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A B S T R A C T

Background: Aberrant activation of FMS-like tyrosine kinase 3 (FLT3) is associated with acute myeloid leukemia
(AML). Leukemic cells expressing constitutively active FLT3 mutants are resistance to the current cancer
therapies (radiotherapy and chemotherapy); hence, there is an increased interest to identify new agents for the
treatment of AML. The main aim of this study was evaluating cytotoxic effects of novel pyrimidocyanoacrylates
and quinoline derivatives on FLT3 overexpressing cells.
Materials and Methods: Five novel pyrimidocyanoacrylates & 2-chloro 3-carbaldehyde quinolone derivative
compounds, E1QAC1, E1QAC2, E1QAC3, E1QAC4, and E1QAC5 were designed and synthesized at the
Department of Chemistry, Faculty of Sciences, Ferdowsi University, Mashhad, Iran. FDC-P1 cells expressing
human wild-type FLT3 (FD-FLT3-WT) and internal tandem duplication (ITD) mutants (FD-FLT3-ITD) used in this
study. The cells maintained in DMEM medium supplemented with 10% fetal calf serum (FCS) and murine
granulocyte-macrophage colony stimulating factor (mGM-CSF). Potency for induction of cytotoxicity (IC50
value) and apoptosis was determined after treating the cells with concentration of the compounds by resazurin
assay. Bax and Bcl2 activation status was also investigated by Western blot analysis.
Results: All the compounds had concentration-dependent effects on inhibition of cell proliferation and induction
of apoptosis in both cell lines. E1QAC4 was the most potent compound for inhibition of cell proliferation (with
IC50 value of 19 μM) and apoptosis induction in the FLT3-WT cells. However, FD-FLT3-ITD cells were nearly
five-times more resistant to all the compounds (except than E1QAC2) that the FLT3-WT expressing cells. Western
blotting results also showed that FD-FLT3-ITD cells had lower levels of Bax and higher levels of Bcl2 than the FD-
FLT3-WT cells.
Conclusion: The five novel heterocyclic compounds (E1QAC1-5) had cytotoxic effects and induced apoptosis in
FD-FLT3 cells. Therefore, it is worthwhile to consider them as potential lead compound for development of new
therapeutic agents for AML patients.

1. Introduction

FLT3 (FMS-like tyrosine kinase 3), FMS (Human Homolog of
McDonough Feline Sarcoma), c-KIT, PDGF (platelet derived growth
factor) receptor α, and PDGF receptor β belong to the class III receptor
tyrosine kinases (RTKs) family [1]. FLT3 is expressed in hematopoietic
stem/progenitor cells (HSPCs) [2] and in some hematologic malig-
nancies [3]. Inernal tandem duplication (ITD) mutations in the juxta-
membrane domain and tyrosine kinase domain (TKDs) mutations of

FLT3 are two major causes of FLT3 constitutive activation, which are
reported in nearly 25% of acute myeloid leukemia (AML) patients
[4–6]. The patients with FLT3-ITD mutations are challenging cases [7],
with poor prognosis [8]. Relapse in patients with FLT3-ITD is much
more frequent than those with wild-type (WT) FLT3 [9].

Small molecule inhibitors (SMIs) have been suggested to attenuate
or ideally blockade FLT3-ITD kinase activity in AML [7,10]. SMIs
generally compete with ATP in binding to the kinase domain. Some
SMIs have been approved by the FDA for clinical application as
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imatinib, and many others are in clinical trial stages such as ABT-869,
dovitinib (CHIR-258) [7,11]. Even though SMIs have had partial re-
sponse as single therapy [7]; combination of FLT3 inhibitors and con-
ventional chemotherapy have been shown to improve complete re-
sponse rate in patients with mutated FLT3 [12]. The major problem;
however, is development of primary and secondary resistance to SMIs
[7]. Such resistance may result from mutations in the target kinase
[13], increased activity of compensatory or alternative survival path-
ways [14], PK (Pharmacokinetics) - PD (Pharmacodynamics) altera-
tions [15,16], overexpression of RTKs, or autocrine FLT3 ligand
(FLT3L) stimulation [17]. This issue should be addressed by developing
new drugs with improved properties.

Quinolines, naturally occurring heterocyclic compounds [18], have
diverse biological [19], medicinal [20] and pharmacological effects
[19]. They display potent anticancer activity targeting different en-
zymes [21,22] including tyrosine kinases, DNA repair, tubulin poly-
merization, proteasome inhibitory actions [23], topoisomerase II [24],
and anticancer activity [25–28]. Compounds containing a quinoline
core have been reported to inhibit EGFR [29], Transforming growth
factor beta (TGF-β) type I receptor (ALK5) [30], Platelet-derived

growth factor receptor (PDGFR) [31], and non-receptor tyrosine kinase
(Src kinase or SFKs) [32,33]. A few quinoline compounds are effective
against AML [34]; they can bind to the RTKs and their downstream
signaling components such as PI3 kinase/AKT regulate cell prolifera-
tion, differentiation, apoptosis, angiogenesis, and metastasis processes
[35–41]. This study aimed at evaluating the potency and selectivity of a
novel group of quinolone and pyrimidocyanoacrylate derivatives for
FLT3 kinase inhibition.

2. Materials and methods

2.1. Novel synthetic compounds

Five novel pyrimidocyanoacrylates and 2-chloro 3-carbaldehyde
quinolone derivative compounds, E1QAC1, E1QAC2, E1QAC3,
E1QAC4, and E1QAC5 (Fig. 1) were designed and synthesized followed
by structures confirmation using nuclear magnetic resonance (NMR)
spectroscopy at the Department of Chemistry, Faculty of Sciences,
Ferdowsi University, Mashhad, Iran. [42]. Drug-likeness for each
compound was evaluated using Chemscketch software. The favorable
status is MW≤500, log P≤5, H-bond donors ≤5, and Hebond ac-
ceptors ≤10 [43]. Stock solutions were prepared in dimethyl sulfoxide
(DMSO) and stored in aliquots at −20 °C.

2.2. Cell lines and cell culture

Murine FDC-P1 cells (ATCC® CRL-12103™) expressing human wild-
type FLT3 (FD-FLT3-WT) and FLT3 with internal tandem duplication
mutation (FD-FLT3-ITD) were prepared as previously described [44].
FD-FLT3-WT cells were maintained routinely in Dulbecco's modified
Eagle's medium (DMEM) containing 10% fetal calf serum (FCS) sup-
plemented with homemade murine granulocyte-macrophage colony-
stimulating factor (mGM-CSF) [45]. Since the FLT3-ITD mutant is a
constitutively active kinase, the FD-FLT3-ITD cells were maintained in
growth factor-free DMEM (with no mGM-CSF or FLT3L) supplemented
10% FCS. The cultures were incubated at 37 °C with 5% CO2 and 90%
humidity.

2.3. Cell proliferation assay

Serial dilutions of all the compounds were prepared in 100 μl DMEM
containing 10% FCS and FLT3L [46] or GM-CSF [45]. FD-FLT3 cells
(-WT and -ITD) were washed with growth factor-free (GF-Free)
medium, and 30,000 cells resuspended in 100 μl of the medium was
added to each 96-well plates as quadruplicate. All the plates were in-
cubated for 48 h and then 20 μl of resazurin reagent [300 μM resazurin,

Fig. 1. Structure of the novel pyrimido cyanoacrylates and 2-chloro 3-carbal-
dehyde quinolone derivative compounds, E1QAC1, E1QAC2, E1QAC3,
E1QAC4, and E1QAC5.

Table 1
Molecular properties of the compounds calculated by ChemSketch software.

Compound Substitution MW Molecular Mass (g/mol) LogP

E1QAC1 H 455 5.5
E1QAC2 methyl 483 6.4
E1QAC3 methoxy 515 5.7
E1QAC4 ethoxy 543 6.7
E1QAC5 Cl 524 6.6

Fig. 2. Cell proliferation inhibition by
E1QAC1. The FD-FLT3-WT (left panel) and
–ITD (right panel) cells were treated for 48 h
with serial dilutions of E1QAC1 in the culture
media containing growth factors (either GM-
CSF or FLT3L). The florescent intensity from
resorufin was determined as an indicator of the
number of viable cells in each well. The figure
shows a representative of four separated ex-
periments.
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Fig. 3. Induction of apoptosis by E1QAC1. Consistent with the cell proliferation assay, E1QAC1 was more potent in inducing apoptosis in the FD-FLT3-WT than the
-ITD cells. Flow cytometry histograms of apoptosis assays by the PI method shown in (a): FD-FLT3-WT and (b): FD-FLT3-ITD. WT and ITD cells were treated with
control and treatment concentrations for 48 h. Sub-G1 peak acted as a marker of apoptotic cells. Results are mean ± SEM (n=4). ∗P<0.05, ∗∗P<0.01 and
∗∗∗P<0.001 compared to control (the zero concentration).
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78 μM methylene blue, 1μM potassium hexacyanoferrate III, and 1μM
potassium hexacyanoferrate II (all from Sigma, St. Louis, MO)] were
added to each well; followed by incubation for an extra 6 h. Then
fluorescence intensity of the product, resorufin, was measured using a
Victor x5 (Perkin Elmer, Waltham, MA) with excitation and emission
wavelengths of 530 and 590 nm, respectively. The results were ana-
lyzed by the software GraphPad Prism (GraphPad Software, San Diego,
CA) and the IC50 values were calculated for each compound.

2.4. Evaluating cellular apoptosis induced by the compounds

FD-FLT3 (-WT and -ITD) cells were treated with the each com-
pounds at concentrations equal to its IC50 value, and two concentrations
below and above of the IC50 value for 48 h. The samples were then
centrifuged and resuspended in 500 μl propidium iodide (PI) solution
(50mg/ml PI in 0.1% sodium citrate with 0.1% Triton X-100) and in-
cubated at 4 °C overnight in the dark. The cells were analyzed using a
FACScan flow cytometer (Becton Dickinson). The results were quanti-
tated using the WinMDI 2.7 software and the cells in the sub-G1 peak of
the histogram were considered as apoptotic [47,48].

2.5. Western blot analysis

FD-FLT3(-WT,-ITD) cells were cultivated in DMEM with mGM-CSF
to a density of 106 cells/ml, washed, and incubated in serum- and GF-
Free medium for 3 h at 37 °C. Then 107 cells were suspended in 1ml of
serum- and GF-free DMEM containing different concentrations of the
compounds and incubated for 30min at 37 °C. Subsequently the cells
were cooled on ice and stimulated with FLT3L for 5min. The cells were
washed twice with cold Phosphate Buffer Saline (PBS) and lysed with
ice-cold 1% NP40 in TSE (50mM Tris−HCl, 150mM NaCl, 1 mM EDTA
pH 8.0) with complete protease inhibitor cocktail (Roche, Basel,
Switzerland), 5 mM sodium fluoride, 5mM tetra sodium pyropho-
sphate, 5 mM sodium vanadate, and 1mM phenylmethylsulfonyl
fluoride (Sigma). The lysates were centrifuged and protein concentra-
tion of the supernatants determined using a MicroBCA kit (Parstous,
Mashhad, Iran). Aliquots of the lysates (50? ?g of protein) were sepa-
rated by 12% SDS-PAGE and transferred onto a poly-vinylidene di-
fluoride (PVDF) membrane (Bio-RAD, HC, USA) using a glycine transfer
buffer (192mM glycine, 25mM Tris−HCl, pH 8.8, and 20% methanol
[v/v]). After blocking with 5% nonfat dried milk (slim milk), the

membrane was incubated for 24 h with primary antibodies followed by
2 h with secondary antibodies in milk containing Tris-buffered saline
(TBS) and 0.1% Tween-20. The primary antibodies against Bax
(1:1000), Bcl-2 (1: 1000) were diluted according to the manufacturer’s
instructions and incubated with the membrane overnight at 4 °C. After
washing three times, the secondary antibodies were added (1: 2000)
and incubated with the membranes for 1 h. Bound antibody was de-
tected with secondary anti-rabbit IgG antibody conjugated with HRP.
The protein bands were detected using chemiluminence in an Alliance
Mini instrument (UVItec Limited, Cambridge, UK) and quantitated
using Multi Gauge V3 software (Fujifilm, Tokyo, Japan).

2.6. Studying Bax and Bcl2 activation status

FD-FLT3(-WT,-ITD) cells were cultivated in DMEM with mGM-CSF
to a density of 106 cells/ml, washed, and incubated in serum- and GF-
Free medium for 3 h at 37 °C. Then 107 cells were suspended in 1ml of
serum- and GF-free DMEM containing different concentrations of the
compounds and incubated for 30min at 37 °C. Subsequently the cells
were cooled on ice and stimulated with FLT3L for 5min. The cells were
washed twice with cold Phosphate Buffer Saline (PBS) and lysed with
ice-cold 1% NP40 in TSE (50mM Tris-HCl, 150mM NaCl, 1 mM EDTA
pH 8.0) with complete protease inhibitor cocktail (Roche, Basel,
Switzerland), 5 mM sodium fluoride, 5mM tetra sodium pyropho-
sphate, 5 mM sodium vanadate, and 1mM phenylmethylsulfonyl
fluoride (Sigma). The lysates were centrifuged and protein concentra-
tion of the supernatants determined using a MicroBCA kit (Parstous,
Mashhad, Iran). Samples were resolved on 6% SDS/polyacrylamide gels
under reducing conditions and transferred to nitrocellulose membrane.
It was then blocked with 1% skimmed milk for 1 h and probed for
phosphorylated Bax and Bcl2. Bound antibody was detected with sec-
ondary anti-mouse IgG antibody conjugated with HRP.
Chemiluminence was measured using an Alliance Mini instrument
(UVItec Limited, Cambridge, UK) and quantitated using Multi Gauge V3
software (Fujifilm).

3. Results

3.1. Evaluating drug-likeliness of the compound

As shown in Fig. 1, all the compounds (E1QAC1, E1QAC2, E1QAC3,

Fig. 4. Cell proliferation inhibition by
E1QAC2. The FD-FLT3-WT (left panel) and
–ITD (right panel) cells were treated for 48 h
with serial dilutions of E1QAC2 in the culture
media containing growth factors (either GM-
CSF or FLT3L). The florescent intensity from
resorufin was determined as an indicator of the
number of viable cells in each well. The figure
shows a representative of four separated ex-
periments.
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Fig. 5. Induction of apoptosis by E1QAC2. Flow cytometry histograms of apoptosis assays by the PI method shown in (a): FD-FLT3-WT and (b): FD-FLT3-ITD. WT and
ITD cells were treated with mentioned concentrations for 48 h. Sub-G1 peak acted as a marker of apoptotic cells. Results are mean ± SEM (n=4). ∗P<0.05,
∗∗P<0.01 and ∗∗∗P<0.001 compared to control (the zero concentration).
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E1QAC4, and E1QAC5) have a quinolone core structure. Molecular
properties such as molecular weight and log P value of the compounds
are summarized in Table 1. E1QAC1, with an H as its functional R
group, had the lowest calculated molecular mass (455 Da) and log P
value (5.5). Replacement of the H with methyl, methoxy, and ethoxy
groups in E1QAC2, E1QAC3, and E1QAC4 resulted in increasing mo-
lecular mass of the compounds. However, the log P value for E1QAC3
(5.7) was less than E1QAC2 (6.4) and E1QAC4 (6.7). Presence of Cl
atoms as the R functional group caused the E1QAC5 compound resulted
in the lowest molecular mass (424 Da) with a high log P value (6.6).

3.2. Evaluating biological activity of the compounds

3.2.1. E1QAC1
The compound E1QAC1 was able to inhibit the growth of both FD-

FLT3-WT and -ITD cells. The IC50 values were 26 and 25 μM in the
presence of GM-CSF or FLT3L (FLT3 Ligand), respectively. However,
they were 115 and 96 μM when the FD-FLT3-ITD cells were cultured in
the DMEM media containing GM-CSF or FLT3L, respectively. This in-
dicated that the cells expressing FLT3-ITD were nearly four-times more
resistant to the inhibitory effects of the E1QAC1 than those cells with
FLT3-WT (Fig. 2).

The E1QAC1 compound increased the proportion of both FD-FLT3-
WT and -ITD cells in the sub-G1 population in a concentration-depen-
dent manner. Consistent with the cell proliferation results, the FD-FLT3-
WT cells were more sensitive to apoptosis induced by E1QAC1 than the
FD-FLT3-ITD cells. While 70% of the FD-FLT3-WT cells treated with
158 μM were apoptotic, only 50% of the FD-FLT3-ITD cells were in sub-
G1 peak as a result of being exposed to 630 μM E1QAC1 (Fig. 3).

3.2.2. E1QAC2
The IC50 values of E1QAC2 were 42 and 48 μM for the FD-FLT3-WT

cells, 114 and 102 μM for the FD-FLT3-ITD cells in the presence of GM-
CSF or FLT3L, respectively. This indicates that the cells expressing
FLT3-ITD were nearly 2–3 times more resistant to the inhibitory effects
of the E1QAC2 than FLT3-WT (Fig. 4).

The E1QAC2 compound increased the proportion of both FD-FLT3-
WT and -ITD cells in the sub-G1 population in a concentration-depen-
dent manner. Consistent with the cell proliferation results, the FD-FLT3-
WT cells were more sensitive to apoptosis induced by E1QAC2 than the
FD-FLT3-ITD cells. Nearly 80% of the FD-FLT3-WT cells were apoptotic
when treated with 250 μM of E1QAC1, and less than 60% of the FD-
FLT3-ITD cells with 860 μM treatment (Fig. 5).

3.2.3. E1QAC3
The compound E1QAC3 was able to inhibit the growth of both FD-

FLT3-WT with the IC50 values of 20 and 22 μM as well as FD-FLT3-ITD
cells with the IC50 values 128 and 117 μM, in the presence of GM-CSF
and FLT3L, respectively. This suggested that the cells expressing FLT3-
WT were nearly six or five-times more sensitive to the inhibitory effects
of the E1QAC3 than those cells with FLT3-ITD (Fig. 6).

The E1QAC3 compound increased the proportion of both FD-FLT3-
WT and -ITD cells in the sub-G1 population in a concentration-depen-
dent manner. Nearly 100% of the FD-FLT3-WT cells were in the sub-G
peak when treated with 125 μM, and about 60% of the FD-FLT3-ITD
cells treated with 630 μM of E1QAC1 (Fig. 7).

3.2.4. E1QAC4
The compound E1QAC4 was able to inhibit the growth of both FD-

FLT3-WT and -ITD cells. The IC50 values of E1QAC4 for the FD-FLT3-
WT cells were 15 and 19 μM in presence of GM-CSF and FLT3L, re-
spectively; as well as 115 and 96 μM for FD-FLT3-ITD cells. This in-
dicated that the cells expressing FLT3-ITD were nearly 5 times more
resistant to the inhibitory effects of the E1QAC4 than FLT3-WT (Fig. 8).

Consistent with the cell proliferation assay, E1QAC4 increased the
proportion of both FD-FLT3-WT and -ITD cells in the sub-G1 population
in a concentration-dependent manner. E1QAC4 was more potent in
inducing apoptosis in the FD-FLT3-WT than the –ITD cells. While
apoptotic degradation of the nuclear DNA was observed in 90% of the
FD-FLT3-WT cells treated with 138 μM of E1QAC4, using 630 μM of the
compound was required for achieving similar efficacy (85% apoptosis
rate) on the FD-FLT3-ITD cells (Fig. 9).

Fig. 6. Cell proliferation inhibition by
E1QAC3. The FD-FLT3-WT (left panel) and
–ITD (right panel) cells were treated for 48 h
with serial dilutions of E1QAC3 in the culture
media containing growth factors (either GM-
CSF or FLT3L). The florescent intensity from
resorufin was determined as an indicator of the
number of viable cells in each well. The figure
shows a representative of four separated ex-
periments.
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Fig. 7. Induction of apoptosis by E1QAC3. Flow cytometry histograms of apoptosis assays by the PI method are shown in (a): FD-FLT3-WT and (b): FD-FLT3-ITD. WT
and ITD cells were treated with the above concentrations for 48 h. Sub-G1 peak acts as an indicator method of apoptotic cells. Results are mean ± SEM (n=4).
∗P<0.05, ∗∗P<0.01 and ∗∗∗P<0.001 compared to control (the zero concentration).
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3.2.5. E1QAC5
For the FD-FLT3-WT cells, the IC50 values of E1QAC5 were 18 and

20 μM in the presence of GM-CSF or FLT3L, respectively. The IC50 va-
lues were128 and 107 μM when the FD-FLT3-ITD cells were cultured in
the DMEM media containing GM-CSF or FLT3L, respectively. This de-
monstrated that the cells expressing FLT3-ITD were nearly five-times
more resistant to the inhibitory effects of the E1QAC5 than those cells
with FLT3-WT (Fig. 10).

The E1QAC5 compound caused apoptosis in both FD-FLT3-WT and
-ITD cells in a concentration-dependent manner. Consistent with the
cell proliferation results, while more than 90% of the FD-FLT3-WT cells
were apoptotic when treated with 156 μM of E1QAC5; such result was
observed by 562 μM in the FD-FLT3-ITD cells (Fig. 11).

3.3. Evaluating effects of the compounds on Bax, Bcl-2 proteins

To further augmentation of apoptosis results and illustration the
molecular mechanisms of compounds affecting FD-FLT3 (-WT, ITD) cell
growth, western blotting was performed (Fig. 12).

4. Discussion

Detection of its aberrant activity turned; turning FLT3 kinase ac-
tivity into a therapeutic target in AML patients. First generation small
molecule inhibitors such as sunitinib, sorafenib, midostaurin, les-
taurtinib, and tandutinib as well as the second-generation inhibitors
including quizartinib, crenolanib, and gilteritinib have been tested for
FLT3 inhibition [49]. However, new inhibitors are required to over-
come the adverse effects and development of resistance against the
current agents. In the present study, we have investigated potential
application of novel group of heterocyclic (pyrimidocyanoacrylates and
2-chloro 3- carbaldehyde quinolines) compounds for FLT3 signaling
inhibition.

In evaluating drug-likeliness of the compounds (Table 2), it was

revealed that the molecular weights of these compounds were more
favorable than their LogP values. The lowest and highest LogP value
belonged to E1QAC1 (with no substation on the core structure) and
E1QAC4 (with an ethoxy (eOeCH2eCH3), respectively. Having Cl as
the substitution in E1QAC5 almost increased hydrophobicity as much
as ethoxy functional group in E1QAC4. Replacing H atoms in E1QAC1
with methyl group in E1CQA2 increased LogP value from 5.5 up to 6.4.
These findings suggest that methoxy group is less effective on changing
hydrophobicity than the methyl, ethoxy and Cl.

When FLT3L used as the growth factor, the cells were solely de-
pendent on FLT3 signaling to proliferate. According to Table 1, E1QAC4
with ethoxy substitution was the most potent compound against both
cell lines (FD-FLT3-WT and –ITD). E1QAC2 (methyl substitution) was
highly hydrophobic, but it was 45% less cytotoxic against FD-FLT3-WT,
without affecting the activity on FD-FLT3-ITD. E1QAC3 (methoxy
substitution) had the second lowest hydrophibicity with medium range
molecular weight as well as the lowest cytotoxicity against and FD-
FLT3–ITD cells. This indicates that methyl substitution may decrease
the side-effects by less affecting FLT3-WT activity expressed in the
normal hematopoietic progenitor cells.

FLT3-WT was considered to be inactive in the absence of its cognate
ligand, but FLT3-ITD mutant believed to be constitutively active.
Comparing the IC50 values in presence of FLT3L revealed that the FLT3-
ITD expressing cells were more resistant to the cytotoxic effects of all
compounds. It was previously reported that most of the kinase in-
hibitors are not highly effective on FLT3-ITD [44]. The IC50 value for
E1QAC1 for FLT3-ITD was two-times higher than FLT3-WT, but for the
other compounds the difference was nearly five-times. This indicates
that all these compounds may be capable of stabilizing the inactive
kinase structure in FLT3-WT, but cannot deactivate the constitutively
active FLT3-ITD.

Even though, the receptors for mGM-CSF and hFLT3L are structu-
rally different, but the FD-FLT3-WT cells grow in presence of either
mGM-CSF or hFLT3L. Therefore, it can be assumed that downstream

Fig. 8. Cell proliferation inhibition by
E1QAC4. The FD-FLT3-WT (left panel) and
–ITD (right panel) cells were treated for 48 h
with serial dilutions of E1QAC4 in the culture
media containing growth factors (either GM-
CSF or FLT3L). The florescent intensity from
resorufin was determined as an indicator of the
number of viable cells in each well. The figure
shows a representative of four separated ex-
periments.
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Fig. 9. Induction of apoptosis by E1QAC4. Flow cytometry histograms of apoptosis assays by the PI method are shown in (a): FD-FLT3-WT and (b): FD-FLT3-ITD. WT
and ITD cells were treated with the above concentrations for 48 h. Sub-G1 peak acts as a marker of apoptotic cells. Results are mean ± SEM (n=4). ∗P<0.05,
∗∗P<0.01 and ∗∗∗P<0.001 compared to control (the zero concentration).
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signaling pathways involved in cell proliferation overlap with each
other. The FD-FLT3-ITD cells are factor independent [50], but adding
GM-CSF increased the IC50 values for all the compounds. This shows
that the proliferation signals through these two receptor strengthen
each other’s effects; therefore, higher concentration of the inhibitor was
required to halt the cellular growth.

On the other hand, any differences in the IC50 values of the com-
pounds for the FD-FLT3-WT in presence of mGM-CSF and hFLT3L could
be interpreted as selectivity. Because, lower IC50 value in presence of a
given growth factor can be attributed to the selective inhibition of the
growth signaling initiated from its receptor. The IC50 values of the
compounds for the FD-FLT3-WT were approximately equal in presence
of both growth factors. In other word, these compounds lack selectivity
against GM-CSF receptor or FLT3. This can be interpreted that either
these compounds can be effective equally on both GM-CSF receptor and
FLT3, or they target parts of the signaling pathway which is common
for both receptors. Alternatively, it can be assumed that these com-
pounds can target the original receptors as well as the other functional
proteins involved in downstream signaling. Low selectivity for a spe-
cific kinase can be, somehow, considered as strong point for the in-
hibitor; by decreasing development of drug resistance upon a point
mutation in the target. However, less selectivity is usually the cause of
severe side effects. Therefore, selectivity of an inhibitor should be ba-
lanced with its effectiveness.

Consistent with the cell proliferation inhibition results, all the
compounds resulted in dose-dependent induction of cellular apoptosis
in both FD-FLT3-WT and FD-FLT3-ITD. E1QAC1 and E1QAC4 were the
least and most potent compounds for induction of apoptosis in FD-
FLT3-WT cells. While 19 μM concentration of E1QAC4 caused apoptosis
in 40% of the cells, only 18% of the cells were in sub-G peak when

treated with 48 μM of E1QAC2. There were no significant differences in
potency of the compounds for inducing apoptosis in the FD-FLT3-ITD
cells.

FLT3 autophosphorylation stimulates its downstream effectors in-
cluding PI3K and Akt which results in anti-apoptotic responses [51].
Therefore, it can be assumed that cell proliferation inhibition and in-
duction of apoptosis was resulted from interruption of FLT3 signaling
by the compounds. Western blot analysis confimed that all the com-
pounds potently stimulated Bax, and down-regulated Bcl-2 activity in
the FD-FLT3-WT and the –ITD cells. Consistent with the cell prolifera-
tion assay, they were more effective on the FDC-P1 cells expressing
FLT3-WT than the ITD mutant.

5. Conclusions

The results of the chemSketch program indicated that the com-
pounds: E1QAC1, E1QAC2, E1QAC3, E1QAC4, and E1QAC5 were
complied with majority of favorable drug-likeness properties. The
compounds also showed concentration-dependent effect in both cell
proliferation and apoptosis stimulation experiments. E1QAC4 was the
most potent agent on both FLT3-WT and –ITD expressing cells. E1QAC2
was less potent than the others against FLT3-WT which may indicates
increasing ITD selectivity by methyl substitution. Western blotting as-
says confirmed that the FLT3-ITD expressing cell are more resistant to
drug-stimulated apoptosis than the FLT3-WT. Therefore, it is worth-
while to consider them as potential lead compound for development of
new therapeutic agents for AML patients.

Fig. 10. Cell proliferation inhibition by
E1QAC5. The FD-FLT3-WT (left panel) and
–ITD (right panel) cells were treated for 48 h
with serial dilutions of E1QAC4 in the culture
media containing growth factors (either GM-
CSF or FLT3L). The florescent intensity from
resorufin was determined as an indicator of the
number of viable cells in each well. The figure
shows a representative of four separated ex-
periments.
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Fig. 11. Induction of apoptosis by E1QAC5. Flow cytometry histograms of apoptosis assays by the PI method are shown in (a): FD-FLT3-WT and (b): FD-FLT3-ITD.
WT and ITD cells were treated with mentioned concentrations for 48 h. Sub-G1 peak acts as a marker of apoptotic cells. Results are mean ± SEM (n=4). ∗P<0.05,
∗∗P<0.01 and ∗∗∗P<0.001 compared to control (the zero concentration).
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