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ABSTRACT. Leukemia stem cells (LSCs) are regarded as the origin 
of leukemia and its recurrence. Side population (SP) cells possess some 
intrinsic stem cell properties and contain numerous LSCs. In this study, 
we examined the prognostic significance of cluster differentiation 47 
(CD47) and identified the appropriate target for eliminating LSCs. We 
determined the percentage of SP cells in a THP-1 cell population and 
analyzed CD47 expression in different cell subsets. We then explored 
whether CD47 affected the phagocytic ability of macrophages to LSCs 
in vitro. Finally, the effect of anti-CD47 monoclonal antibodies, alone 
or combination with cytarabine, against leukemic cells was evaluated 
in vitro and in vivo to identify the optimal targets for the treatment 
of leukemia. We observed an SP sub-fraction at low frequency (1.81 
± 0.99%), which was a likely candidate for LSC enrichment. CD47 
was more highly expressed on THP-1 LSCs (P < 0.05) and was an 
independent predictor of survival and refractory disease in THP-1-
engrafted mice. Furthermore, the anti-CD47 monoclonal antibody 
stimulated preferential phagocytosis of LSCs by macrophages in vitro. 
Finally, single or combination treatment of THP-1 LSC-engrafted mice 
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with cytarabine and anti-CD47 antibody resulted in targeting of LSCs 
and depletion of leukemia cells. These findings suggest that CD47 is an 
antibody target in LSCs and combination treatment with cytarabine and 
anti-CD47 monoclonal antibody represents an attractive option for the 
therapeutic targeting of acute monocytic leukemia.
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INTRODUCTION

Childhood and adolescent acute myeloid leukemia (AML) is traditionally one of the 
most difficult childhood cancers to treat successfully (Woods, 2006). The relapse rate remains 
unacceptably high, with a 5-year event-free survival of approximately 50% (Gorman et al., 
2010). Furthermore, this can only be achieved using highly intensive chemotherapy, which 
results in relatively high rates of treatment-related deaths and significant late effects (Kaspers 
and Zwaan, 2007). Although much effort is being focused on improving these limitations, an 
efficient and effective method has not been developed. Therefore, novel therapeutic strategies 
are urgently required to improve the unsatisfactory prognosis of this disease.

In various leukemias, only small subpopulations of cells have the potential to transfer 
disease upon transplantation into immunocompromised non-obese diabetic/severe combined 
immunodeficiency (NOD/SCID) mice, and markers that distinguish the leukemogenic cancer 
cells from the bulk population of non-leukemogenic cells have been identified (Testa, 2011). 
If only a rare subset of leukemia stem cells (LSCs) drives leukemic formation, the goal should 
be to identify and develop therapies that target this population. Side population (SP) cells are 
defined by Hoechst 33342 exclusion and can be detected by flow cytometry. These cells repre-
sent only a small fraction of the total population, and thus investigation of the properties of SP 
cells represents an important research focus (Goodell et al., 1996; Zhou et al., 2002; Hussain 
et al., 2005). SP analysis can be used to identify cancer stem cell populations (Haraguchi et al., 
2006; Chiba et al., 2006), and these cells share the largest number of relevant features of LSCs, 
including self-renewal potential and quiescent status (Setoguchi et al., 2004). SP cell sorting 
using flow cytometry is a convenient method for isolating LSCs (Guo et al., 2003). Emerging 
evidence has demonstrated that monoclonal antibodies, either alone or in combination, are an 
effective modality for cancer treatment (Adams and Weiner, 2005). Cluster differentiation 47 
(CD47) serves as the ligand for signal regulatory protein alpha (SIRPa), which is expressed 
on phagocytic cells, including macrophages and dendritic cells, and when activated initiates a 
signal transduction cascade resulting in inhibition of phagocytosis (Barclay and Brown, 2006). 
Therefore, anti-CD47 monoclonal antibodies may represent a suitable therapy for targeting 
LSCs. The THP-1 cell line, which was originally established from an infant diagnosed with 
AML (Tsuchiya et al., 1980), provides an experimental model for the functional analysis of 
preclinical therapeutics and target identification studies of AML. Cytarabine (Ara-C) is com-
monly used for the treatment of acute leukemia; incorporation of Ara-C into the DNA is a 
critical event in the process leading to the death of proliferating leukemic cells, although this 
is relatively ineffective against LSCs, which are maintained in a quiescent state (Misaghian et 
al., 2009). In this study, Ara-C was used to kill common proliferating THP-1 cells. In addition, 
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anti-CD47 monoclonal antibody therapy targeting THP-1 LSCs was evaluated as an approach 
to eradicate leukemia cells in vitro and in vivo.

The cancer stem cell theory suggests that chemoresistance and recurrence of tumors 
often results from the similarity between the stem cell properties of normal and cancer cells 
(Kayo et al., 2007). To date, AML LSCs are the most well characterized cancer stem cell 
population (Wang and Dick, 2005). LSCs, like their normal hematopoietic stem cell (HSC) 
counterparts, possess a range of characteristics that enable their long-term survival, and some 
facilitate their escape from the cytotoxic effects of chemotherapy. First, LSCs exist primar-
ily in a quiescent phase of the cell cycle (Guan et al., 2003). Second, by reducing cytotoxic 
stress, LSCs represent a potential reservoir for selecting mutants that are resistant to targeted 
or conventional therapy (Heidel et al., 2006). LSCs can undergo mutations and epigenetic 
changes, leading to drug resistance and relapse. Recent studies suggest that mature leukemia 
cells acquire LSC characteristics, thereby evading chemotherapeutic treatment and sustaining 
the disease (Ravandi and Estrov, 2006). Third, primitive LSCs possess natural mechanisms of 
survival, such as drug-efflux capabilities (such as multidrug resistance 1) (Jordan and Guz-
man, 2004). The use of traditional drugs such as a combination of Ara-C and daunomycin 
results in relatively high rates of treatment-related deaths and significant late effects, and does 
not address long-term survival rates (Inaba et al., 2008).

MATERIAL AND METHODS

Cell line and culture

The human acute monocytic leukemia cell line THP-1 (Shanghai Institute of Cell Biol-
ogy, Shanghai, China) was cultured in RPMI 1640 medium (Hyclone, Logan, UT, USA) supple-
mented with 10% fetal bovine serum (Hyclone) and 100 U/mL penicillin-streptomycin (Invit-
rogen Life Technologies, Carlsbad, CA, USA) at 37°C in an atmosphere containing 5% CO2.

SP cell analysis and fluorescence-activated cell sorting

Cells were suspended at 1 x 106 cells/mL in Hanks’ balanced salt solution supplemented 
with 3% fetal calf serum and 10 mM HEPES. Cells were then incubated at 37°C for 90 min 
with 5 mg/mL Hoechst 33342 (Sigma, St. Louis, MO, USA), either alone or in the presence 
of 50 mM verapamil (Sigma). After incubation, 1 mg/mL propidium iodide (BD Biosciences, 
Franklin Lakes, NJ, USA) was added and cells were then filtered through a 40-mm cell strainer 
(BD) to obtain single-suspension cells. Cell analysis and purification were performed using 
a MoFlo carrying a triple-laser (DakoCytomation, Glostrup, Denmark). Hoechst 33342 was 
excited with an ultraviolet laser at 350 nm and fluorescence emission was measured with 405/
BP30 (Hoechst blue) and 570/BP20 (Hoechst red) optical filters. Propidium iodide labeling 
was measured through the 630/BP30 filter to discriminate dead cells. SP cells (Komuro et al., 
2007) and non-SP cells were isolated from each well.

In vitro phagocytosis assays

THP-1 SP cells were incubated with either mouse or human macrophages in the pres-
ence of 7 μg/mL IgG1 isotype control antibody, anti-CD45 IgG1, or anti-CD47 (eBioscience, 
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San Diego, CA, USA) for 2 h. Cells were then analyzed by microscopy to determine the 
phagocytic index (number of cells ingested per 100 macrophages).

Establishment of THP-1 SP cell xenograft leukemia NOD/SCID mouse model

All animal studies were carried out in compliance with the Guidelines for the Care 
and Use of Laboratory Animals in Henan Province, China. Male NOD/SCID mice (aged 4-5 
weeks) were obtained from HFK BIOSCIENCE Co. (Beijing, China) and maintained (N = 5 
per cage) under specific pathogen-free conditions. Approximately 1-2.5 x 105 fluorescence-ac-
tivated cell sorting-purified THP-1 SP cells were resuspended in 20-40 mL phosphate-buffered 
saline and transplanted intravenously via the tail vein. Three to four weeks later, human AML 
engraftment (hCD45+CD33+ cells) was assessed in the peripheral blood and bone marrow by 
tail bleed and aspiration of the femur, respectively. Engrafted mice were then treated daily 
with intraperitoneal injections of 100 mg anti-CD47 antibody or IgG (eBioscience) control 
for 14 days. On day 15, mice were sacrificed and the peripheral blood and bone marrow were 
analyzed for AML.

Enrichment of LSC subpopulation in the THP-1 human leukemic cell line with Ara-C

Next, 1 x 106 cells/mL THP-1 cells were incubated with 100 mg/mL Ara-C for 24 or 
48 h at 37°C in an atmosphere containing 5% CO2. Cells were then harvested at different time 
points, washed twice with phosphate-buffered saline, and analyzed for CD47 expression.

Flow cytometric analysis of CD47 expression

First, CD47 expression was examined in THP-1 SP cells and bulk THP-1 (non-SP) 
cells sorted by flow cytometry. Next, CD47 expression was examined on normal peripheral 
blood mononuclear cells (MNCs) and bone marrow MNCs of NOD/SCID mice. Peripheral 
blood MNCs of leukemia-bearing NOD/SCID mice were also examined. Leukemia-bearing 
mice were divided into 2 groups according to different levels of CD47 expression (CD47low 
and CD47high) and survival time was monitored. Moribund mice were sacrificed and the pe-
ripheral blood, bone marrow, and organs, including the liver and spleen, were analyzed for 
AML. Expression of CD47 was analyzed using an anti-human CD47 fluorescein isothiocya-
nate antibody (eBioscience).

In vivo antibody treatment of THP-1 LSC-engrafted mice

Engrafted mice were randomly divided into 4 groups: IgG1 control, anti-CD47 anti-
body, Ara-C, and anti-CD47 antibody + Ara-C. Next, 100 mg/mouse intraperitoneal injections 
IgG1 control or anti-CD47 antibody were administered daily for 2 weeks, or 100 mg·kg-1·day-1 
Ara-C for 1 week plus 100 mg anti-CD47 antibody for 2 weeks. Treatment was then stopped 
and mice were monitored for survival analysis. Complete remission was defined as no evi-
dence of leukemia detected by Wright’s staining of bone marrow smears and by hematoxylin 
and eosin staining of pathological sections at the end of treatment. Relapse was defined as 
evidence of lymphoma detected by Wright’s staining of bone marrow smears after the end of 
treatment in mice with a prior complete remission.
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Statistical analysis

Statistical analysis was performed using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). 
All experiments were repeated 3 or 5 times. Data are reported as means ± standard deviation. 
The significance of the differences in mean values among groups was evaluated by using the 
Student t-tests, Kaplan-Meier survival curves with log-rank tests, or single-factor analysis of 
variance and post-hoc tests. P < 0.05 was considered to be statistically significant.

RESULTS

Prevalence of SP cells in THP-1 cells

Hoechst 33342 dim cells (located on the bottom left-hand corner of the flow cytometry 
plot) were gated as the SP population and represented a percentage of 1.81 ± 0.99% of the total 
THP-1 population (Figure 1A). The Hoechst 33342 dim THP-1 SP cells were effectively abol-
ished following staining in the presence of the calcium channel blocker, verapamil (Figure 1B). 
The SP and non-SP cells in THP-1 cells were sorted separately and purity analysis showed that the 
sorted SP cells were concentrated in the SP region of the flow cytometry plot. The sorted non-SP 
cells remained concentrated in the sub-region of the main group of cells identified prior to sorting.

Figure 1. Analysis of SP cells by flow cytometry. A. SP cells appeared as the Hoechst dim fraction capable of 
Hoechst 33342 exclusion detected by flow cytometry and typically represented 1.81 ± 0.99% of viable cells from 
the THP-1 leukemic cell line. The non-SP cells that retained high levels of Hoechst staining were also referred to as 
the bulk population cells. B. SP cells were ablated when verapamil was included in the Hoechst 33342 incubation. 
Verapamil blocks the activity of drug transport proteins, preventing efflux of the dye.

CD47 was more highly expressed on THP-1 LSCs

Compared with normal MNCs derived from both peripheral blood (NPB) and normal 
bone marrow (NBM), CD47 was more highly expressed on THP-1 LSCs according to flow cy-
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tometry. Normalized mean expression of CD47 for each population was: 14.1 ± 3.54% NPB, 
30.7 ± 1.90% NBM, 56.3 ± 9.54% bulk THP-1, and 73.8 ± 13.38% THP-1 LSCs. Statistically 
significant differences were identified between the mean CD47 expression of NPB compared 
with that of NBM (P = 0.000), NBM compared with bulk THP-1 cells (P = 0.000), NPB com-
pared with THP-1 LSCs (P = 0.000), bulk THP-1 compared with THP-1 LSCs (P = 0.002), 
and NPB compared with bulk THP-1 (P = 0.000). Differences in the levels of CD47 expres-
sion were detected between cell subgroups. Normalized mean CD47 expression at 24 and 48 h 
was 62.1 ± 9.09% at 24 h and 68.5 ± 8.18% at 48 h. The differences between the mean CD47 
expression levels in these 4 groups (P = 0.008) were statistically significant.

Identification of human THP-1 LSCs xenotransplant leukemia models

Three to four weeks after intravenous transplantation of THP-1 LSCs via the tail 
vein, human AML engraftment of hCD45+CD33+ cells was assessed in the peripheral blood 
and bone marrow by tail bleed and aspiration of the femur, respectively. The results revealed 
successful establishment of the systemically disseminated leukemia model in all NOD/SCID 
mice. Wright’s staining of bone marrow and peripheral blood smears revealed successful xe-
notransplantation of leukemia in nearly all mice.

Increased CD47 expression was correlated with poor clinical prognosis and 
adverse pathology features in human THP-1 LSC-engrafted mice

Leukemia-bearing mice (N = 20) were divided into 2 groups according to different 
levels of CD47 expression (median): CD47 low expression group (CD47low, CD47 expression 
<30%), and CD47 high expression group (CD47high, CD47 expression >30%) (N = 10 per 
group). The prognostic influence of CD47 expression on the overall survival of human THP-1 
LSC-engrafted mice is shown in Figure 2. Higher CD47 expression was also associated with 
poor clinical outcome. In CD47high mice, the peripheral blood, bone marrow, and organs such 
as the liver and spleen were packed with monomorphic leukemic blasts, while no leukemia 
cells were detected in organs such as the liver and spleen in CD47low mice.

Figure 2. Kaplan-Meier survival curve with log-rank testing. Statistically significant differences were detected 
between CD47high and CD47low mice (P < 0.001).
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Anti-CD47 antibodies stimulate phagocytosis of LSCs by human macrophages in vitro

The capacity of anti-human CD47 antibodies to stimulate phagocytosis of human 
THP-1 LSCs by human peripheral blood macrophages was investigated in vitro. Incubation of 
THP-1 LSCs in the presence of an IgG1 isotype control or anti-CD45 IgG1 antibody did not 
result in significant phagocytosis. However, anti-CD47 antibodies stimulated the phagocytosis 
of THP-1 LSCs. The phagocytic index was determined for each condition by calculating the 
number of ingested cells per 100 macrophages. For THP-1 LSC, a statistically significant dif-
ference was detected between blocking anti-CD47 antibody treatment and treatment with the 
isotype and anti-CD45 control antibodies (P < 0.001).

Anti-CD47 antibodies stimulate phagocytosis of LSCs by mouse macrophages in vitro

The capacity of anti-human CD47 antibodies to stimulate phagocytosis of human THP-1 
LSC by mouse abdominal cavity-derived macrophages was also evaluated in vitro. Incubation 
of THP-1 LSCs in the presence of an IgG1 isotype control or anti-CD45 IgG1 antibody did not 
result in significant phagocytosis. However, anti-CD47 antibodies stimulated the phagocytosis of 
THP-1 LSCs by mouse macrophages (Figure 3A). The phagocytic index was determined for each 
condition by calculating the number of ingested cells per 100 macrophages. For THP-1 LSCs, a 
statistically significant difference was detected between blocking anti-CD47 antibody treatment 
and treatment with the isotype and anti-CD45 control antibodies (P < 0.001) (Figure 3B).

Figure 3. Blocking anti-CD47 antibodies stimulated phagocytosis of LSCs by mouse macrophages in vitro. 
A. Phagocytosis of THP-1 LSCs by mouse macrophages in vitro. THP-1 LSCs were incubated with mouse 
macrophages in the presence of the indicated antibodies and then assessed for phagocytosis by microscopy. B. 
Phagocytosis of THP-1 LSCs by mouse macrophages in vitro. A statistically significant difference was detected 
between blocking anti-CD47 antibody treatment and treatment with the isotype and anti-CD45 control antibodies 
(P < 0.001).
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Combination therapy with anti-CD47 antibody and Ara-C eliminates leukemia 
cells in human THP-1 xenotransplant models

Human THP-1 xenotransplant mice (N = 40) were randomly divided into 4 groups and 
were administered daily injections of either the control mouse IgG, anti-CD47 antibody, Ara-C, 
or anti-CD47 antibody + Ara-C. Anti-CD47 antibody treatment decreased the leukemic burden 
in the peripheral blood and bone marrow in these mice (Figures 4-5) and significantly prolonged 
survival compared with control IgG, although all mice eventually died (Figure 6). Similar results 
were observed following Ara-C treatment and were not statistically different from those detected 
following anti-CD47 antibody treatment. In contrast, combination therapy with anti-CD47 anti-
body and Ara-C eliminated leukemia as indicated by long-term survival (P < 0.001).

Figure 4. Leukocyte counts in peripheral blood of human THP-1 AML mice. Peripheral blood leucocyte counts of 
mice treated with control IgG increased gradually, while leukocyte counts of mice treated with anti-CD47 antibody, 
Ara-C, and anti-CD47 antibody + Ara-C showed marked reduction in leukemia.

Figure 5. Percentage of leukemia cells in peripheral blood (PB) and bone marrow (BM) of AML mice pre- and post-
treatment. A. Percentage of leukemia cells in PB of mice engrafted with THP-1 LSC pre- and post-treatment with either 
control IgG, anti-CD47, Ara-C, or anti-CD47 antibody + Ara-C. B. Percentage of leukemia cells in BM of mice engrafted 
with THP-1 LSC pre- and post-treatment with either control IgG, anti-CD47, Ara-C, or anti-CD47 antibody + Ara-C.
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DISCUSSION

The lack of durable responses in a high percentage of AML patients suggests that cur-
rent treatments do not effectively target LSCs, which are regarded as the origin of leukemia, and 
its recurrence after seemingly successful therapy. Elimination of LSCs is required to eradicate 
leukemia and cure the patient. In this study, the pediatric AML cell line THP-1, derived origi-
nally from an infant diagnosed with AML, was used as an experimental model of this disease. 
A rare SP sub-fraction was identified in the THP-1 cells that were likely enriched for LSCs.

Recent efforts have focused on the development of targeted therapies for LSCs, includ-
ing monoclonal antibodies (Majeti et al., 2009; Chao et al., 2010). Monoclonal antibodies target-
ing the specific epitopes expressed on LSCs rather than on HSCs appear to be useful for targeting 
LSCs in vivo. A previous study found encouraging results in preclinical models, thus supporting 
the development of these agents (Lane and Gilliland, 2010). Identification of a cell-surface phe-
notype that distinguishes between LSCs and normal HSCs is essential for the development of 
prospective separation strategies for use in targeting therapies. Several candidate molecules have 
recently been identified, including CD123 (Jordan et al., 2000), CD44 (Jin et al., 2006), CD96 
(Hosen et al., 2007), and C-type lectin-like molecule-1 (van Rhenen et al., 2007).

CD47 (also known as integrin-associated protein) is a member of the Ig superfamily 
and contains a single extracellular Ig domain followed by 5 transmembrane segments. This 
molecule is ubiquitously expressed on most cells and interacts functionally with integrins 
(Lindberg et al., 1993; Matozaki et al., 2009). Furthermore, CD47 inhibits phagocytosis and 
as such represents a suitable molecule for antibody-mediated targeting of AML LSCs. CD47 
upregulation is an important mechanism that provides protection to normal HSCs during 
inflammation-mediated mobilization. Leukemic progenitors co-opt this ability in order to 
evade macrophage phagocytosis (Jaiswal et al., 2009). The absence of CD47 expression on 
cells results in their phagocytosis; therefore, CD47 acts as a protective signal through the 
interaction with its receptor, SIRPα, which is expressed by phagocytes. CD47 is also capable 

Figure 6. Kaplan-Meier survival analysis of different treatment groups. Kaplan-Meier survival analysis was 
performed. Anti-CD47 antibody alone or Ara-C + anti-CD47 antibody combination therapy significantly prolonged 
survival compared with control IgG, although all mice eventually died.
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of interacting with its receptor SRPa (Jiang et al., 1999) on macrophages to negatively 
regulate phagocytosis (Brown and Frazier, 2001). CD47 expression appears to be an important 
mechanism by which LSCs evade the host innate immune response. Furthermore, blockade 
of CD47 with a specific monoclonal antibody leads to increased phagocytosis and reduced 
engraftment of LSCs with concomitant reduction in leukemic burden (Majeti et al., 2009). 
Finally, CD47 was found to be more highly expressed on AML LSCs compared with their 
normal counterparts (Jaiswal et al., 2009) and human non-Hodgkin lymphoma cells (Chao et 
al., 2010). In the present study, varying CD47 expression was detected within different cell 
subgroups. Compared to both normal peripheral blood, bone marrow MNCs, and bulk THP-
1, CD47 was more highly expressed on THP-1 LSCs, which is consistent with the results of 
previous studies. More importantly, the proportion of CD47-positive cells in each enriched 
subpopulation was found to vary. CD47 has been reported to be highly expressed on a subset 
of human acute lymphoblastic leukemia (Chao et al., 2011), AML (Majeti et al., 2009), and 
non-Hodgkins lymphoma patient samples (Chao et al., 2010). These studies suggest that higher 
CD47 expression is an independent predictor of adverse clinical outcomes in hematopoietic 
system cancers. Furthermore, NOD/SCID mouse xenograft transplantation assays of patient 
AML samples revealed poorer prognosis in these patients (Monaco et al., 2004). In this study, 
the survival time of CD47low mice was clearly prolonged compared with that of CD47high mice. 
To investigate leukemic cell infiltration, moribund mice were sacrificed and representative 
hematoxylin and eosin-stained sections showed that more complete leukemia dissemination 
was present in CD47high mice. This indicated that a higher level of CD47 expression is an 
independent predictor of reduced survival time in human AML LSC-engrafted mice.

CD47-mediated activation of SIRP a initiates a signal transduction cascade resulting 
in the inhibition of phagocytosis, and treatment with anti-CD47 antibodies not only reduces 
primary tumor size but also can be used to inhibit the development of, or to eliminate, meta-
static disease (Edris et al, 2012). In our study, Ara-C plus anti-CD47 antibody treatment ef-
fectively decreased the leukemic burden in these mice and significantly prolonged survival 
compared with mice treated with control IgG, Ara-C, or anti-CD47 antibody alone. This com-
bination therapy offers several advantages compared with Ara-C and daunomycin combina-
tion therapy or monotherapies in AML. First, a combination of Ara-C and daunomycin results 
in relatively high rates of treatment-related deaths and significant late effects, and does not 
address long-term survival rates. Therapy with only monoclonal antibodies targeting cancer-
specific antigens can result in decreased off-target toxicity compared with current therapeutic 
regimens that utilize chemotherapy (Chao et al., 2010). Second, Ara-C eliminates leukemia 
cells during the proliferative phase, while anti-CD47 monoclonal antibodies lead to increased 
phagocytosis of quiescent-stage leukemia cells. Third, Ara-C eliminates common leukemia 
cells, while anti-CD47 monoclonal antibody therapy targets THP-1 LSCs, resulting in in-
creased therapeutic efficacy.

In conclusion, the proportion of SP cells in AML THP-1 cells was initially assessed 
and the optimal approach for eliminating LSCs was investigated for the potential to cure leu-
kemia patients. CD47 was more highly expressed on THP-1 LSCs. Anti-CD47 monoclonal 
antibody therapy increased apoptosis and decreased proliferation. However, the therapeutic 
efficacy was satisfactory in the few cases of low CD47 expression. These data indicate that 
Ara-C, a classical chemotherapeutic drug for acute leukemia treatment, acts synergistically 
with anti-CD47 monoclonal antibody treatment and that this combination may be an attractive 
candidate for the therapeutic targeting of AML.
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