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Objective. Alterations in growth factor signaling pathways may be a frequent collaborating
event in AML1-ETO-mediated leukemogenesis. Gain-of-function KIT receptor mutations have
been reported in adult AML patients, especially those with core binding factor leukemia
(CBFL).
We have previously reported a new gain-of-function KITAsn822Lys mutation that is constitutively
expressed in the Kasumi-1 CBFL cell line, and has recently been described in two childhood
AML patients. To explore the molecular basis of the effects of this mutation in the appropriate
context of hemopoietic dysregulation, we investigated KIT downstream signaling in the
Kasumi-1 cell line by means of STI 571 (Imatinib, Gleevec) pharmacological inhibition.
Materials and Methods. We investigated KITAsn822Lys mutant-initiated signaling in Kasumi-1
cell line, and characterized the inhibitory effect of the STI 571 protein tyrosine kinase inhibitor
on downstream signaling.
Results. The use of STI 571-mediated inhibition impaired the tyrosine phosphorylation of
KITAsn822Lys and its association with the p85 subunit of phosphatidylinositol 3′-kinase (p85PI3K).
The downstream constitutive phosphorylation of JNK1/2 and STAT3 was also significantly
inhibited, but STI 571 had no effect on the constitutive activation of Akt, thus suggesting that it
is due to other signaling in Kasumi-1 cells. STI 571 inhibited the KIT-mediated proliferation
of Kasumi-1 cells in a dose-dependent manner.
Conclusions. These findings show the role of PI3K in KITAsn822Lys-mediated constitutive
activation through the Akt-independent downstream signaling pathway of JNK, and also
demonstrate the mutant’s susceptibility to STI 571, which may therefore have therapeutic
potential in CBFL patients with susceptible KIT mutations. ! 2005 International Society
for Experimental Hematology. Published by Elsevier Inc.

Introduction
Tyrosine kinase receptor (RTK) signaling involves the for-
mation of a symmetric ligand-bound dimer of the receptor
extracellular domain, the activation of intrinsic receptor
kinase, the self-phosphorylation of substrates, and the associ-
ation of the activated receptor with intracellular signaling
molecules [1]. Ligand binding promotes receptor dimeriza-
tion and phosphorylation at specific tyrosine residues, which
can act as docking sites for downstream signal transduction
molecules containing Src homology 2 (SH2) domains. The
associating proteins have catalytic activity themselves, or
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serve as adaptor molecules for other catalyzing proteins,
which then generate small second messenger molecules or
modify other proteins and thus initiate signaling cascades
for the different biological functions of the receptor [2,3].

Tyrosine-phosphorylated KIT can bind a unique array of
intracellular signaling molecules, including phosphatidyl-
inositol 3′-kinase (PI3K)/Akt, the members of the Src family,
the effectors of the Janus family kinase/signal transducers,
and the activators of transcription (JAK-STAT) pathways and
the Ras-Raf-MAP (mitogen-activated protein) kinase cas-
cade [4]. Constitutively activating KIT mutations in the
second tyrosine kinase domain cause receptor self-associa-
tion beyond the ligand-induced dimerization site, thus lead-
ing to the activation of the downstream effectors required for
factor-independent growth and tumorigenicity [5,6].
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A number of studies have suggested some differences in
the molecular mechanisms, enzymatic specificity, and trans-
duction signals between kinase mutations and the KL-stimu-
lated wild-type KIT receptor [6–9]. In human KIT, the
substitution of aspartic acid 816 by valine or tyrosine leads
to constitutive increases in kinase activity and alterations in
the receptor’s substrate preference. Recent work has pro-
vided some insights into the signaling pathways mediating
the transformation of hematopoietic cells by KITAsp816 mu-
tants, and it has been found that Asp816 mutants induce the
constitutive activation of STAT3, but not to an extent that
is sufficient by itself to give M-07e cells stem cell factor–
independent survival [9]. KIT mutant activation of other
signaling components in the PI3K pathway has been demon-
strated, and may also be needed for mutant KIT-mediated
biological effects [8]. However, Akt is not the only effector
of PI3K, whose full range of action may also require
other proteins such as Rac1 and JNK [10].

Gain-of-function mutations in the catalytic domain of
KIT are found in a substantial fraction of patients with core
binding factor acute myelogenous leukemia (CBFL) [11–13]
and the majority of patients with mastocytosis and mast cell
leukemia [14,15], as well as in germ-cell tumors [16]. We
identified a novel Asn822Lys ligand-independent KIT acti-
vating mutation [17] in the Kasumi-1 CBFL cell line with
t(8;21) [18], which has also been reported in childhood
AML [19].

We here describe the functional impact of the
Asn822Lys mutation on the signaling intermediates regu-
lated by KIT (MAPK Erk1 and Erk2, STAT3, PI3K/AKT
and JNK), and the different inhibitory effects of STI 571 on
these KIT mutant-activated pathways.

STI 571 (Imatinib, Gleevec) is a potent inhibitor of KIT
juxtamembrane mutants in vitro [20,21], which has been
found to have no effect in the KIT mutations in the kinase
domain that interfere with its ATP binding. Only the preva-
lent Asp816 mutation has been studied so far, and so it is
worth investigating its effects on other exon 17 mutations that
may be differentially sensitive to inhibitors [22].

As increasingly effective targeted therapies have been
developed to treat adult cancer patients, it is critically im-
portant to devise appropriate in vitro experimental models
in order to study their use [23,24]. The availability of the
Kasumi-1 cell line provides a cell context operating in vivo in
which the distinct consequences of abnormal KIT signaling
pathway activation can be studied and, by means of biochem-
ical, signal transduction, and proliferation assays, we found
that the activation of the PI3K/JNK pathway is a conse-
quence of the KITAsn822Lys mutation in Kasumi-1 cells.
We also observed that STI 571 has a dose-dependent inhibi-
tory effect on the growth of Kasumi-1 cells and inhibits the
ligand-independent activation of the KITAsn822Lys mutant and
its downstream PI3K/JNK and STAT3 pathways, but a negli-
gible effect on the constitutive activation of Akt.

Materials and methods

Cell cultures
The Kasumi-1 human AML cell line (AML M2, AML1-ETO!),
was maintained in RPMI 1640 (PBI International, Milan, Italy) with
20% fetal bovine serum (FBS; HyClone Laboratories, Logan, UT,
USA).

The proliferation of the M07e human myeloid leukemia cell
line depends on the growth factors interleukin-3 (IL-3), granulo-
cyte-macrophage colony-stimulating factor (GM-CSF), or stem cell
factor (SCF). The M07e cells were cultured in RPMI 1640 (PBI
International) supplemented with 10% fetal calf serum, and sup-
plied with 10 ng/mL GM-CSF.

Phosphorylation analysis of mutant KIT transduction pathways
The M07e and Kasumi-1 cells (2 × 107) were starved overnight
at 37"C in serum-free RPMI 1640, and then incubated with or
without 100 ng/mL of hu-SCF (KIT ligand) (Cell Signaling Tech-
nology, Inc., Beverly, MA, USA) for 6 or 12 minutes at 37"C.
Subsequently, the cell pellets were lysed with 1 mL of protein lysis
buffer (50 mM/L Tris, 150 mM/L sodium chloride, 1% NP-40,
0.25% deoxycholate with the addition of the inhibitors aprotinin,
leupeptin, pepstatin (Roche, Mannheim, Germany), sodium ortho-
vanadate, and phenylmethyl sulfonyl fluoride).

The lysates were precleared by incubation with 50 µL of protein
A-Sepharose (Amersham Pharmacia Biotech, Uppsala, Sweden)
for 10 minutes at 4"C, centrifuged at 12000g for 20 minutes, and
subsequently immunoprecipitated with mouse anti-KIT, rabbit anti-
JNK, mouse anti-STAT3 (Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA) and rabbit anti-PI3K antibody (Upstate Biotech-
nology, Dundee, Scotland, UK) at a dilution of 1:50, and with 20
µL of protein A-Sepharose.

The precipitated samples were resuspended in reduced loading
buffer, boiled for 3 minutes, and separated by SDS-PAGE. The
gels were electroblotted to polyvinylidene difluoride (PVDF) mem-
branes (Roche), which were incubated with rabbit anti-phospho-
KIT, rabbit anti-phospho-PI3K (Cell Signaling Technology, Inc.),
mouse anti-phospho-JNK, and mouse anti-phosphotyrosine anti-
bodies (Santa Cruz Biotechnology, Inc.). They were incubated in
stripping buffer (1.5 mM Tris-HCl, 2% SDS, pH 6.8, and 50 mM
mercaptoethanol) for 15 minutes at 70"C, and then reprobed with
anti-KIT, anti-JNK, anti-STAT3, and anti-PI3K. The signals were
developed using the Super Signaling West Pico chemiluninescent
substrate (Pierce Biotechnology, Erembodegem, Belgium).

For the Western blot analysis of whole-cell lysates, aliquots of
protein were electrophoresed, transferred to PVDF membranes,
and incubated with anti-MAPK and anti-phospho-MAPK (Cell
Signaling Technology, Inc.), or with anti-Akt and anti-phospho-
Akt (Cell Signaling Technology, Inc.). The signals were developed
using the Super Signaling West Pico chemiluminescent substrate
(Pierce). The data are expressed as mean values (± SD) of three in-
dependent experiments.

STI 571 assay
The M07e and Kasumi-1 cells (2 × 107) were starved overnight
at 37"C in serum-free RPMI 1640, and then incubated for 90
minutes in the presence of various concentrations of STI 571 (0.1,
1, 10, and 20 µM/L). The M07e cells were incubated with or
without 100 ng/mL of hu-SCF (KIT ligand) at 37"C. Subsequently,
the cell pellets were lysed with 1 mL of protein lysis buffer. KIT,
PI3K, STAT3, JNK, and Akt were analyzed by means of Western
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immunoblotting as described above. The data are expressed as
mean values (± SD) of three independent experiments.

In vitro proliferation assay
The Kasumi-1 cells treated with STI 571 underwent 5-bromo-
2′-deoxy-uridine (BrdU) immunofluorescence assay.

Briefly, the cells were plated in a 24-well plate at a concentration
of 1 × 106 cells/well, cultured in RPMI 1640 supplemented with
20% FBS in the presence of STI 571 at concentrations of 0.1, 1,
10, or 20 µM for 24 and 48 hours, and then further cultured in the
presence of BrdU labeling medium (10 µM) in a volume of 0.5 mL.
Immunofluorescence was measured using a cytospin preparation in
accordance with the manufacturer’s instructions (Roche). The data
were expressed as the mean values (± SD) of five wells.

Results

Signaling pathways activated in Kasumi-1
cells constitutively expressing the KITAsn822Lys mutant
As reported previously, the growth factor–independent
Kasumi-1 cell line [18] expresses the KITAsn822Lys mutant
constitutively phosphorylated on tyrosine residues [17].

The Ras-Raf-MAP kinase pathway, which is crucial to
neoplastic transformation, was the first shown to be activated
by wild-type KIT [25,26]. In order to evaluate whether p44
and p42 MAP kinases (Erk1 and Erk2) are constitutively
activated by KITAsn822Lys, we compared their phosphoryla-
tion in Kasumi-1 cells with that observed following the
huSCF-induced activation of M-07e cells. HuSCF induced
the tyrosine phosphorylation of Erk1 and Erk2 in both the
M-07e cells expressing wild-type KIT and the Kasumi-1
cells expressing KITAsn822Lys (Fig. 1). The Kasumi-1 did not
show any constitutive Erk phosphorylation, thus suggesting
that the catalytic domain mutant does not affect the activity
of the MAPK pathway.

An immediate consequence of KIT self-phosphorylation
is the recruitment of PI3K to the receptor complex [8]. The
association of KIT with p85PI3K (and therefore PI3-kinase)
activity is necessary for a full mitogenic and adhesive re-
sponse [10,26,27]. In order to evaluate whether p85PI3K was

Figure 1. Activation status of p44 and p42 MAP kinase (Erk1 and Erk2)
in Kasumi-1 cells. The M-07e and Kasumi-1 cells were treated with huSCF
or vehicle. Whole-cell lysate was prepared and immunoprecipitated with
the rabbit polyclonal antibody anti-p44/42, and then immunoblotted with a
rabbit polyclonal antibody specific for the phosphorylated form of p44/42
Map kinase (Thr202/Tyr204). The membrane was stripped and reprobed
with an antibody for total p44/42 Map kinase. Representative results from
one of three independent experiments.

constitutively associated with KITAsn822Lys, the KIT immuno-
precipitates were analyzed by SDS-PAGE and blotted with
anti-p85PI3K antibody, and it was found that those from
KITAsn822Lys-expressing Kasumi-1 cells contained p85PI3K

(Fig. 2B).
We then addressed the question as to whether the constitu-

tive activation of PI3K by KITAsn822Lys led to the constitutive
activation of Akt as a result of the increase in serine phos-
phorylation. Kasumi-1 cell lysates were immunoblotted with
antibodies specific for phosphorylated or total Akt, and it
was found that Akt results constitutively phosphorylated in
Kasumi-1 cells expressing the KITAsn822Lys mutation (Fig. 3).

PI3K activates multiple signaling pathways and, when
dysregulated, many of them have biological properties that
are consistent with oncogenesis [28]. We investigated the
JNK family of signaling components activated by SCF
downstream of the PI3K pathway [10] in order to determine
whether they are constitutively activated in Kasumi-1 cells.
As shown in Figure 2C, whole-cell lysates immunoblotted
with antibodies specific for either phosphorylated or total
JNK (both specific for JNK1 and 2) showed constitutive
JNK phosphorylation.

Previous studies have shown that STAT1, 3, and 5 are
activated in primary AML blasts and hematopoietic cell lines
upon the stimulation of KIT receptor by SCF [29–32]. In
order to determine whether the activation of STAT plays a
role in mutant KITAsn822Lys-mediated effects, as has been
observed in the case of STAT3 in the KITAsp816 mutant [9],
we examined the status of STAT3 activation. Western blot
analysis demonstrated the constitutive tyrosine phosphoryla-
tion of STAT3 in the Kasumi-1 cell line (Fig. 4).

Figure 2. Inhibitory effect of STI 571 on the KITAsn822Lys-mediated activa-
tion of p85PI3K and JNK. After pretreatment with STI 571 or vehicle, the
M-07e cells were treated with huSCF. (A) Whole cell lysate was immuno-
precipitated with mouse monoclonal antibody (clone Ab81), and then immu-
noblotted with anti-phosphoKIT (P-KIT-Tyr719) polyclonal antibody. The
membrane was stripped and reprobed with (A) anti-KIT polyclonal anti-
body, and (B) anti-p85. (C) Whole-cell lysate was prepared and immu-
noblotted with a polyclonal antibody specific for the doubly phosphorylated
forms of JNK1 and 2. The membrane was stripped and reprobed with an
antibody for total JNK1 and 2. Representative results from one of three
independent experiments.
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Figure 3. Spontaneous phosphorylation of Akt is resistant to STI 571. The
Kasumi-1 cells were pretreated with various concentrations of STI 571 for
90 minutes. Whole-cell lysate was prepared and immunoprecipitated with
mouse monoclonal antibody anti-Akt (clone B-1), and then immunoblotted
with a rabbit polyclonal antibody specific for the phosphorylated form of
Akt (Ser473). The membrane was stripped and reprobed with an antibody for
total Akt. Representative results from one of three independent experiments.

Effect of STI 571 (Gleevec) on
KITAsn822Lys-activated downstream signaling pathways
Western blot analysis was used to determine the signaling
effect of STI 571 on the activation of KIT and its downstream
signaling pathways by measuring self-phosphorylation in
cells preincubated with the indicated concentrations of STI
571. In the control M07e cells, the tyrosine residues of wild-
type KIT were strongly phosphorylated only after stimula-
tion by huSCF.

In order to determine the effect of STI 571 on the self-
phosphorylation of KITAsn822Lys, we performed immunopre-
cipitation experiments using anti-KIT antibody and Western
blots for either KIT or phosphotyrosine (Fig. 2A). The
quantitation of phosphotyrosine levels revealed that, at an
STI 571 dose of 0.1 µM/L, KIT phosphorylation in Kasumi-
1 cells was approximately 60% that observed in untreated
cells.

Unlike in the M-07e cell line, in which the association
of p85PI3K is a result of the SCF-dependent activation of
the KIT receptor, Kasumi-1 cells bearing the KITAsn822Lys

mutation show a constitutive association (Fig. 2B). In order
to assess the effect of STI 571 on this pathway, we probed
KIT immunoprecipitates from M-07e cells treated with
huSCF (with and without STI 571) and from Kasumi-1 cells
with an antibody specific for p85PI3K. At doses ranging from

Figure 4. Inhibitory effect of STI 571 on phosphorylation of STAT3. The
Kasumi-1 cells were pretreated with various concentrations of STI 571 for
90 minutes. Whole-cell lysate was prepared and immunoprecipitated with
rabbit polyclonal antibody anti-STAT3 (clone C-20), and then immunoblot-
ted with a mouse monoclonal antibody specific for the phosphorylated form
of STAT3 (Tyr705). The membrane was stripped and reprobed with an
antibody for total STAT3. Representative results from one of three inde-
pendent experiments.

0.1 to 20 µM/L, STI 571 markedly inhibited the p85PI3K-
mediated association of PI3K with KITAsn822Lys in the
Kasumi-1 cells and the huSCF-mediated association in the
M-07e cells (Fig. 2B).

We then determined whether STI 571 (which inhibits the
p85PI3K-mediated association of PI3K with KITAsn822Lys)
reduces the constitutive activation of JNKs, and found partial
dose-dependent inhibition (Fig. 2C) of the KITAsn822Lys-depen-
dent activation of JNKs in Kasumi-1 cells, but no inhibition of
the phosphorylation of JNK in huSCF-stimulated M-07e cells
(Fig. 2C).

In order to test whether STI 571 could also inhibit mutant
KITAsn822Lys receptor activation of the signal transduction
pathways leading to Akt, we undertook similar studies using
an antibody specific for Akt and one recognizing a serine
phosphorylated form. At the concentrations indicated in
Figure 3, STI 571 had no effect on Akt activation.

The partial inhibitory effects of the same concentrations
of STI 571 on the phosphorylation of STAT3 were similar
to those on JNK (Fig. 4).

Figure 5 shows the overall quantitation of the dose-depen-
dent inhibitory effect of STI 571 on the activation status of
KIT and downstream effectors. As can be seen, the constitu-
tive activation of PI3K, JNK, and STAT3 in Kasumi-1 cells
was partially inhibited by STI 571 as a result of its efficient
inhibition of the KITAsn822Lys mutant receptor. However, the
Kasumi-1 cells contained high levels of phosphorylated Akt,
which was not inhibited by STI 571, thus suggesting

Figure 5. Effect of STI 571 on the phosphorylation of KIT, JNK, Akt,
and STAT3, and on the association of p85PI3K with KIT. The results are
expressed as the percentage of maximum phosphorylation and represent
the ratio of phosphorylated:total protein. The p85PI3K results are expressed
as the percentage of maximum protein associated with the KIT receptor.
STI 571 inhibited the phosphorylation of KIT, JNK, and STAT3, and p85PI3K

recruitment to the KIT receptor at a concentration of 10 µM; it had no
dose-dependent inhibitory effect on the phosphorylation of Akt. The phos-
phorylation was quantified using a phosphoimage analyzer, with the activity
in nontreated cells being assumed to be 100%. The data represent the mean
values and standard deviations of three independent experiments.
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that Akt phosphorylation in the Kasumi-1 cell line is inde-
pendent of KITAsn822Lys activation.

STI 571 (Gleevec) inhibits the growth of Kasumi-1 cells
Proliferation assays were used to evaluate the effect of STI
571 on the SCF-independent KITAsn822Lys-mediated prolifer-
ation of Kasumi-1 cells.

In order to test the biological effect of inhibiting the
kinase activity of the KITAsn822Lys mutant receptor, we cul-
tured Kasumi-1 cells for 48 hours in the presence of various
concentrations of STI 571. At concentrations of 0.1 to 20
µM/L, proliferation was 80 to 95% less than that observed
in the cells propagated in an STI 571-free medium. Complete
inhibition was obtained at a concentration of 10 µM/L
(Fig. 6).

These results showed that STI 571 had a dose-dependent
inhibitory effect on the autonomous growth of Kasumi-1
cells in the same dose-response range as that observed for
the inhibition of KIT receptor self-phosphorylation, PI3K
activation and recruitment to the receptor, and STAT3 and
JNK phosphorylation.

Discussion
The role of KIT mutations has been evaluated because of
their involvement in myeloid leukemogenesis, and the need to
determine their significance has been made more pressing
as a result of the development of targeted therapies aimed at
counteracting their effects. Activating KIT mutations have
been found in childhood AML and nearly half of the adult
CBFL cases, including various kinds of gain-of-function

Figure 6. STI 571 inhibits the proliferation of Kasumi-1 cells. After pre-
treatment with various concentrations of STI 571, the proliferation of
Kasumi-1 cells was measured using a 5-bromo-2′-deoxy-uridine (BrdU)
immunofluorescence assay. Three independent assays were performed with
comparable results after 24 and 48 hours. Each point represents the mean
values and standard deviations of three independent experiments.

mutations [12,13]. Patients with KIT activating mutations
have a higher diagnostic white blood cells (WBC) count
than patients without [33], and this adversely affects their
relapse rate [12].

The kinase domain mutant at codon 816 is resistant to
STI 571 (Gleevec), but the fact that juxtamembrane mutants
are more sensitive [21] suggests that the effective dose for
treating malignancies in which KIT is the main target de-
pends on the presence and type of inherent mutations.
We therefore examined the effects of STI 571 on KITAsn822Lys

phosphorylation and downstream signaling.
Receptor phosphorylation in the presence of STI 571

was analyzed in the Kasumi-1 cell line that constitutively
expresses the KITAsn822Lys mutant by means of immunopre-
cipitation and Western blotting. The results were in keeping
with previous reports showing that sensitivity to Imatinib
depends on the type of mutation [21,34] insofar as the phos-
phorylation of KITAsn822Lys was not completely inhibited by
an STI 571 concentration of 1 µM/L.

However, the self-phosphorylation of KITAsn822Lys was
inhibited by concentrations of greater than 1 µM/L, which
supports the hypothesis that kinase mutants are less sensitive
to STI 571 (a higher IC50) than juxtamembrane mutants.
As the KITAsn822Lys allele is about five times amplified
compared to the normal allele [17], this may at least partially
explain the STI 571 sensitivity of the mutant in Kasumi-
1 cells.

It has been previously demonstrated that there are differ-
ences in signaling between kinase domain mutants and wild-
type KIT [8,35], and we found that, although p44/42 MAP
kinase (Erk1/2) phosphorylation was strongly activated by
wild-type KIT stimulated with SCF, it was not constitu-
tively activated by KITAsn822Lys. It has been shown that the
signal transduction pathway involving the PI3K or STAT
pathway is constitutively activated as a consequence of an
intrinsic activating mutation at KIT receptor level [9,35],
and that the signal generated by the activated KIT receptor
is transduced via both pathways, and thus constitutively
activates both systems. Although STAT3 is not activated
by wild-type KIT, it is constitutively activated by the
KITAsn822Lys mutant, as has been observed in the case of
Asp816 mutants [9]. The activation of PI3K is essential for
KIT-mediated survival and proliferation, and it has been
demonstrated that KITAsp816Val associates with activated
PI3K [8,36]. In Kasumi-1 cells, activated PI3K is constitu-
tively associated with the mutant receptor, and our evidence
that the PI3K signaling pathway converges to activate JNK
suggests that these molecules play an important role in the
KITAsn822Lys-mediated mitogenic response.

Significant JNK activation has also been observed in the
case of a number of growth factors, including EGF, NGF,
IL-3, and G-CSF [37–39]. The JNK activation mediated by
growth factors is blocked by PI3K inhibitors, thus suggesting
that JNK is in a downstream effector pathway of PI3K [40].
We found that Akt, which acts downstream of PI3K,
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is constitutively activated in Kasumi-1 cells expressing KI-
TAsn822Lys but, although STI 571 partially inhibited the activa-
tion of PI3K, JNK, and STAT3 in these cells, it did not
modify Akt activation, thus suggesting that signaling other
than by KITAsn822Lys may be responsible for the constitutive
activation of Akt in Kasumi-1 cells. Recent studies have
shown that AML cells produce and secrete VEGF, and co-
express one or both VEGF receptors [41]. An autocrine loop
between VEGF and VEGFR1 has been described in Kasumi-
1 cells and might be responsible for constitutive Akt activa-
tion [32]. In line with this view, recent observations indicate
that VEGFR-1 activation stimulates the rapid and sustained
phosphorylation of Akt, and generates a clonogenic response
in leukemia cells that is mediated by PI3K-dependent Akt
activation [42].

Activating PDGFRα mutations have been rarely reported
in CBFL [43], which may explain why we did not detect
any constitutive PDGFRα and β phosphorylation in our
Kasumi-1 cells (data not shown).

Furthermore, a BrdU assay showed that the in vitro
ligand-independent proliferation of KITAsn822Lys-expressing
Kasumi-1 cells was markedly inhibited by an STI 571 con-
centration of 1 µM/L, a finding that has also been reported
by Spiekermann et al. [44]. These results also suggest that
the activating mechanism of the KITAsn822Lys mutant is differ-
ent from that of KITAsp816 mutants, whose proliferation rate
is unaffected by STI 571 even at a concentration of 10 µM/
L [34].

The inhibition of KITAsn822Lys induced by STI 571 indi-
cates its potential use in the treatment of CBFL patients
carrying KIT mutations other than KITAsp816. Early re-
ports showed that extra-membrane (exon 8 insertion/
deletion) and juxtamembrane KIT mutations are relatively
common in CBFL, thus suggesting that these more STI 571-
sensitive mutations may be useful targets in clinical trials.

In conclusion, our results indicate that the kinase mutant
KITAsn822Lys and, consequently, its downstream effector path-
ways are inhibited by STI 571 in the constitutive KIT mutant-
expressing Kasumi-1 cell line. Targeting the downstream
signaling elements (such as PI3K/JNK) that integrate signals
from various kinds of cell-surface receptors may circumvent
certain resistance mechanisms that may otherwise limit the
efficacy of KIT receptor blockade. Although laboratory
research involves many molecular signals in the AML neo-
plastic process, the Kasumi-1 cell line is a rare example of
a model system which, by recapitulating the correct cell
context, can be used to screen for small molecules that
specifically inhibit the aberrant activation of KIT receptor
in leukemia cells.
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