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Abstract

Chronic myeloid leukemia (CML) and acute myeloid leukemia (AML) are two distinct hematological entities of
myeloid cellular origin. CML is well-studied with a homogenous genetic background and effective treatment, whereas
AML is a heterogenous disease lacking effective targeted therapies and with a poor prognosis. The relapse causing
leukemic stem cells are not fully characterized and rarely eliminated by treatment in CML or AML, necessitating
most CML patients to receive life long daily treatment and leaving AML patients with a significant risk of relapse. In
this thesis, the overall aims have been to 1) study previously described cell surface markers as surrugate markers
for leukemic stem cell burden in CML and their applicability for predicting therapeutic response, 2) identify new cell
surface markers on primitive CML cells and evaluate their possible roles as targets for antibody-based therapies, 3)
perform arrayed cytokine screens using primary CML cells to identify positive regulators of primitive CML cells and
their corresponding receptors, and 4) discover new cell surface markers on primitive AML cells in TP53 mutated
AML for antibody-based therapeutic targeting.

In Article | it is shown that IL1RAP can be used as a marker for leukemic stem cell burden at diagnosis of CML.
The leukemia stem cell burden was subsequently used to predict response to tyrosine kinase inhibitor treatment for
CML patients at diagnosis.

In Article Il, the immature CML cell phenotype was examined more broadly by RNA sequencing of FACS sorted
CD34*CD38"" cells from CML patients at diagnosis. Compared to corresponding immature cells from healthy
donors, a specific upregulation of CD36 and LEPR was identified. The CD34*CD38"°*IL1RAP*CD36* CML cells
were shown to be less sensitive to imatinib treatment, but could be killed by antibody-dependant cellular cytotoxicity
using an anti-CD36 antibody.

In Article Ill, immature CD34*CD38°" CML cells were subjected to a cytokine screen with 313 arrayed cytokines.
Myostatin propeptide (MSTNpp) was shown to expand immature CML cells and increase survival of immature
healthy hematopoietic cells in suspention cultures and colony forming assays. This is suggested to be dependant
on MSTNpp binding to the cell surface and inducing phosphorylation of STAT5 and SMAD2/3. MSTNpp was found
to be produced by mesenchymal stromal cells.

In Article IV, immature CD34*CD38"°" AML cells from TP53 mutated AML samples were subjected to an antibody
screen containing 362 antibodies. Compared to healthy controls, SLAMF6 was shown to be specifically upregulated
and could be targeted for antibody-dependant cellular cytotoxicity using an anti-SLAMF6 antibody, suggesting
clinical implication for a subgroup of AML with very poor prognosis.

In summary, this thesis shows that IL1IRAP*CD36* CML cells are treatment resistant and targetable cells in CML
and that MSTNpp plays a role in maintaining immature CML cells as well as healthy hematopoietic cells. SLAMF6
is shown to be a marker of immature AML cells in TP53 mutated AML that can be specifically targeted using an anti-
SLAMF6 antibody. Collectively, the results from this thesis should hopefully facilitate the development of targeted
therapies in myeloid leukemia.
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Hematopoiesis

Hematopoiesis, the process of generating the cellular components of the blood, is
built upon a hierarchical structure with the hematopoietic stem cell (HSC) at the
very top [1]. The schematic illustration of the hierarchy as a branching tree with
more committed progenitors further down the differentiation tracks is still used but
a growing body of evidence suggests that this might be an over simplification of a
not yet fully understood process [2]. Even though the exact relationship between
lineage commitment and self-renewal potential is not fully understood, it is clear
that the hematopoietic system needs to be tightly regulated to allow for a daily
production of trillions of cells with minimal error [3]. It also allows for expanded
and skewed production in order to meet demands during stress such as blood loss or
infection [4]. If this balance is disturbed, the owner of the aberrant hematopoiesis
might end up at the hematology clinic.

Blood lineages

The major functions of the hematopoietic system are transportation of oxygen,
carbon dioxide and nutrients by erythrocytes, hemostasis by thrombocytes and
defense against infections by leukocytes. All cells originate from the HCSs, which
are defined by their capacity to self-renew and retain multipotency after cell division
[5]. Cells that have multipotency to produce all hematopoietic cell types but, as
opposed to HCSs, lack self-renewability as defined by only transient engraftment in
irradiated immunodeficient mice, are termed multipotent progenitors (MPP) [6].
The cells downstream of the HCSs and MPPs are divided into two main subgroups,
the myeloid and the lymphoid system [7].

The mature cells of the myeloid system arise through different maturation pathways
and originate from different progenitors (Figure 1). Erythrocytes and thrombocyte-
producing megakaryocytes arise from the megakaryocyte-erythroid progenitor
(MEP), megakaryocytes can also arise from MPPs [8]. MEPs in turn, are the
progenies of a common myeloid progenitor (CMP). CMPs can also give rise to
granulocyte-macrophage progenitors (GMP) which in turn, as the name suggests,
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Figure 1. The hematopoietic tree

The hematopoietic tree shows the hierarchial arrangement from a self-renewing, multipotent hematopoietic stem cell
(HSC) at the apex with subsequently more restricted progenitors downstream and finally the mature myeloid and
lymphoid blood cells.

give rise to granulocytes, monocytes, macrophages and dendritic cells. CMPs were
recently proposed to be more lineage restricted than previously believed and a
cellular state with capacity to form erythroid cells and some granulocytes but not
neutrophils termed erythro-myeloid progenitor (EMP) have instead been suggested
[9]. The exact differentiation pathways and the oligopotency of these intermediate
stages are still a matter of debate and recent evidence suggests that the progenitor
groups might consist of many different unipotent progenitors that result in
multipotency for the group as a whole [8,10].

The lymphoid system arises downstream of lymphoid-primed multipotent
progenitors (LMPP) that, passing a cellular state denominated common lymphoid
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progenitors (CLP), give rise to T-lymphocytes, B-lymphocytes, antibody producing
plasma cells and natural killer cells (NK-cells) [11]. LMPPs can also produce
dendritic cells [12]. The lymphoid system, excluding NK-cells, make up the
adaptive immune system, whereas the leukocytes of the myeloid branch constitute
the innate immune system.

Regulation of Hematopoiesis

HSCs primarily reside in the bone marrow. As a consequence of disease, they can
be displaced from their native environment with resulting extramedullary
hematopoiesis, primarily in the spleen but also in the liver, lymph nodes and
paravertebral regions [13]. Even in a normal physiological state, HSCs can be found
circulating in the peripheral blood, a process with a circadian rhythm controlled by
the sympathetic nervous system via CXCL12 release [14]. They can further be
pharmacologically made to circulate to a higher degree using granulocyte colony-
stimulating factor (G-CSF) or a CXCR4 antagonist, both used in a clinical setting
for harvesting cells for hematopoietic stem cell transplantation [15,16].

HSC niche

Within the bone marrow, the localization of HSCs has been an area of discussion
and intense research. It is now believed that a majority of HSCs in adults reside
within a specific microenvironment termed the perivascular niche [17-19]. The cells
that make up this niche are important factors in the extrinsic control and
maintenance of HSCs and the subsequent regulation of hematopoiesis. Suggested
components of the niche are osteoblasts and osteoclasts [20,21], endothelial cells
from sinusoids and arterioles [22], megakaryocytes [23], CXCL12-abundant
reticular cells [24], non-myelinating Schwann cells [25], Nestin" mesenchymal
stromal cells (MSCs) [26], as well as cellularly produced cytokines, adhesion
molecules and extracellular matrix [27,28]. Well-studied cytokines with a
regulatory role are CXCL12 that binds to CXCR4 (also known as CD184), stem cell
factor (SCF) binding to KIT (also known as CD117), and thrombopoietin (TPO)
binding to MPL (also known as CD110 or TPO-R) [29]. The interplay is complex
and not yet fully understood, but remains an interesting aspect that could have direct
clinical implications when closer delineated.

HSC phenotype

HSCs are exceedingly rare with a vast majority of cells in the bone marrow being
of more mature cellular states. The study of hematopoiesis and hematopoietic stem
cells often rely on mouse models and the mouse HSC was studied in detailed before
the human counterpart was. However, the phenotype of HSCs differs between
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mouse and human, for example human HSCs are enriched in CD34" cells, which is
not the case in mouse [30]. Today, the phenotype of human HSCs has been specified
to be LinCD34'CD38"°"CD45RA Thyl Rho**CD49f" based on single cell
transplantation assays in immunodeficient NOD.Cg-Prkdc*“-IL2Rgc”” (NSG) mice
[5]. In this setting, Lin indicates that the cell population had been depleted by
magnetic bead separation using antibodies targeting CD2, CD3, CD14, CD16,
CD19, CD24, CD56, CD66b, CD235a. The Rho"*" designation demarks cells with
high efflux of a mitochondrial dye. Others have shown that HSCs defined as Lin
CD34'CD38" might express more mature myeloid markers such as CD13, CD33
and CD123, results with relevance in the development of targeted therapies where
on-target off-tumor toxicity is of central importance [31].

Lineage commitment

Differentiation from stem cell to mature cells requires a thorough change of gene
expression and protein production. Two well-described transcription factors closely
involved in this regulation are GATAI and SPII (also known as PU.I). When
GATAI is preferentially expressed, an enforcement of differentiation towards
megakaryocytic and erythroid cells ensues, whereas the PU.I transcription factor
enforces a more granulocytic-monocytic differentiation. The previous conception
that the actual lineage decision is dependent on the GATA! and PU.I balance has
been revised and these transcription factors rather seem to enhance a lineage choice
previously made [32].

Gene expression and cell differentiation are not only controlled by transcription
factors. Epigenetic regulation is emerging as another important level of control and
adjusting chromatin accessibility via DNA methylation and histone acetylation at
promotors and enhancers affect when and in which cells genes are expressed [33].
An example of this is DNA Methyltransferase 3 Alpha (DNMT3A) that is crucial for
differentiation and abrogation in a mouse model results in increased levels of HSCs
at the expense of their differentiation [34].

Circulating or locally produced factors can also impact production and levels of
mature cells. Erythropoietin (EPO) leads to proliferation of erythroid progenitors,
TPO stimulates megakaryocyte progenitors, and G-CSF stimulate neutrophil
production. These factors or agonists are currently used in clinical context to
stimulate specific cell populations in patients [35,36].
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Myeloid leukemia

The high cell turnover needed for homeostasis requires the hematopoietic system to
constantly produce vast amounts of mature cells of different lineages [35]. This
process in turn has to be tightly regulated to avoid inappropriate expansion of
inefficient or redundant cell types, making the hematopoietic system susceptible to
somatic mutations and subsequent malignant transformation [37,38]. The two major
types of myeloid leukemia, with different transforming events and most likely
different cells of origin, are acute myeloid leukemia (AML) and chronic myeloid
leukemia (CML) [39]. Until recently, the outcome of both CML and AML were
dismal [40]. However, the genetic dissection of the disease-causing genetic
alteration defining CML cells made the development of targeted tyrosine kinase
inhibitors (TKIs) possible. This has revolutionized the treatment of CML where life
expectancies now are close to normal [41,42]. The treatment of AML, a disease
entity comprised of a number of subtypes with different complex pathobiology, has
not changed dramatically during the last six decades, although a number of targeted
drugs have recently become available [43]. In order to better understand AML and
to develop more efficient, less toxic treatment options, CML can be used as both a
model system of leukemic disease and as a guiding example of successful targeted
therapies.

Studying leukemia

Historically, the diagnosis and classification of leukemia was based on morphology
alone. In 1976, seven hematologists coined the French-American-British (FAB)
classification to differentiate acute leukemia into lymphoid and myeloid acute
leukemia with AML subdivided into M1-M6 based on the differentiation stage at
which the bulk of leukemic cells were arrested [44]. Later, MO was added for AML
with an undifferentiated phenotype as well as M7 for acute megakaryoblastic
leukemia. Today, the World Health Organization (WHO) describes how AML can
be classified based on a combination of clinical characteristics, morphology,
immunophenotype and genetics [39]. The tools needed for diagnosis and follow up
of AML largely overlap with the techniques used in the research presented in this
thesis. Below follows a short description of some of the main methods used in the
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articles on which this thesis is based. For a more detailed description of the methods
used, see Articles I-1V.

Flow cytometry uses a combination of lasers of specific wave lengths, antibodies
specifically binding to predetermined epitopes, conjugated to excitable
fluorochromes, detectors and filters to separate many fluorescent signals
simultaneously (Figure 2). This is combined with a fluidic system to precisely align
cells in a row for subsequent single cell analysis. This technique facilitates the
immunophenotypic description of individual cells and multiple cell surface markers,
generally with a distinct cluster of differentiation (CD) number, that can be assessed
in parallel on all cells in a sample. With all single cells being suspended in individual
droplets with a predetermined charge, cell sorting based on the immunophenotypic
data from the flow cytometry analyses is possible with the help of deflection plates
with adjustable charge and separate collection tubes downstream of the analyses.
This is the main approach to assess cell surface marker expression and sort viable
cells accordingly with fluorescence-activated cell sorting (FACS).

Sample
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Figure 2. Fluorescence activated cell sorting

Fluorescence activated cell sorting (FACS) is based on spatially separated exciting lasers of defined wavelengths that
excite different fluorochromes conjugated to antibodies that are in turn bound to cells based on their
immunophenotype. The light emitted from these fluorochromes pass through dichroic mirrors and specific bandpass
filters and is detected by photodiodes or photomultiplier tubes (PMT) and converted to electrical signals visualized in
the flow cytometry software. The fluidics of the FACS separates the input sample into single cells encapsuled in
droplets with a specific charge, allowing for sorting through adjusting the voltage on the deflection plates. The cells
light scattering properties can also be measured and forward scatter (FSC) informs of the cell size and side scatter
(SSC) informs of the cells internal complexity, often coinciding with its granularity.
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Fluorescence in situ hybridization (FISH) is a relatively old method that can be used
to determine large chromosomal aberrations in single cells and is based on DNA
binding probes linked to fluorescent molecules, visualized by fluorescence
microscopy. FISH is a rapid assay currently used both in research and clinical
diagnostics to detect structural chromosomal aberrations. One example of use is the
assessment of BCR/ABL I rearrangement at the single cell level.

Breakthroughs in massive parallel sequencing have made RNA- and DNA-
sequencing readily available, often referred to as next generation sequencing (NGS).
It is now possible, in a fast and relatively inexpensive way, to sequence expressed
RNA or whole genome DNA [45]. Today, clinical sequencing of a panel of genes
commonly mutated in AML is part of everyday practice, often contributing to
improved diagnostics, prognostication and disease follow-up of patients with
hematological malignancies. These technologies are rapidly evolving, costs are
decreasing, and in the near future hematological malignancies are likely to be
analyzed by RNA- and whole genome sequencing at the time of diagnosis, as part
of the routine clinical procedure. In addition, a new area of great promise to
elucidate genetic heterogeneity and biology of disordered hematopoiesis, is single
cell RNA- and DNA-sequencing [46-48].

To examine stem cell potential, the golden standard is to analyze engraftment
potential in mouse models. The in vivo models for studying human hematopoiesis
are mainly based on mice with varying degrees of abrogated immune system to
allow the engraftment of human cells. In addition, in vitro surrogate assays are
available that provide faster results from which stem cell potential often can be
inferred. One of these rely on colony forming capacity of cells and is determined as
potential to generate different colonies during culture in semi-solid medium.

One way of targeting cells for destruction with the use of an antibody is based on
the recruitment of effector cells from the immune system. This can be
experimentally tested by the addition of antibodies specifically binding to a cell
surface receptor on the leukemic target cells and subsequently subject the cells to
human effector cells, for example NK-cells. The antibody bound to the target cells
then mediates antibody-dependent cellular cytotoxicity (ADCC) via interactions
between the fragment crystallizable (Fc) region of the antibody and Fc-receptors on
the NK-cells, for example CD16 [49]. The specific antibody-dependent cell killing
can then be assessed using various methods including flow cytometry.
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Chronic myeloid leukemia

CML is the most well-studied leukemia and one of few neoplastic disorders where
the genetic aspect of the pathobiology is well characterized. The balanced,
reciprocal t(9;22)(q34;q11) is pathognomonic and gives rise to CML if it occurs in
a hematopoietic stem cell (Figure 3) [50]. The resulting fusion gene subsequently
translates into a constitutively activated tyrosine kinase, the BCR/ABLI1 fusion
protein, which elicits uncontrolled proliferation and accumulation of mature
myeloid cells [51]. The disease defining event was first described, but not fully
understood, in 1960 by Hungerford and Nowell. The observed aberrant
chromosome was named the Philadelphia chromosome based on the city of
discovery and still today CML cells are often referred to as Ph" when containing the
9;22-translocation [52]. In 1973, Janet Rowley determined the structural basis of the
Ph-chromosome and reported that it arises after a balanced translocation between
chromosomes 9 and 22 [53]. Subsequently, the molecular basis for the 9;22-
translocation generating a chimeric BCR/ABL1 fusion gene was described in 1983
[54]. The therapeutic revolution came with the introduction of the TKI imatinib with
Druker and colleagues pioneering the work [55].
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Figure 3. The 9;22-translocation generating the BCR/ABL1 gene fusion leading to CML

The chromosomal translocation t(9;22)(q34;11) leads to the formation of the BCR/ABL1 fusion gene. The resulting
constitutively active tyrosine kinase leads to uncontrolled cell proliferation and the development of clinically manifest
CML.

Clinical aspects

At diagnosis, CML is often asymptomatic. Suspicion of disease is instead usually
based on abnormal blood counts or clinical signs detected during routine physical
examinations. The 50% of patients who do experience symptoms most commonly
present with fatigue due to anemia, weight loss or symptoms related to
splenomegaly such as early satiety or abdominal fullness. Less frequently, patients
present with bleeding due to thrombocytopenia and thrombocyte dysfunction,
thrombosis, or signs of leukostasis such as dyspnea [56]. At time of diagnosis, the
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median white blood count in Swedish CML patients during 2014-2016 was
101x10%1 with a hemoglobin level of 116g/l and thrombocytes at 396x10°/1. The
median age of diagnosis during this period was 59 years and the yearly incidence
1/100 000 people [57]. To confirm the CML diagnosis, bone marrow is aspirated
and chromosomal analysis, FISH, or reverse transcriptase quantitative polymerase
chain reaction (RT-qPCR) are performed to confirm the presence of the 9;22-
translocation or the corresponding BCR/ABLI gene rearrangement. If the white
blood count is considered high and the patient is in need of treatment before the
diagnosis is confirmed, hydroxyurea is sometimes used for cytoreduction [56,57].

CML is divided into three phases, 90-95% are diagnosed in chronic phase with
approximately 5% in accelerated phase and 3% in blast crisis [56,57]. Accelerated
phase CML is defined by WHO as either a blast count in peripheral blood or bone
marrow of 10-19%, more than 20% basophiles in peripheral blood or other criteria
based on therapy response, splenomegaly persistence, thrombocyte levels or
additional genetic abnormalities. Blast crisis is defined as a blast count of >20% or
extramedullary blast accumulation [39]. CML blast crisis is often myeloid
resembling AML (70%) and less frequently lymphoid where the disease resembles
ALL (30%). Almost all patients with CML in chronic phase are treated with a TKI,
the majority receiving imatinib [58]. Patients in accelerated phase or blast crisis are
often treated with later generation TKIs and considered for allogenic stem cell
transplantation [59].

Progression from chronic to accelerated phase or blast crisis during imatinib
treatment has in Sweden been shown at a rate of 2.4% during the first 2 years of
treatment, with the majority occurring during the first year. The risk of progression
was associated with higher European Treatment and Outcomes Study (EUTOS)
score and although rare, it was coupled to a dismal prognosis with a median survival
of 1.4 years [60].

RT-qPCR on peripheral blood for BCR/ABLI transcript levels converted to an
international scale (BCR/ABL1") is the basis for monitoring measurable residual
disease (MRD) in CML. Achieving specific levels at defined time points have been
shown to aid in detecting patients at risk of treatment failure [61]. Close monitoring
and adequate use of imatinib and the later generation TKIs dasatinib, nilotinib,
bosutinib and ponatinib have resulted in a close to normal life expectancy for
chronic phase CML patients [41,42].

The high survival rates achieved with the use of TKIs come at the price of some side
effects, mainly myelosuppression, gastrointestinal problems, hepatotoxicity,
hyperglycemia, pleural effusion or cardiovascular events [62,63]. To alleviate side
effects and to relieve patients of daily medication, treatment discontinuation trials
have been conducted. Approximately half of CML patients can stop their treatment
after at least two years of TKI therapy if they have achieved and sustained a deep
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molecular response (defined as BCR/ABLI™ <0.0032%, also referred to as MR*")
and still not experience a relapse [64,65]. Some of these patients still harbour very
low levels of BCR/ABLI positive cells that are believed to be held back by the
restored immune system [66].

Biological aspects

The cell of origin in CML, i.e. the cell that first acquires the BCR/ABLI
rearrangement, is believed to be a hematopoietic stem cell as evidenced by their
similar phenotypes and the presence of BCR/ABLI in both myeloid and lymphoid
cells [67]. Low levels of BCR/ABLI transcripts can also be detected in healthy
individuals, suggesting that a translocation has occurred in a cell lacking leukemia-
initiating capacity, or that other factors also affect disease development [68-70]. In
the context of CML, the constitutively active tyrosine kinase BCR/ABLI activates
a number of signaling pathways e.g. PI3K/AKT, JAK/STAT and WNT/B-catenin,
affects gene expression, proliferation, and susceptibility to additional DNA damage
[50]. Although the vast majority of CML cells respond to TKI treatment, the
CD34°CD38"" CML stem cells are less sensitive to TKI treatment and can remain
quiescent and unharmed by treatment for long periods of time [71-73]. The primitive
cells do, however, respond to cytokine stimulation such as IL-1B and MSTNpp as
shown in Article I1I, suggesting alternative points for therapeutic targeting [74-76].

A suggested way of eradicating CML stem cells is by using the anti-diabetic drugs
glitazons that via their agonistic effect on PPARY and resulting decrease in STATS
activity have a synergistic effect together with TKI [77]. This approach is currently
being evaluated in a clinical study (NCT02767063). Use of the allosteric ABL1
inhibitor ABLOO1 (Asciminib) has also shown preclinical promise in combination
with TKI and this combination is also currently being evaluated in clinical trials
(e.g. NCT03906292). Alternatives to TKI treatment are needed both with regards to
patients that develop TKI resistance and those that respond to treatment but have
persisting MRD. One of the more well-described causes of resistance is mutations
in the ABLI kinase domain but resistance is most likely often multifactorial
including effects on drug metabolism and efflux from target cells, leaving patients
unresponsive to TKI [78,79]. During progression to accelerated phase and blast
crisis the cells acquire additional genetic aberrations including larger chromosomal
alterations and point mutations [80]. Common mutations in blast crisis are found in
ABLI, IKZFI, RUNXI, ASXLI and TP53 with an overrepresentation of ABLI and
IKZF1 mutations in lymphoid blast crisis [81]. Currently, no antibody-based
therapies targeting CML stem cells are in clinical trials for CML although several
promising preclinical studies are available [74,82,83].
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Acute myeloid leukemia

AML still remains a great clinical challenge. It is a heterogenous disease with a
homogenous treatment where the intensity of the given treatment is one of few
factors that differ between patients. The intensity of the treatment in turn is often
dependent on the patient’s age and comorbidities rather than biological aspects of
the disease. The outcome of patients with AML have remained poor for the last
decades with the last incremental increase in survival coming from optimizing
patient care in connection to allogeneic stem cell transplantations [84]. The
understanding of AML pathobiology is however steadily increasing and new
targeted therapies including FLT3, IDH1, IDH2, and BCL-2 inhibitors are now
arriving, some showing potential to increase both survival and cure rates (Figure
4).
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Figure 4. The concept of LSC targeting therapy and effects on stages of disease

Standard chemotherapy is generally effective in killing AML blasts but leukemic stem cells (LSCs) can persist in
remission and cause relapse, sometimes with higher LSC frequencies. An LSC targeted treatment could potentially
eradicate these LSCs and enhance the chance of cure.

Clinical aspects

Symptoms at diagnosis of AML can vary from acute bleeding and severe infections
to merely fatigue and cachexia. The incidence of AML is about 4/100 000 annually
with a median age of 68 years in USA and 71 years in Sweden with a slight male
predominance [85,86]. Diagnostic procedures include peripheral blood counts, bone

22



marrow morphology, flow cytometry, cytogenetics and mutational analyses. An
AML diagnosis requires >20% myeloid blasts in peripheral blood or bone marrow
or the presence of t(15;17), t(8;21), inv(16) or t(16;16) regardless of blast count. The
2016 revised WHO classification recognizes the following AML subgroups: AML
with recurrent genetic abnormalities, AML with myelodysplasia-related changes,
therapy-related myeloid neoplasm, AML not otherwise specified, myeloid sarcoma,
myeloid proliferations related to Downs syndrome and acute leukemia of
ambiguous lineage including mixed phenotype acute leukemia [39]. In 2017, the
European Leukemia Net suggested that AML can be divided into three risk groups
based on genetic aberrations, favourable risk including t(8;21), inv(16), t(16;16),
biallelic CEBPA mutations and NPM1 mutation without FLT3-internal tandem
duplication (ITD) or with low allelic ratio, intermediate risk including mutated
NPM1 with FLT3-ITD with high allelic ratio and t(9;11), and high risk for patients
with t(6:9), t(v;11), t(9;22), t(3;3), -5, -7, -17, inv(3), del(5q), del(17p), complex
karyotype or mutations in RUNXI, ASXL1 or TP53 [87]. Additional suggestions of
genomic classification of AML were proposed by Papaemmanuil in 2016 where
eleven genetic subgroups were described [88].

Considering the many ways of classifying AML, the treatment approaches are
remarkably similar for all patients except for those with acute promyelocytic
leukemia where arsenic trioxide (ATO) and all-trans retinoic acid (ATRA) have
shown great effect with high overall survival rates [89]. A majority of AML patients
receive induction therapy with daunorubicin and cytarabine followed by
consolidation therapy with similar regiments and allogeneic stem cell
transplantation for intermediate- and high-risk patients. In patients not fit for
intensive chemotherapy, hypomethylating agents such as azacitidine are alternative
treatment regiments and for cytoreduction in palliative cases, hydroxyurea or low
dose cytarabine can be used. Recently, the Swedish AML guidelines implemented
the addition of gemtuzumab ozogamicin (an anti-CD33 drug-conjugated antibody)
for favourable risk AML and midostaurin (a FLT3 inhibitor) for AML with FLT3
tyrosine kinase domain (TKD) mutation or FLT3-ITD, in combination with standard
induction therapy [90]. Many patients also receive addition of new small molecules
as part of clinical trials including BCL-2 inhibitors, IDH1 and IDH?2 inhibitors, and
later generation FLT3 inhibitors.

The prognosis for patients with AML remains poor with the median overall survival
being less than one year and a 5-year survival of 24% during 2016 in USA [86]. The
survival is, however, highly age dependant and Swedish patients <60 years
diagnosed between 2007-2014 showed a 5-year survival of close to 50% [85].
Outcome is also negatively affected by previous MDS or MPN disease indicating
secondary AML, and prior exposure to cytotoxic therapy indicating therapy-related
AML. Performance status and comorbidities affect the tolerance to chemotherapy
and allogeneic stem cell transplantation, thereby affecting the prognosis [87].
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Another prognostic factor at the time of diagnosis is the amount of CD34"CD38""
cells, suggested to represent the leukemic stem cell (LSC) burden [91,92]. This has
been further refined in a study where the LSCs were distinguished from HSCs and
quantified using antibodies against CD2, CD7, CD11b, CD14, CD15, CD19, CD22,
CD33, CD34, CD36, CD38, CD44, CD56, CD96, CD117, CD123, CD133, HLA-
DR, CLL-1, and TIM-3. Using a cut-off of 0.03% to group CD34 positive AMLs
into LSC"&" and LSC" showed a substantially longer overall survival in the LSC'Y
patients [93]. Specific gene expression patterns at time of diagnosis have also been
shown to predict outcome, initially using 42, 47 or 54 genes derived from
microarray or mass spectrometry experiments [94-96]. A shorter LSC signature
composed of 17 genes has since shown superiority in predicting outcome and the
predictive value of LSC17 held true in multivariate analyses including age, de novo
versus secondary disease, white blood count and cytogenetic risk including FLT3-
ITD and NPM1 status [97].

During follow up, complete remission (CR) is often defined as <5% blasts in the
bone marrow and normalized peripheral blood counts. Substantial residual disease
can still be present in CR and determining MRD with flow cytometry or detection
of transcript levels of mutated NPM1, t(8;21), inv(16) or t(16;16) using RT-qPCR
provides prognostic information. New methods for MRD detection are currently
being explored and include digital droplet PCR and NGS-based monitoring of
mutations detected at diagnosis or common mutations in AML [98,99].

Biological aspects

Clonal hematopoiesis of indeterminate potential

AML is often preceded by somatic mutations, sometimes many years before
leukemia develops [100-102]. The concept of clonal hematopoiesis of indeterminate
potential (CHIP) was introduced during the last decade and can be considered
analogous to monoclonal gammopathy of undetermined significance (MGUS),
which instead precedes the development of myeloma, both with risk of progression
to overt hematological disease of about 1% annually [103,104]. The risk of
developing AML in the setting of CHIP appears to increase with the number of
mutations and their variant allele frequencies and depends on the genes affected
[101,102]. The most commonly mutated genes in the context of CHIP are DNMT3A,
TET2 and ASXLI, sometimes referred to as DTA mutations, but can also involve
TP53, JAK2, SF3B1, SRSF2 as well as other genes [105]. The preleukemic stem
cells retain multilineage potential as shown by their presence in additional cell
lineages aside from the leukemic clone, such as T-cells [106]. These cells can gain
further advantage by acquiring additional mutations, but the leukemic
transformation is not fully understood [107]. The DTA CHIP mutations can usually
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also be found during remission and their presence do not seem to hold prognostic
value and cannot be used for MRD detection, although additional studies are needed
to reach a firm conclusion [99]. In addition to the increased risk of leukemia, CHIP
also confers an increased risk of atherosclerotic cardiovascular disease, in the case
of TET2? mutations possibly by defect macrophage function and increased
inflammation in atherosclerotic plaques [108]. The frequency of CHIP increases
with age but little is known of how patients with CHIP should be clinically handled.

Myelodysplastic syndrome

Myelodysplastic syndrome (MDS) is both its own disease entity and a preleukemic
state with a high risk of progression to AML. An arbitrary cut off for blast count at
20% in bone marrow is used to differ between MDS with excess blasts and AML.
The field is, however, evolving and determining the underlying genetic aberrations
causing the disease is becoming a part of the clinical diagnostic procedure to
distinguish MDS and secondary AML from de novo AML [109]. Chromosomal
aberrations in MDS include del(5q), -7/del(7q) and +8, whereas the most common
mutations occur in genes related to splicing, DNA methylation and chromatin
modification, including TET2, SF3B1, ASXL1, SRSF2, DNMT3A, RUNXI, U24F1,
ZRSR2, STAG2, TP53 and EZH2 [110,111]. Typically, MDS patients have
cytopenia and dysplastic changes in the bone marrow and, as opposed to AML, only
some patients with MDS develop the need for cytotoxic treatment such as
daunorubicin with cytarabine, azacytidine or lenalidomide. Others have an indolent
disease and may not need active treatment, these patients can instead be monitored
for signs of progression and supported with EPO or erythrocyte transfusions.

Genetic alterations in AML

In contrast to many solid tumors, relatively few mutations are required for AML
development with an average of 13 mutations per patients and only 5 recurring
mutations per patient [112]. Larger chromosomal alterations are common in AML
and approximately 50% of patients have a normal karyotype. Acute promyelocytic
leukemia (APL) is a specific genetic subgroup of AML that, similar to CML, is
defined by a translocation. In APL the pathognomonic aberration is the 15;17-
translocation, generating the fusion gene PML-RARA. The t(8;21) gives rise to a
RUNXI-RUNXTI gene fusion and together with inv(16) or t(16;16) with a resulting
CBFB-MYH11 gene fusion, are associated with a favorable prognosis. The KMT2A4-
rearrangement, previously known as MLL-rearrangement or t(v;11;q23) (apart from
t(9;11)), is instead associated with a poor prognosis, as is t(6;9) resulting in DEK-
NUP214,t(3;3), and the proposed de novo AML carrying a BCR/ABLI gene fusion,
although the latter is hard to differentiate from a CML in myeloid blast crisis.
Deletions of chromosome 5, 7, 17, inv(3), del(5q), del(17p), a monosomal karyotype
or a complex karyotype defined as three or more chromosomal abnormalities, all
indicate a poor prognosis [87].
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The Cancer Genome Atlas (TCGA) Research Network published RNA sequencing
data and whole genome or exome data on 200 de novo AML samples in 2013,
shedding light on common recurring mutations and translocations. These can be
stratified into the following nine functional groups; transcription-factor fusions
(PML-RARA, MYHI-CBFB, RUNXI-RUNXITI), myeloid-transcription-factor gene
mutations (RUNXI, CEBPA), NPM1 mutation, tumor suppressor gene mutations
(TP53, WT1, PHF6), DNA methylation-related gene mutations (DNMT34, TET?2,
IDHI, IDH?2), activated signaling gene mutations (FLT3-TKD, FLT3-ITD, KIT,
KRAS, NRAS), chromatin-modifying gene mutations (ASXLI, EZH2, KMT2A-
fusions), cohesion-complex gene mutations (STAG2, RAD21), and spliceosome-
complex gene mutations (SRSF2, SF3BI, U2AF1, ZRSR2) [112]. These alterations
result in impaired differentiation, aberrant protein localization, resilience to
apoptosis, altered methylation, chromatin modification, impaired chromosomal
segregation, and deregulated RNA processing respectively.

De novo and secondary AML are genetically different and mutations in NPM1, core
binding factor-rearrangements t(8;21), inv(16), and t(16;16), as well as KMT2A4-
rearrangements are highly specific for de novo AML, whereas mutations in splicing
factors SRSF2, SF3B1, U2AF1, ZRSR2, epigenetic regulators ASXLI, EZH2, BCOR
and cohesin complex member STAG2 are associated with secondary AML
developing after MDS [109]. Also worth noting is that familial versions of AML
and MDS exist with germline mutations in RUNX1, DDX41 GATA2, CEBPA, ETV6,
TP53, SAMDY, SAMD9IL with implications in prognosis, use of familial donor for
transplantation and potential risk for additional disease development in the family
[113].

26



The concept of leukemic stem cells

Healthy stem cells, including HSCs, are defined as rare, undifferentiated cells
capable of symmetrical cell division with resulting production of additional
identical stem cells as well as the capacity to produce progenitors and mature cells
specialized for their intended tissue [114]. The definition of cancer stem cells,
including LSCs, is more problematic. Conceptually, LSCs are defined as the cells
exclusively capable of initiating and propagating leukemia indefinitely by self-
renewal and by producing the other cell types of the leukemia [115]. This definition
has shown to be difficult to fully implement in experimental settings, resulting in
different surrogate assays to try to approximate the LSC capacity of cells and, in
some cases, a skewed definition of LSC.

In CML, it is generally believed that a normal HSC acquires a BCR/ABLI
rearrangement, thereby generating a CML stem cell. The BCR/ABLI1 fusion protein
activates a number of signaling pathways with resulting decreased apoptosis,
increased self-renewal, and increased production of myeloid progenitors and mature
cells, constituting the bulk of the leukemia [50]. With the massive expansion of
mature cells, the leukemia as a whole contains only a small fraction of LCSs at the
top of a hierarchy similar to that of HSCs in normal hematopoiesis [67]. However,
this description of the CML stem cells is mainly conceptual, and how to functionally
and phenotypically define and quantify CML stem cells remains controversial.

To functionally evaluate if a cell harbours LSC-potential, the golden standard is to
assess engraftment in serial transplantations in immune deficient mice. When
working with primary CML samples, mouse xenograft models can be problematic
due to low or transient engraftment as well as engraftment of residual healthy cells
[116]. Therefore, surrogate assays such as long-term culture-initiating cell (LTC-
IC) assays or syngeneic mouse models are often used, making inter-study
comparisons more difficult.

Studying AML stem cells in immunodeficient mouse models is associated with
other problems. The extent to which the murine immune system is compromised
will affect engraftment levels [117]. Engraftment can also be improved by the
expression of human cytokines in the mouse [118]. Further, the genetic factors of a
particular AML sample will also affect engraftment [119]. Stem cell properties can
thus be context dependent. In a field with rapidly evolving humanized
immunodeficient mouse models, this might skew the operational definition of an
LSC with obvious implications in the readout of stem cell potential.

The cell of origin is a similar topic of discussion. CML has long been considered to
originate in an HCS based on the fact that BCR/ABLI can be found in other lineages
such as B-cells [120]. This, however, could potentially also be explained by a more
mature cell gaining stem cell like features and experience a de-differentiation, much
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like the process of generating inducible pluripotent stem cells (iPSC) [121]. Support
for the HSC and not a more mature progenitor as the cell of origin in CML was
strengthen when mouse CMPs and GMPs transduced with BCR/ABL I failed to show
leukemic transformation [122].

In AML the cell of origin could potentially be, depending on the underlying
molecular cause, a number of different cells. The HSC was early suggested to be
the starting cell based on the shared CD34"CD38"" phenotype between LSCs and
HSCs [123,124]. However, in a mouse model of AML, using an MLL-ELN fusion
gene, more mature progenitors but not HSCs could be transformed to produce
leukemia [125]. It has also become evident that primary AML samples have LCS
potential in different cellular subsets, including cells more similar to healthy GMPs
and LMPPs than HSCs when assessing immunophenotype and gene expression data
[126]. A recent example of mature leukemic cells going through de-differentiation
and regaining leukemia initiating capacity was shown by supressing PU.1 in an
AML mouse model [127]. It thus seems possible that the LSCs in AML originate
either from HSCs or from more mature progenitors that gain self-renewal capacity
from their acquired genetic alterations.
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Leukemic cell surface makers

A fundamental cell property that allows studying and stratification of hematopoietic
and leukemic cells are their immunophenotype. Assessable by immuno-
histochemistry and flow cytometry it has become the basis of hematological
diagnosis, remission assessment and prediction of prognosis [87]. Further, cell
surface markers make cell separation and purification possible by FACS and a
majority of pivotal discoveries are based on FACS separation of cellular
subpopulations that differ in their immunophenotype [123,128]. Cell surface
markers are also the basis for many targeted therapies where the therapy utilizes the
difference in cell surface expression between the leukemic target cells and their
healthy counterparts to increase therapeutic effects and reduce toxicities.

Cell surface markers in CML

The first description of quiescent CML cells expressing CD34 was published by
Connie and Allen Eaves in 1999 [129]. The CML LSCs were later specified to be
CD34'CD38"" using FACS sorted cells from CML patients and
xenotransplantation assays in immune deficient mice [130]. This indicated that
LSCs in CML share many features with HSCs, but also sparked interest in trying to
identify cell surface markers with the capacity to differentiate the two cell types.
Below, cell surface markers suggested to be differentially expressed on CML stem
cells are summarized (Table 1) and briefly discussed.
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Table 1. Cell surface markers in CML

Name Alias Protein Name Key Reference*
IL1RAP IL1R3 Interleukin 1 Receptor Accessory Protein Jaras et al. 2010
CD25 IL2RA Interleukin 2 Receptor Subunit Alpha Sadovnik et al. 2016
CD26 DPPV Dipeptidyl Peptidase 4 Herrmann et al. 2014
CD36 SCARB3 CD36 Antigen Landberg et al. 2018
CD123 IL3RA Interleukin 3 Receptor Subunit Alpha Nievergall et al. 2014
LEPR CD295, OB-R Leptin Receptor Landberg et al. 2018
CD56 NCAM1 Neural Cell Adhesion Molecule 1 Janssen et al. 2011
CD93 C1QR1 Complement Component C1q Receptor Kinstrie et al. 2015
IL1R1 IL1RA Interleukin 1 Receptor Type 1 Agerstam et al. 2016
CD44 ECMR-III CD44 Antigen Krause et al. 2006
CD33 SIGLEC3 Myeloid Cell Surface Antigen CD33 Herrmann et al. 2012
CD117 SCFR, C-KIT Mast/Stem Cell Growth Factor Receptor Kit Florian et al. 2006

* References provided in the table represent the first descriptions of expression in a relevant cell context and are
complemented by additional references in the main text.

IL1IRAP

Interleukin 1 Receptor Accessory Protein 1 (ILIRAP) is a co-receptor to the
interleukin 1 receptor (IL1R1) that, upon binding of IL-1A or IL-1B, signals through
NF-kB and AKT phosphorylation in normal hematopoiesis [131-133]. In 2010, our
group identified ILIRAP to be specifically expressed on immature CD34"CD38"™
CML cells, whereas CD34"CD38"°“ILIRAP" cells from the same patients were
shown by flow-drop-FISH to be BCR/ABLI negative residual healthy HSCs [134].
Notably, it was also shown that antibodies directed towards ILIRAP could kill
primitive CML cells ex vivo by ADCC [134]. In a follow-up study, newly generated
IL1RAP antibodies were shown to mediate specific cell killing in a xenograft model
of chronic phase and blast crisis CML, as well as to block IL-1B signaling [135].
As described in Article I, by assessing the leukemic stem cell burden defined as
CD34"CD38"°VILIRAP" cells at diagnosis, ILIRAP can be used as a maker to
predict response to TKI treatment [136]. ILIRAP has also been shown by us
[135,137], and others [138], to be expressed on primitive AML and MDS cells. The
expression of ILIRAP on candidate CML, AML and MDS stem cells and the lack
of expression on normal HSCs, makes it an interesting target for therapy in myeloid
malignancies with potentially limited toxicity. ILIRAP has further been shown to
be dispensable for normal hematopoiesis in mice [139]. Chimeric antigen receptor
(CAR) T cells engineered to target ILIRAP have shown potent anti-leukemic effect
against primary CML samples in vitro and in preclinical in vivo CML cell line
models [140]. Whether CAR T cell therapy directed against ILIRAP will provide a
basis for clinical studies remains to be determined.

The correlation between IL1RAP expression and other markers described in CML
was further studied in Article I. Within the immature CD34°CD38"°Y CML
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compartment, ILIRAP is expressed on almost all BCR/ABL 1 positive cells, whereas
CD25 is expressed only on a subpopulation of the CD34"'CD38"“ILIRAP" cells.
Moreover, the percent positive ILIRAP cells better correlated to the percent
BCR/ABLI positive cells as determined by FISH. In combination with the robust
expression of ILIRAP on CD34'CD38" CML cells, this suggest that targeting
IL1RAP would have a greater anti-leukemic effect than targeting CD25 [136].

So far, no clinical trials have been initiated in myeloid leukemia using anti-IL1RAP
antibodies. However, a first-in-man clinical phase I/II trial using an anti-ILIRAP
antibody (nidanilimab, CANO04) is conducted in non-small cell lung cancer,
pancreatic ductal adenocarcinoma, breast cancer and colorectal cancer
(NCT03267316). Initial results suggest a manageable safety profile and an
expansion phase is currently ongoing in non-small cell lung cancer and pancreatic
cancer [141].

CD25

Interleukin 2 Receptor Subunit Alpha (IL2RA), commonly known as CD25 is a part
of the IL-2 receptor complex and is normally expressed on lymphocytes, including
B-cells and regulatory T-cells [142,143]. CD25 has been shown to be upregulated
on CD34"CD38"°™ CML cells as compared to corresponding cells from healthy bone
marrow [144]. It was later shown that in CML patients, only the LSCs and
basophiles express CD25, with the majority of more differentiated CML cells
lacking CD25 expression [145]. CD25 expression was also shown to be dependent
on STATS activity and lower CD25 expression was seen during treatment with the
TKIs nilotinib or ponatinib. Upon shRNA mediated downregulation of CD25, the
CML cell line KU812 showed higher proliferation and engraftment in NSG mice
[145]. CD25 was therefore suggested to be a marker of CML stem cells and a
negative regulator of growth. Somewhat contradicting data from a murine model of
CML with BCR/ABLI retrovirally transduced into LSK cells instead showed that
there are both CD25" and CD25" LSCs and that in vivo treatment with anti-CD25
antibodies improved survival, as did anti-IL-2 antibodies, whereas IL-2 treatment
instead shortened survival [146]. This was further supported by the increased colony
forming capacity observed in human CML samples upon IL-2 stimulation,
concluding that the IL-2-CD25 axis is important to maintain a subset of CML stem
cells. CD25 was however again shown to be upregulated on both human and murine
immature CML cells as well as blast crisis CML cells, consolidating CD25 as an
LSC marker in CML although the exact function remains uncertain. The CD25
expression data are consistent with the results presented in Article I and Article I1.
CD25 is also expressed in AML, MDS and BCR/ABL1 positive ALL [147-150].

Clinical trials with an anti-CD25 antibody conjugate to pyrrolobenzodiazepine
(camidanlumab tesirine, ADCT-301) are currently conducted in AML and ALL
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(NCT02588092), as well as lymphomas (NCT04052997 and NCT02432235), and
other solid tumors (NCT03621982). Immunotoxins linked to anti-CD25 antibodies
fragments (IMTOX25 and LMB-2) are also being evaluated but not for patients with
CML or AML.

CD26

Dipeptidyl Peptidase 4 (DPP4) is commonly referred to as CD26. It is normally
expressed on a variety of cells including subsets of both CD4" and CD8" T-cells and
can deliver T-cell activating signals and display peptidase activity in cleaving
dipeptides from polypeptides [151,152]. It is involved in many different biological
functions among which the regulatory role of incretin hormones such as GLP-1 and
subsequent glucose levels are one of the best studied [153]. This effect has led to
anti-diabetic drugs such as sitagliptin which, by inhibiting CD26 mediated cleaving
of GLP-1, results in higher insulin release and lower glucose levels [154]. CD26 can
also cleave and inactivate CXCL12 with resulting effects on chemotaxis and
reduced homing to the bone marrow [155]. Inhibition or deletion of CD26 in mouse
HSCs results in higher bone marrow engraftment [156]. CD26 expression in a
subgroup of CD34" cells from umbilical cord blood has also been described [157].
This spurred clinical trials where sitagliptin inhibition of CD26 activity showed a
tendency towards enhance engraftment in patients receiving umbilical cord blood
transplantation, however the relevance of this effect has yet to be determined
[158,159].

Specific CD26 expression on CD34"CD38"°Y CML cells compared to corresponding
healthy cells has been described by others and was confirmed by us in Article I and
Article II [144]. FACS sorting of primary lineage negative CML cells into CD26"
and CD26  fractions and transplantation into NSG mice revealed BCR/ABLI
positive CML engraftment only from the CD26" fraction [144]. In the same study,
CML stem cells showed CD26 enzymatic activity and the authors propose that the
cleaving of CXCL12 by CML cells can lead to reduced chemotaxis, increased niche
escape, and spread of disease. This could be a reversible phenomenon as gliptins
were shown to inhibit CD26 and CML cells treated with gliptins displayed reduced
LTC-IC capacity and reduced engraftment, although no direct effect was observed
in assays of colony forming capacity [144]. Two case reports were also provided
where CML patients, upon addition of gliptin treatment to their nilotinib treatment,
achieved marked reduction of BCR/ABLI mRNA levels.

In a large cross-sectional study in Italy, peripheral blood from 468 CML patients
were assessed for CD26 expression in their immature CD34"CD38"Y compartment
at diagnosis, during TKI treatment, and during treatment-free remission. The
relative frequency of CD34°CD38"°"CD26" cells was higher in blood than in bone
marrow, although the absolute counts were comparable, consistent with previously
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described data suggesting that CD26 activity makes CML cells less prone to bone
marrow sequestering. At diagnosis, 100% of CML patients displayed CD26
expression on CD34"CD38"Y cells, during TKI treatment about 70% retained CD26
expression and during treatment-free remission 66% expressed CD26. However, no
correlation between CD34'CD38"°“CD26" cells and BCR/ABLI transcript levels
was observed, possibly explained by CML stem cells being quiescent and
transcriptionally silent [160]. These results would be strengthened by actually
investigating the BCR/ABL1 status at the DNA level in the different cell populations
during treatment and after TKI secession. Further support for CD26 as a CML stem
cell marker during TKI treatment came from a study where FACS index sorting
combined with single cell qPCR analyses of 95 genes identified Lin
CD34°CD38"°YCD45RAcKIT CD26" cells to persist during TKI treatment and to
have a primitive and quiescent expression profile, [161].

An anti-CD26 CAR T cell therapy has been proposed as CML treatment but showed
early problems with fratricide in vitro, precluding the relevance of those particular
CAR T cells and possibly CD26 as a target for future CAR T cell therapies [162].
CD26 has also been suggested to be upregulated in other malignancies, including
CLL, mesothelioma and renal clear cell carcinoma [163-165].

CD36

CD36 (also known as SCARB3) is a scavenger receptor and a receptor for
thromobospondin-1 and is normally expressed on monocytes, macrophages,
thrombocytes, adipocytes and some endothelial cells [166]. In Article II we define
a specific CD36 expressing subset of CD34"CD38"" CML cells not present in
normal bone marrow. The differential expression of CD36 was detected by RNA
sequencing of FACS sorted CD34'CD38"° CML and normal bone marrow cells
and confirmed by flow cytometry. The CD36 expressing cells were shown to be less
sensitive to TKI treatment and targetable for ADCC mediated killing using an anti-
CD36 antibody [83]. CD36 also appears to be downregulated during TKI treatment,
however, residual CD34"CD38"“CD36" cells still contain BCR/ABLI to a higher
degree than CD34"CD38°“CD36 cells from the same patient, suggesting that CD36
is a marker of immature CML cells also during TKI treatment. CD36 is further
expressed in approximately 50% of AML and some blast crisis CML and has been
suggested to have a role in the metastatic spread of solid tumors [167-169]. In AML
and blast crisis CML, CD36 has been shown to mediate fatty acid uptake and to
confer distinct metabolic properties. CD36 expressing AML cells are also more
quiescent, reside in fatty tissue and are less sensitive to chemotherapy [168]. These
properties have not yet been studied in detail in chronic phase CML.
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Other cell surface markers

CDI23

CD123 (IL3RA) is overexpressed in both chronic phase and blast crisis CML, AML,
MDS and other neoplasms [170]. In CML, CD123 is expressed in both CD34" and
CD34°CD38"" cells, findings confirmed in Article I [82,171]. However, both
CD34CD38"°"CD123" and CD34'CD38"°*CD123" show LTC-IC capacity with
resulting BCR/ABLI positive colonies, allowing ADCC mediated killing of only a
subset of LSCs in CML [82]. An anti-CD123 antibody was also shown to reduce
the growth promoting effects of IL-3 on CML cells. Moreover, an anti-CD123
targeting fusion protein conjugated to diphtheria toxin could also induce apoptosis
in primary CML samples carrying a T3151 mutation in ABL1 [172]. CD123 is also
expressed on normal hematopoietic cells albeit at lower levels, which has halted
therapeutic endeavours in CML. However, CD123 still remains an interesting target
in AML were toxicity is more acceptable due to the worse prognosis, as discussed
further below.

LEPR

The leptin receptor (LEPR), also known as Ob-R or CD295, has been shown to be
specifically upregulated on primary CD34°CD38"" CML cells (Article II). The
biological effect of this upregulation is not clear as stimulation with leptin did not
confer a growth advantage to CML cells [173]. Leptin has, however, been shown to
have a role in obesity-induced tumor growth, regulating adipogenesis and
osteogenesis in the bone marrow, and to promote AML cell growth [174-176].
Further studies are therefore needed to establish whether LEPR has a functional role
in CML and if it could provide a target for directed therapies.

Putative MSTNpp receptor

To identify positive regulators of primitive CML cells, a cytokine screen using 313
different cytokines, primary CD34°CD38"°Y CML cells, and healthy controls was
performed in Article III. Based on this screen and subsequent experiments,
myostatin propeptide (MSTNpp) was identified to expand both immature CML cells
and corresponding cells from normal bone marrow by increased phosphorylation of
SMAD2/3 and STATS. Using the CML cell line KU812 and an anti-MSTNpp
antibody, MSTNpp could be shown to bind to the cell surface. This suggests that
there is a receptor for MSTNpp expressed on the surface of CML cells. This putative
receptor of MSTNpp is most likely also expressed on healthy cells, based on the
observation of similar growth promoting effects of MSTNpp in this cell context.
Further studies are needed to elucidate the presumed MSTNpp receptor and its role
in CML.
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CD56

NCAM1 commonly referred to as CD56, is normally expressed on NK-cells and has
been shown to be upregulated in both CML and AML [177,178]. In CML, it is
expressed on CD34" cells but only weakly expressed in CD34°CD38"" cells, the
expression however appears to be higher than on corresponding healthy cells
[177,179]. The expression of CD56 was confirmed in Article II. The anti-CD56
drug-conjugated antibody lorvotuzumab mertansine (IMGN901) was tested in
clinical trials for hematological malignancies including AML (NCT02420873), as
well as solid tumors, but have since been discontinued [180]. An ongoing clinical
trial in AML will evaluate CAR T cells targeting multiple proteins including CD56
(NCT03222674).

CD93

CD93 (C1QR1) has been shown to be upregulated on immature Lin
CD34'CD38"°"CD45RACD90" CML cells as well as on AML cells [181,182]. In
CML, CD93 confers signals for self-renewal and proliferation and this does not
appear to be dependent on ligand binding [183]. Further, these effects of CD93
could potentially be mitigated by the use of the clinically available antiemetic
metoclopramide, results in need of further validation. In Article II we could confirm
the expression of CD93 in CD34'CD38"Y CML cells.

ILIRI

IL1R1, which mediates IL-1 signaling together with its co-receptor ILIRAP, is also
expressed on both CD34" and CD34"CD38"" CML cells. However, the expression
is not high and healthy cells also express ILIR1, primarily in CD34" cells but also
at low levels in CD34"CD38"" cells [74,184].

CD44

Some markers are expressed on CML cells but with simultaneous high expression
on healthy hematopoietic cells and in other tissue. CD44 is one such example. CD44
is expressed on CML cells and regulate homing to the bone marrow as shown in a
transgenic mouse model of CML [170,185]. CD44 binds to E-selectin, hyaluronic
acid and other components of the extracellular matrix, mediating adhesion and
homing, and an anti-CD44 antibody has been shown to reduce LSC burden in a
xenograft mouse model of human blast crisis CML [186,187]. The feasibility of
using an anti-CD44 approach for treating CML patients remains to be determined
and caution is advisable considering the CD44 expression on HSCs.
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CD33

CD33, also known as SIGLEC3, is highly expressed on CD34"CD38"" CML cells
as well as AML cells and the expression in CML is higher than in normal bone
marrow [188-190]. These CD33 expressing CML cells can be targeted by an anti-
CD33 drug conjugated antibody [189]. The relevance of high CD33 expression in
CML is, however, limited due to expression on healthy hematopoietic stem cells
[31]. CD33 targeting therapies are used in AML despite the HSC expression and
possible on-target off-tumor effects.

CD117

Early reports showed that CML cells express CD117 (KIT), the receptor for SCF
[170]. CD117 has also been shown to be expressed on CD34"CD38"Y CML cells,
but the expression appears higher on healthy cells [184]. Further, CD117 negative
CML cells could potentially be less sensitive to TKI treatment, suggesting a reduced
importance of CD117 expression in CML [161]. The expression of CD117 was
confirmed in Article 1.

S12

ST2 (IL1RL1) also known as IL33R, is another receptor suggested to have a role in
CML. It was first described to be expressed on CD34" CML cells [191]. More recent
research could not confirm the expression of ST2 on immature CML cells [184].
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Cell surface markers in AML

Many markers have been shown to be upregulated on AML cells. Some are
specifically expressed on AML cells or AML stem cells and others simply have a
higher expression on AML cells compared to normal cells. Some are also the focus
of clinical therapeutic endeavours.

LSCs in AML were first believed to reside exclusively within the CD34°CD38""
compartment [123,124,192]. It was later shown that the anti-CD38 antibodies used
for the LSC separation could induce cell killing of CD38" cells through NK-cell
activity as well as other mechanisms [193]. This most likely skewed the results,
masking LSC potential in the CD38 expressing population. The genetic changes
defining a particular AML sample will affect the LCS immunophenotype of a
sample. For example, NPM1 mutated AML that generally have low or no CD34
expression have been shown to have LSC potential in both CD34"CD38"" and
CD34'CD38" cells as well as in some cases only within the CD34" compartment
[194,195]. This has further been demonstrated in other subgroups of AML, where
both CD34°CD38"" and CD34°CD38", as well as AML cells expressing lineage
markers, have been shown to harbor LSC potential [126,196]. Therefore, the LSCs
in AML cannot be said to always reside within a specific CD34/CD38 compartment.
However, in a majority of AML samples, the LSCs still appear to be enriched in the
CD34'CD38" cell fraction, making it a preferred population for studying LSCs in
AML [95,115,126,196].

Few studies have evaluated multiple cell surface markers and their co-expression,
with some notable exceptions [197-199]. Ongoing work in our group is using a new
technique based on cellular indexing of transcriptomes and epitopes by sequencing
(CITE-seq), to further elucidate the co-expression and immunophenotype of LSCs
in AML.

Cell surface markers that have been described to be upregulated in AML are
summarized in Table 2 and short descriptions of the most well-studied markers are
provided below.
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Table 2. Cell surface markers in AML

Name Alias Protein Name Targeted Drugs* Key Reference”

CD123 IL3RA Interleukin 3 Receptor Subunit Alpha mab, adc, dab, CAR T Jordan et al. 2000, Jin et al. 2009
CD47 MER6 CDA47 Antigen mab, other Majeti et al. 2009, Jaiswal et al. 2009
TIM-3 HAVCR2, CD366 Hepatitis A Virus Cellular Receptor 2 mab Kikushige et al. 2010, Jan et al 2011
IL1RAP IL1R3 Interleukin 1 Receptor Accessory Protein (mab in solid tumors) Barreyro et al. 2012, Askmyr et al. 2013
CLL-1 CLEC12A, CD371 C-Type Lectin Domain Family 12 Member A dab, CART Bakker et al. 2004, Van Rhenen et al. 2007
SLAMF6 CD352, NTB-A SLAM Family Member 6 - Landberg et al. 2019

CD33 SIGLEC3 Myeloid Cell Surface Antigen CD33 mab, adc, dab, rab, CAR T Hauswirth et al. 2007

CD7 GP40 T-cell Antigen CD7 CART Lo Coco et al. 1989

CD25 IL2RA Interleukin 2 Receptor Subunit Alpha adc Saito et al. 2010

CD32 FCGR2A Fc Fragment Of IgG Receptor lla - Saito et al. 2010

CD36 SCARB3 CD36 Antigen - Ye et al. 2016

CD37 TSPAN26 Leukocyte Antigen CD37 mab (terminated), CAR T Pereria et al. 2015

CD43 SPN, Sialophorin Leukosialin - Gillissen et al. 2017

CD44 ECMR-III CD44 Antigen mab, CART Jin et al. 2006

CD45 PTPRC, LCA Protein Tyrosine Phosphatase Rec. Type C rab Mawad et al. 2014

CD52 EDDM5 CAMPATH-1 Antigen mab Blatt et al. 2014

CD56 NCAM1 Neural Cell Adhesion Molecule 1 adc (discontinued), CAR T Sasca et al. 2019

CD70 CD27L, TNFSF7 CD70 Antigen mab Riether et al. 2016

CD73 NT5E 5'-Nucleotidase - Jakobsen et al. 2019

CD82 TSPAN27 CD82 Antigen - Nishioka et al. 2013

CD89 FCAR Fc Fragment Of IgA Receptor - Miladenov et al. 2015

CD90 THY1 Thy-1 Cell Surface Antigen - Buccisano et al. 2004

CD93 C1QR1 Complement Component C1q Receptor - Ilwasaki et al. 2015

CD96 TACTILE T-cell Surface Protein Tactile - Hosen et al. 2007

CD97 ADGRES5 CD97 Antigen - Martin et al. 2019

CD98 SLC3A2 4F2 Cell-surface Antigen Heavy Chain mab Bajaj et al. 2016

CD99 MIC2 CD99 Antigen - Chung et al. 2017

CD105 ENG Endoglin (mab in solid tumors) Dourado et al. 2017

CD133 PROM1 Prominin 1 CART Wuchter et al. 2001

CD135 FLT3 Fms Related Tyrosine Kinase 3 mAb Kuchenbauer et al. 2005

CD157 BST1 Bone Marrow Stromal Cell Antigen 1 mab Krupka et al. 2017

CD200 OX-2 Cell Surface Glycoprotein CD200 Rec. 1 mab Coles et al. 2011

CD244 SLAMF4, NKR2B4 Natural killer cell receptor 2B4 - Zhang et al. 2017

CD300LF IREM-1, CLM1 CMRF35-like Molecule 1 - Korver et al. 2009

CD302 CLEC13A CD302 Antigen - Lo etal. 2019

CXCR4 CD184 C-X-C Motif Chemokine Receptor 4 mab, other Zhang Yanyan et al. 2017

JAM3 JAMC Junctional Adhesion Molecule 3 - Zhang Yaping et al. 2018

GPR56 ADGRG1 Adhesion G-protein Coupled Receptor G1 - Pabst et al. 2016

OX40 TNFRSF4, CD134 TNF Receptor Superfamily Member 4 mab Neubling et al. 2018

* Types of targeted drugs in in clinical trials for AML. Abbreviations; mab, naked monoclonal antibody; adc, antibody-
drug conjugate; dab, dual-affinity antibody; rab, radiolabeled antibody, CAR T, chimeric antigen receptor T cells; other,
other types of targeted compounds.
# References provided in the table represent the first descriptions of expression in a relevant cell context and are
complemented by additional references in the main text.
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CD123

Interleukin 3 Receptor Subunit Alpha (IL3RA) is commonly known as CD123. In
2000, CD123 was described to be upregulated on immature CD34°CD38"Y AML
cells compared to their cellular counterpart in healthy bone marrow [200]. IL-3
signals through the heterodimer of CD123 and CDI131 and the IL-3 effects are
species specific [201]. IL-3 has long been known to give a potent proliferative effect
on AML cells [202]. It has also been shown that an anti-CD123 antibody both
inhibits the proliferative effect of IL-3, reduces homing of AML cells to the bone
marrow, and marks cells for killing by the innate immune system in non-obese
diabetic-severe combined immune-deficient (NOD/SCID) mice [203]. Further, the
level of CD34'CD38""CD123" cells at diagnosis, as assessed by flow cytometry,
has been shown to correlate to overall survival and patients with <1% of these cells
have a particularly good prognosis [204]. A link between CD123 and FLT3-ITD has
also been suggested since it was shown that only CD34"CD38"°*CD123" and not
CD34'CD38"°"CD123 cells carried a FLT3-ITD in a small group of primary AML
samples [205].

CD123 is, however, expressed in normal hematopoiesis and can be used to
differentiate CD123'°% CMPs and GMPs from CD123° MEPs [206]. It also appears
to be expressed on HSCs from cord blood and, albeit at low levels, on some HSCs
from normal bone marrow [31]. This low expression is relevant since it suggests
that an anti-CD123 therapy might also affect residual normal hematopoiesis. This
has been confirmed in preclinical in vivo experiments where a CD123 directed CAR
T cell therapy for AML resulted in myeloablation [207]. Nevertheless, ongoing
trials are exploring the use of both autologous anti-CD123 CAR T cells
(NCTO02159495) and allogeneic UCART123 (NCT04106076) in AML. CD123 is
also expressed in some cases of B-ALL, blastic plasmacytoid dendritic cell
neoplasms (BPDCN) and hairy cell leukemia [208].

Many compounds targeting CD123 are currently, or have recently been, studied in
clinical trials for AML, including bispecific or dual affinity CD123-CD3 antibodies
(XmAb14045 in NCT02730312, JNJ-63709178 in NCT02715011 and
flotetuzumab, formerly MGDO006 or S80880 in NCT02152956), drug conjugated
anti-CD123 antibodies (IMGN632, NCT03386513), and anti-CD123 CAR T cells
(UCARTI123 in NCT03190278 and MB-102 in NCT04109482). Tagraxofusp,
formerly SL-401, is a CD123 directed recombinant protein combining IL-3 and
truncated diphtheria toxin that has shown striking effects in BPDCN with overall
response rates of 90% in previously untreated patients, although 19% also
experienced capillary leak syndrome [209]. Tagraxofusp is currently also in clinical
trials for AML in combination with azacitidine and venetoclax (NCT03113643), as
well as in the form of consolidation treatment in complete remission
(NCT02270463). Other compounds have been withdrawn or clinical trials
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terminated due to lack of effect or unfavourable risk/benefit profiles, including
naked CD123 antibody talacotuzumab (derived from CSL362, NCT02472145) and
KHK?2823 (NCT02181699), as well as drug conjugated antibody SGN-CD123A
(NCT02848248) [180,210]. The efficacy and safety of targeting CD123 in AML
have therefore yet to be conclusively decided.

CD47

CD47 was first described by the Weissman group to be overexpressed on AML cells
including immature Lin CD34"CD38"°"CD90" AML cells, compared to normal HSC
and MPP populations [211]. They further showed macrophage dependant
phagocytosis and specific killing of AML cells with an anti-CD47 antibody both in
vitro and in preclinical in vivo experiments, as well as a shorter survival for AML
patients with high CD47 expression. In a separate study, they also showed CD47 to
be more highly expressed in blast crisis than chronic phase CML and that mobilized
mouse HSCs made to circulate transiently upregulate CD47 to avoid phagocytosis
[212]. This ‘don’t eat me’ signal conferred by CDA47 is a result of interaction with
SIRPa on the surface of macrophages [213]. CD47 is, however, also expressed on
a variety of normal tissue, albeit at lower levels than many malignancies [214].
Indeed, CD47 has been shown to be upregulated in a variety of cancers including
breast, colon, prostate and ovarian tumors [215].

There are currently many clinical trials for therapies targeting CD47. Recent reports
show promising effects of the recombinant human monoclonal IgG4 antibody
Hu5F9-G4 in diffuse large B-cell lymphoma as well as more indolent follicular
lymphomas [216]. Phase I trials for HuSF9-G4 in AML and MDS are currently
ongoing but no results are available (NCT02678338 and NCT(03248479). SRF231
is another anti-CD47 antibody in clinical trials for different hematologic
malignancies (NCT03512340). The phase I trial of Celgene’s antibody CC-90002
in AML was terminated due to unfavourable preliminary data (NCT02641002), the
antibody is now evaluated in solid tumors, myeloma and lymphoma
(NCTO02367196). ALX148 is instead a high-affinity variant of SIRPo fused to an
inactive Fc-domain that upon binding to CD47 blocks signaling, acting as an
antagonist and potently enhancing the phagocytic effect of other anti-tumor
antibodies [217]. ALX148 is currently evaluated in a clinical trial for solid tumors
and lymphomas (NCT03013218). A similar compound, TTI-621 is also evaluated
in a clinical trial for hematological malignancies (NCT02663518). Therefore, CD47
is an interesting target with potential in AML as well as many other malignancies
and further results from these clinical trials are eagerly awaited.
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TIM-3

Hepatitis A Virus Cellular Receptor 2 (HAVCR?2) is commonly known as T-cell
Immunoglobulin Mucin Family Member 3 (TIM-3) or CD366. TIM-3 is specifically
upregulated on bulk AML cells and LSCs in most AML samples compared to
hematopoietic stem cells and can be used to separate LSCs from residual HSCs in
an AML sample [218]. An anti-TIM-3 antibody has been shown to induce ADCC
and inhibit AML but not normal HSC engraftment in NOD/SCID mice [219].
Galectin-9 (Gal-9) is a ligand for TIM-3, also produced by AML stem cells,
constituting an autocrine stimulatory loop with activation of NF-xB and B-catenin
upon binding to TIM-3, stimulating leukemia progression [220]. TIM-3 can
facilitate the secretion of Gal-9 from AML cells, which has been suggested to inhibit
cytotoxic T and NK-cells, possibly contributing to AML immune evasion [221].
TIM-3 can also be secreted in a soluble form, possibly further preventing NK-cell
activation via inhibition of IL-2 production [222]. TIM-3 plays a similar role as PD-
1 in negatively regulating immune response and TIM-3 is expressed on normal
regulatory T, B and NK-cells, as well as on macrophages, dendritic cells, and mast
cells [223]. Furthermore, it is expressed together with PD-1 on exhausted T-cells in
cancer and it has been suggested that blocking both PD-1 and TIM-3 might give
synergistic therapeutic effects [224].

Two clinical phase I trials in AML are currently investigating MGB453, a
humanized monoclonal anti-TIM-3 IgG4 antibody, one of which combines
MGB453 with a PD-1-inhibiting antibody and decitabine (NCT03066648). It is also
being tested in combination with hypomethylating agents in patients with MDS
(NCT03946670). TIM-3 is thus currently being studied more as a target for immune
check-point inhibition than a specific AML cell surface target.

IL1IRAP

As described above, the role of ILIRAP in leukemia was first studied in CML [134].
In parallel, work by Steidl’s group demonstrated ILIRAP overexpression in
immature cells from AML and MDS patients [138]. By performing FISH on FACS
sorted ILIRAP" and ILIRAP cells from an AML samples with del(7), it was shown
that only the ILIRAP expressing cells were part of the leukemic clone. The
functional relevance of ILIRAP was studied by shRNA mediated IL1RAP knock-
down in AML cell lines, which resulted in reduced clonogenic potential. ILIRAP is
expressed in a majority of AML samples and can be targeted with an anti-ILIRAP
antibody, inducing ADCC mediated killing of primary AML cells in vitro [137]. It
was later also shown that, in addition to NK-cell mediated ADCC effects in
preclinical in vivo experiments, an anti-IL1RAP antibody can reduce proliferation
of primary AML cells by blocking IL-1 signaling, providing a dual mode of action
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[135]. IL1RAP is further strengthened as a target for therapy due to it being
dispensable for normal hematopoiesis in mice as well as involved in FLT3-ligand
and SCF signaling by physical interactions with FLT3 and KIT in AML cells [139].
This could possibly also indicate that targeting ILIRAP might have a less
pronounced effect of blocking IL-1B signaling in AML patients with constitutively
activated FLT3 signaling as conferred by FLT3-TKD or FLT3-ITD, although the
ADCC effect would presumably still be present. Some AML samples have also been
shown to express ILIRAP on subclones with a parallel subclone in the same patient
lacking IL1RAP expression [225]. As mentioned above, a clinical phase I-II trial
evaluating an anti-IL1IRAP antibody is currently conducted in solid tumors
(NCT03267316), but so far, no clinical trials have been initiated in AML or high-
risk MDS.

CLL-1

C-type Lectin Domain Family 12 Member A (CLEC12A) is often referred to as C-
type Lectin-like Molecule-1 (CLL-1) or CD371. CLL-1 was first described to be
expressed on AML cells in phage display experiments published in 2004 [226]. This
study showed that CLL-1 is expressed in more than 90% of AML patients and that
the CD34°CD38" LSCs express CLL-1. CLL-1 is also expressed on healthy
granulocytes and monocytes, as well as on some CD34 expressing progenitors, but
not in the CD34°CD38"°Y HSC compartment or in other types of tissue [226]. CLL-
1 expression on healthy progenitors vary but appears to be higher on GMPs (on
average 80% cells expressed CLL-1) than CMPs (40%) and MEPs (10%) [227].
Further evidence of CLL-1 as a specific marker for LSCs was provided when a
larger cohort of AML samples were shown to express CLL-1 in their CD34"CD38"%
compartment and that FACS sorted primary CD34"CLL1" AML cells could engraft
with a leukemic phenotype in NOD/SCID mice [228]. CLL-1 expression is also
retained upon relapse and is not aberrantly expressed in healthy cells in bone
marrow from patients in remission after chemotherapy — a central aspect often
overlooked in studying other therapeutic targets [228,229].

The functional role of and ligands for CLL-1 in AML is not fully discerned but
CLL-1 has been suggested to be involved in inhibiting granulocyte and monocyte
function, thereby limiting inflammation [230]. It is however known that CLL-1
internalizes upon antibody binding, an aspect similar to CD33 that facilitates drug
delivery via drug conjugated anti-CLL-1 antibodies [231]. Preclinical experiments
have shown that an anti-CLL-1 antibody conjugated to the DNA-binding D211
(isoquinolidinobenzodiazepine) induces cell killing of AML blasts and LSCs with
minimal effects in healthy progenitors both in vitro and in an NSG mouse system
[231]. The effects on healthy hematopoietic cells were less pronounced than the
control antibody-drug conjugate targeting CD33. Another approach of targeting
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CLL-1 is using a bispecific, full-length antibody directed towards CLL-1 and CD3.
These experiments have shown promising anti-leukemic effect and acceptable
levels of adverse events in preclinical models [232].

So far only one clinical trial using an anti-CLL-1 antibody in AML has been initiated
(NCT03038230). This phase I first-in-man study evaluates MCLA-117 also known
as tepoditamab, a bispecific full-length human IgG antibody targeting CLL-1 and
CD3, engineered to lack Fc-mediated functions through abrogated binding to the
Fc-receptors CD16, CD32, Clq and CD64 for increased specificity. No results from
this clinical trial are currently available, but preclinical data suggests that
tepoditamab can redirect autologous T-cells from AML patients for specific CLL-1
targeted cell lysis in vitro [233]. Clinical trials are currently conducted to assess the
feasibility of CLL-1 directed CAR T cell systems, including a compound CAR T
cell system targeting both CLL-1 and CD33 (NCT03795779).

SLAMF6

Signaling Lymphocytic Activation Molecule Family 6 (SLAMF6), also known as
CD352, Ly108, and NTB-A, is a homophilic self-ligand cell surface receptor in the
immunoglobin superfamily [234]. Commonly expressed on NK, B, and T-cells,
SLAMF6 has immunomodulatory functions including NK-cell activation through
SAP and EAT-2 signaling [235,236]. In addition, inhibition of T-cell and B-cell
adhesion and interaction through SHP-1 recruitment [237], and a role in T-cell
development through SAP and FYN signaling have been described [238]. The
different effects of SLAMF6 signaling depends on the cellular context, tyrosine
phosphorylation of one of the two ITSM on SLAMF6 cytoplasmic tail either recruits
SAP and signal through FYN, or recruit SHP1/2 with activating or inhibitory
outcomes respectively [239]. SLAMF6 is also expressed on normal eosinophils but
not basophiles and neutrophils [240]. SLAMF6 expression has been proposed to be
restricted to the hematopoietic system [239].

In Article IV we show that SLAMF®6 is specifically expressed on CD34'CD38"¥
AML cells compared to corresponding healthy cells. The expression is most
pronounced in 7P53 mutated AML samples. We further show that an anti-SLAMF6
antibody induces ADCC mediated killing of KG1 cells.

Recent data suggests that an anti-SLAMF6 antibody can also re-activate exhausted
CDS8" T lymphocytes, providing a possible dual mode of action for an anti-SLAMF6
antibody-based therapy [241]. SLAMF6 has also been shown to be aberrantly
expressed in CLL and myeloma [242-244]. An anti-SLAMF6 antibody conjugated
to pyrrolobenzodiazepine has been evaluated in a clinical trial for myeloma
(NCT02954796), but no results have been published and no other trial in
hematological malignancies has been registered at ClinicalTrials.gov.
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CD33

CD33, also known as SIGLEC3, is a myeloid differentiation marker commonly
expressed on many types of healthy myeloid cells including myeloid progenitors,
monocytes, macrophages, granulocyte precursors and mast cells [245]. CD33
expression has been shown to be significantly higher on AML blasts (CD45%™)
compared to healthy progenitor cells and CD33 expression can be detected in almost
90% of AML samples [190]. Importantly, CD33 has also been suggested to be
expressed on LSC, increasing its potential relevance as a target for therapy [188].

Whether or not CD33 is expressed on healthy HSCs is still under discussion with
conflicting data reported. The CD34°CD38°" compartment from healthy bone
marrow was shown to express high levels of CD33 [31]. The same study further
showed that healthy Lin'CD34'CD38" cord blood and bone marrow cells
expressing CD33 could induce multilineage engraftment after serial transplantations
into NOD/SCID mice. Older clinical studies, however, show that CD33 depleted
grafts give rise to full bone marrow engraftment, but with a longer latency than non-
depleted grafts [246]. More recently, a bispecific antibody targeting CD33 and CD3
was shown to inhibited AML growth without effect on healthy hematopoietic cells,
as determined by colony forming capacity and engraftment potential in NSG mice
[247].

Initial clinical experiments using a CD33 antibody showed no effect on disease
progression in AML, however, a high internalization upon binding of the antibody
to CD33 was observed [248]. This led to the development of gemtuzumab
ozogamicin, a CD33 targeting antibody conjugated to a DNA-damaging antibiotic
derived from calichemicin. The linker between antibody and drug is stable in
peripheral circulation, but upon binding to CD33 the receptor-antibody complex is
internalized and the low pH in the lysosome induces release of the toxic payload
with subsequent DNA damage and cell apoptosis. However, large variations of the
susceptibility to this toxic effect on leukemic cells are seen, suggested to be
dependent on slow internalization, drug efflux, other pro- or anti-apoptotic signals
in the cell as well as varying expression of the target molecule CD33 [249]. The
antibody was retracted from market but have now been re-introduced following a
meta analyses of multiple clinical trials showing a significant improvement in
overall survival for AML patients of favourable and intermediate risk groups when
added to standard induction therapy [250].

Several other approaches of targeting CD33 have also been suggested. One of these
is the now withdrawn CD33 antibody conjugated to pyrrolobenzodiazepin
lintuzumab, also known as SGN-CD33A or vadastuximab talirine. Initial positive
results were followed by a phase III trial (NCT02785900) in older AML patients
that was discontinued due to increased fatal infections in the treatment group. Other
compounds in clinical trials include the anti-CD33 antibody BI836858
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(NCT02632721 and NCT03207191), the radioimmunoconjugate HuM195 also
known as Lintuzumab Ac-225 or Actimab-A (NCT03867682 and NCT03932318),
bispecific T-cell engaging antibodies AMG330 (NCT02520427), GEM333
(NCT03516760) and JINJ-67571244 (NCT03915379), other T-cell engagers such as
AMVS564 (NCT03144245), and the tri-specific fusion protein OXS-3550 also
known as GTB-3550 that targets CD33 and CD16 and is linked to a modified form
of [L-15 intended to engage and activate NK-cells (NCT03214666). Ongoing trials
also evaluates the effects of CAR T cells targeting CD33 (NCT02958397), as well
as a bispecific compound CAR T cell therapy targeting both CD33 and CLL-1
(NCT03795779). The effects on residual healthy hematopoietic cells from these
treatments and the potential need for subsequent allogeneic stem cell transplantation
remains to be determined.

Other cell surface markers

At least 32 additional markers have been described as possible targets in AML. In
the following section, a few of these markers that have been studied more
extensively are briefly discussed. Key references for the remaining markers are
provided in Table 2.

CD7

The known T-cell and NK-cell marker CD7 has long been recognized to be
aberrantly expressed in 10-35% of AML cases with a slight predominance in normal
karyotype AML, less differentiated MO and M1 AML and younger patients
[199,251-254]. CD7 expression is associated with poor prognosis and it is inversely
correlated with CEBPA mutation although there does not seem to be a causative link
between the mutation and CD7 expression in AML [255]. CD7 is also expressed in
primitive CML cells albeit at low levels [173,256]. Targeting CD7 with CAR T cells
have been shown to have potent anti-leukemic effect in vitro and in xenograft
models of AML but require the CAR T cells to be genetically edited to not express
CD7 in order to avoid fratricide [257]. A clinical trial is currently testing the
feasibility of using CAR T cells targeting CD7 expressing neoplasia including AML
(NCTO04033302), it is unclear if these studies are conducted using T-cells with
silenced CD7.

CD25

CD25 is expressed in CML and described in more detail above. In AML 10-30% of
patients have been shown to express CD25 and expression is associated with a poor
prognosis [147,258,259]. Leukemic engraftment in NSG mice has been shown for
both CD25 positive and negative cells, indicating that CD25 is expressed on some
but not all LSCs [260]. CD25 is expressed on quiescent, chemotherapy refractory
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LSCs and can initiate AML upon transplantation into immunodeficient mice [261].
In addition, CD25 is not expressed on healthy HSCs, increasing its potential
relevance as a target for therapy. Anti-CD25 toxin conjugated antibody
camidanlumab tesirine (ADCT-301) has been tested in a clinical trial for AML
(NCT02588092) but no results have been reported. The radiolabelled anti-CD25
antibody daclizumab have been studied in Hodgkin’s lymphoma and multiple
sclerosis but not in AML and is currently withdrawn due to safety concerns. The
recombinant immunotoxin LMB-2 targeting CD25 is being evaluated in T-cell
lymphoma but not AML.

CD32

CD32 (FCGR2A) is an activating Fc-receptor commonly expressed on T-cells,
monocytes, macrophages and neutrophils [262]. CD32 here should not be confused
with the structurally similar but inhibitory FCGR2B and the activating FCGR2C
receptors. CD32 is expressed on quiescent, chemotherapy refractory LSCs that can
initiate AML upon transplantation into immunodeficient mice, CD32 is, however,
not expressed on healthy HSCs [261]. There are no ongoing clinical studies
targeting CD32 in AML.

CD36

As shown in Article II, CD36 is expressed on immature CML cells and is described
in detail above. CD36 is also expressed in about 50% of AML patients where it
marks a subgroup of LSCs that are quiescent and rely on fatty acid oxidation for
their metabolism [168]. These CD36 expressing LSCs are suggested to reside in a
fatty riche niche that confers resistance to chemotherapy. CD36 is also highly
expressed on acute myelomonocytic leukemia (M4) and acute
monoblastic/monocytic leukemia (M5), presumably based on the CD36 expression
on normal monocytes [263].

CD37

CD37 is part of the tetraspanin superfamily, it is expressed on B-cells and B-cell
malignancies such as CLL and anti-CD37 antibodies and antibody-drug conjugates
are being developed for the use in CLL [264,265]. It was recently shown to also be
expressed on AML cells and potentially on LSCs [266]. However, the clinical trial
evaluating the effect of the anti-CD37 antibody-drug conjugate AGS67E in AML
(NCT02610062) was recently terminated by the sponsor and no results have been
published. A clinical trial evaluating anti-CD37 CAR T cells in CD37 expressing
hematological malignancies is planned for next year, potentially enrolling AML
patients (NCT04136275).
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CD43

CD43, also known as SPN or Sialophorin, is expressed in a sialylated form on all
WHO 2008 defined subgroups of AML and MDS [267]. The discovery of CD43
expression was based on experiments analysing antibodies produced from the
allogeneic stem cell graft in a patient in complete remission two years after
treatment for AML. Mass spectrometry revealed that the graft-produced antibodies
specifically bound to sialylated CD43 on AML cells and these antibodies induced
ADCC and complement-dependent cytotoxicity (CDC) in AML cell lines in vitro
and in vivo as well as in primary AML cells. Later work using a bispecific antibody
targeting CD43 and CD3 has shown potent anti-leukemic effect with minimal effect
on healthy hematopoietic cells in mice models, even though CD43 can be detected
at low levels on hematopoietic progenitors, monocytes and granulocytes [268].

CD44

CD44 is expressed in AML, CML, ALL, and healthy tissue, and it binds to E-
selectin, hyaluronic acid and other components of the extracellular matrix,
mediating adhesion and homing [185,269,270]. Anti-CD44 antibodies have been
shown to both inhibit AML proliferation, homing, and engraftment, as well as
induce differentiation, with a less pronounced effect on healthy hematopoietic cells
[269,271]. Post transcriptional splicing of CD44 results in different variants
(CD44v) and expression of some of these distinct variants have been shown to be
AML specific and to correlate to overall survival [272]. CD44v6 is highly expressed
on AML cells and LSCs but only on few normal CD34" cells, allowing anti-CD44v6
CAR T cells to mediate potent anti-leukemic effects while sparing normal
hematopoiesis in vitro [273]. The clinical utility of targeting CD44 is still not
determined. The humanized anti-CD44 antibody RG7356 showed poor clinical
efficacy in an AML trial with only one of 44 patients achieving CR [274]. An
ongoing clinical trial in AML and myeloma is investigating CD44v6 targeting CAR
T cells but no results are yet available (NCT04097301).

CD45

CD45 (PTPRC), a receptor-like protein tyrosine phosphatase, is ubiquitously
expressed on all nucleated hematopoietic cells [275]. Hence, it is not a good target
for therapy in AML. It is, however, also expressed on AML blasts and therefor
currently explored as a target for radiolabeled antibodies intended for myeloablation
in conditioning regiments preceding allogeneic stem cell transplantation [276].
Ongoing clinical trials in AML are evaluating anti-CD45 antibodies conjugated to
radioisotopes include Iomab-B (NCT02665065) and *''Astaine-BC8-B10
(NCT03670966). CD4S5 is not pursued as a specific AML cell surface target.
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CD70

CD70, also known as TNFSF7, is the only known ligand for CD27, and the
CD70/CD27 interaction is involved in immune activation and lymphocyte
expansion [277]. CD70 is normally expressed on activated lymphocytes and
dendritic cells but has also been shown to be aberrantly expressed on AML cells and
LSCs [278]. Soluble CD27 (CD27s) increase as a result of CD70/CD27 interaction
and high levels of CD27s in AML patients at diagnosis have been shown to correlate
to poor prognosis. Blocking this interaction with an anti-CD70 antibody resulted in
reduced cell growth, increased differentiation, and prolonged survival in xenograft
studies of AML in a murine NSG model without effects on HSCs [278]. Current
clinical trials in AML and MDS are evaluating the effects of the anti-CD70 antibody
Argx-110 also known as cusatuzumab (NCT03030612 and NCT04150887).

CD97

CD97 (ADGREY) is an adhesion molecule expressed on activated lymphocytes,
granulocytes, monocytes, macrophages, and dendritic cells. It is frequently
expressed on AML cells and LSCs where it promotes proliferation and maintenance
of an undifferentiated state [279]. High CD97 expression has been shown to
correlate to NPM 1 mutations and is associated with a poor prognosis [280]. Genetic
downregulation of CD97 showed anti-leukemic effect but also affected normal
hematopoiesis to some extent, indicating that further research is needed to determine
if CD97 targeting would be clinically feasible in AML [279].

Additional cell surface markers in AML

In addition to those described above, many cell surface markers have been suggested
to be relevant in AML. These include CD52 [281], CD56/NCAMI1 [178],
CD73/NTSE [282], CD82 [283], CD89/FCAR [284], CD90/THY1 [285], CD93
[182], CD96 [286], CD98/SLC3A2 [287], CD99 [288], CD105/ENG [289],
CD133/PROM1 [290], CD135/FLT3 [291], CD157/BST1 [292], CD200 [293],
CD244/SLAMF4 [294], CD300LF [295], CD302/CLEC13A [296], CXCR4 [297],
JAM3 [298], GPR56/ADGRGI1 [299], and OX40/TNFRSF4/CD134 [300].
Expression of many of these markers were also confirmed in 7P53 mutated AML
in Article IV. A full list of AML cell surface markers and key references are
provided in Table 2.
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Therapeutic targeting of cell surface markers

Among the many suggested cell surface markers, most solid data have been
provided for CLL-1, CD123, ILIRAP, CD47, TIM-3, and CD33 as targets for
therapeutic intervention. The fact that LSCs can change phenotype and increase in
frequency after relapse or due to chemotherapy should indicate that a treatment
targeting the LSCs would be more effective if introduced early on in treatment
schemes [301]. An opposing concern is that a treatment depending on residual
healthy immune cells as effector cells might have a reduced or abolished effect if
introduced at diagnosis or in close proximity to chemotherapeutic agents.
Additionally, hypomethylating agents such as azacytidine has shown to enhance
anti-leukemic immune response in AML, potentially affecting other simultaneous
immune-based treatments [302,303]. Thus, the optimal timepoint of introducing a
treatment targeting LSCs in AML is not known. There are however several ways to
utilize the differential expression between leukemic and normal cells when
designing therapies targeting cell surface markers [210].

Naked antibodies

The first clinically used antibodies were polyclonal anti-thymocyte antibodies,
introduced in 1984 to prevent graft rejection and later graft versus host disease
[304]. The first monoclonal antibody in clinical use was an anti-CD3 antibody,
introduced in 1986 and used to prevent acute transplant rejection [305]. Since then,
monoclonal antibodies targeting a variety of protein have been introduced and are
now an important part of clinical practice. Upon binding specific epitopes on target
cells, antibodies can inhibit or enhance signaling, opsonize cells for immune
mediated cell killing such as ADCC and CDC, and mobilize LSCs from their bone
marrow niche, possibly sensitizing them to chemotherapy [180]. The antigen
binding fragment (Fab) region of the antibody determines the specificity of the
antibody and different binding epitopes in turn can conferred different biological
effects. The Fc-part of the antibody will affect interactions with effector cells and,
for example, antibodies with low fucosylation will induce more potent ADCC
killing compare to antibodies with high fucosylation [306]. One example of a dual
mode of action antibody is the anti-IL1RAP antibody nidanilimab that inhibits IL-
1B signaling and induce ADCC in CML and AML [74]. Based on annual sales, the
naked antibodies most commonly used in clinical care target TNFa
(adalimumab/Humira, infliximab/Remicade, and etanercept/Enbrel), VEGF
(bevacizumab/Avastin), or HER2 (trastuzumab/Herceptin), whereas one of the most
commonly used antibodies in hematology is the anti-CD20 antibody
rituximab/Mabthera [307].
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Antibody drug conjugates

Conjugating a cytotoxic drug to an antibody has attracted increased attention during
the last years and many ongoing clinical trials are evaluating this approach. Drug
conjugate antibodies target an antigen that, upon binding to its target receptor,
triggers internalization of the antibody-drug-receptor complex [308]. The cytotoxic
payload is often stably linked to the antibody rendering it inert in the blood stream
but upon internalization it is cleaved off and activated. Cleaving of the linker can be
mediated by the lower pH in lysosomes [249]. Examples of targets for drug
conjugated antibodies in myeloid leukemia are CD33 and CD123, and examples of
conjugated drugs are calichemicin-derivates and truncated diphtheria toxins
[249,309]. Radioimmunoconjugates are also explored, such as the anti-CD33
antibody conjugated to a radionuclide [310]. A different approach is to direct the
antibody to an epitope in the vicinity of the target cells. This has been shown with
the radiolabeled anti-CD25 antibody daclizumab in Hodgkin’s lymphoma where the
antibody is directed towards non-malignant T-cells surrounding the rare Reed-
Sternberg cells with subsequent killing of cells in the vicinity regardless of their lack
of CD25 expression [311].

Bispecific antibodies

Bispecific antibodies are also gaining increased attention as treatment for
hematological malignancies. Here, recombinant antibodies or fragments thereof, are
engineered to target two different epitopes. For example, one Fab region may bind
to a target-cell-specific epitope and the other to an effector-cell epitope, in
hematological malignancies often CD3, resulting in the recruitment and activation
of T-cells and subsequent cell lysis of the target cells [312]. Bispecific T-cell
engagers (BiTEs) use tandem single chain variable fragments (scFc) to elicit this
response, whereas dual-affinity re-targeting antibodies (DARTSs) have a different
type of linker between the two binding fragments [312]. Ongoing clinical trials are
evaluating bispecific antibodies targeting CD3/CD33, CD3/CD123, and CD3/CLL-
1 for the use in AML. A tri-specific killer engager (TriKE) fusion protein targeting
CD33 and CD16, linked to a modified version of IL-15 intended to engage and
activate NK-cells, will soon be tested in a clinical trial for AML [313]. There are
also examples of full-length antibodies with dual affinity such as CLT030 targeting
CLL-1 and CD3, the full-length construct contributing to a longer half-life and
possibly more favorable pharmacokinetic properties [232]. With increased
knowledge of cell surface targets on LSCs and immunological cells, combined with
improved possibilities to engineer recombinant antibodies, we are likely to see
several new drugs entering clinical trials for hematological malignancies in the near
future.
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CART cells

The most recent and very promising approach of immunotherapies are the chimeric
antigen receptor T-cells [314]. Initial experiments and clinical trials targeting CD19
in B-ALL show promise with high anti-leukemic effect in heavily pretreated
patients [315]. The side effects can, however, be severe, including cytokine release
syndrome and neurological toxicity [314]. The fact that CD19 expression is
restricted to leukemic target cells and healthy B-cells allows for specific targeting.
The lack of cell surface markers with similar specificity in myeloid leukemia has
made development of CAR T cells for AML more challenging. Initial preclinical
experiments with CAR T cells targeting CD123 showed myeloablative effects,
indicating a need for both eradication of the CAR T cells as well as subsequent
allogeneic stem cell transplantation [207]. Targeting CD33 would also target HSCs
but a suggested way of circumventing this problem could be to subsequently
transplant patients with allogeneic cells genetically engineered to not express CD33
[316]. The implementation of a safety switch in the CAR T cells is also being
explored in order to increase safety and controllability [317]. Preclinical
experiments of CAR T cells targeting CLL-1, CD44v6 and other markers show
promise but further investigation is needed to determine their usability in AML
[318]. A clinical trial in AML of CAR T cells targeting CD123 is ongoing
(NCT03766126), as are trials using compound CAR T cells targeting CLL-1 and
CD33 (NCT03795779), and Multi-CAR T cells targeting Muc-1/CLL-
1/CD33/CD38/CD56/CD123 (NCT03222674). Many of these therapies will most
likely be followed by allogeneic stem cell transplantation and the benefit in AML
remains to be determined. Discovery of additional cell surface markers on AML
cells with a restricted expression in healthy tissue would further improve the
applicability of CAR T cell therapies in myeloid leukemia.
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Present investigation

Aims

The overall aim for this work has been to identify and characterize the expression
of cell surface markers on leukemic stem cells (LSCs) in myeloid leukemia.
Through the identification of cell surface markers specifically expressed on LSCs,
this thesis hopes to facilitate the development of novel targeted therapies with higher
efficiency and lower toxicity in myeloid leukemia.

More specifically, the aims of this thesis were to:
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Study previously described cell surface markers as surrogate markers for
leukemic stem cell burden in chronic myeloid leukemia (CML) and their
use in predicting therapeutic response (Article I).

Identify new cell surface markers on primitive CML cells by RNA
sequencing of FACS sorted cells and evaluate their possible roles as targets
for antibody-based therapies (Article II).

Perform arrayed cytokine screens using primary CML cells to identify
positive regulators of primitive CML cells and their corresponding
receptors (Article IIT).

Discover new cell surface markers on primitive acute myeloid leukemia
(AML) cells in TP53 mutated AML suitable for antibody-based therapeutic
targeting (Article IV).



Results in CML

Article 1

Tyrosine kinase inhibitors (TKIs) have greatly improved the outcome of patients
with CML, but not all respond optimally to the initial treatment. The LSC-burden
of CML patients at diagnosis has been shown to predict response to TKI therapy
[319]. However, current protocols to detect LSC-burden in CML are not easily
implemented in a clinical setting. In Article I, the aim was to establish a flow
cytometry-based protocol to assess the LSC-burden at diagnosis of CML. First, it is
shown that of seven cell surface markers previously reported to be upregulated on
primitive CML CD34'CD38"" cells, only ILIRAP, CD25 and CD26 were not
expressed on corresponding normal hematopoietic stem cells. Furthermore,
IL1RAP expression in the CML CD34"CD38"" population at diagnosis was found
to be superior in identifying BCR/ABLI positive cells. Most importantly, the
proportion of CML CD34"CD38"" cells expressing ILIRAP at diagnosis predicted
response to TKI treatment. Patients with a low fraction of ILIRAP positive cells
showed better molecular and cytogenetic response after 3 as well 6 months of
treatment. It was concluded that flow cytometric analysis of ILIRAP on primitive
cells from CML patients at diagnosis provides important prognostic information in
predicting the response to TKI treatment.

Article 11

Despite TKIs being highly effective for the treatment of CML, few patients are
cured. The major drawbacks regarding TKIs are their low efficacy in eradicating
LSCs responsible for disease maintenance and relapse upon drug cessation [72]. In
Article II, RNA sequencing performed on flow-sorted primitive (CD34°CD38"")
and progenitor (CD34"CD38") chronic phase CML cells, identified transcriptional
upregulation of 32 cell surface molecules relative to corresponding normal bone
marrow cells. Focusing on novel markers with increased expression on primitive
CML cells, upregulation of the scavenger receptor CD36 and the leptin receptor
(LEPR) was confirmed by flow cytometry. A subpopulation of primitive CML cells
expressing CD36 was identified and shown to be less sensitive to imatinib treatment.
Using anti-CD36 antibodies, CD36 positive cells were targeted and killed by
antibody-dependent cellular cytotoxicity (ADCC). In summary, CD36 defines a
subpopulation of primitive CML cells with decreased imatinib sensitivity that can
be effectively targeted and killed using an anti-CD36 antibody.
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Article 111

Aberrantly expressed cytokines in the bone marrow niche are increasingly
recognized as critical mediators of survival and expansion of LSCs. To identify
regulators of primitive CML cells, a high-content cytokine screen using primary
CD34CD38"" chronic phase CML was performed. Out of the 313 unique human
cytokines evaluated, 11 were found to expand cell numbers > 2-fold in a 7-day
culture. Focusing on novel positive regulators of primitive CML cells, the myostatin
antagonist myostatin propeptide (MSTNpp) was shown to give the largest increase
in cell expansion and was chosen for further studies. It was demonstrated that
MSTNpp expands primitive CML and normal bone marrow cells, as determined by
increased colony-forming capacity. Retention of the immature cell surface marker
CD34 was seen during culture of primary CML cells. Furthermore, it was shown
that MSTN is expressed in CML mesenchymal stromal cells and that MSTNpp has
a direct and instant effect on CML cells, independent of myostatin. This is suggested
to depend on binding of MSTNpp to the cell surface, resulting in increased
phosphorylation of STATS and SMAD?2/3. In summary, MSTNpp was identified as
a novel positive regulator of primitive CML cells and corresponding normal
hematopoietic cells.

Results in AML

Article IV

AML is associated with an overall poor prognosis, particularly in patients with
genetic high-risk disease such as TP53 mutated AML that often relapse even if they
respond to initial treatment. Relapse is thought to occur from residual LSCs
unresponsive to standard cytostatic treatment. To date, no specific markers of LSCs
in TP53 mutated AML have been identified that would allow for specific therapeutic
targeting of these cells. In Article IV, a flow cytometry-based arrayed screen was
developed to evaluate the expression 362 different cell surface markers within the
CD3°CD19°CD34"CD38"" subpopulation of TP53 mutated AML cells and
corresponding normal bone marrow cells. SLAMF6 upregulation was identified and
could be validated in independent experiments of additional samples. Recombinant
anti-SLAMF6 antibodies were shown to induce ADCC mediated cell killing of an
AML cell line. The results of this study show that SLAMF6 provides a possible
target for antibody-based therapies in 7P53 mutated AML, a disease carrying a
dismal prognosis.
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Discussion

The first work (Article I) was conducted to compare suggested markers for
immature CML cells defined as CD34"CD38!¥. Research in general tends to skew
towards novelty at the expense of utility. In this study, the aim was to evaluate the
expression of previously described markers in CML and to put these findings into
the context of our own findings. The conclusions drawn are of interest from a
biological standpoint even though clinical implementation of determining LSC-
burden via IL1IRAP expression at the time of diagnosis might not change the clinical
management of CML patients. The obvious limitations of this work are that not all
cell surface markers were studied in detail. In retrospect, it would have been
interesting to delineate the expression of CD26 as this marker since has been shown
to be more relevant than CD25 and CD123 in CML [160,161]. Similar analyses of
co-expression have been performed in AML [199], suggesting the relevance of
evaluating multiple cell surface markers in myeloid leukemia. It is important to note
that no proof of leukemic stem cell potential was provided in this work, the
terminology was used on the basis of previous work in the field.

Articles II and III provide biological insight into CML pathogenesis. They also
explore potential novel therapeutic approaches. These might or might not become
clinically relevant in the context of CML, considering the extraordinary effects of
TKI treatment, but the results further our insight into CML biology. Our use of RNA
sequencing on FACS sorted CML cells advanced the field where previous similar
efforts have relied on microarray gene expression data [320]. Following the
conclusion of this work, acquiring single cell gene expression data in combination
with BCR/ABLI status has become feasible, providing additional insight into CML
subpopulations and biology [321].

The discovery of CD36 expression in CML would certainly have led us to also
investigate its relevance in AML. However, Craig Jordan’s group explored this in
detail in parallel with our work [168]. Our work adds to the insights from Craig
Jordan’s research by showing the relevance in CML as well as suggesting a potential
therapeutic approach by antibody targeting. Both the discovery of MSTNpp and
CD36 in CML furthers our understanding of the function and phenotype of
immature CML cells. We also show that MSTNpp is relevant in the setting of
normal hematopoiesis. An unresolved aspect, not addressed in the present work, is
how MSTNpp exerts its function. No receptor for MSTNpp has yet been described
and to identify this putative receptor and to further delineate the role of MSTNpp in
CML and normal hematopoiesis remain interesting objectives for future research.
The methodological approaches used and the results obtained in Articles I-I1I may
also have implications for other malignancies, highlighting the value of using a
genetically simple disease such as CML to achieve knowledge to be implemented
in genetically more complex disease such as AML.
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The ongoing work in Article IV describes a novel cell surface marker in a genetic
subtype of 7P53 mutated AML with very poor prognosis. Many cell surface markers
have been suggested to be relevant targets in AML, including CD123, CLL-1 and
IL1RAP, but few have been studied in the context of the underlying cause of the
disease. There are also other promising therapeutic approaches emerging such as
BCL-2 inhibitors [322], and some that targets specific molecular driver lesions such
as inhibitors of FLT3 [323], IDH1 [324], and IDH2 [325]. The molecular and
phenotypic heterogeneity of AML often provide obstacles in designing and
interpreting experimental results. In this study, we focused on a clinically relevant
genetic subtype of AML characterized by a 7P53 mutation, to test the hypothesis
that specific markers may be upregulated on LSCs in specific subtypes of AML.
The identification of SLAMF6 would not have been possible if examining all AML
subtypes or bulk leukemia samples. Work is currently ongoing to explore the
relation between SLAMF6 and TP53 mutations, to further investigate the possible
function of SLAMF6 in AML, and to study therapeutic targeting of SLAMF6 in
preclinical xenograft models of AML. In addition, the expression of SLAMF6 on
LSC-enriched AML cells in other subtypes of AML and in solid tumors will be
studied.
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Conclusions

The main conclusions from the articles of which the thesis is based upon can be
summarized as follows:

Article I
e JLIRAP can be used as a marker for leukemic stem cell burden in CML

e IL1RAP expression at time of diagnosis predicts response to therapy

Article I1

e (D36 and LEPR are specifically expressed in immature CML cells
compared to corresponding healthy cells

e (D36 expressing cells are less vulnerable to TKI treatment

e (D36 expressing cells can be specifically killed using an antibody targeting
this cell surface marker

Article 111

e MSTNpp is a positive regulator of immature CML cells and healthy HSCs,
possibly through phosphorylation of SMAD2/3 and STATS

e  MSTNpp is produced by stromal cells in CML patients

Article IV

e SLAMF6 is specifically expressed on immature cells from 7P53 mutated
AML compared to corresponding healthy cells

e SLAMF6 expressing cells can be targeted and killed using anti-SLAMF6
antibodies
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Concluding remarks

The clinical and biological understanding of myeloid leukemia is rapidly evolving.
CML patients now have a life expectancy close to normal, but the prognosis for
AML patients remains dismal. The genetically simple disease CML is a good and
convenient model of leukemia and studies of this disease may provide important
insight into more complex disorders such as AML. Many targeted therapies,
including antibodies and small molecule inhibitors, are currently being explored for
the treatment of AML [322,324-326]. Some show promising results but a common
cure for all AML subgroups remains to be identified.

In this thesis, it is shown that ILIRAP and CD36 are specifically expressed on
immature CML cells. These discoveries provide insight into the pathobiology of
CML and facilitate future experiments by expanding our knowledge of the LSC
immunophenotype. Both ILIRAP and CD36 can also be targeted for specific killing
of LSCs in CML. The treatment effects of TKIs are truly remarkable but in order to
provide an ultimate cure, additional therapeutic approaches should focus on
targeting the residual LSCs. Considering the close to normal life expectancy of
CML patients, new drugs targeting these LSCs need to be specific and associated
with minimal toxicity. It remains to be determined if ILIRAP and CD36 might serve
such a purpose in a clinical context. Both ILIRAP and CD36 have, however, also
been found to provide targets in other diseases with more pressing needs for novel
therapies, such as AML and solid tumors. The results of this thesis highlight the
benefits of using a simpler disease model such as CML to achieve new knowledge
with possible application in more complex disorders. The discovery of the role of
MSTNpp as a positive regulator of both immature CML and normal healthy cells,
also shows that our findings can perhaps be extrapolated and used in other settings,
such as in vitro expansion of normal HSCs.

There are many suggested cell surface molecules that could be used as targets in
treating AML. However, none have both solid evidence of eradicating AML LSCs
and are clinically available. The CD33 targeting drug conjugate gemtuzumab
ozogamicin is now available after a period of retraction but the clinical effect is
restricted to favourable or intermediate risk patients [250]. Other antibodies
targeting CD123, CLL-1, CD47, and TIM-3 are under investigation in clinical trials
and the results of these trials will be of great interest.
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Considering the molecular and phenotypic heterogeneity within AML, this thesis
sought to define new cell surface markers in the specific genetic subgroup of 7P53
mutated AML. By focusing on the 7P53 mutated patients with a poor prognosis, we
hypothesized that it would be possible to identify markers specifically expressed on
LSCs of this molecular subtype of AML. By applying an antibody screen to
immature CD34'CD38"°YCD3°CD19 cells, we detected high and specific
expression of SLAMF6 on immature AML cells. This molecule has previously been
suggested as a target in myeloma and CLL but we provide the first evidence of
SLAMEF6 as a suitable target for antibody-based therapy in AML, targeting the LSC-
enriched cellular subpopulation.

Other approaches of directing treatment to specific subgroups of AML based on
genetic lesions are being explored in ongoing trials of FLT3, IDHI and IDH2
inhibitors. There are also ongoing studies of BCL-2 inhibitors, with promising
effects across multiple genetic subtypes of AML. Exploring therapies with potential
use in multiple subgroups of AML is particularly compelling because of the high
costs associated with drug development and the relatively low incidence of AML in
each subgroup. The ultimate efficacy of this approach has yet to be determined.

Going forward, we await the results from ongoing clinical trials with great
enthusiasm. We also hope for the discovery of additional cell surface markers that
may enhance the arsenal in the fight against myeloid leukemia.
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Popularvetenskaplig sammanfattning

Leukemi uppstar till f6ljd av forvarvade genetiska fordndringar sdésom mutationer
eller translokationer som leder till okontrollerad celldelning, minskad celldod och i
vissa fall utebliven cellmognad. Vissa typer av leukemi, s som kronisk myeloisk
leukemi (KML) kan idag behandlas framgéngsrikt men kriver livslang behandling.
Andra former sd som akut myeloisk leukemi (AML) kréver lang behandling med
hoga doser cellgift dar dodligheten frén bade behandlingen och sjidlva sjukdomen
fortfarande dr mycket hog.

Denna avhandling har undersokt cellytemarkorer, protein som sitter pA KML- och
AML-cellernas yta, och deras forméga att sérskilja sjuka fran friska celler. Med
hjélp av cellytemarkdrer som uttrycks enbart pé leukemiska celler &r forhoppningen
att kunna utveckla riktade behandlingar som bada minskar biverkningar och i bista
fall kan bota dessa sjukdomar.

I Artikel I utvirderades flera idag kinda cellytemarkorer i KML och det kunde
konstateras att markdren IL1IRAP kan anvindas for att kvantifiera den leukemiska
stamcellsbordan vid diagnos. Denna information kunde sedan anvindas for att
forutsaga hur patienter svarar pa behandling med tyrosinkinashdmmare.

I Artikel II anvédndes sorterade, omogna celler fran KML-patienter och friska
donatorer for att identifiera nya cellytemarkorer pa de leukemiska cellerna. Genom
RNA-sekvensering av dessa cellpopulationer genererades en lista 6ver gener med
specifikt uttryck i leukemiska celler jamfort med friska celler. Uttrycket av
markorerna CD36 och LEPR bekriftades sedan dven pé proteinniva. CD36 kunde
dérefter visas vara anvéndbar som maltavla for antikroppsbaserad behandling, en
behandling som specifikt dodade celler som svarar simre pa géngse behandling.

I Artikel III anvédndes en storskalig analys av cytokiner, sma peptider som via
receptorer pa cellytan stimulerar eller hAmmar cellers forméga att dela sig och i vissa
fall hjilper leukemin att véxa. Denna analys visade att myostatin propeptid
(MSTNpp) stimulerar celldelning av KML-celler men &ven friska blodceller.
Darefter visades att MSTNpp bland annat bildas av bindvévsceller i benmérgen och
att effekten sannolikt beror pa att MSTNpp aktiverar molekylerna SMAD2/3 och
STATS som utgdr viktiga signalvdgar i cellen. Detta innebédr att MSTNpp éar
relevant bade inom KML men potentiellt &ven inom normal blodbildning.
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I Artikel IV pagar arbetet fortfarande kring cellytemarkorer i den subgrupp av AML
som kénnetecknas av mutationer i 7P53-genen, en fordndring som medfor en
notoriskt dalig prognos. Hér anvéndes en storskalig antikroppspanel for att leta efter
nya, specifikt uttryckta cellytemarkdrer pd AML-stamceller som ofta tros orsaka
aterfall i sjukdomen. Resultaten har visat att markdren SLAMEF6 &r specifikt uttryckt
pa dessa celler och att detta protein kan anvéindas som mal for en antikroppsbaserad
behandling som experimentellt har visats kunna déda AML celler.

Sammanfattningsvis har delarbetena i avhandlingen identifierat en rad olika
markorer péd ytan av sjuka celler fran patienter med leukemi. Avhandlingen bidrar
pa sa sitt till okad forstaelse for vad som skiljer sjuka leukemiceller fran friska
blodceller och underléttar vidare forskning inom omréadet. Vidare visas dven pa
experimentell vdg att vissa av dessa markdrer kan anvidndas som maltavlor for
behandling med antikroppar. Foérhoppningsvis kan resultaten ligga till grund for
utveckling av nya malinriktade behandlingar for patienter med leukemi.

61



Acknowledgements

This has been a lot of fun!

Thank you Theas, my main supervisor, for letting me have a swing at some real
research! Besides making it possible to begin with, you have made the whole
process a thoroughly interesting and fun experience! You show that clinical work
can be combined with top level research and the fantastic environment at Clinical
Genetics is to a large extent thanks to you.

Because of my main supervisors many commitments, guidance has also often come
from my three co-supervisors Marcus, Helena and Maria. Thank you so much for
letting me rely so heavily upon your solid support.

I would also like to thank the other great Pls at our department, including Felix,
Fredrik, and Bertil, as well as all the brilliant physicians at the hematology
department, in particular Johan, Vladimir, and Gunnar. You all both have and
share amazing insight into clinical and biological aspects of genetics and
hematology.

When taking this much time to savor the PhD-period, you fortunately encounter a
large number of fantastic people. Thank you, Marianne, for being the first person
to welcome me to the Department. I still only know what an Ependorf tube is thanks
to you! Shortly after getting to know you and the basics of not getting sunburn while
cutting agarose gels, I had the privilege to meet Linda, Setareh, Nils, Elsa, Jacob,
Anders, Pablo, Ram, Mattias, and Marion. You are all amazing scientists, lunch
companions and bar company, thank you all!

Another rock-solid tutor and friend that I would like to thank is Calle who always
knows how to tweak an experiment, how to optimize the fantasy league and when
to leave the conference for some pool time.

Thank you to the fantastic support team Christina, Henrik and Rasmus, your
knowledge in sequencing and bioinformatics is incomprehensible and forms the
basis of all work in our group. You also happen to be thoroughly nice people!

62



Thank you and good luck to the coming generation of workforce Maria, Hanna,
Louise, Karim, Larissa, and Saskia. Ton, I hope you lead them to great science or
pending that, great after work at the nearest bar.

To The Triumphant Trio: Palffy, Axel and Mia. You have taught me basically
everything, you have been with me to almost all conferences and you have
insistently told me not to FACS during Friday afternoons. You have made every
impossible experiment possible but somehow also made possible experiments
impossibly undoable in the most hopeless of ways. I very much appreciated
working, socializing, failing, travelling, succeeding, meeting Conan, and making
pretty pictures with you!

Thank you very much to the one who fixes everything, Anette.

Thank you to Linda and Jenny, Jenny, Linda and JennyLinda, [ am sorry to have
depicted you in so many PhD-movies.

Tack min kéra familj! Pappa som é&r och alltid har varit en forebild. Mamma som
alltid ar sé& snéll och ett ovarderligt stdd i alla ldgen. Sara och Lina, mina bésta
systrar, for att ni gor slakttraffar roligare och alltid vaktar Kosmo! Tack ocksa till
min kdra farmor for 30 ar av kalkonmiddagar och fortroliga, roliga samtal. Tack
mormor och morfar fér mitt norrldndska arv!

Tack till min fru Sofia. Du 4r det som gor att allting far ett virde.

63



References

11.

12.

13.

14.

19.

64

Seita J, Weissman IL. Hematopoietic stem cell: self-renewal versus differentiation. Wiley Interdiscip Rev
Syst Biol Med. 2010 Apr 1;2(6):640-53.

Laurenti E, Géttgens B. From haematopoietic stem cells to complex differentiation landscapes. Nature.
2018 Jan 24;553(7689):418-26.

Ogawa M. Differentiation and proliferation of hematopoietic stem cells. Blood. 1993 Jun 1;81(11):2844-53.
Takizawa H, Boettcher S, Manz MG. Demand-adapted regulation of early hematopoiesis in infection and
inflammation. Blood. 2012 Mar 29;119(13):2991-3002.

Notta F, Doulatov S, Laurenti E, Poeppl A, Jurisica I, Dick JE. Isolation of Single Human Hematopoietic
Stem Cells Capable of Long-Term Multilineage Engraftment. Science. 2011 Jul 7;333(6039):218-21.
Majeti R, Park CY, Weissman IL. Identification of a Hierarchy of Multipotent Hematopoietic Progenitors
in Human Cord Blood. Cell Stem Cell. 2007 Dec;1(6):635-45.

Doulatov S, Notta F, Laurenti E, Dick JE. Hematopoiesis: a human perspective. Cell Stem Cell. 2012 Feb
3;10(2):120-36.

Notta F, Zandi S, Takayama N, Dobson S, Gan OI, Wilson G, et al. Distinct routes of lineage development
reshape the human blood hierarchy across ontogeny. Science. 2016 Jan 8;351(6269):aab2116.

Gorgens A, Radtke S, M6llmann M, Cross M, Diirig J, Horn PA, et al. Revision of the human
hematopoietic tree: granulocyte subtypes derive from distinct hematopoietic lineages. Cell Reports. 2013
May 30;3(5):1539-52.

Karamitros D, Stoilova B, Aboukhalil Z, Hamey F, Reinisch A, Samitsch M, et al. Single-cell analysis
reveals the continuum of human lympho-myeloid progenitor cells. Nat Immunol. 2017 Dec 12;19(1):1-15.
Galy A, Travis M, Cen D, Chen B. Human T, B, natural killer, and dendritic cells arise from a common
bone marrow progenitor cell subset. Immunity. 1995 Oct;3(4):459-73.

Lee J, Zhou YJ, Ma W, Zhang W, Aljoufi A, Luh T, et al. Lineage specification of human dendritic cells is
marked by IRF8 expression in hematopoietic stem cells and multipotent progenitors. Nat Immunol. 2017
Jun 26;18(8):877-88.

Yamamoto K, Miwa Y, AbeSuzuki S, Abe S, Kirimura S, Onishi I, et al. Extramedullary hematopoiesis:
Elucidating the function of the hematopoietic stem cell niche (Review). Mol Med Rep. 2016
Jan;13(1):587-91.

Meéndez-Ferrer S, Lucas D, Battista M, Frenette PS. Haematopoietic stem cell release is regulated by
circadian oscillations. Nature. 2008 Feb 6;452(7186):442-7.

Lowenthal RM, Ragg SJ, Anderson J, Nicholson L, Harrup RA, Tuck D. A randomized controlled clinical
trial to determine the optimum duration of G-CSF priming prior to BM stem cell harvesting. Cytotherapy.
2007;9(2):158-64.

Chen Y-B, Le-Rademacher J, Brazauskas R, Kiefer DM, Hamadani M, DiPersio JF, et al. Plerixafor alone
for the mobilization and transplantation of HLA-matched sibling donor hematopoietic stem cells. Blood
Advances. 2019 Mar 26;3(6):875-83.

Kiel MJ, Yilmaz OH, Iwashita T, Yilmaz OH, Terhorst C, Morrison SJ. SLAM Family Receptors
Distinguish Hematopoietic Stem and Progenitor Cells and Reveal Endothelial Niches for Stem Cells. Cell.
2005 Jul;121(7):1109-21.

Acar M, Kocherlakota KS, Murphy MM, Peyer JG, Oguro H, Inra CN, et al. Deep imaging of bone
marrow shows non-dividing stem cells are mainly perisinusoidal. Nature. 2015 Sep 23;526(7571):126-30.

Boulais PE, Frenette PS. Making sense of hematopoietic stem cell niches. Blood. 2015 Apr
23;125(17):2621-9.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Calvi LM, Adams GB, Weibrecht KW, Weber JM, Olson DP, Knight MC, et al. Osteoblastic cells regulate
the haematopoietic stem cell niche. Nature. 2003 Oct 1;425(6960):841-6.

Lymperi S, Ersek A, Ferraro F, Dazzi F, Horwood NJ. Inhibition of osteoclast function reduces
hematopoietic stem cell numbers in vivo. Blood. 2011 Feb 3;117(5):1540-9.

Itkin T, Gur-Cohen S, Spencer JA, Schajnovitz A, Ramasamy SK, Kusumbe AP, et al. Distinct bone
marrow blood vessels differentially regulate haematopoiesis. Nature. 2016 Apr 21;532(7599):323-8.
Bruns I, Lucas D, Pinho S, Ahmed J, Lambert MP, Kunisaki Y, et al. Megakaryocytes regulate
hematopoietic stem cell quiescence through CXCL4 secretion. Nat Med. 2014 Oct 19;20(11):1315-20.
Sugiyama T, Kohara H, Noda M, Nagasawa T. Maintenance of the Hematopoietic Stem Cell Pool by
CXCL12-CXCR4 Chemokine Signaling in Bone Marrow Stromal Cell Niches. Immunity. 2006
Dec;25(6):977-88.

Yamazaki S, Ema H, Karlsson G, Yamaguchi T, Miyoshi H, Shioda S, et al. Nonmyelinating Schwann
Cells Maintain Hematopoietic Stem Cell Hibernation in the Bone Marrow Niche. Cell. 2011 Nov
23;147(5):1146-58.

Méndez-Ferrer S, Michurina TV, Ferraro F, Mazloom AR, Ben D MacArthur, Lira SA, et al.
Mesenchymal and haematopoietic stem cells form a unique bone marrow niche. Nature. 2010 Dec
8;466(7308):829-34.

Morrison SJ, Scadden DT. The bone marrow niche for haematopoietic stem cells. Nature. 2014 Jan
16;505(7483):327-34.

Mende N, Jolly A, Percin GI, Giinther M, Rostovskaya M, Krishnan SM, et al. Prospective isolation of
non-hematopoietic cells of the niche and their differential molecular interactions with HSCs. Blood 2019;
134 (15): 1214-1226.

Pinho S, Frenette PS. Haematopoietic stem cell activity and interactions with the niche. Nat Rev Molec
Cell Biol. 2019;(20), 303-320.

Osawa M, Hanada K, Hamada H, Nakauchi H. Long-term lymphohematopoietic reconstitution by a single
CD34-low/negative hematopoietic stem cell. Science. 1996 Jul 12;273(5272):242-5.

Taussig DC, Pearce DJ, Simpson C, Rohatiner AZ, Lister TA, Kelly G, et al. Hematopoietic stem cells
express multiple myeloid markers: implications for the origin and targeted therapy of acute myeloid
leukemia. Blood. 2005 Dec 15;106(13):4086-92.

Hoppe PS, Schwarzfischer M, Loeffler D, Kokkaliaris KD, Hilsenbeck O, Moritz N, et al. Early myeloid
lineage choice is not initiated by random PU.1 to GATA protein ratios. Nature. 2016 Jul
14;535(7611):299-302.

Antoniani C, Romano O, Miccio A. Concise Review: Epigenetic Regulation of Hematopoiesis: Biological
Insights and Therapeutic Applications. Stem Cells Transl Med. 2017 Oct 28;6(12):2106—14.

Jeong M, Park HJ, Celik H, Ostrander EL, Reyes JM, Guzman A, et al. Loss of Dnmt3a Immortalizes
Hematopoietic Stem Cells In Vivo. Cell Rep. 2018 Apr 3;23(1):1-10.

Kaushansky K. Lineage-specific hematopoietic growth factors. N Engl J Med. 2006 May
11;354(19):2034-45.

Raslova H, Vainchenker W, Plo 1. Eltrombopag, a potent stimulator of megakaryopoiesis. Haematologica.
2016 Nov 30;101(12):1443-5.

Salk JJ, Fox EJ, Loeb LA. Mutational Heterogeneity in Human Cancers: Origin and Consequences. Annu
Rev Pathol Mech Dis. 2010 Jan;5(1):51-75.

Hanahan D, Weinberg RA. Hallmarks of Cancer: The Next Generation. Cell. 2011 Mar 4;144(5):646-74.
Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz MJ, Le Beau MM, et al. The 2016 revision to the

World Health Organization classification of myeloid neoplasms and acute leukemia. Blood. 2016 May
19;127(20):2391-405.

Di Felice E, Roncaglia F, Venturelli F, Mangone L, Luminari S, Cirilli C, et al. The impact of introducing
tyrosine kinase inhibitors on chronic myeloid leukemia survival: a population-based study. BMC Cancer;
2018 Nov 2;:1-12.

Hehlmann R, Lauseker M, Saussele S, Pfirrmann M, Krause S, Kolb H-J, et al. Assessment of imatinib as
first-line treatment of chronic myeloid leukemia: 10-year survival results of the randomized CML study IV
and impact of non-CML determinants. Leukemia. 2017 Nov;31(11):2398-406.

Hochhaus A, Larson RA, Guilhot F, Radich JP, Branford S, Hughes TP, et al. Long-Term Outcomes of
Imatinib Treatment for Chronic Myeloid Leukemia. N Engl J Med. 2017; 376:917-927

65



43.

44,

45.

46.

47.

48.

49.
50.
S1.
52.
53.

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.

66

Dohner H, Weisdorf DJ, Bloomfield CD. Acute Myeloid Leukemia. N Engl J Med. 2015 Sep
17;373(12):1136-52.
Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton DA, Gralnick HR, et al. Proposals for the

classification of the acute leukaemias. French-American-British (FAB) co-operative group. Brit J
Haematol. 1976 Aug;33(4):451-8.

Moorthie S, Mattocks CJ, Wright CF. Review of massively parallel DNA sequencing technologies. Hugo
J. 2011 Dec;5(1-4):1-12.

Pellegrino M, Sciambi A, Treusch S, Durruthy-Durruthy R, Gokhale K, Jacob J, et al. High-throughput
single-cell DNA sequencing of acute myeloid leukemia tumors with droplet microfluidics. Genome Res.
2018 Sep;28(9):1345-52.

van Galen P, Hovestadt V, Wadsworth MH 11, Hughes TK, Griffin GK, Battaglia S, et al. Single-Cell
RNA-Seq Reveals AML Hierarchies Relevant to Disease Progression and Immunity. Cell. 2019 Mar
7;176(6):1265-1281.e24.

Petti AA, Williams SR, Miller CA, Fiddes IT, Srivatsan SN, Chen DY, et al. A general approach for
detecting expressed mutations in AML cells using single cell RNA-sequencing. Nat Commun. 2019 Aug
14;10(1):3660.

Wang W, Erbe AK, Hank JA, Morris ZS, Sondel PM. NK Cell-Mediated Antibody-Dependent Cellular
Cytotoxicity in Cancer Immunotherapy. Front Immunol. 2015;6:368.

Holyoake TL, Vetrie D. The chronic myeloid leukemia stem cell: stemming the tide of persistence. Blood.
2017 Mar 23;129(12):1595-606.

Ren R. Mechanisms of BCR-ABL in the pathogenesis of chronic myelogenous leukaemia. Nat Rev
Cancer. 2005 Feb 18;5(3):172-83.

PN, D H. Nowell P, Hungerford D. A minute chromosome in human chronic granulocytic leukemia.
Science. 1960;132:1497.

Rowley JD. A new consistent chromosomal abnormality in chronic myelogenous leukaemia identified by
quinacrine fluorescence and Giemsa staining [letter]. Nature. 1973;243:290-293.

Heisterkamp N, Stephenson JR, Groffen J, Hansen PF, de Klein A, Bartram CR, et al. Localization of the
c-abl oncogene adjacent to a translocation break point in chronic myelocytic leukaemia. Nature. 1983
Nov;306(5940):239-42.

OBrien SG, Guilhot F, Larson RA, Gathmann I, Baccarani M, Cervantes F, et al. Imatinib compared with
interferon and low-dose cytarabine for newly diagnosed chronic-phase chronic myeloid leukemia. N Engl
J Med. 2003 Mar 13;348(11):994-1004.

Jabbour E, Kantarjian H. Chronic myeloid leukemia: 2018 update on diagnosis, therapy and monitoring.
Am J Hematol. 2018 Feb 7;93(3):442-59.

Kronisk Myeloid Leukemi (KML) Nationell kvalitetsrapport for 2016. Regionala Cancercentrum i
Samverkan. 2017 Sep 19;1-49.

Hoglund M, Sandin F, Hellstrom K, Bjoreman M, Bjorkholm M, Brune M, et al. Tyrosine kinase inhibitor
usage, treatment outcome, and prognostic scores in CML: report from the population-based Swedish CML
registry. Blood. 2013 Aug 15;122(7):1284-92.

Baccarani M, Deininger MW, Rosti G, Hochhaus A, Soverini S, Apperley JF, et al. European
LeukemiaNet recommendations for the management of chronic myeloid leukemia: 2013. Blood. 2013 Aug
8;122(6):872-84.

Soderlund S, Dahlén T, Sandin F, Olsson-Stromberg U, Creignou M, Dreimane A, et al. Advanced phase
chronic myeloid leukaemia (CML) in the tyrosine kinase inhibitor era - a report from the Swedish CML
register. Eur J of Haemato. 2016 Aug 19;98(1):57-66.

Shanmuganathan N, Hughes TP. Molecular monitoring in CML: how deep? How often? How should it
influence therapy? Blood. 2018 Nov 15;132(20):2125-33.

Steegmann JL, Baccarani M, Breccia M, Casado LF, Garcia-Gutiérrez V, Hochhaus A, et al. European
LeukemiaNet recommendations for the managementand avoidance of adverse events of treatment in
chronicmyeloid leukaemia. Leukemia. 2016 Jun 3;30(8):1648-71.

Aghel N, Delgado DH, Lipton JH. Cardiovascular events in chronic myeloid leukemia clinical trials. Is it
time to reassess and report the events according to cardiology guidelines? Leukemia. 2018 Sep
10;32(10):2095.



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

Hochhaus A, Masszi T, Giles FJ, Radich JP, Ross DM, Casares MTGOM, et al. Treatment-free remission
following frontline nilotinib inpatients with chronic myeloid leukemia in chronic phase:results from the
ENESTfreedom study. Leukemia. 2017 Jun 9;31(7):1525-31.

Ross DM, Pagani IS, Shanmuganathan N, Kok CH, Seymour JF, Mills AK, et al. Long-term treatment-
free remission of chronic myeloid leukemia with falling levels of residual leukemic cells. Leukemia. 2018
Dec;32(12):2572-9.

Saussele S, Richter J, Hochhaus A, Mahon FX. The concept of treatment-free remission in chronic
myeloid leukemia. Leukemia. 2016 Jun 3;30(8):1638—47.

Houshmand M, Simonetti G, Circosta P, Gaidano V, Cignetti A, Martinelli G, et al. Chronic myeloid
leukemia stem cells. Leukemia. 2019 Jul;33(7):1543-56.

Biernaux C, Loos M, Sels A, Huez G, Stryckmans P. Detection of major ber-abl gene expression at a very
low level in blood cells of some healthy individuals. Blood. 1995 Oct 15;86:3118-22.

Bose S, Deininger M, Gora-Tybor J, Goldman JM, Melo JV. The presence of typical and atypical BCR-
ABL fusion genes in leukocytes of normal individuals: biologic significance and implications for the
assessment of minimal residual disease. Blood. 1998 Nov 1;92(9):3362-7.

Boquett JA, Alves JRP, de Oliveira CEC. Analysis of BCR/ABL transcripts in healthy individuals. Genet
Mol Res. 2013;12(4):4967-71.

Graham SM, Jergensen HG, Allan E, Pearson C, Alcorn MJ, Richmond L, et al. Primitive, quiescent,
Philadelphia-positive stem cells from patients with chronic myeloid leukemia are insensitive to STIS71 in
vitro. Blood. 2001 Dec 4;99(1):319-25.

Corbin AS, Agarwal A, Loriaux M, Cortes J, Deininger MW, Druker BJ. Human chronic myeloid
leukemia stem cells are insensitive to imatinib despite inhibition of BCR-ABL activity. J Clin Invest. 2011
Jan 4;121(1):396-409.

Hamilton A, Helgason GV, Schemionek M, Zhang B, Myssina S, Allan EK, et al. Chronic myeloid
leukemia stem cells are not dependent on Ber-Abl kinase activity for their survival. Blood. 2012 Feb
9;119(6):1501-10.

Agerstam H, Hansen N, Palffy von S, Sandén C, Reckzeh K, Karlsson C, et al. ILIRAP antibodies block
IL-1-induced expansion of candidate CML stem cells and mediate cell killing in xenograft models. Blood.
2016 Sep 12;128(23):2683-93.

Zhang B, Chu S, Agarwal P, Campbell VL, Hopcroft L, Jorgensen HG, et al. Inhibition of interleukin-1
signaling enhances elimination of tyrosine kinase inhibitor-treated CML stem cells. Blood. 2016 Dec
8;128(23):2671-82.

Palffy von S, Landberg N, Sandén C, Zacharaki D, Shah M, Nakamichi N, et al. A high-content cytokine
screen identifies myostatin propeptide as a positive regulator of primitive chronic myeloid leukemia cells.
Haematologica. 2019 Oct 3 [E-pub ahead of print]

Prost S, Relouzat F, Spentchian M, Ouzegdouh Y, Saliba J, Massonnet G, et al. Erosion of the chronic
myeloid leukaemia stem cell pool by PPARY agonists. Nature. 2015 Sep 17;525(7569):380-3.

Jabbour E, Kantarjian H, Jones D, Talpaz M, Bekele N, O'Brien S, et al. Frequency and clinical
significance of BCR-ABL mutations in patients with chronic myeloid leukemia treated with imatinib
mesylate. Leukemia. 2006 Oct;20(10):1767-73.

Apperley JF. Part I: Mechanisms of resistance to imatinib in chronic myeloid leukaemia. Lancet Oncol.
2007 Nov;8(11):1018-29.

Perrotti D, Jamieson C, Goldman J, Skorski T. Chronic myeloid leukemia: mechanisms of blastic
transformation. J Clin Invest. 2010 Jul;120(7):2254—64.

Branford S, Wang P, Yeung DT, Thomson D, Purins A, Wadham C, et al. Integrative genomic analysis
reveals cancer-associated mutations at diagnosis of CML in patients with high-risk disease. Blood. 2018
Aug 30;132(9):948-61.

Nievergall E, Ramshaw HS, Yong ASM, Biondo M, Busfield SJ, Vairo G, et al. Monoclonal antibody
targeting of IL-3 receptor o with CSL362 effectively depletes CML progenitor and stem cells. Blood. 2014
Feb 20;123(8):1218-28.

Landberg N, Palffy von S, Askmyr M, Lilljebjorn H, Sandén C, Rissler M, et al. CD36 defines primitive
chronic myeloid leukemia cells less responsive to imatinib but vulnerable to antibody-based therapeutic
targeting. Haematologica. 2018 Mar;103(3):447-55.

67



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.
106.

68

Gooley TA, Chien JW, Pergam SA, Hingorani S, Sorror ML, Boeckh M, et al. Reduced mortality after
allogeneic hematopoietic-cell transplantation. N Engl J Med. 2010 Nov 25;363(22):2091-101.

Juliusson, G. (2016). Nationellt register for akut myeloisk leukemi hos vuxna. R. C. i. Samverkan.
www.cancercentrum.se. Rapport nr 9. 2017 Feb 6;1-69.

Shallis RM, Wang R, Davidoff A, Ma X, Zeidan AM. Epidemiology of acute myeloid leukemia: Recent
progress and enduring challenges. Blood Reviews. 2019 Jul 1;36:70-87.

Dohner H, Estey E, Grimwade D, Amadori S, Appelbaum FR, Biichner T, et al. Diagnosis and
management of AML in adults: 2017 ELN recommendations from an international expert panel. Blood.
2017 Jan 26;129(4):424-47.

Papaemmanuil E, Gerstung M, Bullinger L, Gaidzik VI, Paschka P, Roberts ND, et al. Genomic
Classification and Prognosis in Acute Myeloid Leukemia. N Engl J Med. 2016 Jun 9;374(23):2209-21.
Lo-Coco F, Avvisati G, Vignetti M, Thiede C, Orlando SM, Iacobelli S, et al. Retinoic Acid and Arsenic
Trioxide for Acute Promyelocytic Leukemia. N Engl J Med. 2013 Jul 11;369(2):111-21.

Nationellt vardprogram AML 2019. 2019 Jun 7;1-138.

van Rhenen A, Feller N, Kelder A, Westra AH, Rombouts E, Zweegman S, et al. High stem cell frequency
in acute myeloid leukemia at diagnosis predicts high minimal residual disease and poor survival. Clin
Cancer Res. 2005 Sep 15;11(18):6520-7.

Terwijn M, Zeijlemaker W, Kelder A, Rutten AP, Snel AN, Scholten W1, et al. Leukemic stem cell
frequency: a strong biomarker for clinical outcome in acute myeloid leukemia. PLoS ONE.
2014;9(9):¢107587.

Zeijlemaker W, Grob T, Meijer R, Hanekamp D, Kelder A, Carbaat-Ham JC, et al. CD34+CD38-
leukemic stem cell frequency to predict outcome in acute myeloid leukemia. Leukemia. 2019
May;33(5):1102—-12.

Gentles AJ, Plevritis SK, Majeti R, Alizadeh AA. Association of a leukemic stem cell gene expression
signature with clinical outcomes in acute myeloid leukemia. JAMA. 2010 Dec 22;304(24):2706-15.
Eppert K, Takenaka K, Lechman ER, Waldron L, Nilsson B, van Galen P, et al. Stem cell gene expression
programs influence clinical outcome in human leukemia. Nat Med. 2011 Aug 28;17(9):1086-93.

Levine JH, Simonds EF, Bendall SC, Davis KL, Amir E-AD, Tadmor MD, et al. Data-Driven Phenotypic
Dissection of AML Reveals Progenitor-like Cells that Correlate with Prognosis. Cell. 2015 Jul
2;162(1):184-97.

Ng SWK, Mitchell A, Kennedy JA, Chen WC, McLeod J, Ibrahimova N, et al. A 17-gene stemness score
for rapid determination of risk in acute leukaemia. Nature. 2016 Dec 15;540(7633):433—7.

Voso MT, Ottone T, Lavorgna S, Venditti A, Maurillo L, Lo-Coco F, et al. MRD in AML: The Role of
New Techniques. Front Oncol. 2019;9:655.

Jongen-Lavrencic M, Grob T, Hanekamp D, Kavelaars FG, Hinai al A, Zeilemaker A, et al. Molecular
Minimal Residual Disease in Acute Myeloid Leukemia. N Engl ] Med. 2018 Mar 29;378(13):1189-99.
Genovese G, Kahler AK, Handsaker RE, Lindberg J, Rose SA, Bakhoum SF, et al. Clonal Hematopoiesis
and Blood-Cancer Risk Inferred from Blood DNA Sequence. N Engl J Med. 2014 Dec 25;371(26):2477—
87.

Abelson S, Collord G, Ng SWK, Weissbrod O, Mendelson Cohen N, Niemeyer E, et al. Prediction of
acute myeloid leukaemia risk in healthy individuals. Nature. 1st ed. 2018 Jul;559(7714):400—4.

Desai P, Mencia-Trinchant N, Savenkov O, Simon MS, Cheang G, Lee S, et al. Somatic mutations precede
acute myeloid leukemia years before diagnosis. Nat Med. 2018 Jul;24(7):1015-23.

Steensma DP, Bejar R, Jaiswal S, Lindsley RC, Sekeres MA, Hasserjian RP, et al. Clonal hematopoiesis of
indeterminate potential and its distinction from myelodysplastic syndromes. Blood. 2015 Jul 2;126(1):9—
16.

Landgren O, Kyle RA, Pfeiffer RM, Katzmann JA, Caporaso NE, Hayes RB, et al. Monoclonal
gammopathy of undetermined significance (MGUS) consistently precedes multiple myeloma: a
prospective study. Blood. 2009 May 28;113(22):5412-7.

Jan M, Ebert BL, Jaiswal S. Clonal hematopoiesis. Seminars in Hematology. 2017 Jan;54(1):43-50.

Shlush LI, Zandi S, Mitchell A, Chen WC, Brandwein JM, Gupta V, et al. Identification of pre-leukaemic
haematopoietic stem cells in acute leukaemia. Nature. 2014 Feb 12;506(7488):328-33.



107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Bowman RL, Busque L, Levine RL. Clonal Hematopoiesis and Evolution to Hematopoietic Malignancies.
Cell Stem Cell. 2018 Feb 1;22(2):157-70.

Jaiswal S, Natarajan P, Silver AJ, Gibson CJ, Bick AG, Shvartz E, et al. Clonal Hematopoiesis and Risk of
Atherosclerotic Cardiovascular Disease. N Engl J Med. 2017 Jul 13;377(2):111-21.

Lindsley RC, Mar BG, Mazzola E, Grauman PV, Shareef S, Allen SL, et al. Acute myeloid leukemia
ontogeny is defined by distinct somatic mutations. Blood. 2015 Feb 26;125(9):1367-76.

Haase D, Germing U, Schanz J, Pfeilstocker M, Nosslinger T, Hildebrandt B, et al. New insights into the
prognostic impact of the karyotype in MDS and correlation with subtypes: evidence from a core dataset of
2124 patients. Blood. 2007 Dec 15;110(13):4385-95.

Haferlach T, Nagata Y, Grossmann V, Okuno Y, Bacher U, Nagae G, et al. Landscape of genetic lesions
in 944 patients with myelodysplastic syndromes. Leukemia. 2013 Nov 13;28(2):241-7.

The Cancer Genome Atlas Research Network. Genomic and Epigenomic Landscapes of Adult De Novo
Acute Myeloid Leukemia. N Engl J Med. 2013 May 30;368(22):2059-74.

Akpan 1J, Osman AEG, Drazer MW, Godley LA. Hereditary Myelodysplastic Syndrome and Acute
Myeloid Leukemia: Diagnosis, Questions, and Controversies. Curr Hematol Malig Rep. 2018
Dec;13(6):426-34.

Valent P, Bonnet D, De Maria R, Lapidot T, Copland M, Melo JV, et al. Cancer stem cell definitions and
terminology: the devil is in the details. Nat Rev Cancer. 2012 Nov;12(11):767-75.

Thomas D, Majeti R. Biology and relevance of human acute myeloid leukemia stem cells. Blood. 2017
Mar 23;129(12):1577-85.

Sontakke P, Jaques J, Vellenga E, Schuringa JJ. Modeling of Chronic Myeloid Leukemia: An Overview of
In VivoMurine and Human Xenograft Models. Stem Cells International. 2016;2016(3):1-12.

Shultz LD, Ishikawa F, Greiner DL. Humanized mice in translational biomedical research. Nat Rev
Immunol. 2007 Feb;7(2):118-30.

Wunderlich M, Chou F-S, Link KA, Mizukawa B, Perry RL, Carroll M, et al. AML xenograft efficiency is
significantly improved in NOD/SCID-IL2RG mice constitutively expressing human SCF, GM-CSF and
IL-3. Leukemia. 2010 Aug 5;24(10):1785-8.

Goyama S, Wunderlich M, Mulloy JC. Xenograft models for normal and malignant stem cells. Blood.
2015 Apr 23;125(17):2630-40.

Fialkow PJ, Denman MA, Jacobson RJ. Chronic Myelocytic Leukemia. J Clin Invest. 62nd ed. 1978 Oct
1:815-23.

Rowe RG, Daley GQ. Induced pluripotent stem cells in disease modelling and drug discovery. Nat Rev
Genet. 2019 Jun 12;:1-12.

Huntly BJP, Shigematsu H, Deguchi K, Lee BH, Mizuno S, Duclos N, et al. MOZ-TIF2, but not BCR-
ABL, confers properties of leukemic stem cells to committed murine hematopoietic progenitors. Cancer
Cell. 2004 Dec;6(6):587-96.

Lapidot T, Sirard C, Vormoor J, Murdoch B, Hoang T, Caceres-Cortes J, et al. A cell initiating human
acute myeloid leukaemia after transplantation into SCID mice. Nature. 1994 Feb 17;367(6464):645-8.
Bonnet D, Dick JE. Human acute myeloid leukemia is organized as a hierarchy that originates from a
primitive hematopoietic cell. Nat Med. 1997 Jul;3(7):730-7.

Ugale A, Norddahl GL, Wahlestedt M, Sawén P, Jaako P, Pronk CJ, et al. Hematopoietic Stem Cells Are
Intrinsically Protected against MLL-ENL-Mediated Transformation. Cell Rep. 2014 Nov 20;9(4):1246—
55.

Goardon N, Marchi E, Atzberger A, Quek L, Schuh A, Soneji S, et al. Coexistence of LMPP-like and
GMP-like leukemia stem cells in acute myeloid leukemia. Cancer Cell. 2011 Jan 18;19(1):138-52.
McKenzie MD, Ghisi M, Oxley EP, Ngo S, Cimmino L, Esnault C, et al. Interconversion between
Tumorigenic and Differentiated States in Acute Myeloid Leukemia. Cell Stem Cell. 2019 Aug
1;25(2):258-9.

Holyoake T, Jiang X, Eaves C, Eaves A. Isolation of a highly quiescent subpopulation of primitive
leukemic cells in chronic myeloid leukemia. Blood. 1999 Sep 15;94(6):2056—64.

Holyoake TL, Jiang X, Eaves C, Eaves A. Isolation of a Highly Quiescent Subpopulation of Primitive
Leukemic Cells in Chronic Myeloid Leukemia. Blood. 1999 Aug 31:1-9.

69



130.

131.

132.
133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

70

Eisterer W, Jiang X, Christ O, Glimm H, Lee KH, Pang E, et al. Different subsets of primary chronic
myeloid leukemia stem cells engraft immunodeficient mice and produce a model of the human disease.
Leukemia. 2005 Jan 27;19(3):435-41.

Cullinan EB, Kwee L, Nunes P, Shuster DJ, Ju G, McIntyre KW, et al. IL-1 receptor accessory protein is
an essential component of the IL-1 receptor. J Immunol. 1998 Nov 15;161(10):5614-20.

Weber A, Wasiliew P, Kracht M. Interleukin-1 (IL-1) pathway. Sci Signal. 2010 Jan 19;3(105):cm1.

Cahill CM, Rogers JT. Interleukin (IL) 1beta induction of IL-6 is mediated by a novel phosphatidylinositol
3-kinase-dependent AKT/IkappaB kinase alpha pathway targeting activator protein-1. J Biol Chem. 2008
Sep 19;283(38):25900-12.

Jaras M, Johnels P, Hansen N, Agerstam H, Tsapogas P, Rissler M, et al. Isolation and killing of candidate
chronic myeloid leukemia stem cells by antibody targeting of IL-1 receptor accessory protein. Proc Natl
Acad Sci U S A. 2010 Aug 31;107(37):16280-5.

Agerstam H, Karlsson C, Hansen N, Sandén C, Askmyr M, Palffy von S, et al. Antibodies targeting
human IL1RAP (IL1R3) show therapeutic effects in xenograft models of acute myeloid leukemia. Proc
Natl Acad Sci U S A. 2015 Aug 25;112(34):10786-91.

Landberg N, Hansen N, Askmyr M, Agerstam H, Lassen C, Rissler M, et al. ILIRAP expression as a
measure of leukemic stem cell burden at diagnosis of chronic myeloid leukemia predicts therapy outcome.
Leukemia. 2016 Jan;30(1):253-7.

Askmyr M, Agerstam H, Hansen N, Gordon S, Arvanitakis A, Rissler M, et al. Selective killing of
candidate AML stem cells by antibody targeting of ILIRAP. Blood. 2013 May 2;121(18):3709-13.

Barreyro L, Will B, Bartholdy B, Zhou L, Todorova TI, Stanley RF, et al. Overexpression of IL-1 receptor
accessory protein in stem and progenitor cells and outcome correlation in AML and MDS. Blood. 2012
Aug 9;120(6):1290-8.

Mitchell K, Barreyro L, Todorova TI, Taylor SJ, Antony-Debré I, Narayanagari S-R, et al. ILIRAP
potentiates multiple oncogenic signaling pathways in AML. J Exp Med. 2018 Jun 4;215(6):1709-27.

Warda W, Larosa F, Neto Da Rocha M, Trad R, Deconinck E, Fajloun Z, et al. CML Hematopoietic Stem
Cells Expressing ILIRAP Can Be Targeted by Chimeric Antigen Receptor-Engineered T Cells. Cancer
Research. 2019 Feb 1;79(3):663-75.

Awada A, Eskens F, Robbrecht D, Lassen UN, Soerensen MM, Steeghs N, et al. Results from a first-in-
man, open label, safety and tolerability trial of CANO4 (nidanilimab), a fully humanized monoclonal
antibody against the novel antitumor target, ILIRAP, in patients with solid tumor malignancies. JCO.
2019 May 20;37(15_suppl):2504—4.

Goudy K, Aydin D, Barzaghi F, Gambineri E, Vignoli M, Mannurita SC, et al. Human IL2RA null
mutation mediates immunodeficiency with lymphoproliferation and autoimmunity. Clin Immunol. 2013
Mar 1;146(3):248-61.

Amu S, Brisslert M. Phenotype and Function of CD25-Expressing B Lymphocytes Isolated from Human
Umbilical Cord Blood. Clin Dev Immunol. 2011;2011(2):1-9.

Herrmann H, Sadovnik I, Cerny-Reiterer S, Rulicke T, Stefanzl G, Willmann M, et al. Dipeptidylpeptidase
IV (CD26) defines leukemic stem cells (LSC) in chronic myeloid leukemia. Blood. 2014 Jun
19;123(25):3951-62.

Sadovnik I, Hoelbl-Kovacic A, Herrmann H, Eisenwort G, Cerny-Reiterer S, Warsch W, et al.
Identification of CD25 as STATS5-Dependent Growth-Regulator of Leukemic Stem Cells in Ph+ CML.
Clin Cancer Res. 2016 Apr 14;22(8):2051-61.

Kobayashi CI, Takubo K, Kobayashi H, Nakamura-Ishizu A, Honda H, Kataoka K, et al. The IL-2/CD25
axis maintains distinct subsets of chronic myeloid leukemia-initiating cells. Blood. 2014 Apr
17;123(16):2540-9.

Terwijn M, Feller N, van Rhenen A, Kelder A, Westra G, Zweegman S, et al. Interleukin-2 receptor alpha-
chain (CD25) expression on leukaemic blasts is predictive for outcome and level of residual disease in
AML. European Journal of Cancer. 2009 Jun 1;45(9):1692-9.

Miltiades P, Lamprianidou E, Vassilakopoulos TP, Papageorgiou SG, Galanopoulos AG, Vakalopoulou S,
et al. Expression of CD25 antigen on CD34+ cells is an independent predictor of outcome in late-stage
MDS patients treated with azacitidine. Blood Cancer Journal. 2014 Feb 28;4(2):e187-7.

Paietta E, Racevskis J, Neuberg D, Rowe JM, Goldstone AH, Wiernik PH. Expression of CD25
(interleukin-2 receptor alpha chain) in adult acute lymphoblastic leukemia predicts for the presence of



150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

BCR/ABL fusion transcripts: results of a preliminary laboratory analysis of ECOG/MRC Intergroup Study
E2993. Eastern Cooperative Oncology Group/Medical Research Council. Leukemia. 1997
Nov;11(11):1887-90.

Nakase K, Kita K, Miwa H, Nishii K, Shikami M, Tanaka I, et al. Clinical and prognostic significance of
cytokine receptor expression in adult acute lymphoblastic leukemia: interleukin-2 receptor a-chain predicts
a poor prognosis. Leukemia. 2007 Jan 4;21(2):326-32.

Morimoto C, Schlossman SF. The structure and function of CD26 in the T-cell immune response.
Immunol Rev. 1998 Jan 10;161:55-70.

Havre PA, Abe M, Urasaki Y, Ohnuma K, Morimoto C, Dang NH. The role of CD26/dipeptidyl peptidase
IV in cancer. Front Biosci. 2008 Jan 1;13:1634-45.

Serej ZA, Kalan AE, Mehdipour A, Charoudeh HN. Regulation and roles of CD26/DPPIV in
hematopoiesis and diseases. Biomed Pharmacother. 2017 Jul 1;91:88-94.

Raz I, Hanefeld M, Xu L, Caria C, Williams-Herman D, Khatami H, et al. Efficacy and safety of the
dipeptidyl peptidase-4 inhibitor sitagliptin as monotherapy in patients with type 2 diabetes mellitus.
Diabetologia. 2006 Sep 26;49(11):2564-71.

Campbell TB, Broxmeyer HE. CD26 inhibition and hematopoiesis: a novel approach to enhance
transplantation. Front Biosci. 2008 Jan 1;13:1795-805.

Christopherson KW, Hangoc G, Mantel CR, Broxmeyer HE. Modulation of hematopoietic stem cell
homing and engraftment by CD26. Science. 2004 Aug 13;305(5686):1000-3.

Christopherson KW II, Hangoc G, Broxmeyer HE. Cell Surface Peptidase CD26/Dipeptidylpeptidase IV
Regulates CXCL12/Stromal Cell-Derived Factor-1o-Mediated Chemotaxis of Human Cord Blood CD34
+Progenitor Cells. J Immunol. 2002 Dec 15;169(12):7000-8.

Farag SS, Srivastava S, Messina-Graham S, Schwartz J, Robertson MJ, Abonour R, et al. In Vivo DPP-4
Inhibition to Enhance Engraftment of Single-Unit Cord Blood Transplants in Adults with Hematological
Malignancies. Stem Cells Dev. 2013 Apr;22(7):1007-15.

Farag SS, Nelson R, Cairo MS, O'Leary HA, Zhang S, Huntley C, et al. High-dose sitagliptin for systemic
inhibition of dipeptidylpeptidase-4 to enhance engraftment of single cord umbilical cord blood
transplantation. Oncotarget. 2017 Dec 15;8(66):110350-7.

Bocchia M, Sicuranza A, Abruzzese E, Iurlo A, Sirianni S, Gozzini A, et al. Residual Peripheral Blood
CD26+ Leukemic Stem Cells in Chronic Myeloid Leukemia Patients During TKI Therapy and During
Treatment-Free Remission. Front Oncol. 2018 May 30;8:872.

Warfvinge R, Geironson L, Sommarin MNE, Lang S, Karlsson C, Roschupkina T, et al. Single-cell
molecular analysis defines therapy response and immunophenotype of stem cell subpopulations in CML.
Blood. 2017 Apr 19;129(17):2384-94.

Shu Z, Xiaoying Z, Na S, Qing L, Na W, Yong Y, et al. T cells expressing CD26-specific chimeric antigen
receptors exhibit extensive self-antigen-driven fratricide. Immunopharmacol Immunotoxicol. 2019 Jul
21;41:4,490-496.

Cro L, Morabito F, Zucal N, Fabris S, Lionetti M, Cutrona G, et al. CD26 expression in mature B-cell
neoplasia: its possible role as a new prognostic marker in B-CLL. Hematol Oncol. 2009 Sep;27(3):140-7.
Inamoto T, Yamada T, Ohnuma K, Kina S, Takahashi N, Yamochi T, et al. Humanized Anti-CD26
Monoclonal Antibody as a Treatment for Malignant Mesothelioma Tumors. Clin Cancer Res. 2007 Jul
18;13(14):4191-200.

Inamoto T. Anti-CD26 Monoclonal Antibody-Mediated G1-S Arrest of Human Renal Clear Cell
Carcinoma Caki-2 Is Associated with Retinoblastoma Substrate Dephosphorylation, Cyclin-Dependent
Kinase 2 Reduction, p27kipl Enhancement, and Disruption of Binding to the Extracellular Matrix. Clin
Cancer Res. 2006 Jun 1;12(11):3470-7.

Silverstein RL, Febbraio M. CD36, a Scavenger Receptor Involved in Immunity, Metabolism,
Angiogenesis, and Behavior. Sci Signal. 2009 May 22;2(72):1-8.

Perea G, Domingo A, Villamor N, Palacios C, Junca J, Torres P, et al. Adverse prognostic impact of CD36
and CD2 expression in adult de novo acute myeloid leukemia patients. Leuk Res. 2005 Oct;29(10):1109-16.
Ye H, Adane B, Khan N, Sullivan T, Minhajuddin M, Gasparetto M, et al. Leukemic Stem Cells Evade
Chemotherapy by Metabolic Adaptation to an Adipose Tissue Niche. Cell Stem Cell. 2016 Jun
29;19(1):23-37.

71



169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

72

Pascual G, Avgustinova A, Mejetta S, Martin M, Castellanos A, Attolini CS-O, et al. Targeting metastasis-
initiating cells through the fatty acid receptor CD36. Nature. 2016 Dec 7;541(7635):41-5.

Florian S, Sonneck K, Hauswirth AW, Krauth M-T, Schernthaner G-H, Sperr WR, et al. Detection of
molecular targets on the surface of CD34+/CD38— stem cells in various myeloid malignancies. Leuk
Lymphoma. 2006 Jan;47(2):207-22.

Muiioz L, Nomdedéu JF, Lopez O, Carnicer MJ, Bellido M, Aventin A, et al. Interleukin-3 receptor alpha
chain (CD123) is widely expressed in hematologic malignancies. Haematologica. 2001 Dec;86(12):1261-9.
Frolova O, Benito J, Brooks C, Wang R-Y, Korchin B, Rowinsky EK, et al. SL-401 and SL-501, targeted
therapeutics directed at the interleukin-3 receptor, inhibit the growth of leukaemic cells and stem cells in
advanced phase chronic myeloid leukaemia. Brit J Haematol. 2014 Jun 19;:862-74.

Landberg N, Palffy von S, Askmyr M, Lilljebjérn H, Sandén C, Rissler M, et al. CD36 defines primitive
chronic myeloid leukemia cells less responsive to imatinib but vulnerable to antibody-based therapeutic
targeting. Haematologica. 2018 Mar;103(3):447-55.

Feldmana DE, Chena C, Punjb V, Hidekazu Tsukamotoc DE, Machida K. Pluripotency factor-mediated
expression of the leptin receptor (OB-R) links obesity to oncogenesis through tumor-initiating stem cells.
Proc Natl Acad Sci U S A. 2012 Jan 5;109(3):829-34.

Yue R, Zhou BO, Shimada IS, Zhao Z, Morrison SJ. Leptin Receptor Promotes Adipogenesis and Reduces
Osteogenesis by Regulating Mesenchymal Stromal Cells in Adult Bone Marrow. Cell Stem Cell. 2016
Mar 21;18(6):782-96.

Uddin S, Mohammad RM. Role of leptin and leptin receptors in hematological malignancies. Leuk
Lymphoma. 2015 Aug 11;57(1):10-6.

Lanza F, Bi S, Castoldi G, Goldman JM. Abnormal expression of N-CAM (CD56) adhesion molecule on
myeloid and progenitor cells from chronic myeloid leukemia. Leukemia. 1993 Oct;7(10):1570-5.

Sasca D, Szybinski J, Schiiler A, Shah V, Heidelberger J, Hachnel PS, et al. NCAM1 (CD56) promotes
leukemogenesis and confers drug resistance in AML. Blood. 2019 May 23;133(21):2305-19.

Janssen JJWM, Deenik W, Smolders KGM, van Kuijk BJ, Pouwels W, Kelder A, et al. Residual normal
stem cells can be detected in newly diagnosed chronic myeloid leukemia patients by a new flow
cytometric approach and predict for optimal response to imatinib. Leukemia. 2011 Dec 9;26(5):977-84.
Schiirch CM. Therapeutic Antibodies for Myeloid Neoplasms—Current Developments and Future
Directions. Front Oncol. 2018 May 18;8:2391-33.

Kinstrie R, Horne GA, Morrison H, Moka HA, Cassels J, Dunn K, et al. Abstract: CD93 Is a Novel
Biomarker of Leukemia Stem Cells in Chronic Myeloid Leukemia. Blood. 2015 Dec 3;126(23):49.
Iwasaki M, Liedtke M, Gentles AJ, Cleary ML. CD93 Marks a Non-Quiescent Human Leukemia Stem
Cell Population and Is Required for Development of MLL-Rearranged Acute Myeloid Leukemia. Cell
Stem Cell. 2015 Oct 1;17(4):412-21.

Riether C, Radpour R, Bachmann CL, Schiirch CM, Arambasic M, Baerlocher GM, et al. Abstract: CD93-
Signaling Regulates Self-Renewal and Proliferation of Chronic Myeloid Leukemia Stem Cells in Mice and
Humans and Might be a Promising Target for Treatment. Blood. 2019 Nov 13;134:187-7.

Landberg N, Hansen N, Askmyr M, Agerstam H, Lassen C, Rissler M, et al. ILIRAP expression as a
measure of leukemic stem cell burden at diagnosis of chronic myeloid leukemia predicts therapy outcome.
Leukemia. 2015 Jun 24;30(1):253-7.

Krause DS, Lazarides K, Andrian von UH, Van Etten RA. Requirement for CD44 in homing and
engraftment of BCR-ABL—expressing leukemic stem cells. Nat Med. 2006 Sep 24;12(10):1175-80.
Hellqvist E, Holm F, Mason CN, Runza V, Weigand S, Sadarangani A, et al. CD44 Monoclonal Antibody-
Enhanced Clearance Of Chronic Myeloid Leukemia Stem Cells From The Malignant Niche. Blood. 2013
Nov 15;122(21):858-8.

Godavarthy PS, Kumar R, Herkt SC, Pereira RS, Hayduk N, Weissenberger ES, et al. The vascular bone
marrow niche influences outcome in chronic myeloid leukemia via the E-selectin - SCL/TAL1 - CD44
axis. Haematologica. 2019 Apr 24.

Hauswirth AW, Florian S, Printz D, Sotlar K, Krauth M-T, Fritsch G, et al. Expression of the target
receptor CD33 in CD34+/CD38-/CD123+ AML stem cells. Eur J Clin Invest. 2007 Jan;37(1):73-82.
Herrmann H, Cerny-Reiterer S, Gleixner KV, Blatt K, Herndlhofer S, Rabitsch W, et al. CD34+/CD38-
stem cells in chronic myeloid leukemia express Siglec-3 (CD33) and are responsive to the CD33-targeting
drug gemtuzumab/ozogamicin. Haematologica. 2012 Jan 31;97(2):219-26.



190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

Ehninger A, Kramer M, Réllig C, Thiede C, Bornhduser M, Bonin von M, et al. Distribution and levels of
cell surface expression of CD33 and CD123 in acute myeloid leukemia. Blood Cancer J. 2014 Jun
13;4(6):e218-8.

Levescot A, Flamant S, Basbous S, Jacomet F, Feraud O, Anne Bourgeois E, et al. BCR-ABL-Induced
Deregulation of the IL-33/ST2 Pathway in CD34(+) Progenitors from Chronic Myeloid Leukemia
Patients. Cancer Res. 2014 May 14;74(10):2669-76.

Ishikawa F, Yoshida S, Saito Y, Hijikata A, Kitamura H, Tanaka S, et al. Chemotherapy-resistant human
AML stem cells home to and engraft within the bone-marrow endosteal region. Nat Biotechnol. 2007 Oct
21;25(11):1315-21.

Taussig DC, Miraki-Moud F, Anjos-Afonso F, Pearce DJ, Allen K, Ridler C, et al. Anti-CD38 antibody-
mediated clearance of human repopulating cells masks the heterogeneity of leukemia-initiating cells.
Blood. 2008 Aug 1;112(3):568-75.

Martelli MP, Pettirossi V, Thiede C, Bonifacio E, Mezzasoma F, Cecchini D, et al. CD34+ cells from
AML with mutated NPM1 harbor cytoplasmic mutated nucleophosmin and generate leukemia in
immunocompromised mice. Blood. 2010 Nov 11;116(19):3907-22.

Taussig DC, Vargaftig J, Miraki-Moud F, Griessinger E, Sharrock K, Luke T, et al. Leukemia-initiating
cells from some acute myeloid leukemia patients with mutated nucleophosmin reside in the CD34(-)
fraction. Blood. 2010 Mar 11;115(10):1976-84.

Sarry J-E, Murphy K, Perry R, Sanchez PV, Secreto A, Keefer C, et al. Human acute myelogenous
leukemia stem cells are rare and heterogeneous when assayed in NOD/SCID/IL2Ryc-deficient mice. J Clin
Invest. 2011 Jan 4;121(1):384-95.

Zeijlemaker W, Kelder A, Oussoren-Brockhoff YJM, Scholten WIJ, Snel AN, Veldhuizen D, et al. A
simple one-tube assay for immunophenotypical quanti. Leukemia. 2016 Jan 6;30(2):439—46.

Perna F, Berman SH, Soni RK, Mansilla-Soto J, Eyquem J, Hamieh M, et al. Integrating Proteomics and
Transcriptomics for Systematic Combinatorial Chimeric Antigen Receptor Therapy of AML. Cancer Cell.
2017 Oct 9;32(4):506-519.e5.

Haubner S, Perna F, Kéhnke T, Schmidt C, Berman S, Augsberger C, et al. Coexpression profile of
leukemic stem cell markers for combinatorial targeted therapy in AML. Leukemia. 2019 Jan;33(1):64-74.
Jordan CT, Upchurch D, Szilvassy SJ, Guzman ML, Howard DS, Pettigrew AL, et al. The interleukin-3
receptor alpha chain is a unique marker for human acute myelogenous leukemia stem cells. Leukemia.
2000 Oct;14(10):1777-84.

Bagley CJ, Woodcock JM, Stomski FC, Lopez AF. The structural and functional basis of cytokine
receptor activation: lessons from the common beta subunit of the granulocyte-macrophage colony-
stimulating factor, interleukin-3 (IL-3), and IL-5 receptors. Blood. 1997 Mar 1;89(5):1471-82.

Miyauchi J, Kelleher CA, Yang YC, Wong GG, Clark SC, Minden MD, et al. The effects of three
recombinant growth factors, IL-3, GM-CSF, and G-CSF, on the blast cells of acute myeloblastic leukemia
maintained in short-term suspension culture. Blood. 1987 Sep;70(3):657-63.

Jin L, Lee EM, Ramshaw HS, Busfield SJ, Peoppl AG, Wilkinson L, et al. Monoclonal antibody-mediated
targeting of CD123, IL-3 receptor alpha chain, eliminates human acute myeloid leukemic stem cells. Cell
Stem Cell. 2009 Jul 2;5(1):31-42.

Vergez F, Green AS, Tamburini J, Sarry JE, Gaillard B, Cornillet-Lefebvre P, et al. High levels of
CD34+CD38low/-CD123+ blasts are predictive of an adverse outcome in acute myeloid leukemia: a
Groupe Ouest-Est des Leucemies Aigues et Maladies du Sang (GOELAMS) study. Haematologica. 2011
Dec 6;96(12):1792-8.

Al-Mawali A, Gillis D, Lewis I. Immunoprofiling of leukemic stem cells CD34+/CD38-/CD123+
delineate FLT3/ITD-positive clones. J Hematol Oncol. 2016 Jul 27:9:61.

Manz MG, Miyamoto T, Akashi K, Weissman IL. Prospective isolation of human clonogenic common
myeloid progenitors. Proc Natl Acad Sci U S A. 2002 Sep 3;99(18):11872-7.

Gill S, Tasian SK, Ruella M, Shestova O, Li Y, Porter DL, et al. Preclinical targeting of human acute
myeloid leukemia and myeloablation using chimeric antigen receptor-modified T cells. Blood. 2014 Apr
10;123(15):2343-54.

Testa U, Pelosi E, Frankel A. CD 123 is a membrane biomarker and a therapeutic target in hematologic
malignancies. Biomark Res. 2014 Feb 10;2(1):1-11.

73



209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

2217.

228.

74

Pemmaraju N, Lane AA, Sweet KL, Stein AS, Vasu S, Blum W, et al. Tagraxofusp in Blastic
Plasmacytoid Dendritic-Cell Neoplasm. N Engl J Med. 2019 Apr 25;380(17):1628-37.

Gbolahan OB, Zeidan AM, Stahl M, Abu Zaid M, Farag S, Paczesny S, et al. Immunotherapeutic
Concepts to Target Acute Myeloid Leukemia: Focusing on the Role of Monoclonal Antibodies,
Hypomethylating Agents and the Leukemic Microenvironment. [JMS. 2017 Jul 31;18(8).

Majeti R, Chao MP, Alizadeh AA, Pang WW, Jaiswal S, Gibbs KD Jr, et al. CD47 Is an Adverse
Prognostic Factor and Therapeutic Antibody Target on Human Acute Myeloid Leukemia Stem Cells. Cell.
2009 Jul 23;138(2):286-99.

Jaiswal S, Jamieson CHM, Pang WW, Park CY, Chao MP, Majeti R, et al. CD47 is upregulated on
circulating hematopoietic stem cells and leukemia cells to avoid phagocytosis. Cell. 2009 Jul
23;138(2):271-85.

Chao MP, Weissman IL, Majeti R. The CD47-SIRPa pathway in cancer immune evasion and potential
therapeutic implications. Curr Opin Immunol. 2012 Apr 1;24(2):225-32.

Reinhold M1, Lindberg FP, Plas D, Reynolds S, Peters MG, Brown EJ. In vivo expression of alternatively
spliced forms of integrin-associated protein (CD47). J of Cell Sci. 1995 Nov;108 (Pt 11):3419-25.
Willingham SB, Volkmer J-P, Gentles AJ, Sahoo D, Dalerba P, Mitra SS, et al. The CD47-signal
regulatory protein alpha (SIRPa) interaction is a therapeutic target for human solid tumors. Proc Natl Acad
SciU S A. 2012 Apr 24;109(17):6662—7.

Advani R, Flinn I, Popplewell L, Forero A, Bartlett NL, Ghosh N, et al. CD47 Blockade by HuSF9-G4 and
Rituximab in Non-Hodgkin’s Lymphoma. N Engl J Med. 2018 Nov;379(18):1711-21.

Weiskopf K, Ring AM, Ho CCM, Volkmer J-P, Levin AM, Volkmer AK, et al. Engineered SIRPa
variants as immunotherapeutic adjuvants to anticancer antibodies. Science. 2013 Jul 5;341(6141):88-91.
Jan M, Chao MP, Cha AC, Alizadeh AA, Gentles AJ, Weissman IL, et al. Prospective separation of
normal and leukemic stem cells based on differential expression of TIM3, a human acute myeloid
leukemia stem cell marker. Proc Natl Acad Sci U S A. 2011 Mar 22;108(12):5009—14.

Kikushige Y, Shima T, Takayanagi S-1, Urata S, Miyamoto T, Iwasaki H, et al. TIM-3 Is a Promising
Target to Selectively Kill Acute Myeloid Leukemia Stem Cells. Cell Stem Cell. 2010 Dec 3;7(6):708-17.
Kikushige Y, Miyamoto T, Yuda J, Jabbarzadeh-Tabrizi S, Shima T, Takayanagi S-1, et al. A TIM-3/Gal-9
Autocrine Stimulatory Loop Drives Self-Renewal of Human Myeloid Leukemia Stem Cells and Leukemic
Progression. Cell Stem Cell. 2015 Sep 3;17(3):341-52.

Gongalves Silva I, Rilegg L, Gibbs BF, Bardelli M, Fruehwirth A, Varani L, et al. The immune receptor
Tim-3 acts as a trafficker in a Tim-3/galectin-9 autocrine loop in human myeloid leukemia cells.
Oncolmmunology. 2016 Jul;5(7):e1195535.

Gongalves Silva I, Yasinska IM, Sakhnevych SS, Fiedler W, Wellbrock J, Bardelli M, et al. The Tim-3-
galectin-9 Secretory Pathway is Involved in the Immune Escape of Human Acute Myeloid Leukemia
Cells. EBioMedicine. 2017 Aug;22:44-57.

He Y, Cao J, Zhao C, Li X, Zhou C, Hirsch FR. TIM-3, a promising target for cancer immunotherapy.
OTT. 2018;11:7005-9.

Anderson AC, Joller N, Kuchroo VK. Lag-3, Tim-3, and TIGIT: Co-inhibitory Receptors with Specialized
Functions in Immune Regulation. Immunity. 2016 May 17;44(5):989-1004

de Boer B, Prick J, Pruis MG, Keane P, Imperato MR, Jaques J, et al. Prospective Isolation and
Characterization of Genetically and Functionally Distinct AML Subclones. Cancer Cell. 2018 Oct
8;34(4):674-8.

Bakker ABH, van den Oudenrijn S, Bakker AQ, Feller N, van Meijer M, Bia JA, et al. C-type lectin-like
molecule-1: a novel myeloid cell surface marker associated with acute myeloid leukemia. Cancer Res.
2004 Nov 15;64(22):8443-50.

Bill M, B van Kooten Niekerk P, S Woll P, Laine Herborg L, Stidsholt Roug A, Hokland P, et al. Mapping
the CLEC12A expression on myeloid progenitors in normal bone marrow; implications for understanding
CLECI12A-related cancer stem cell biology. J Cell Mol Med. 2018 Feb 7;22(4):2311-8.

van Rhenen A, Moshaver B, Kelder A, Feller N, Nieuwint AWM, Zweegman S, et al. Aberrant marker
expression patterns on the CD34+CD38— stem cell compartment in acute myeloid leukemia allows to
distinguish the malignant from the normal stem cell compartment both at diagnosis and in remission.
Leukemia. 2007 May 24;21(8):1700-7.



229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

Larsen HO, Roug AS, Just T, Brown GD, Hokland P. Expression of the hMICL in acute myeloid
leukemia-a highly reliable disease marker at diagnosis and during follow-up. Cytometry B Clin Cytom.
2012 Jan;82(1):3-8.

Ma H, Padmanabhan IS, Parmar S, Gong Y. Targeting CLL-1 for acute myeloid leukemia therapy. J
Hematol Oncol. 2019 Apr 24;12(1):41.

Jiang Y-P, Liu BY, Zheng Q, Panuganti S, Chen R, Zhu J, et al. CLT030, a leukemic stem cell-targeting
CLL1 antibody-drug conjugate for treatment of acute myeloid leukemia. Blood Adv. 2018 Jul
24;2(14):1738-49.

Leong SR, Sukumaran S, Hristopoulos M, Totpal K, Stainton S, Lu E, et al. An anti-CD3/anti-CLL-1
bispecific antibody for the treatment of acute myeloid leukemia. Blood. 2017 Feb 2;129(5):609-18.

van Loo PF, Hangalapura BN, Thordardottir S, Gibbins JD, Veninga H, Hendriks LJA, et al. MCLA-117,
a CLEC12AxCD3 bispecific antibody targeting a leukaemic stem cell antigen, induces T cell-mediated
AML blast lysis. Expert Opin Biol Ther. 2019 Jul 9;19(7):721-33.

Cao E, Ramagopal UA, Fedorov A, Fedorov E, Yan Q, Lary JW, et al. NTB-A Receptor Crystal Structure:
Insights into Homophilic Interactions in the Signaling Lymphocytic Activation Molecule Receptor Family.
Immunity. 2006 Oct;25(4):559-70.

Flaig RM, Stark S, Watzl C. Cutting Edge: NTB-A Activates NK Cells via Homophilic Interaction. J
Immunol. 2004 May 20;172(11):6524-7.

Eissmann P, Watzl C. Molecular Analysis of NTB-A Signaling: A Role for EAT-2 in NTB-A-Mediated
Activation of Human NK Cells. J Immunol. 2006 Aug 18;177(5):3170-7.

Kageyama R, Cannons JL, Zhao F, Yusuf I, Lao C, Locci M, et al. The Receptor Ly108 Functions as a
SAP Adaptor-Dependent On-Off Switch for T Cell Help to B Cells and NKT Cell Development.
Immunity. 2012 Jun 29;36(6):986—1002.

Griewank K, Borowski C, Rietdijk S, Wang N, Julien A, Wei DG, et al. Homotypic Interactions Mediated
by Slamfl and Slamf6 Receptors Control NKT Cell Lineage Development. Immunity. 2007
Nov;27(5):751-62.

Yigit B, Wang N, Herzog RW, Terhorst C. SLAMF6 in health and disease: Implications for therapeutic
targeting. Clin Immunol. 2019 Jul;204:3-13.

Munitz A, Bachelet I, Fraenkel S, Katz G, Mandelboim O, Simon H-U, et al. 2B4 (CD244) Is Expressed
and Functional on Human Eosinophils. J Immunol. 2004 Dec 20;174(1):110-8.

Yigit B, Wang N, Hacken ten E, Chen S-S, Bhan AK, Suarez-Fueyo A, et al. SLAMF6 as a Regulator of
Exhausted CD8+ T Cells in Cancer. Cancer Immunol Res. 2019 Sep;7(9):1485-96.

Korver W, Singh S, Liu S, Zhao X, Yonkovich S, Sweeney A, et al. The lymphoid cell surface receptor
NTB-A: a novel monoclonal antibody target for leukaemia and lymphoma therapeutics. Brit J] Haematol.
2007 May;137(4):307-18.

Lewis T, Olson DJ, Gordon KA, Sandall SL, Miyamoto J, Westendorf L, et al. Abstract 1195: SGN-
CD352A: A novel humanized anti-CD352 antibody-drug conjugate for the treatment of multiple myeloma.
American Association for Cancer Research; 2016. 76:(14):1195-5.

Radhakrishnan SV, Bhardwaj N, Luetkens T, Atanackovic D. Novel anti-myeloma immunotherapies
targeting the SLAM family of receptors. Oncolmmunology. 2017;6(5):e1308618.

Naeim F, Rao PN, Song SX, Phan RT. Atlas of Hematopathology Chapter 2 - Principles of
Immunophenotyping. Academic Press; 2018.

Robertson MJ, Soiffer RJ, Freedman AS, Rabinowe SL, Anderson KC, Ervin TJ, et al. Human bone
marrow depleted of CD33-positive cells mediates delayed but durable reconstitution of hematopoiesis:
clinical trial of MY9 monoclonal antibody-purged autografts for the treatment of acute myeloid leukemia.
Blood. 1992 May 1;79(9):2229-36.

Arndt C, Bonin von M, Cartellieri M, Feldmann A, Koristka S, Michalk I, et al. Redirection of T cells with
a first fully humanized bispecific CD33-CD3 antibody efficiently eliminates AML blasts without harming
hematopoietic stem cells. Leukemia. 2013 Apr;27(4):964—7.

Scheinberg DA, Lovett D, Divgi CR, Graham MC, Berman E, Pentlow K, et al. A phase I trial of
monoclonal antibody M 195 in acute myelogenous leukemia: specific bone marrow targeting and
internalization of radionuclide. J Clin Oncol. 1991 Mar;9(3):478-90.

Walter RB, Appelbaum FR, Estey EH, Bernstein ID. Acute myeloid leukemia stem cells and CD33-
targeted immunotherapy. Blood. 2012 Jun 28;119(26):6198-208.

75



250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

76

Appelbaum FR, Bernstein ID. Gemtuzumab ozogamicin for acute myeloid leukemia. Blood. 2017 Nov
30;130(22):2373-6.

Coco Lo F, De Rossi G, Pasqualetti D, Lopez M, Diverio D, Latagliata R, et al. CD7 positive acute
myeloid leukaemia: a subtype associated with cell immaturity. Brit J Haematol. 1989 Dec;73(4):480-5.
Tien H-F, Wang CH. CD7 positive hematopoietic progenitors and acute myeloid leukemia and other
minimally differentiated leukemia. Leukemia. 1998 Sep;31(1-2):93-8.

Saxena A, Sheridan DP, Card RT, McPeek AM, Mewdell CC, Skinnider LF. Biologic and clinical
significance of CD7 expression in acute myeloid leukemia. Am J Hematol. 1998 Aug;58(4):278-84.

Chang H, Yeung J, Brandwein J, Yi Q-L. CD7 expression predicts poor disease free survival and post-
remission survival in patients with acute myeloid leukemia and normal karyotype. Leuk Res. 2007
Feb;31(2):157-62.

Rohrs S, Scherr M, Romani J, Zaborski M, Drexler HG, Quentmeier H. CD7 in acute myeloid leukemia:
correlation with loss of wild-type CEBPA, consequence of epigenetic regulation. J] Hematol Oncol.
2010;3(1):15-7.

Normann AP, Egeland T, Madshus IH, Heim S, Tjennfjord GE. CD7 expression by CD34+ cells in CML
patients, of prognostic significance? Eur J of Haemato. 2003 Oct;71(4):266-75.

Gomes-Silva D, Atilla E, Atilla PA, Mo F, Tashiro H, Srinivasan M, et al. CD7 CAR T Cells for the
Therapy of Acute Myeloid Leukemia. Mol Ther. 2019 Jan;27(1):272-80.

Gonen M, Sun Z, Figueroa ME, Patel JP, Abdel-Wahab O, Racevskis J, et al. CD25 expression status
improves prognostic risk classification in AML independent of established biomarkers: ECOG phase 3
trial, E1900. Blood. 2012 Sep 13;120(11):2297-306.

Cerny J, Yu H, Ramanathan M, Raffel GD, Walsh WV, Fortier N, et al. Expression of CD25
independently predicts early treatment failure of acute myeloid leukaemia (AML). Brit J] Haematol. 2013
Jan;160(2):262—6.

Kageyama Y, Miwa H, Arakawa R, Tawara I, Ohishi K, Masuya M, et al. Expression of CD25 fluctuates
in the leukemia-initiating cell population of CD25-positive AML. Bertolini F, editor. PLoS ONE. 2018
Dec 14;13(12):¢0209295-12.

Saito Y, Kitamura H, Hijikata A, Tomizawa-Murasawa M, Tanaka S, Takagi S, et al. Identification of
therapeutic targets for quiescent, chemotherapy-resistant human leukemia stem cells. Sci Transl Med.
2010 Feb 3;2(17):17ra9—17ra9.

Anania JC, Chenoweth AM, Wines BD, Hogarth PM. The Human FcyRII (CD32) Family of Leukocyte
FcR in Health and Disease. Front Immunol. 2019 Mar 19;10:798-17.

Xu'Y, McKenna RW, Wilson KS, Karandikar NJ, Schultz RA, Kroft SH. Immunophenotypic
identification of acute myeloid leukemia with monocytic differentiation. Leukemia. 2006 Apr
27;20(7):1321-4.

Beckwith KA, Frissora FW, Stefanovski MR, Towns WH, Cheney C, Mo X, et al. The CD37-targeted
antibody-drug conjugate IMGN529 is highly active against human CLL and in a novel CD37 transgenic
murine leukemia model. Leukemia. 2014 Jul;28(7):1501-10.

Tefferi A, Nicolosi M, Penna D, Vallapureddy R, Hanson CA, Pardanani A, et al. Cytogenetic clonal
evolution in myeloproliferative neoplasms: contexts and prognostic impact among 648 patients with serial
bone marrow biopsies. Leukemia. 2019 May 1;33(10):2522-53.

Pereira DS, Guevara CI, Jin L, Mbong N, Verlinsky A, Hsu SJ, et al. AGS67E, an Anti-CD37
Monomethyl Auristatin E Antibody—Drug Conjugate as a Potential Therapeutic for B/T-Cell Malignancies
and AML: A New Role for CD37 in AML. Mol Cancer Ther. 2015 Jul 6;14(7):1650-60.

Gillissen MA, de Jong G, Kedde M, Yasuda E, Levie SE, Moiset G, et al. Patient-derived antibody
recognizes a unique CD43 epitope expressed on all AML and has antileukemia activity in mice. Blood
Adv. 2017 Aug 22;1(19):1551-64.

Bartels L, de Jong G, Gillissen MA, Yasuda E, Kattler V, Bru C, et al. A Chemo-enzymatically Linked
Bispecific Antibody Retargets T Cells to a Sialylated Epitope on CD43 in Acute Myeloid Leukemia.
Cancer Res. 2019 Jul 1;79(13):3372-82.

Jin L, Hope KJ, Zhai Q, Smadja-Joffe F, Dick JE. Targeting of CD44 eradicates human acute myeloid
leukemic stem cells. Nat Med. 2006 Oct;12(10):1167-74.



270.

271.

272.

273.

274.

275.

276.

271.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

Marques LVC, Noronha EP, Andrade FG, Santos-Bueno FVD, Mansur MB, Terra-Granado E, et al. CD44
Expression Profile Varies According to Maturational Subtypes and Molecular Profiles of Pediatric T-Cell
Lymphoblastic Leukemia. Front Oncol. 2018 Oct 31;8:124-10.

Gadhoum Z, Delaunay J, Maquarre E, Durand L, Lancereaux V, Qi J, et al. The Effect of Anti-CD44
Monoclonal Antibodies on Differentiation and Proliferation of Human Acute Myeloid Leukemia Cells.
Leukemia. 2009 Aug 26;45(8):1501-10.

Legras S, Giinthert U, Stauder R, Curt F, Oliferenko S, Kluin-Nelemans HC, et al. A Strong Expression of
CD44-6v Correlates With Shorter Survival of Patients With Acute Myeloid Leukemia. Blood. 1998 May
1;91(9):3401-13.

Casucci M, Nicolis di Robilant B, Falcone L, Camisa B, Norelli M, Genovese P, et al. CD44v6-targeted T
cells mediate potent antitumor effects against acute myeloid leukemia and multiple myeloma. Blood. 2013
Nov 14;122(20):3461-72.

Vey N, Delaunay J, Martinelli G, Fiedler W, Raffoux E, Prebet T, et al. Phase I clinical study of RG7356,
an anti-CD44 humanized antibody, in patients with acute myeloid leukemia. Oncotarget. 2016 May
31;7(22):32532-42.

Hermiston ML, Xu Z, Weiss A. CD45: A Critical Regulator of Signaling Thresholds in Immune Cells.
Annu Rev Immunol. 2003 Apr;21(1):107-37.

Mawad R, Gooley TA, Rajendran JG, Fisher DR, Gopal AK, Shields AT, et al. Radiolabeled anti-CD45
antibody with reduced-intensity conditioning and allogeneic transplantation for younger patients with
advanced acute myeloid leukemia or myelodysplastic syndrome. Biol Blood Marrow Transplant. 2014
Sep;20(9):1363-8.

Nolte MA, van Olffen RW, van Gisbergen KPJM, van Lier RAW. Timing and tuning of CD27-CD70
interactions: the impact of signal strength in setting the balance between adaptive responses and
immunopathology. Immunol Rev. 2009 May;229(1):216-31.

Riether C, Schiirch CM, Biihrer ED, Hinterbrandner M, Huguenin A-L, Hoepner S, et al. CD70/CD27
signaling promotes blast stemness and is a viable therapeutic target in acute myeloid leukemia. J Exp Med.
2016 Dec 28;77:jem.20152008.

Martin GH, Roy N, Chakraborty S, Desrichard A, Chung SS, Woolthuis CM, et al. CD97 is a critical
regulator of acute myeloid leukemia stem cell function. J Exp Med. 2019 Oct 7;216(10):2362-77.

Vaikari VP, Yang J, Wu S, Alachkar H. CD97 expression is associated with poor overall survival in acute
myeloid leukemia. Exp Hematol. 2019 Jul;75:64—4.

Blatt K, Herrmann H, Hoermann G, Willmann M, Cerny-Reiterer S, Sadovnik I, et al. Identification of
campath-1 (CD52) as novel drug target in neoplastic stem cells in 5q-patients with MDS and AML. Clin
Cancer Res. 2014 Jul 1;20(13):3589-602.

Jakobsen JS, Laursen LG, Schuster MB, Pundhir S, Schoof E, Ge Y, et al. Mutant CEBPA directly drives
the expression of the targetable tumor-promoting factor CD73 in AML. Sci Adv. 2019 Jul;5(7):eaaw4304.
Nishioka C, Ikezoe T, Furihata M, Yang J, Serada S, Naka T, et al. CD34*/CD38" acute myelogenous
leukemia cells aberrantly express CD82 which regulates adhesion and survival of leukemia stem cells. Int
J Cancer. 2013 May 1;132(9):2006-19.

Mladenov R, Hristodorov D, Cremer C, Hein L, Kreutzer F, Stroisch T, et al. The Fc-alpha receptor is a
new target antigen for immunotherapy of myeloid leukemia. Int J Cancer. 2015 Jun 12;137(11):2729-38.
Buccisano F, Rossi FM, Venditti A, Del Poeta G, Cox MC, Abbruzzese E, et al. CD90/Thy-1 is
preferentially expressed on blast cells of high risk acute myeloid leukaemias. Brit ] Haematol. 2004
Apr;125(2):203-12.

Hosen N, Park CY, Tatsumi N, Oji Y, Sugiyama H, Gramatzki M, et al. CD96 is a leukemic stem cell-
specific marker in human acute myeloid leukemia. Proc Natl Acad Sci U S A. 2007 Jun
26;104(26):11008-13.

Bajaj J, Konuma T, Lytle NK, Kwon HY, Ablack JN, Cantor JM, et al. CD98-Mediated Adhesive
Signaling Enables the Establishment and Propagation of Acute Myelogenous Leukemia. Cancer Cell. 2016
Nov 14;30(5):792-805.

Chung SS, Eng WS, Hu W, Khalaj M, Garrett-Bakelman FE, Tavakkoli M, et al. CD99 is a therapeutic
target on disease stem cells in myeloid malignancies. Sci Transl Med. 2017 Jan 25;9(374):eaaj2025.

77



289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.
306.

307.
308.

309.

310.

78

Dourado KMC, Baik J, Oliveira VKP, Beltrame M, Yamamoto A, Theuer CP, et al. Endoglin: a novel
target for therapeutic intervention in acute leukemias revealed in xenograft mouse models. Blood. 2017
May 4;129(18):2526-36.

Wauchter C, Ratei R, Spahn G, Schoch C, Harbott J, Schnittger S, et al. Impact of CD133 (AC133) and
CD90 expression analysis for acute leukemia immunophenotyping. Haematologica. 2001 Feb;86(2):154—
61.

Kuchenbauer F, Kern W, Schoch C, Kohlmann A, Hiddemann W, Haferlach T, et al. Detailed analysis of
FLT3 expression levels in acute myeloid leukemia. Haematologica. 2005 Dec;90(12):1617-25.

Krupka C, Lichtenegger FS, Kohnke T, Bogeholz J, Biicklein V, Roiss M, et al. Targeting CD157 in AML
using a novel, Fc-engineered antibody construct. Oncotarget. 2017 May 30;8(22):35707-17.

Coles SJ, Wang ECY, Man S, Hills RK, Burnett AK, Tonks A, et al. CD200 expression suppresses natural
killer cell function and directly inhibits patient anti-tumor response in acute myeloid leukemia. Leukemia.
2011 May;25(5):792-9.

Zhang F, Liu X, Chen C, Zhu J, Yu Z, Xie J, et al. CD244 maintains the proliferation ability of leukemia
initiating cells through SHP-2/p27kip! signaling. Haematologica. 2017 Apr;102(4):707-18.

Korver W, Zhao X, Singh S, Pardoux C, Zhao J, Guzman ML, et al. Monoclonal antibodies against IREM-
1: potential for targeted therapy of AML. Leukemia. 2009 Sep;23(9):1587-97.

Lo T-H, Abadir E, Gasiorowski RE, Kabani K, Ramesh M, Orellana D, et al. Examination of CD302 as a
potential therapeutic target for acute myeloid leukemia. PLoS ONE. 2019;14(5):¢0216368.

Zhang Y, Saavedra E, Tang R, Gu Y, Lappin P, Trajkovic D, et al. Targeting primary acute myeloid
leukemia with a new CXCR4 antagonist IgG1 antibody (PF-06747143). Sci Rep. 2017 Aug 4;7(1):7305.
Zhang Y, Xia F, Liu X, Yu Z, Xie L, Liu L, et al. JAM3 maintains leukemia-initiating cell self-renewal
through LRP5/AKT/B-catenin/CCND1 signaling. J Clin Invest. 2018 May 1;128(5):1737-51.

Pabst C, Bergeron A, Lavallée V-P, Yeh J, Gendron P, Norddahl GL, et al. GPR56 identifies primary
human acute myeloid leukemia cells with high repopulating potential in vivo. Blood. 2016 Apr
21;127(16):2018-27.

Nuebling T, Schumacher CE, Hofmann M, Hagelstein I, Schmiedel BJ, Maurer S, et al. The Immune
Checkpoint Modulator 0X40 and Its Ligand OX40L in NK-Cell Immunosurveillance and Acute Myeloid
Leukemia. Cancer Immunol Res. 2018 Feb;6(2):209-21.

Ho T-C, LaMere M, Stevens BM, Ashton JM, Myers JR, O'Dwyer KM, et al. Evolution of acute
myelogenous leukemia stem cell properties after treatment and progression. Blood. 2016 Sep
29;128(13):1671-8.

Daver N, Boddu P, Garcia-Manero G, Yadav SS, Sharma P, Allison J, et al. Hypomethylating agents in
combination with immune checkpoint inhibitors in acute myeloid leukemia and myelodysplastic
syndromes. Leukemia. 2018 May;32(5):1094-105.

Gambacorta V, Gnani D, Vago L, Di Micco R. Epigenetic Therapies for Acute Myeloid Leukemia and
Their Immune-Related Effects. Front Cell Dev Biol. Frontiers; 2019;7:207.

Mohty M, Bacigalupo A, Saliba F, Zuckermann A, Morelon E, Lebranchu Y. New directions for rabbit
antithymocyte globulin (Thymoglobulin(®)) in solid organ transplants, stem cell transplants and
autoimmunity. Drugs. 2014 Sep;74(14):1605-34.

Leavy O. Therapeutic antibodies: past, present and future. Nat Rev Immunol. 2010 May;10(5):297-7.
Pereira NA, Chan KF, Lin PC, Song Z. The “less-is-more” in therapeutic antibodies: Afucosylated anti-
cancer antibodies with enhanced antibody-dependent cellular cytotoxicity. MAbs. 2018 Jul;10(5):693—
711.

Ecker DM, Jones SD, Levine HL. The therapeutic monoclonal antibody market. MAbs. 2015;7(1):9-14.

Walter RB, Raden BW, Kamikura DM, Cooper JA, Bernstein ID. Influence of CD33 expression levels and
ITIM-dependent internalization on gemtuzumab ozogamicin—induced cytotoxicity. Blood. 2005 Feb
1;105(3):1295-302.

Testa U, Pelosi E, Castelli G. CD123 as a Therapeutic Target in the Treatment of Hematological
Malignancies. Cancers. 2019 Sep 12;11(9).

Williams BA, Law A, Hunyadkurti J, Desilets S, Leyton JV, Keating A. Antibody Therapies for Acute
Myeloid Leukemia: Unconjugated, Toxin-Conjugated, Radio-Conjugated and Multivalent Formats. J Clin
Med. 2019 Aug 20;8(8).



311.

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

326.

Janik JE, Morris JC, O’Mahony D, Pittaluga S, Jaffe ES, Redon CE, et al. 90Y-daclizumab, an anti-CD25
monoclonal antibody, provided responses in 50% of patients with relapsed Hodgkin's lymphoma. Proc
Natl Acad Sci U S A. 2015 Oct 20;112(42):13045-50.

Wu Z, Cheung NV. T cell engaging bispecific antibody (T-BsAb): From technology to therapeutics.
Pharmacol Ther. 2018 Feb;182:161-75.

Vallera DA, Felices M, McElmurry R, McCullar V, Zhou X, Schmohl JU, et al. IL15 Trispecific Killer
Engagers (TriKE) Make Natural Killer Cells Specific to CD33+ Targets While Also Inducing Persistence,
In Vivo Expansion, and Enhanced Function. Clin Cancer Res. 2016 Jul 15;22(14):3440-50.

June CH, Sadelain M. Chimeric Antigen Receptor Therapy. N Engl J Med. 2018 Jul 5;379(1):64-73.

Park JH, Riviére I, Gonen M, Wang X, Sénéchal B, Curran KJ, et al. Long-Term Follow-up of CD19 CAR
Therapy in Acute Lymphoblastic Leukemia. N Engl J Med. 2018 Feb 1;378(5):449-59.

Kim MY, Yu K-R, Kenderian SS, Ruella M, Chen S, Shin T-H, et al. Genetic Inactivation of CD33 in
Hematopoietic Stem Cells to Enable CAR T Cell Immunotherapy for Acute Myeloid Leukemia. Cell.
2018 May 31;173(6):1439-1453.¢19.

Yu S, YiM, Qin S, Wu K. Next generation chimeric antigen receptor T cells: safety strategies to
overcome toxicity. Mol Cancer. 2019 Aug 20;18(1):125.

Shang Y, Zhou F. Current Advances in Immunotherapy for Acute Leukemia: An Overview of Antibody,
Chimeric Antigen Receptor, Immune Checkpoint, and Natural Killer. Front Oncol. 2019 Sep 19;9:532-19.
Mustjoki S, Richter J, Barbany G, Ehrencrona H, Fioretos T, Gedde-Dahl T, et al. Impact of malignant
stem cell burden on therapy outcome in newly diagnosed chronic myeloid leukemia patients. Leukemia.
2013 Jun 14;27(7):1520-6.

Gerber JM, Gucwa JL, Esopi D, Gurel M, Haffner MC, Vala M, et al. Genome-wide comparison of the
transcriptomes of highly enriched normal and chronic myeloid leukemia stem and progenitor cell
populations. Oncotarget. 2013 May;4(5):715-28.

Giustacchini A, Thongjuea S, Barkas N, Woll PS, Povinelli BJ, Booth CAG, et al. Single-cell
transcriptomics uncovers distinct molecular signatures of stem cells in chronic myeloid leukemia. Nat
Med. 2017 Jun 1;23(6):692-702.

DiNardo CD, Pratz KW, Letai A, Jonas BA, Wei AH, Thirman M, et al. Safety and preliminary efficacy of
venetoclax with decitabine or azacitidine in elderly patients with previously untreated acute myeloid
leukaemia: a non-randomised, open-label, phase 1b study. Lancet Oncol. 2018 Feb;19(2):216-28.

Daver N, Schlenk RF, Russell NH, Levis MJ. Targeting FLT3 mutations in AML: review of current
knowledge and evidence. Leukemia. 2019 Feb;33(2):299-312.

DiNardo CD, Stein EM, de Botton S, Roboz GJ, Altman JK, Mims AS, et al. Durable Remissions with
Ivosidenib in IDH1-Mutated Relapsed or Refractory AML. N Engl J Med. 2018 Jun 21;378(25):2386-98.
Stein EM, DiNardo CD, Pollyea DA, Fathi AT, Roboz GJ, Altman JK, et al. Enasidenib in mutant IDH2
relapsed or refractory acute myeloid leukemia. Blood. 2017 Aug 10;130(6):722-31.

Valent P, Sadovnik I, Eisenwort G, Bauer K, Herrmann H, Gleixner KV, et al. Immunotherapy-Based
Targeting and Elimination of Leukemic Stem Cells in AML and CML. IJMS. 2019 Sep;20(17):4233-29.

79



	Tom sida


<<
  /ASCII85EncodePages false
  /AllowTransparency true
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 25%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 10
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 250
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 250
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.25000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU <FFFE4600F6007200200074007200790063006B00200068006F00730020004D0065006400690061002D0054007200790063006B00>
    /SVE ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA39 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 87 to page 97; only odd numbered pages
     Font: TimesNewRoman;TimesNewRomanPSMT 11.0 point
     Origin: bottom right
     Offset: horizontal 56.69 points, vertical 36.85 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
      

        
     D:20191209133452
      

        
     1
     1
     
     BR
     
     1
     1
     1
     0
     1
     1
     TimesNewRoman;TimesNewRomanPSMT
     1
     0
     0
     962
     398
     0
     1
     R0
     11.0000
            
                
         Odd
         87
         SubDoc
         97
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     56.6929
     36.8504
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0k
     Quite Imposing Plus 4
     1
      

        
     88
     186
     96
     9fd1a705-fb5e-4d63-9fa0-f4be4ba3a02f
     6
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 87 to page 97; only even numbered pages
     Font: TimesNewRoman;TimesNewRomanPSMT 11.0 point
     Origin: bottom left
     Offset: horizontal 56.69 points, vertical 36.85 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
      

        
     D:20191209133456
      

        
     1
     1
     
     BL
     
     1
     1
     1
     0
     1
     1
     TimesNewRoman;TimesNewRomanPSMT
     1
     0
     0
     962
     398
     0
     1
     R0
     11.0000
            
                
         Even
         87
         SubDoc
         97
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     56.6929
     36.8504
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0k
     Quite Imposing Plus 4
     1
      

        
     88
     186
     95
     5ea5e357-046b-47f4-8ba8-1102cf70f916
     5
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 111 to page 124; only even numbered pages
     Font: TimesNewRoman;TimesNewRomanPSMT 11.0 point
     Origin: bottom left
     Offset: horizontal 56.69 points, vertical 36.85 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
      

        
     D:20191209133615
      

        
     1
     1
     
     BL
     
     1
     1
     1
     0
     1
     1
     TimesNewRoman;TimesNewRomanPSMT
     1
     0
     0
     962
     398
     0
     1
     R0
     11.0000
            
                
         Even
         111
         SubDoc
         124
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     56.6929
     36.8504
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0k
     Quite Imposing Plus 4
     1
      

        
     111
     186
     123
     ca062e9a-bf19-49b7-9274-ca8e9311e67d
     7
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 111 to page 124; only odd numbered pages
     Font: TimesNewRoman;TimesNewRomanPSMT 11.0 point
     Origin: bottom right
     Offset: horizontal 56.69 points, vertical 36.85 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
      

        
     D:20191209133618
      

        
     1
     1
     
     BR
     
     1
     1
     1
     0
     1
     1
     TimesNewRoman;TimesNewRomanPSMT
     1
     0
     0
     962
     398
     0
     1
     R0
     11.0000
            
                
         Odd
         111
         SubDoc
         124
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     56.6929
     36.8504
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0k
     Quite Imposing Plus 4
     1
      

        
     111
     186
     122
     23c8328d-4e8b-41a9-a349-1921024dc79a
     7
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 153 to page 153; only odd numbered pages
     Font: TimesNewRoman;TimesNewRomanPSMT 11.0 point
     Origin: bottom right
     Offset: horizontal 56.69 points, vertical 36.85 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
      

        
     D:20191209133732
      

        
     1
     1
     
     BR
     
     1
     1
     1
     0
     1
     9
     TimesNewRoman;TimesNewRomanPSMT
     1
     0
     0
     2074
     400
    
     0
     1
     R0
     11.0000
            
                
         Odd
         153
         SubDoc
         153
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     56.6929
     36.8504
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0k
     Quite Imposing Plus 4
     1
      

        
     152
     186
     152
     27b09f5b-626d-49a5-916d-56a84e11cde8
     1
      

   1
  

 HistoryList_V1
 qi2base





