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Chapter 7

Abstract
Signal regulatory protein alpha (SIRPα) is an inhibitory receptor that is selectively
expressed on myeloid and neuronal cells. Previously, we have demonstrated a reduced
expression of SIRPα in certain acute myeloid leukemia (AML) subsets, in particular the
immature AML subsets (M0-M3). Moreover, we have provided evidence that SIRPα
triggering generates pro-apoptotic signals in t(8;21) AML. In the present study, the
expression and function of SIRPα in t(15;17) acute promyelocytic leukemia (APL, M3)
cells was investigated. A low expression of SIRPα has been found in the majority (90%)
of the APL patients with a t(15;17) translocation. Interestingly, we demonstrated that
SIRPα was upregulated by all-trans-retinoic acid (ATRA) treatment of the human
t(15;17) NB4 cell line. Forced expression and triggering of SIRPα with agonistic
monoclonal antibodies generates pro-apoptotic signals in NB4 cells. Finally, SIRPα
ligation synergized with established antileukemic drugs to reduce leukemic cell survival.
Collectively, these findings suggest that SIRPα can control the apoptosis of APL cells
and that the reduced expression of SIRPα in APL could contribute to their excessive
proliferation. This implicates SIRPα and its downstream pro-apoptotic signaling
pathway as a target for therapeutic intervention in AML. Exploitation of this pathway
may improve the effect of antileukemic therapy and ATRA in APL.
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Introduction
Acute promyelocytic leukemia (APL) is a distinct subtype of acute myeloid leukemia
(AML) representing approximately 5%-10% of the adult AML and 4-8% of pediatric
cases, while the incidence appears higher in children of Hispanic and Mediterranean
1
origin . Morphologically, it is identified as the M3 subtype of acute myeloid leukemia by
the French-American-British classification and cytogenetically is characterized by
chromosomal rearrangements of 17q21 involving the gene encoding the Retinoic Acid
Receptor alpha (RARα), which is most commonly fused to the PML gene
2
(ProMyelocytic Leukaemia) as a result of the t(15;17)(q22;q21) translocation .
Expression of the PML/RARα fusion protein results in a block of differentiation at the
promyelocyte stage by the recruitment of corepressor proteins, such as N-CoR and
SMRT, and a multiprotein histone deacetylase complex (HDAC) to target genes
3
essential for granulocytic differentiation . This block is relieved by all-trans-retinoic acid
(ATRA), which induces the release of the corepressor-histone deacetylase complex
upon binding to the PML/RARα fusion protein. In addition to these direct inhibitory
effects on transcriptional activation, the fusion protein may also have additional roles in
4
impairment of hematopoietic differentiation . In a minority of cases (<5%), RARα is
fused to an alternative partner, which in children is most commonly nucleophosmin
5;6
(NPM) resulting from the t(15;17)(q35;q21) translocation . This subtype and the one
involving nuclear mitotic apparatus protein (NuMA) as a result of t(11;17)(q13;q21) are
also sensitive to retinoic acid; whereas APL involving promyelocytic leukemia zinc
finger (PLZF) and signal transducer and activator of transcription 5b (STAT5b) as a
result of t(11;17)(q23;q21) and interstitial deletion of chromosome 17, respectively, are
2
resistant to ATRA . While the treatment outcome for APL patients with the PML-RARα
fusion treated with extended courses of ATRA in combination with anthracycline–based
7
chemotherapy is generally favourable , pediatric patients appear to present more
commonly with hyperleucocytosis, as compared to their adult counterparts.
Approximately 35-40% of children with APL fall within a high risk group defined by a
9
presenting WBC ≥10 x 10 /L, which is associated with M3v morphology and presence
of FLT3 length mutations and predicts a poorer outcome. This is due both to an
increased risk of induction death, particularly as a result of haemorrhage, as well as a
8
significantly higher rate of relapse . With further understanding of the pathogenesis of
the disease the treatment of patients will be improved.
Signal regulatory protein alpha (SIRPα) is a transmembrane receptor
predominantly expressed on myeloid and neuronal cells. The extracellular domain of
SIRPα interacts with its broadly expressed ligand CD47 which induces SIRPα mediated
9;10
signaling . The cytoplasmic tail contains immunoreceptor tyrosine-based inhibitory
motifs (ITIMs) that upon phosphorylation recruit and activate the cytosolic tyrosine
11-14
phosphatases SHP-1 and/or SHP-2
. SIRPα signaling via ITIMs has been shown to
negatively regulate many signaling pathways leading to reduction in growth,
differentiation, the formation of multinucleated giant cells, migration of Langerhans cells
15-19
. Previously, we have demonstrated in a large cohort (n=511) of
and phagocytosis
primary acute leukemic samples that the mRNA levels of SIRPα are reduced in certain
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AML subsets, in particular FAB M0-M3. Among patients with a low SIRPα expression
were individuals carrying the typical t(15;17) and t(8;21) translocations, in which a
myeloid differentiation block appears to be caused by the recruitment of co-repressors
9;20;21
. Moreover, we obtained direct evidence that the relative lack of SIRPα
to the DNA
on AML could cause a decreased level of growth control. In particular, the ligation of
SIRPα on t(8;21) AML cells with specific antibodies against SIRPα, has been shown to
20
inhibit growth by promoting apoptosis . This demonstrates that SIRPα-derived signals
can directly control myeloid cell growth and survival and suggest that a reduction in
SIRPα expression may contribute to the pathogenesis of AML, particularly in the
immature FAB types. Furthermore, SIRPα triggering may be exploited for the treatment
of AML.
In the present study we confirm and extend findings from our previous study
reporting a reduction of SIRPα message on leukemic cells from t(15;17) patients. First,
we demonstrated relatively low levels of SIRPα protein in t(15;17) APL patient samples.
Furthermore, we found that SIRPα can be upregulated by ATRA in the human t(15;17)
NB4 cell line, which is essentially consistent with the notion that SIRPα is a myeloid
differentiation marker. Importantly, we demonstrated that forced SIRPα expression
followed by triggering with agonistic monoclonal antibodies promotes apoptosis in NB4
cells. Finally, we have found that pro-apoptotic signal generated via SIRPα synergized
with established antileukemic drugs. Taken together, this implicates SIRPα as a
potential therapeutic target in APL.

Materials and methods
Antibodies
The following mAb were used in this study: ED9 (anti-rat SIRPα; IgG1 isotype) was
9
characterized previously and labeled with Alexa 633 according to instructions provided
by the manufacturer (Invitrogen, Breda, The Netherlands). The rabbit polyclonal
antibodies Ab2971 and Ab8120 (Abcam, Cambridge, United Kingdom) are directed to
the cytoplasmic tail of human SIRPα. Mouse anti-actin monoclonal antibody
MAB1501R was obtained from Chemicon International (Temecula, CA, USA). PE
labeled anti-human CD14, APC labeled anti-human CD11b and FITC labeled antihuman CD15 (BD Pharmingen, San Jose, CA, USA) were used as differentiation
markers. For immunohistochemistry the following conjugates were used: biotinylated
anti-rabbit antibody (Dako, Heverlee, Belgium) and Streptavidin Alkaline Phosphatase
conjugate (Dako, Heverlee, Belgium).
Drugs
The following drugs were used in this study: all-trans-Retinoic acid (ATRA) was
purchased from Sigma Aldrich (St Louis, MO, USA). Cytarabine (Cytosar®) was
obtained from Pharmacia & Upjohn (Woerden, The Netherlands). Daunorubicin
(Cerubidine) was obtained from Rhone Poulenc Rorer (Amstelveen, The
Netherlands).
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Patient samples
Preparation of cytospins from adult APL patients with t(15;17) translocation at diagnosis
22
were described previously . The FAB-classification was performed according to the
criteria by Bennett et al, including modifications for the diagnosis of FAB M0 and FAB
23
M7 . Mononuclear cells were isolated by density gradient centrifugation as described
24
previously . All samples contained at least 80% leukemic cells, as determined by MayGrünwald-Giemsa (Merck, Darmstadt, Germany) staining.
Cell Lines and culture conditions
The human leukemic cell lines Kasumi-1 (human acute myeloid leukemia, FAB M2
t(8;21), HL60 (human promyelocytic leukemia), THP-1 (human acute monocytic
leukemia) and CCRF-CEM (human acute lymphoblastic leukemia) were routinely
cultured in RPMI 1640 medium (Gibco Laboratories, Irvine, UK). The NB4 cells (human
acute promyelocytic leukemia, FAB M3 t(15;17)) were cultured in Dulbecco's Modified
Eagle's Medium (DMEM). Both media were supplemented with 10% fetal calf serum
(FCS; Integro BV, Dieren, the Netherlands), 1% glutamine and penicillin 100 U/ml,
streptomycin 100 µg/ml (Gibco), fungizone 0.125 µg/ml, Amphotericin B, 250 µg/ml
(ICN Biomedicals, Aurora, OH, USA) and were growing exponentially during all
experiments.
6
NB4 cells (0.5x10 cells/ml) were incubated for the indicated periods with 1 µM
ATRA, in 5% CO2 humidified air at 37ºC. Cells were subsequently used for Western
Blot analysis and flow cytometric analysis, as described below.
Immunohistochemistry
Cytospins of APL patient samples and the cytospins of NB-4, THP-1, Kasumi and
CCRF-CEM cells were fixed in paraformaldehyde for 30 seconds, and immediately
washed with cold water. After washing once with PBS, cytospins were incubated with
anti-SIRPα (Ab2971, 1:50) for 2 hours. After washing three times with PBS, sections
were treated for 1 hour with biotinylated anti-rabbit antibody (1:300) in PBS-1%BSA-2%
pooled human serum. Subsequently, cytospins were incubated with Streptavidin
Alkaline Phosphatase conjugate (1:100) in PBS-1%BSA for 30 minutes. After washing
with PBS, cytospins were treated with the Dako REAL™ Detection System for Alkaline
Phosphatase for 20 minutes. All cytospins were counterstained in Mayer’s
haematocylin, and mounted in Entellan (Merck, Darmstadt, Germany). Cytospins were
examined with a Nikon Eclipse E800 microscope.
Western blot analysis
6
5x10 cells were washed twice in PBS, centrifuged and the cell pellet was lysed with
Igepal lysis buffer (Sigma-Aldrich) containing protease inhibitor cocktail (Roche) for 3045 minutes at 4ºC. Whole cell lysates were clarified by centrifugation and denatured in
Laemmli’s sample buffer (Bio-rad Laboratories, Hercules, CA, USA) containing βmercaptoethanol. Equal amounts of total protein (20 µg) were separated on 7.5% SDSpolyacrylamide gels and transferred to nitrocellulose membranes. After blocking with
5% non-fat dry milk (Bio-rad Laboratories), membranes were incubated for 1 hour with
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anti-SIRPα (Ab8120; 1:1000) and anti-β-actin (1:3000). Subsequently, membranes
were incubated with the appropriate horseradish peroxidase-conjugated secondary
antibodies, and detection was performed using enhanced chemiluminescence reagent
(Amersham Biosciences, Piscataway, NJ, USA).
Construction of retroviral vectors and transduction of NB4 cells
The rat-human SIRPα (SIRPα-WT) fusion construct was generated from cDNA and
PCR fragments as follows: nt 1-1236 (count starts at first methionine) of the rat SIRPα
25
cDNA was fused to nt 1230-1509 of the human cDNA (prot. accession No
NM_080792). The chimeric SIRPα protein contains amino acids 1-412, representing
the extracellular domains, of rat SIRPα, and amino acids 411-503, corresponding to the
transmembrane and cytoplasmic region, of human SIRPα resulting in a total length of
505 amino acids, including the signal sequence. The deletion construct SIRPα-delta87
(SIRPα-∆87) was constructed by PCR on the rat-human SIRPα fusion construct with
the use of the following primers; forward (5’-CCACTCGAGTAGTGGAGCA) and reverse
(5’-CGGAATTCTCAGGCATTCTTCTCGGGCT). The amplified fragment was cloned
into pcDNA3 downstream of the BamH1-XhoI of the rat SIRPα cDNA. The sequence of
the SIRPα-WT and SIRPα-∆87 constructs was confirmed by automated sequencing.
For retroviral transduction the SIRPα-WT and SIRPα-∆87 constructs were
26
cloned into the retroviral expression vector pLZRSpMBN-linker-IRES-eGFP(NotI-) ,
which was kindly provided by Dr. H Spits (Academic Medical Center, University of
Amsterdam, Amsterdam, The Netherlands). The Phoenix-A packaging cell line (kindly
27
provided by Dr. G Nolan, Stanford University, Stanford, USA) was transfected with the
retroviral construct containing SIRPα-WT, SIRPα-∆87 or control empty vector (EV)
construct containing enhanced fluorescent protein (eGFP) only, by calcium-phosphate
transfection. After selection of transfected cells with puromycin (1 µg/ml) (Sigma28
Aldrich), virus was harvested as described previously and used for retroviral
transduction of human t(15;17) NB4 cells. SIRPα-WT and SIRPα-∆87 cells were
subsequently selected in several rounds by FACS sorting (MoFlo, Dako Cytomation) on
the basis of eGFP expression until >98% of the cells showed positivity. Cell surface
expression of SIRPα was determined by FACS analysis using the ED9 mAb, as
described below. FACS-sorted, mock-transduced, NB4 cells containing empty vector
were used as controls in all experiments. Ectopic expression of SIRPα and/or eGFP
were regularly monitored and were found to be stable for at least several months, with
levels of SIRPα expression always exceeding 90% (data not shown).
Flow cytometric analysis
For flow cytometric analysis, SIRPα-WT, SIRPα-∆87 and empty vector NB4 cells were
resuspended in PBS-0.1%BSA and stained using saturating concentrations (5 µg/ml)
Alexa 633-conjugated ED9 for 1 hour at 4°C. Subsequently, the cells were washed
three times with PBS-0.1%BSA and analyzed on a FACS calibur (BD Biosciences, San
Jose, CA, USA).

142

Induction of apoptosis via SIRPα in t(15;17) Acute Promyelocytic Leukemia
Where indicated differentiation was monitored by staining for CD11b, CD14 and
CD15. The antibodies against CD11b, CD14 and CD15 were added to the cells and
incubated for 1 hour at 4°C. Subsequently, cells were washed three times with PBS0.1%BSA and analyzed on a FACS calibur (BD Biosciences).
Measurement of apoptosis and cell survival
6
Cells were seeded, in triplicate, at a density of 0.5x10 /ml in RPMI 1640 with 20% FCS
in 96-well tissue culture plates (200 µl/well). They were treated with 10 µg/ml of the
ED9 mAb, 1 µM ATRA or with a combination of ED9 and ATRA. After 24 hours, cells
were analyzed for apoptosis as described below. Apoptosis was assessed by APC
Annexin V (Invitrogen) and 7-amino-actinomycin D (7-AAD) double staining according
to the manufacturer's protocol (Invitrogen). All analyses were performed on a FACS
calibur (BD Biosciences). Cells positively stained with Annexin V and negative for 7AAD were considered to be early apoptotic.
Effects of antileukemic drugs in combination with ED9 mAb on leukemic cell
survival were evaluated with the MTT-assay. NB4 SIRPα-WT, SIRPα-∆87 and empty
vector cells were incubated with 6 concentrations of cytarabine (ara-C; 0.0625-2.0 µM)
or daunorubicin (DNR; 0.0625-2.0 µM) in combination with one fixed concentration of
the ED9 mAb (10 µg/ml). Within each experiment all drugs were tested alone, as well
as in combination. After 4 days of incubation in 5% CO2 humidified air at 37ºC, 3-(4,5dimethylthiazol-2,5-diphenyl) tetrazolium bromide (MTT; Sigma Aldrich) was added and
cells were incubated for another 4 hours. Subsequently, formazan crystals formed were
dissolved in acidified isopropanol. The optical density (OD) is linearly related to the
21
number of viable cells . Control wells, containing NB4 cells in culture medium in
absence of drugs were used to determine the control cell survival. Wells with culture
medium only were used as blank. Drug interactions between chemotherapeutic drugs
and ED9 mAb were studied by using the multiple drug effect analysis of Chou and
Talalay (Calcusyn software, Biosoft, Cambridge, UK), which enables to determine
antagonistic, additive or synergistic interactions. These different kinds of interaction are
given by Combination Index (CI) which is calculated using the formula: CI = [(D)1/(D1FA)1] + [(D)2/(D1-FA)2] + [α(D)1(D)2/(D1-FA)1 (D1-FA)2]. The parameters (D)1 and (D)2
represent the doses of the separate drugs in the combination, whereas (D1-FA)1 and (D1FA)2 are the doses of the individual drugs resulting in survival 1-FA (Fraction Affected;
α=1). The CI indicates synergism (CI<0.9), additivity (CI=0.9-1.1) or antagonism
(CI>1.1). In the CI-FA plot the CI values > 0.5 are evaluated and per experiment a
mean CI was calculated from FA values 0.5, 0.75 and 0.9. The average CI (±SD) of
three experiments is given for each of the combinations.

Results
Low SIRPα expression in APL cells
In a previous study we have shown in a large cohort (n=511) of AML patients samples
that the mRNA levels of SIRPα are reduced in immature AML FAB types (M0-M3),

143

Chapter 7

Figure 1. Low expression of SIRPα in APL patients. SIRPα protein expression levels were determined by
immunocytochemical staining on cryo-preserved cytospins of t(15;17) APL patients samples. Pictures are
shown of one of the APL patient samples that showed low expression levels of SIRPα and the leukemic cell
lines CCRF-CEM, Kasumi-1 and, THP-1 which were used as controls. Bar = 10 µm.
10;20

including APL, as compared to CD34+ hematopoietic stem cells (HSC)
. Among
different subgroups of immature AML, particularly low levels of SIRPα expression were
found in APL with the chromosomal translocation t(15;17). In order to confirm these
findings at the protein level immunocytochemical staining was performed on cryopreserved cytospins of t(15;17) APL patients samples. The leukemic cell lines THP-1
(M5 AML), Kasumi-1 (t(8;21) M2 AML) and CCRF-CEM (T-cell ALL) were used as
controls (Figure 1). Negative controls were performed by omitting the first antibody and
did not show staining. SIRPα protein expression was evaluated by two independent
investigators by scoring the intensity of the staining: negative (-), low (+/-) and positive
(+). SIRPα expression in THP-1 cells was high, while expression in Kasumi-1 cells was
very low. The lymphoblastic cell line CCRF-CEM did not express SIRPα. The expression
levels of SIRPα in THP-1, Kasumi-1 and CCRF-CEM cells were in agreement with results
20
obtained by Western blotting using the same antibody in our previous study . In the APL
patient group, SIRPα expression was low in 7/10 (70%) samples. Expression was high in
1 sample (10%) and 2 samples (20%) did not express detectable SIRPα levels.
Collectively, these findings demonstrate no or very low expression of SIRPα in the
majority (90%) of APL patient samples.
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Upregulation of SIRPα expression by ATRA in APL cells
Available evidence suggests that SIRPα is a typical myeloid differentiation marker, with
high levels of SIRPα expression on mature myeloid cells, including monocytes,
macrophages, granulocytes, mast cells and myeloid-derived dendritic cells, and low
9;10;29
. We wanted to investigate whether
levels on CD34+ hematopoietic stem cells
SIRPα upregulation can be established by treatment of t(15;17) APL cells with ATRA,
which is used for the benefit of t(15;17) patients to establish differentiation in vivo. To
this end we employed the well characterized t(15;17) APL cell line NB4. NB4 cells were
exposed to ATRA for various periods upto 7 days. Granulocytic differentiation of the
NB4 cells was confirmed by upregulation of the common myeloid marker CD11b (see
also below), the late granulocyte differentiation marker EMR3, and the capacity to
generate a respiratory burst in response to e.g. phorbol ester and zymosan (results not
shown). Undifferentiated NB4 cells expressed relatively low levels of the SIRPα protein
and the exposure to ATRA markedly increased their SIRPα levels (Figure 2). Already
after 24 hours an increase of SIRPα protein expression was detected and SIRPα was
further upregulated during the seven days of treatment. These results show that SIRPα
can be upregulated by ATRA in t(15;17) APL and are therefore also in general
agreement with the notion that SIRPα constitutes a typical myeloid differentiation
marker. Moreover, since SIRPα triggering can generate pro-apoptotic signals in AML
cells they also suggested that ATRA-treated APL patients might become prone to
apoptosis induction via SIRPα triggering.

Figure 2. Upregulation of SIRPα in NB4 cells
after treatment with ATRA. NB4 cells were
incubated with ATRA. SIRPα protein levels
were determined by Western blotting. β-actin
was used as a loading control.

Ligation of SIRPα induces apoptosis
We have previously demonstrated that SIRPα ligation in t(8;21) Kasumi cells using
20
agonistic antibody induces apoptosis and wanted to extend these findings to t(15;17)
APL. Unfortunately, no agonistic antibodies are available that specifically recognize
human SIRPα to test this hypothesis. In order to enable the use of our rat SIRPα9
specific agonistic reagents in a human cellular context, as we did before for our studies
on t(8;21) cells, we employed a previously generated chimeric SIRPα protein construct,
composed of the extracellular region of rat SIRPα and the transmembrane and
cytoplasmic regions of human SIRPα (SIRPα-WT) or a chimeric SIRPα deletion
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Figure 3. Ligation of reconstituted SIRPα inhibits proliferation and promotes apoptosis in human NB4 cells.
Chimeric rat-human SIRPα protein was ectopically expressed in human myeloid NB4 cells. (A) Flow
cytometric analysis of eGFP and SIRPα surface expression using ED9 mAb in NB4 empty vector and NB4
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SIRPα-WT and SIRPα-∆87 cells. NB4 SIRPα-WT, SIRPα-∆87 and empty vector cells (0.5x106/ml) were
seeded in 96-well culture plates in complete culture medium containing ED9 mAb (10 µg/ml) and were
cultured at 37°C. (B and C) After 24h incubation, the percentage of apoptotic cells was quantified by APC
Annexin V/7-AAD flow cytometric staining. The percentage of apoptotic cells (defined as the sum of Annexin
V positive and 7-AAD negative (early apoptotic) cells and double positive (late apoptotic) cells) was
significantly higher in the NB4 SIRPα-WT and SIRPα-∆87 cells that were treated with ED9 mAb, compared to
untreated control. No induction of apoptosis was seen in NB4 empty vector cells. (C) NB4 SIRPα-WT, SIRPα∆87 and empty vector cells (0.5x106/ml) were seeded in 96-well culture plates in complete culture medium
containing ED9 mAb (10 µg/ml) and/or ATRA (1 µM) and were cultured at 37°C. Apoptosis was only in duced
by SIRPα triggering with ED9 mAb. No induction of apoptosis was seen after ATRA treatment. Data are
means ± SEM calculated from 3 independent experiments. (D) Differentiation of the NB4 cell after treatment
with ED9 mAB and/or ATRA was checked by flow cytometric analysis with directly labeled antibodies against
CD11b. Differentiation was induced after ATRA treatment but not by SIRPα triggering by ED9.

mutant (SIRPα-∆87) that is unable to signal, because it essentially lacks the
cytoplasmic tail of SIRPα. These constructs were introduced by retroviral expression
into t(15;17) NB4 cells, which express only low levels of endogenous SIRPα (Figure
2A). Flow cytrometric analysis of the retrovirally transduced and FACS-sorted cells
showed that the vast majority (>90%) of these cells have SIRPα expression. (Figure
3A). The levels of SIRPα expression (i.e. mean fluorescence) were similar for the
different cell lines generated and comparable to those seen, with the same mAb, on rat
9
macrophages or granulocytes . In order to investigate whether SIRPα ligation in APL
cells induces apoptosis, the percentage of apoptotic cells was quantified by flow
cytometry, using APC Annexin V/7-AAD staining (Figure 3B). After 24h of adding ED9
mAb the percentage of apoptotic cells, defined as Annexin V positive cells, was
significantly higher in the NB4 SIRPα-WT cells (47.28 ± 8.583%), as compared to NB4
empty vector cells (15.12 ± 5.045%; p=0.009) (Figure 3B and C). Of interest, similar
results were observed in the NB4 SIRPα-∆87 cells, at which ligation with ED9 mAb had
caused significant apoptosis (51.58 ± 6.512 %; p=0.0013). Clearly, the latter result
suggests that apoptosis induction in NB4 cells does not require signaling via the SIRPα
cytoplasmic tail. All effects required ED9 binding to SIRPα, since no significant
induction of apoptosis was observed in NB4 empty vector cells. These findings provide
the direct evidence for a pro-apoptotic capacity of SIRPα in APL.
From a therapeutic perspective it may be attractive scenario to evoke an
upregulation of SIRPα using ATRA, followed by the application of a suitable SIRPα
agonist. Therefore it was important to establish whether ATRA treatment affected the
capacity to induce apoptosis via SIRPα NB4 SIRPα-WT, SIRPα-∆87 and empty vector
cells were exposed to 1 µM ATRA in combination with the fixed concentration of 10
µg/ml ED9 mAb, which showed in the NB4 SIRPα-WT and SIRPα-∆87 triggering of
apoptosis. ATRA treatment did not induce apoptosis in the NB4 cells (Figure 3C). In the
NB4 SIRPα-WT and SIRPα-∆87 cells co-incubated with ATRA and ED9 mAb,
apoptosis was triggered. This level of apoptosis was not significantly different from that
observed after treatment with ED9 mAb alone. Differentiation was monitored by flow
cytometric analysis of CD11b expression. Cells that were exposed to ATRA showed
upregulation of CD11b (Figure 3D). SIRPα triggering by ED9 mAb did not induce
147
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differentiation nor did it apparently modulate differentiation induced by ATRA. This
indicates that ATRA provides a stimulus for differentiation and this includes an
upregulation of SIRPα, which is anticipated to render the cells more prone to apoptosis
induction via SIRPα. In addition, our results provide evidence that the pro-apoptotic
signal generated via SIRPα does not require its cytoplasmic tail.
SIRPα ligation synergizes with antileukemic agents in t(15;17) APL cells
Considering the potential of employing SIRPα targeting to improve the treatment of
t(15;17) APL patients we wanted to investigate the efficacy of the ED9 mAb in
combination with antileukemic agents used for the treatment of APL. NB4 SIRPα-WT,
SIRPα-∆87 and empty vector cells were exposed to cytarabine (ara-C) and
daunorubicin (DNR) in combination with ED9 mAb. Survival was monitored after 4-days
using a range of drug concentrations, which had shown appropriate dose response
curves in pilot experiments and a fixed concentration of ED9 mAb (10 µg/ml), which had
been shown to promote apoptosis in NB4 cells (Figure 3). Co-incubation of NB4 SIRPαWT cells with each of the two drugs and ED9 mAb resulted in a synergistic effect
(combination indexes (CI): CIDNR=0.59±0.04 and CIara-C=0.60±0.2). Synergystic or
additive effects are seen in combination with the SIRPα-∆87 cells (CIDNR=1.07±012 and
CIara-C=0.78±015), respectively. Again, no effect of ED9 mAb was seen in the NB4
empty vector cell (data not shown). Taken together, these results show that
reconstitution and ligation of SIRPα provide growth inhibitory effects in t(15;17) APL
cells and this generally synergized with established antileukemic drugs.

Figure 4. SIRPα-derived signal
improves the effect of different
antileukemic drugs in human NB4
APL cells. Survival assay was
performed with NB4 SIRPα-WT,
SIRPα-∆87 and empty cells that
were exposed to 6 concentrations of
cytarabine (ara-C) 0.0625 – 2.0 µM
and daunorubicin (DNR) 0.0625 –
2.0 µM in combination with one
fixed concentration of the ED9 mAb
(10 µg/ml).

Discussion
In the present study, we have investigated the role of SIRPα in APL. A low expression
of SIRPα protein has been found in the majority (90%) of the APL patients with a
t(15;17) translocation. These findings confirm and extend results from our previous
study that demonstrated a reduced expression of SIRPα mRNA in immature AML FAB
148
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types, including t(15;17) APL . Interestingly, we showed that SIRPα triggering using
agonistic antibodies promotes apoptosis of the human t(15,17) APL cell line NB4. This
provides further support for a pro-apoptotic function of SIRPα in AML, that we have
20
previously reported for t(8;21) AML . Moreover, we demonstrate that ATRA induces a
potent upregulation of SIRPα in APL cells, which is not only consistent with the idea
that SIRPα expression is upregulated during myeloid differentiation, but may also
render APL cells more prone to SIRPα-induced apoptosis induction. Finally, the SIRPαmediated induction of apoptosis synergized, or at least acted additive, with established
antileukemic agents most commonly used for the treatment of APL, including
cytarabine or daunorubicin. Taken together, this implicates SIRPα as a potential
therapeutic target in APL that is anticipated to be most effective in combination with
existing antileukemic therapy.
The low SIRPα expression levels that have been found in the APL patient
samples is clearly of interest, as it may render the cells less prone to apoptosis
induction via SIRPα. During normal development within the microenvironment of
hematopoietic tissues such as the bone marrow, the growth and survival of developing
myeloid cells may be controlled, amongst other things, by interactions between SIRPα
and its natural ligand CD47, which is broadly expressed among hematopoietic and nonhematopoietic cells. Clearly, a reduced expression on t(15;17) and other AML could
make these cells refractory to CD47-SIRPα mediated growth control.
The low SIRPα expression in APL is generally consistent with the notion that
SIRPα is a myeloid differentiation marker, which is highly expressed on mature myeloid
cell populations, and for which low levels are found on CD34+ HSC. However, our
previous observation that APL express mRNA levels of SIRPα that are significantly
20
below those of CD34+ HSC , suggests that there may perhaps be additional
mechanisms for maintaining a low level of SIRPα gene expression in APL and other
subtypes of AML. One potential explanation is epigenetic silencing of the SIRPα gene
20
(also known as PTPNS1), as suggested for the Kasumi-1 t(8;21) AML cell line before .
We investigated this possibility in the t(15;17) NB4 APL cell line, by employing inhibitors
of DNA-methylation and histone deacetylases, but no effects on the SIRPα expression
level were observed (data not shown). This apparently contrasted with our findings for
t(8;21) Kasumi-1 cells where such inhibitors resulted in a clear upregulation of SIRPα
20
expression . In fact, we found little or no DNA methylation within the major candidate
CpG-rich region of the SIRPα gene promoter in primary t(15;17) APL samples (data not
shown). Collectively, this suggests that it is unlikely that epigenetic mechanisms
contribute significantly to the low levels of SIRPα in APL.
One of the potential mechanisms contributing to the beneficial effects of ATRA
in APL could be an upregulation of SIRPα, which might allow a re-establishment of
CD47-SIRPα mediated growth control. Of interest, a reduced SIRPα expression
appears not only limited in APL or other immature AML types, but has also been
reported for other types of tumor including breast cancer and hepatocellular
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carcinoma
, suggesting that downregulation of SIRPα may be a more general
mechanism contributing to tumorigenesis.
Although our results demonstrate that SIRPα ligation can generate proapoptotic signals in APL cells, the nature of the intracellular signals remain to be
established. Of interest, the NB4 cell with the SIRPα deletion mutant (SIRPα-∆87),
which is unable to signal because it lacks the cytoplasmic tail including all ITIM motifs,
showed comparable levels of apoptosis as the cells expressing the full length SIRPα
protein (SIRPα-WT). This demonstrates that intrinsic SIRPα signaling is not required for
the pro-apoptotic effect, and suggests the involvement of other unidentified SIRPαassociated signaling molecule(s) relevant for apoptosis induction. Clearly, one obvious
candidate that may mediate the growth inhibitory signals is the cellular ligand of SIRPα,
CD47, which is generally also expressed on AML themselves, including t(8;21) and
32
t(15;17) (not shown) . Previous studies have shown that ligation of CD47 by
monoclonal antibodies induces the apoptosis of leukemic cell lines, including acute
lymphoblastic leukemia (CCRF-CEM) and the B-cell chronic lymphocytic leukemia
33
(JOK-1) cell line, in a caspase-independent manner . We are currently investigating
the mechanism of SIRPα-induced apoptosis in more detail. Another relevant question in
this context is whether such SIRPα-derived apoptosis-regulatory signals are also
important during normal myeloid development.
Our current findings provide a rationale for exploiting SIRPα as a potential
treatment target in APL. Appropriate SIRPα agonists, which yet have to be developed,
could be exploited in combination with ATRA and antileukemic drugs to increase the
efficacy of treatment, and/or to reduce the dosage of antileukemic drugs in order to
overcome their side effects and late effects, which can be severe. While it may appear
that the relatively low expression of SIRPα could form a major limitation in this respect,
we showed that this is overcome by ATRA, which causes upregulation of SIRPα as a
result of differentiation induction. Moreover, ATRA apparently leaves the pro-apoptotic
signaling pathways downstream of SIRPα apparently intact. Therefore, a combination
of ATRA, the appropriate SIRPα agonist(s) and conventional antileukemic drugs may
improve treatment of APL.
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