATURE
misc_feature

source

SEQUENCE: 59
ccecgggagac agaatccacce

SEQ ID NO: 60
FEATURE
misc_feature

source
SEQUENCE: 60
cctgecacteyg ggtaagtgge
SEQ ID NO: 61

FEATURE

misc_feature

source

SEQUENCE: 61
cegetteggyg gecgetgtee

SEQ ID NO: 62
FEATURE
misc_feature

moltype = DNA length = 20
Location/Qualifiers

1..20
note = None
1..20

mol_type = other DNA
organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20
note = None
1..20

mol_type = other DNA
organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20
note = None
1..20

mol_type = other DNA
organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20
note = None
1..20

mol_type = other DNA
organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20
note = None
1..20

mol_type = other DNA
organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20
note = None
1..20

mol_type = other DNA
organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20
note = None
1..20

mol_type = other DNA
organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20

note = None

20

20

20

20

20

20

20

20
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source 1..20

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 62

gcggectgceca ctegggtaag 20
SEQ ID NO: 63 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 63

ccecggacagce ggcecccgaag 20
SEQ ID NO: 64 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 64

gacagcggcece ccgaagcggg 20
SEQ ID NO: 65 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 65

ttecggggeeg ctgtecgggy 20
SEQ ID NO: 66 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 66

ctgtcegggg cggcggcgcet 20
SEQ ID NO: 67 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 67

gtcggtgtag gtgagccagg 20
SEQ ID NO: 68 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 68

gctgteeggyg geggeggcegce 20
SEQ ID NO: 69 moltype = DNA length = 20

FEATURE Location/Qualifiers

misc_feature 1..20

note = None
source 1..20
mol_type = other DNA
organism = synthetic construct
SEQUENCE: 69
gccaggtgga ttetgtcetcece 20
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SEQ ID NO: 70
FEATURE
misc_feature

source

moltype = DNA length =
Location/Qualifiers
1..20

note = None

1..20

20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 70

ccaggtggat tctgtctecce 20
SEQ ID NO: 71 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 71

gccgeccage gecgecgcece 20
SEQ ID NO: 72 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 72

gatgggctge ggcgggagcce 20
SEQ ID NO: 73 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 73

gcaggaggat gggctgcggce 20
SEQ ID NO: 74 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 74

teceggggegg cggegetggyg 20
SEQ ID NO: 75 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 75

ggggecgetg tceeggggegg 20
SEQ ID NO: 76 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc_feature 1..20
note = None
source 1..20

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 76

cgcaggagga tgggctgcegg 20
SEQ ID NO: 77 moltype = DNA length = 20

FEATURE Location/Qualifiers

misc_feature 1..20

note = None
source 1..20
mol_type = other DNA
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organism = synthetic construct
SEQUENCE: 77

ggatgggetg cggegggage

SEQ ID NO: 78
FEATURE

moltype = DNA length = 20
Location/Qualifiers

misc_feature 1..20
note = None
source 1..20
mol_type = other DNA
organism = synthetic construct

SEQUENCE: 78
gggetgcegge gggagecggy

20

20

What is claimed is:

1. A method for the prophylaxis or treatment of leukemia
in a living being comprising the administration of an MK2
inhibitor to said living being.

2. The method of claim 1, wherein said leukemia is acute
myeloid leukemia (AML).

3. The method of claim 2, wherein said AML is de novo
AML.

4. The method of claim 2, wherein said AML is AML with
high expression of BAALC (BAALC™#"),

5. The method of claim 1, wherein said leukemia develops
from a pre-existing condition that is selected from the group
consisting of: congenital neutropenia (CN), familial platelet
disorder with predisposition to acute myelogenous leukemia
(FPD/AML) or myelodysplastic syndrome (MDS).

6. The method of claim 1, wherein said MK2 inhibitor is
an MK2a inhibitor.

7. The method of claim 1, wherein said MK2 inhibitor is
CMPD-1.

8. A pharmaceutical composition for the prophylaxis or
treatment of leukemia, comprising an MK2 inhibitor and a
pharmaceutically acceptable carrier.

9. The pharmaceutical composition of claim 8, wherein
the MK2 inhibitor is present per dosage unit at a concen-
tration which, upon administration into a living being,
results in a concentration in said living being which inhibits
the leukemogenesis or eliminates leukemia cells in said
living being.

10. A method for the prophylaxis or treatment of leukemia
in a living being, comprising a step of inhibiting the leuke-
mogenesis in said living being, wherein said inhibition of the
leukemogenesis is realized via the inhibition of BAALC in
said living being.

11. The method of claim 10, wherein said inhibition is
realized via knocking out of the gene encoding BAALC
(BAALC KO) in said living being.

12. The method of claim 11, wherein the BAALC KO is
realized via CRISPR/Cas9 gene-editing.

13. A ‘single guide RNA’ (sgRNA) molecule targeting the
gene encoding BAALC in a living being for use in the
prophylaxis or treatment of leukemia comprising any of the
nucleotide sequences of SEQ ID NOS:1, 2, 39-78.
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