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The antitumor compound triazoloacridinone C-1305 
inhibits FLT3 kinase activity and potentiates 
apoptosis in mutant FLT3-ITD leukemia cells

Ewa AUGUSTIN*, Anna SKWARSKA, Anna WERYSZKO, Iwona PELIKANT, Ewa SANKOWSKA, Barbara BOROWA-MAZGAJ

Department of Pharmaceutical Technology and Biochemistry, Gdańsk University of Technology, Gdańsk 80233, Poland

Aim: FMS-like receptor tyrosine kinase (FLT3) is expressed in some normal hematopoietic cell types and plays an important role in 
the pathogenesis of acute myeloid leukemia (AML). In this study, we examined the effects of triazoloacridinone C-1305, an antitumor 
compound, on AML cells with different FLT3 status in vitro.
Methods: A panel of human leukemic cell lines with different FLT3 status was used, including FLT3 internal tandem duplication 
mutations (FLT3-ITD, MV-4-11), wild-type FLT3 (RS-4-11) and null-FLT3 (U937) cells. Cell proliferation was estimated using MTT assays, 
and apoptosis was studied with flow cytometry and fluorescence microscopy. FLT3 kinase activity (phosphorylation of FLT3 at Tyr591) 
was determined with ELISA and Western blotting. FLT3 downstream signaling proteins involving AKT, MAPK and STAT5 were examined 
by Western blotting. RNA silencing was used to decrease the endogenous FLT3. 
Results: The mutant FLT3-ITD cells were more sensitive to C-1305 than the wild-type FLT3 and null-FLT3 cells (the IC50 values 
measured at 24 h were 1.2±0.17, 2.0±09, 7.6±1.6 µmol/L, respectively). C-1305 (1–10 µmol/L) dose-dependently inhibited the 
kinase activity of FLT3, which was more pronounced in the mutant FLT3-ITD cells than in the wild-type FLT3 cells. Furthermore, C-1305 
dose-dependently decreased the phosphorylation of STAT5 and MAPK and the inhibitory phosphorylation of Bad, and induced time- 
and dose-dependent apoptosis in the 3 cell lines with the null-FLT3 cells being the least susceptible to C-1305-induced apoptosis. 
Knockdown of FLT3 with siRNA significantly decreased C-1305-induced cytotoxicity in the mutant FLT3-ITD cells. 
Conclusion: C-1305 induces apoptosis in FLT3-ITD-expressing human leukemia cells in vitro, suggesting that mutated FLT3 kinase can 
be a new target for C-1305, and C-1305 may be a drug candidate for the therapeutic intervention in FLT3-associated AML.
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Introduction
FMS-like receptor tyrosine kinase 3 (FLT3), a member of the 
class III tyrosine kinase family, is expressed in some normal 
hematopoietic cell types[1, 2] and plays an important role in 
the pathogenesis of acute myeloid leukemia (AML)[3].  FLT3 
mutations are among the most common abnormalities in 
acute myeloid leukemia, affecting more than one third of all 
AML patients[4].  Two major classes of mutation are associated 
with AML, internal tandem duplications (ITD) in the juxta-
membrane domain of FLT3 and point mutations within the 
activation loop of the FLT3 tyrosine kinase domain (TKD)[5, 6].  
Internal tandem duplications lead to the constitutive, ligand-
independent activation of FLT3 kinase[7], which correlates 

with a poor prognosis[8, 9].  Therefore, FLT3 kinase is one of the 
most attractive targets for therapeutic intervention in AML.  
Accordingly, various FLT3 inhibitors have been tested in clini-
cal trials, both as monotherapy and in combination with che-
motherapy[10], but the responses are incomplete and are often 
limited by acquired resistance during treatment[10, 11].  For this 
reason, the identification of novel FLT3 inhibitors with higher 
potency is required.

5-Dimethylaminopropyloamino-8-hydroxytriazoloacridi-
none (C-1305) (Figure 1A) is the most potent triazoloacridi-
none derivative synthesized in the Department of Pharmaceu-
tical Technology and Biochemistry at the Gdańsk University 
of Technology[12].  This drug exhibited significant cytotoxic 
activity in vitro towards a panel of human cell lines in the NCI 
screening system (Bethesda, MD, USA) and displayed high 
antitumor activity against several experimental tumors in 
mice[13].  During biotransformation, C-1305 is not a substrate 
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of cytochrome P450 but is metabolized by the flavin monooxy-
genases FMO1 and FMO3[14] and by UDP-glucuronyltransfer-
ases[15].  Selective cellular expression of UGT1A10 increases the 
cytotoxic response of C-1305[16], and this compound up-regu-
lates selected cytochrome P450 isoenzymes in HepG2 cells[17].  
Studies of the molecular mechanism of action revealed that 
C-1305 is a topoisomerase II inhibitor and binds covalently 
to DNA in tumor cells[18].  Interestingly, in contrast to other 
topoisomerase II poisons, C-1305 has a strong anti-prolifera-
tive effect against cells lacking functional poly(ADP-ribose)
polymerase1 (PARP-1), which is involved in DNA repair[19].  
On the cellular level, C-1305 induces irreversible arrest in the 
G2/M phase of the cell cycle followed by apoptosis in human 
leukemia cells[20].  C-1305 is the close structural analogue of 
the anticancer compound imidazoacridinone C-1311[21], which 
reached phase II clinical trials[22].  Among its many unique 
features (for review see[23]), C-1311 was found to be a selective 
inhibitor of FLT3 kinase in a cell-free kinase assay[24].  

In this study, we examined the cellular effects of C-1305 on 
human acute myeloid leukemia cells with different FLT3 sta-
tus: MV-4-11 (FLT3-ITD), RS-4-11 (wild-type FLT3), and U937 
(null-FLT3).  Specifically, we asked whether C-1305 inhibited 
the FLT3 kinase activity in AML cells and if it did, whether the 
inhibition of FLT3 kinase activity by C-1305 had an impact on 
downstream FLT3 signaling pathways and apoptosis in the 
cells tested.

Materials and methods
Chemicals and antibodies
C-1305 was synthesized as the dihydrochloride in our Depart-
ment.  The compound was more than 98% pure as determined 
by HPLC and NMR.  A stock solution of C-1305 was pre-
pared in 50% (v/v) ethanol, stored at -20 ºC, and freshly dis-
solved in water before use.  The 5,5′,6,6′-tetra-chloro-1,1′,3,3′-
tetraethylbenzimidazolyl-carbocyanine iodide, JC-1, was pur-
chased from Molecular Probes (Eugene, OR, USA).  All other 
chemicals, unless otherwise stated, were obtained from Sigma-
Aldrich (St Louis, MO, USA).

Cell culture and growth inhibition assays
The MV-4-11, RS-4-11, and U937 cell lines were obtained from 
the American Type Culture Collection (ATCC, Manassas, VA, 
USA).  Cells (mycoplasma-free as determined by using the 
Universal Mycoplasma Detection Kit, ATCC-30-1012K) were 
cultured in RPMI 1640 medium (Sigma-Aldrich, St Louis, MO, 
USA) containing 10% fetal bovine serum and antibiotics (100 
U/mL penicillin, 100 µg/mL streptomycin).  Cells were main-
tained at 37 °C in a 5% CO2 atmosphere.  All of the experi-
ments were performed with cells in the exponential phase of 
growth.

To estimate cell viability, MTT assays were performed.  
Briefly, cells were seeded into 6-well plates (5×105 cells/well 
for 24 h, 2.5×105 cells /well for 48 h, 1×105 cells/well for 72 h) 
and were treated with increasing concentrations of C-1305.  
After treatment, 0.5 mg/mL MTT was added into each well, 
and the plates were incubated for 4 h at 37 °C.  Medium was 

then removed by centrifugation, and the precipitated forma-
zan crystals were dissolved in DMSO.  Absorbance at 540 nm 
was measured with a microplate reader (iMARKTM, BIO-RAD, 
Hercules, CA, USA).  The cytotoxic effect of C-1305 treatment 
was expressed as the concentration of the drug required to 
inhibit cell growth by 50% compared to untreated control cells 
(IC50 value).  The IC50 value was determined by plotting sur-
vival as a function of dose.  

Phospho-FLT3 and total-FLT3 ELISA
The levels of the total and phosphorylated FLT3 (Tyr591) 
were determined using PathScan Total FLT3 and PathScan 
Phospho-FLT3 (Tyr591) Sandwich ELISA Kits (Cell Signal-
ing Technology, Danvers, MA, USA), respectively.  Briefly, 
MV-4-11 and RS-4-11 cells were seeded at 5×106 cells per 100 
mm Petri dish and treated with C-1305 for 24 and 48 h.  At 
the end of the drug treatment, cells were lysed with the Cell 
Lysis Buffer (Cell Signaling Technology, Danvers, MA, USA) 
supplemented with a protease inhibitor cocktail (Roche, 
Mannheim, Germany), and phosphatase inhibitors (50 
mmol/L β-glycerolophosphate, 1 mmol/L PMSF, 1 mmol/
L sodium orthovanadate).  After 20 min incubation on ice, 
lysates were centrifuged at 14 000 rpm for 15 min at 4 °C.  
Supernatants, containing equal amounts of total protein, were 
then analyzed to measure both phosphorylated-FLT3 (Tyr 591) 
and total FLT3 levels.  

Cell cycle analysis
Analysis of DNA content was performed as described previ-
ously[20].  Briefly, cells (1×106) were stained with propidium 
iodide (PI) and analyzed by FACScan (Becton Dickinson, San 
Jose, CA, USA).  

Morphological examination 
The nuclear morphology of cells was examined with a fluores-
cence microscope (Olympus BX60, Tokyo, Japan) after staining 
with 4’,6-diamidino-2-phenylindole (DAPI).  Following treat-
ment with C-1305, cells (approximately 2×105) were spun onto 
microscope slides, fixed in methanol:acetic acid (3:1) for 15 
min and stained with 1 μg/mL DAPI for 5 min.  Slides were 
examined with a 40× objective and photographed using an 
AxioCam digital camera (Zeiss, Jena, Germany).  

Annexin V/PI flow cytometry analysis
The Annexin V-FITC binding assay was carried out using an 
Annexin-V-Flous Staining Kit (Roche, Mannheim, Germany) 
according to the manufacturer’s instructions.  Briefly, fol-
lowing treatment with C-1305, cells (1.5×106) were washed 
twice with ice-cold PBS, pelleted and resuspended in Annexin 
V-FITC binding buffer.  FITC-conjugated Annexin V and PI 
were added at the manufacturer’s recommended concentra-
tions.  After staining, cells were analyzed by flow cytometry 
within 1 h.

Measurement of mitochondrial membrane potential (∆Ψm)
Changes in mitochondrial membrane potential (∆Ψm) were 
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analyzed by flow cytometry using JC-1 dye as described 
earlier[25].  Briefly, after C-1305 treatment, cells (1×106) were 
stained with JC-1 (10 µg/mL) for 15 min at room temperature 
in the dark.  The loss of ∆Ψm was monitored by flow cytometry 
based on the decrease in JC-1 red fluorescence accompanied 
by an increase in green fluorescence.  

Caspase-3 activity 
Caspase-3 activation was determined using the Active Cas-
pase-3 Apoptosis Kit (BD Pharmingen, San Diego, CA, USA) 
according to the manufacturer’s instruction.  Briefly, cells 
(1×106) stained with FITC-conjugated anti-active caspase-3 
antibody were analyzed by flow cytometry.  

Western blot analysis
The analyses of protein expression and phosphorylation were 
conducted using standard protocols for whole-cell extract 
preparation as described previously[26].  Approximately 5×106 
MV-4-11 and 1×107 RS-4-11 cells were exposed to varying con-
centrations of C-1305 for the indicated times.  In the case of the 
RS-4-11 line, cells at the end of drug treatment were washed 
twice with serum-free medium and then incubated with 100 
ng/mL of the FLT3 ligand (Cell Signaling Technology, Dan-
vers, MA, USA) for 15 min at 37 °C.  Cells were washed twice 
with ice-cold PBS and lysed with radioimmunoprecipitation 
assay buffer (50 mmol/L Tris-HCl (pH 7.4), 5 mmol/L EDTA, 
1% Nonidet P-40, 150 mmol/L NaCl, 0.1% SDS, protease 
inhibitor cocktail (Roche Diagnostics), 0.5% sodium deoxy-
cholate, 50 mmol/L NaF, 50 mmol/L β-glycerolophosphate, 1 
mmol/L PMSF, 1 mmol/L sodium orthovanadate) for 20 min 
on ice with brief vortexing every 5 min.  The lysates were then 
centrifuged at 14 000 rpm for 15 min at 4 °C.  The same amount 
of protein (~30 µg) was analyzed by SDS-polyacrylamide gel 
electrophoresis and then transferred onto a nitrocellulose 
membrane.  The membrane was probed with the correspond-
ing primary anti-phospho-FLT3 (Tyr591), anti-AKT, anti-phos-
pho-AKT (Ser473), anti-p44/42 MAPK (Erk1/2), anti-phos-
pho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204), anti-Stat5, anti-
phospho-Stat5 (Tyr694), anti-Bad, anti-phospho-Bad (Ser136), 
anti-PARP (Cell Signaling Technology), or anti-β-actin (Sigma-
Aldrich, St Louis, MO, USA).  The membrane was then incu-
bated with a horseradish peroxidase-conjugated secondary 
antibody (Cell Signaling Technology) and visualized with the 
enhanced chemiluminescence kit, SuperSignal West PICO 
Chemiluminescent Substrate (Fisher Scientific, Pittsburgh, PA, 
USA).  Densitometric analysis of protein bands was performed 
using ImageJ software (NIH, Bethesda, MD, USA).  

Depletion of FLT3-ITD by RNA silencing
Transfection of cells with FLT3 small interfering RNA (siRNA) 
or scrambled RNAi oligonucleotide (Ambion Life Tech-
nologies, Grand Island, CA, USA) was performed using the 
DMIR-C reagent suitable for transfection of suspension cells 
(Invitrogen, Carlsbad, CA, USA).  Briefly, cells were washed 
with serum-free RPMI medium, and then 2.5×106 cells were 
treated with a mixture of DMIR-C and siRNA (75 pmol).  After 

5 h, RPMI medium containing 15% FBS was added, and the 
cells were left to recover overnight.  The next day, the cells 
were washed once with serum-free RPMI medium, suspended 
in fresh complete growth medium and exposed to C-1305 
for 24 h.  Cell viability was measured using an MTT assay as 
described above.  The efficiency of siRNA-mediated depletion 
of FLT3 kinase was determined by Western blot analysis.  

Statistical analysis
All of the data are reported as the mean±SD.  Pairs of values 
were compared with Student’s unpaired t-test, and the differ-
ence was considered significant if P<0.05.  Analysis of variance 
(one-way ANOVA) was carried out using GraphPad Software 
(San Diego, CA, USA).

Results
C-1305 inhibits the phosphorylation of the internal tandem 
duplication mutant (MV-4-11) and the wild-type (RS-4-11) FLT3
To determine the ability of C-1305 to inhibit FLT3 in the cel-
lular environment, we measured the inhibition of FLT3 auto-
phosphorylation in the human leukemia cell line MV-4-11, 
which harbors a homozygous FLT3-ITD mutation, and in RS-4-
11 cells, which express wild-type FLT3.  Preliminary ELISA 
experiments (Figure 1B) showed that autophosphorylation of 
FLT3 was inhibited in MV-4-11 and RS-4-11 cells by C-1305 
treatment for 24 h in a dose-dependent manner.  Interestingly, 
at the lower drug concentration (1 µmol/L), this inhibitory 
effect was visible only in RS-4-11 cells.  Simultaneously, at 
this concentration, there was no change in the total expression 
level of FLT3 protein in either cell line.  At the higher dose, 
10 µmol/L, FLT3 inhibition was more evident in the FLT3-
ITD mutant cells than in the RS-4-11 cells.  The expression 
level of the FLT3 protein was also decreased in both cell lines 
at the 10 µmol/L concentration.  After a longer incubation 
time (48 h), C-1305 inhibited FLT3 autophosphorylation only 
in the mutant MV-4-11 cells, and it had a slight effect on the 
expression of total FLT3 in these cells (Figure 1C).  In the wild-
type RS-4-11 cells, the total expression level of FLT3 protein 
decreased significantly, but we did not observe the inhibition 
of FLT3 autophosphorylation (Figure 1C).

The observation that the phosphorylation of the wild-type 
FLT3 receptor, after the initial decrease following 24 h treat-
ment, returned to the baseline level prompted us to assess 
whether such changes resulted from simple technical issues 
regarding the analysis of FLT3 phosphorylation or the treat-
ment conditions.  In RS-4-11 cells, phosphorylation of the 
wild-type FLT3 receptor takes place following the binding of 
the exogenous FLT3 ligand (FL)[27].  Thus, to achieve experi-
mental conditions better reflecting the physiological situation, 
we treated RS-4-11 cells with C-1305, and the FL (100 ng/mL) 
was added for 15 min at 37 °C to prepare the cell lysates for 
Western blot analysis.  Given that the MV-4-11 cells, due to the 
ITD mutation in the FLT3 receptor, have constitutively active, 
autophosphorylated FLT3 in the absence of exogenous ligand 
stimulation[28], those cells were not exposed to FL.  As shown 
in Figure 1D, C-1305 significantly blocked ligand-independent 
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Figure 1.  C-1305 inhibits the autophosphorylation of FLT3.  (A) The chemical structure of C-1305.  (B) The phospho-FLT3 (Tyr591) (left panel) and 
total FLT3 (right panel) levels following treatment with varying concentrations of C-1305 or vehicle for 24 h and (C) for 48 h.  The changes in the 
phosphorylated (Tyr591) and total forms of FLT3 were determined using ELISA.  The levels of phospho- and total FLT3 in untreated cells were set as 
100% (control), and the extent of FLT3 inhibition was expressed as the percent change from this baseline.  The results are shown as the mean±SD.  
n=3.  bP<0.05 vs untreated cells, cP<0.01 vs untreated cells.  Student’s t-test.  (D) Inhibition of the constitutive autophosphorylation of ITD-mutated 
FLT3 and the ligand-dependent phosphorylation of wild-type FLT3 by C-1305.  MV-4-11 cells were incubated with varying concentrations of C-1305 
for 3, 24, and 48 h.  RS-4-11 cells, after incubation with C-1305, were subsequently treated with 100 ng/mL FLT3 ligand for 15 min.  Cell extracts 
were analyzed by Western blotting with antibody against FLT3 phosphorylated at Tyr591.  The relative level of phospho-FLT3-ITD was determined by 
densitometric analysis of protein band intensities normalized to β-actin and represented relative to the level in untreated cells (c).  The results are 
shown as the mean±SD.  n=3. 
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phosphorylation of FLT3-ITD kinase in a time- and dose-
dependent manner.  C-1305 inhibited the ITD-mutant protein 
phosphorylation even after a short 3-h exposure of MV-4-11 
cells to the drug.  This effect was intensified after prolonged 
drug treatment; there was a 50% inhibition of FLT3-ITD phos-
phorylation at approximately 1 µmol/L of C-1305 after a 24-h 
exposure.  C-1305 also diminished FL-dependent phosphory-
lation of wild-type FLT3 kinase in RS-4-11 cells in a time- and 
dose-dependent manner (Figure 1D); however, higher con-
centrations were required for blocking the phosphorylation of 
wild-type FLT3 than for FLT3-ITD.  Even after prolonged drug 
exposure (48 h), 50% inhibition of wild-type FLT3 phosphory-
lation was obtained between 1 and 5 µmol/L of C-1305.

C-1305 inhibits the proliferation of AML cells
To determine whether the inhibition of FLT3 contributes to 
cell growth inhibition, we tested the activity of C-1305 against 
MV-4-11 and RS-4-11 cells using MTT assays.  As a cellular 
selectivity control, we measured the effect of C-1305 on the 
proliferation of U937 cells, which lack FLT3 expression.  We 
showed that MV-4-11 cells (FLT3-ITD) were the most sensitive 
to C-1305 treatment among the AML cell lines tested, and this 
effect was visible after 24 h of drug exposure (Table 1).  The 
RS-4-11 cells (wild-type FLT3) were less sensitive to C-1305, 
and the U937 cells (null-FLT3) showed the lowest sensitivity to 
the drug.  However, following a longer incubation time (72 h), 
both the RS-4-11 and the U937 cell lines exhibited similar cyto-
toxic activity (IC50=0.3 µmol/L and 0.35 µmol/L, respectively), 
but they were still ~4.5-fold less sensitive to C-1305 than the 
FLT3-ITD (MV-4-11) cells (IC50=0.07 µmol/L).  These results 
suggest that blocking the mutated FLT3-ITD kinase may sig-
nificantly contribute to overall C-1305 cytotoxicity.  

C-1305 inhibits the FLT3-dependent phosphorylation of AKT, 
MAPK, and STAT5
To characterize the effects of C-1305 on FLT3 inhibition, we 
investigated the modulation of AKT, MAPK, and STAT5, 
which are downstream targets of FLT3 and are key proteins in 
cell growth and proliferation[29–31].  In addition, we examined 
whether C-1305 affects Bad, a pro-apoptotic protein, which, 
apart from being a substrate for AKT and MAPK phosphory-
lation[32], is also one of the principal molecules of the FLT3/
ITD-mediated anti-apoptotic cell survival pathway in AML[33].  

MV-4-11, RS-4-11, and U937 cells were treated with increasing 
concentrations of C-1305 for 3, 24, and 48 h, and Western blot 
analysis was used to detect phosphorylated and total levels 
of the AKT, MAPK, STAT5 and Bad proteins.  To determinate 
whether the changes in protein phosphorylation occurred as a 
result of the disruption of cellular signaling or decreased pro-
tein expression or induced cell death, the ratio of phospho- to 
total level of the tested proteins was determined and normal-
ized to that of untreated cells.  As shown in Figure 2, short-
term incubation (3 h) of MV-4-11 (FLT3-ITD) cells with C-1305 
had no effect on the phosphorylation and the total expression 
of AKT and MAPK.  In contrast, a profound reduction in 
the phosphorylation of STAT5 accompanied by a moderate 
decrease in the level of phosphorylated Bad was observed at 
a high concentration (10 µmol/L) of the drug.  Total STAT5 
and Bad protein expression was unaffected by the treatment.  
Prolonged incubation with C-1305 for 24 and 48 h resulted in 
a marked, dose-dependent decrease in the phosphorylation of 
AKT.  However, an almost complete reduction of total AKT 
protein content was observed at a higher drug concentration 
(10 µmol/L) after 24 h exposure, suggesting that the inhibition 
of AKT phosphorylation resulted from a direct effect of C-1305 
on the AKT level rather than from an interference with FLT3 
signaling.  In contrast, C-1305 decreased the phosphorylation 
of MAPK in a dose- and time-dependent manner but had no 
such effect on the overall expression of the MAPK protein in 
contrast to the effect on AKT.  The decrease of STAT5 phos-
phorylation detected after 3 h of C-1305 incubation was more 
pronounced following 24 and 48 h of drug exposure, and 
the level of total STAT5 decreased only at 10 µmol/L (Fig-
ure 2).  Nevertheless, a progressive decrease of the phospho-
STAT5/STAT5 ratio following C-1305 treatment compared 
with untreated cells suggests that C-1305 initially inhibits 
STAT5 signaling by affecting its phosphorylation and then by 
down-regulating its total level.  Similarly, a dose- and time- 
dependent inhibition of phosphorylation of Bad was observed.  
After 24 h exposure to C-1305, phosphorylation of Bad signifi-
cantly decreased, with complete inhibition observed at a con-
centration of 10 µmol/L, while total Bad protein expression 
was largely unaffected even at a high dose.  A decrease in total 
Bad protein was noticeable only after prolonged (48 h) expo-
sure to 10 µmol/L of C-1305.

Consistent with the less potent inhibition of wild-type FLT3 
kinase observed after 3-h exposure, the inhibitory effects of 
C-1305 on FLT3 downstream targets were attenuated in FLT3 
ligand-stimulated RS-4-11 cells compared with MV-4-11 cells 
carrying constitutively active FLT3-ITD (Figure 3).  C-1305, fol-
lowing 3-h administration did not significantly affect MAPK 
and STAT5 phosphorylation, although a slight inhibition of 
AKT and Bad phosphorylation at higher doses were observed.  
Total protein expression was unaffected by the treatment.  The 
levels of phospho-AKT and phospho-MAPK progressively 
decreased following 24 and 48 h of C-1305 treatment, whereas 
the total level of these proteins did not significantly change.  
Consistent with the inhibition of AKT and MAPK phosphory-
lation, a time- and dose-dependent reduction of phospho-Bad 

Table 1.  Cytotoxic activity of C-1305 against AML cells at different 
incubation time.

Cell line
                                                    IC50 (µmol/L)

                                        24 h                    48 h                  72 h
 
MV-4-11  1.2±0.17c 0.19±0.03be 0.07±0.011ce

RS-4-11  2.0±0.9c 0.38±0.06b 0.30±0.074c

U937  7.6±1.6 1.90±0.29 0.35±0.11

Each value represented the mean±SD of three independent experi ments.  
bP<0.05, cP<0.01 vs U937 cells.  eP<0.05 vs RS-4-11 cells. Student’s 
t-test.  .
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was detected, although at a higher drug concentration.  The 
total level of Bad clearly dropped following 48 h of incuba-
tion (Figure 3).  Interestingly, in RS-4-11 cells, the levels of 
phospho- and total STAT5 remained unaffected even after 
extended treatment with C-1305 for 24 and 48 h.  A significant 
decrease in STAT5 phosphorylation was noted only after 48 h 
exposure to 10 µmol/L C-1305.

In U937 cells lacking FLT3 kinase, a short-term incuba-
tion (3 h) with increasing concentrations of C-1305 did not 
affect the phosphorylation and total expression of AKT, 
MAPK, STAT5, and Bad (Figure 4).  Moreover, the levels of 
phospho-and total AKT and phospho- and total Bad remained 
unchanged even during longer incubation times (24 and 48 h) 
with C-1305.  In turn, a reduction of STAT5 phosphorylation 
was detected following C-1305 treatment, but only at higher 
doses (5 and 10 µmol/L), whereas the total level of this protein 
remained unchanged.  Interestingly, a marked, time- and dose- 
dependent decrease of the level of phospho-MAPK was 
detected, but the total MAPK level did not change.

C-1305 induces changes in the cell cycle progression of AML 
cells
The progressive disappearance of Bad phosphorylation fol-
lowing C-1305 exposure indicated the induction of the apop-
totic program in treated AML cells.  Thus, we asked whether 
the inhibition by C-1305 of FLT3 kinase activity and its down-
stream targets (AKT, MAPK, and STAT5) had an impact on 
cell cycle progression and apoptosis of AML cells.  As shown 
in Figure 5A and 5B, after C-1305 treatment at 5 µmol/L, the 
population of MV-4-11 cells (FLT3-ITD) in G1 phase began 
to decrease from ~63% under control conditions (untreated 
cells) to ~32% after 72 h.  The G2/M phase population was 
reduced after 24 h of treatment (from ~13% to ~7%); how-
ever, after 48 h this population increased again (to 19%) and 
decreased again after the next 24 h compared to the control (to 
5%).  The S phase population at 5 µmol/L remained relatively 
unchanged, and the sub-G1 population progressively increased 
and reached ~48% and ~65% at 5 µmol/L and 10 µmol/L, 
respectively, after 72 h exposure (Figure 5C).  Compared to 

Figure 2.  C-1305 blocks the activation of signal transduction pathways downstream of constitutively active FLT3-ITD in MV-4-11 cells.  Cells were 
cultured in the presence of varying concentrations of C-1305 or vehicle (c) for 3, 24, and 48 h.  Cell extracts were analyzed by Western blots using 
antibodies against anti-AKT, anti-phospho-AKT (Ser473), anti-p44/42 MAPK (Erk1/2), anti-phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204), anti-
Stat5, anti-phospho-Stat5 (Tyr694), anti-Bad, and anti-phospho-Bad (Ser136).  The relative levels of phospho-proteins were determined by densitometric 
analysis of protein band intensities normalized to the total level of the protein and represented relative to the level in untreated cells (c).  Equal protein 
loading was demonstrated by blotting for β-actin.  The results are shown as the mean±SD.  n=3.  Representative blots from at least three experiments 
are shown.
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FLT3-ITD cells, RS-4-11 cells (wild-type FLT3) underwent a 
transient G2/M arrest following 24 h of 5 µmol/L C-1305 expo-
sure (36% compared to 19% in untreated, control cells, Figure 
5A and 5B).  However, after the next 24 h, some of the cells 
were able to enter and complete mitosis, despite the presence 
of the drug, and this led to an increase in the G1 phase cells 
(38%) after 48 h.  Starting from 24 h of incubation with C-1305, 
a progressive accumulation of cells in the sub-G1 compartment 
(35% after 72 h, Figure 5C) was observed.  In the U937 cells 
(null-FLT3) C-1305 treatment at 5 µmol/L resulted in a lower 
level of sub-G1 population (15% after 72 h) than was observed 
in the MV-4-11 and RS-4-11 cells (Figure 5C).  Compared with 
the control, a time-dependent reduction of cells in the G1 and S 
phases with a concomitant increase in the G2/M phase popu-
lation was observed following C-1305 exposure (from above 
11% to ~30% after 72 h) (Figure 5A and 5B).

In summary, these data show a time- and dose-dependent 
increase in the sub-G1 population (<2n DNA content) follow-
ing C-1305 treatment, which is indicative of apoptosis.  More-

over, C-1305 induced apoptosis earlier and to a greater extent 
in the MV-4-11 (FLT3-ITD) cells than in the U937 cells (null-
FLT3) and the RS-4-11 cells (wild-type FLT3).

C-1305 induces apoptosis in AML cells
To confirm that apoptotic cell death was induced by C-1305 
and to determine whether the cytotoxic effects of C-1305 were 
due to the induction of apoptosis in the AML cell lines, we 
conducted Annexin V binding assays using flow cytometry.  
We found a concentration- and a time-dependent induction of 
apoptosis in the cells after treatment with C-1305 (Figure 6A 
and 6B).  The greatest increase in early (Annexin V positive, 
PI negative) and late (Annexin V positive, PI positive) apop-
totic cells occurred in the MV-4-11 cells (FLT3-ITD) in 5 and 
10 µmol/L C-1305 following 72-h exposure and amounted to 
76.7% and 99.4%, respectively.  The increase in early and late 
apoptotic cells was also observed in RS-4-11 cells (wild-type 
FLT3), and the total proportion of dead cells reached ~80% 
following 72 h incubation with 10 µmol/L C-1305.  The U937 

Figure 3.  C-1305 blocks the activation of signal transduction pathways downstream of wild-type FLT3 in RS-4-11 cells.  Cells were cultured in the 
presence of varying concentrations of C-1305 or vehicle (c) for 3, 24, and 48 h and were subsequently treated with 100 ng/mL FLT3 ligand (FL) for 15 
min.  Cell extracts were analyzed by Western blots using antibodies against anti-AKT, anti-phospho-AKT (Ser473), anti-p44/42 MAPK (Erk1/2), anti-
phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204), anti-Stat5, anti-phospho-Stat5 (Tyr694), anti-Bad, and anti-phospho-Bad (Ser136).  The relative 
levels of the phospho-proteins were determined by densitometric analysis of protein band intensities normalized to the total level of the protein and 
represented relative to the level in untreated cells (c).  Equal protein loading was demonstrated by blotting for β-actin.  The results are shown as the 
mean±SD.  n=3.  Representative blots from at least three experiments are shown.
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cells (null-FLT3) underwent less apoptosis than the MV-4-
11 and RS-4-11 cells.  The fractions of early and late apoptotic 
cells progressively increased with the duration of C-1305 
exposure but not with increasing drug concentrations, and 
after 72 h these populations together reached ~19% (Figure 
6B).  These results indicate that the sensitivity to C-1305 of the 
MV-4-11 cells correlated with their increased susceptibility to 
apoptosis.  The RS-4-11 and U937 cells were less sensitive to 
C-1305, underwent apoptosis more slowly and, particularly in 
the case of U937, to a more limited extent.  

Treatment with C-1305 results in morphological changes of AML 
cells 
We examined the changes in morphology of the AML cells 
treated with C-1305 by staining with DAPI.  A time-dependent 
appearance of typical morphologic features of apoptosis (cell 
shrinkage, condensation and fragmentation of nuclear chro-
matin) was observed (Figure 7).  In the MV-4-11 cells, a few 
apoptotic nuclei appeared after 24-h treatment with 5 µmol/L 

C-1305, and after 72 h of incubation, half of the population 
exhibited apoptotic features.  Among the RS-4-11 cells, the 
population of apoptotic cells was slightly lower than among 
the MV-4-11 cells, but it also increased with prolonged incu-
bation time.  In the U937 cells, under the same experimental 
conditions, we observed only a small population of apoptotic 
cells, consistent with a lower level of apoptosis.

Apoptosis induced by C-1305 is mitochondrial- and caspase-
dependent
A drop in the mitochondrial membrane potential ∆Ψm has 
been shown to participate in the induction of apoptosis[34].  To 
evaluate the role of mitochondria in C-1305-induced apopto-
sis, we investigated the ability of C-1305 to induce alterations 
in ∆Ψm by measuring fluorescence of the cationic lipophilic 
dye, JC-1.  Compared to the control (untreated) cells, a dose- 
and time-dependent decrease in ∆Ψm was detected in the 
treated AML cell lines (Figure 8A).  After 72 h of treatment 
with 5 µmol/L C-1305, the percentage of cells with low ∆Ψm 

Figure 4.  C-1305 blocks the activation of signal transduction pathways in U937 cells (null-FLT3).  Cells were cultured in the presence of varying 
concentrations of C-1305 or vehicle (c) for 3, 24, and 48 h.  Cell extracts were analyzed by Western blots with antibodies against anti-AKT, anti-phospho-
AKT (Ser473), anti-p44/42 MAPK (Erk1/2), anti-phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204), anti-Stat5, anti-phospho-Stat5 (Tyr694), anti-Bad, 
anti-phospho-Bad (Ser136).  The relative levels of the phospho-proteins were determined by densitometric analysis of the protein band intensities 
normalized to the total level of the protein and represented relative to the levels in untreated cells (c).  Equal protein loading was demonstrated by 
blotting for β-actin.  The results are the mean±SD.  n=3.  Representative blots from at least three experiments are shown.
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reached 81% in the FLT3-ITD cells (MV-4-11), 74% in wild-
type FLT3 cells (RS-4-11) and only 15% in null-FLT3 cells 

(U937), which was consistent with low levels of apoptosis in 
the latter cell line.  The permeabilization of the mitochondrial 

Figure 5.  The influence of C-1305 on the cell cycle progression of AML cells.  MV-4-11, RS-4-11, and U937 cells were treated with increasing 
concentrations of C-1305 for 24, 48, and 72 h or with the vehicle (c) and analyzed by flow cytometry.  (A) Representative histograms from the treatment 
of cells with 5 µmol/L of C-1305 for the time indicated.  Histograms are representative of three independent experiments.  (B) The percentage of cells 
in the G0/G1, S, and G2/M phases following C-1305 treatment at 5 µmol/L for the time indicated.  Values are the mean±SD.  n=3.  bP<0.05 vs untreated 
cells (c), cP<0.01 vs untreated cells (c), Student’s t-test.   (C) Cell populations in the sub-G1 fraction indicative of apoptosis.  Values are the mean±SD.  
n=3.  bP<0.05 vs untreated cells (c), cP<0.01 vs untreated cells (c), Student’s t-test.
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Figure 6.  Induction of apoptosis by C-1305 in AML cells.  (A) Representative bivariate histograms of the Annexin V/PI staining of the cells cultured in 
the presence of 5 µmol/L C-1305 or vehicle (c) for the time indicated.  The bottom left quadrant represents live unaffected cells (AV–/PI–), the bottom 
right quadrant represents early apoptotic cells (AV+/PI–), the top right quadrant represents late apoptotic and secondary necrotic cells (AV+/PI+) and the 
top left quadrant represents primary necrotic cells (AV–/PI+).  (B) The percentage of early and late apoptotic cells among cells treated with increasing 
C-1305 concentrations for 24, 48, and 72 h based on flow cytometry analysis.  Values are the mean±SD, n=3.  bP<0.05 vs untreated cells (c), cP<0.01 
vs untreated cells (c), Student’s t-test.
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outer membrane allows the release of cytochrome c, which 
induces the activation of caspases[35].  Accordingly, treatment 
with 5 µmol/L C-1305 resulted in a time-dependent elevation 
of activated caspase-3 in MV-4-11 and RS-4-11 cells.  After 72 h 
of drug exposure, caspase-3 activity was detected in 82% of 
FLT3-ITD cells (MV-4-11) and in 65% of cells with wild-type 
FLT3 (RS-4-11).  In the U937 cells (null-FLT3), the population 
of cells with active caspsase-3 reached the level of 23% (Fig-
ure 8B).  Consistent with the activation of caspase-3, a dose-
dependent PARP cleavage (formation of the 89 kDa PARP 
fragment) was detected in MV-4-11 and RS-4-11 cells treated 
with increased C-1305 concentrations.  In contrast, in U937 
(null-FLT3) cells, PARP-cleavage was detected only at high 
doses of C-1305 and was less pronounced than in the two cell 
lines expressing FLT3 (Figure 8C).  

FLT3-ITD knock-down decreases the sensitivity of AML cells to 
C-1305
Data obtained thus far indicated that MV-4-11 cells (FLT3-
ITD) were the most sensitive to C-1305 treatment among the 
AML cell lines tested, suggesting that blocking mutated FLT3-
ITD kinase might contribute to overall C-1305 cytotoxicity.  
To determine whether FLT3-ITD kinase plays an important 
role in the response of AML cells to C-1305 exposure, we 
lowered the endogenous levels of FLT3-ITD in MV-4-11 cells 
using an siRNA technique.  Western blot analysis confirmed 

an efficient siRNA-mediated downregulation of FLT3-ITD 
expression (Figure 9A).  Although our transfection procedure 
produced only approximately a 40% reduction of FLT3-ITD, 
such a decrease was sufficient to demonstrate that C-1305 
treatment, together with FLT3-ITD depletion, resulted in an 
increased viability of MV-4-11 cells.  Cells with reduced FLT3-
ITD expression were less sensitive to C-1305 than control cells 
transfected with nonspecific siRNA (Figure 9B).  The IC50 value 
of C-1305 in MV-4-11 cells transfected with siRNA against 
FLT3 mRNA was approximately 3 µmol/L, whereas in control 
siRNA treated cells, the IC50 of C-1305 was 1.75 µmol/L.  The 
observation that the siRNA-mediated knock-down of FLT3-
ITD partially rescued MV-4-11 cells from C-1305-induced 
cytotoxicity supports the idea that the inhibition of FLT3-ITD 
kinase is important for the increased activity of C-1305 against 
leukemia cells carrying FLT3-ITD mutations.

Discussion 
It is estimated that one third of patients with acute myeloid 
leukemia have constitutively active mutant FLT3 receptor 
kinase (predominantly an ITD mutation), which is associ-
ated with a poor prognosis for AML treatment[36].  Therefore, 
receptor tyrosine kinase has become an attractive therapeutic 
target[37].  Several small molecule FLT3 tyrosine kinase inhibi-
tors, including sunitinib, lestaurtinib, sorafenib, quizartinib, 
tandutinib, KW-2449, midostaurin and crenolanib are in devel-

Figure 7.  C-1305 induces changes in AML cell morphology.  Represen ta tive pictures of cells stained with DAPI, exposed to 5 µmol/L C-1305 for the 
time indicated and examined with a fluorescence microscope (magnification ×400).  Cells with condensed, intensely stained fragmented chromatin are 
typical of apoptosis (arrows).



396

www.nature.com/aps
Augustin E et al

Acta Pharmacologica Sinica

npg

opment for the treatment of FLT3-mutated AML[38].  Although 
these inhibitors appear to have appreciable activity as single 
agents, and patients with FLT3-ITD mutations can respond if 
adequate drug levels are achieved, a large number of cancers 
are still resistant to the administration of single FLT3 inhibi-
tors[39].  Therefore, to overcome the problem of this type of 
resistance, it is necessary to have a broad panel of FLT3 inhibi-
tors that may be used in therapy interchangeably or in combi-

nation with standard chemotherapy.  This in turn entails the 
need to search for new compounds that inhibit the activity of 
FLT3 tyrosine kinase[40].  

In this study, we show for the first time that a promising 
topoisomerase II inhibitor, triazoloacridinone C-1305, in addi-
tion to its DNA-damaging properties, also targets FLT3 kinase, 
which reveals a novel mechanism that may be relevant for 
C-1305 anticancer activity.  A detailed analysis of the antipro-

Figure 8.  The involvement of mitochondria in C-1305-induced apoptosis.  (A) The fraction of cells with low ∆Ψm among AML cells exposed to increasing 
C-1305 concentrations based on flow cytometry analysis.  (B) Quantitation of the percentage of caspase-3 positive cells following exposure to 5 µmol/L 
C-1305 for 24, 48 and 72 h based on flow cytometry analysis.  Values are the mean±SD, n=2.  bP<0.05 vs untreated cells (c), cP<0.01 vs untreated 
cells (c), Student’s t-test.  (C) PARP cleavage following C-1305 exposure.  MV-4-11, RS-4-11, and U937 cells were treated with C-1305 for 48 h at 
the concentrations indicated.  Whole-cell lysates were analyzed by Western blots for total and cleaved PARP.  β-Actin was used as a loading control.  
Experiments were repeated at least three times.
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liferative effect of C-1305 against AML cell lines with different 
FLT3 statuses indicated a more potent inhibition of cells with 
constitutively active FLT3-ITD kinase than of cells with the 
wild-type FLT3.  Importantly, a comparison of the IC50 values 
of C-1305 in the cell lines tested showed that the increased sen-
sitivity of FLT3-ITD mutants was sustained for an extended 
period of drug exposure (24–72 h), indicating the importance 
of FLT3-ITD inhibition for overall C-1305 cytotoxicity.  

We also studied the molecular mechanisms underlying the 
enhanced susceptibility of FLT3-ITD mutants to C-1305.  We 
found that C-1305 substantially inhibited FLT3-ITD tyrosine 
kinase activity by decreasing its phosphorylation at the crucial 
Tyr591 in a time- and dose-dependent manner.  The inhibi-
tory effect on FLT3-ITD phosphorylation was observed by 
3 h and was potentiated by prolonged drug treatment.  After 

a 24-h exposure, 50% inhibition of FLT3-ITD phosphoryla-
tion was achieved at approximately 1 µmol/L of C-1305.  The 
ITD mutation in the FLT3 receptor results in constitutively 
activated FLT3, which manifests in its autophosphorylation in 
the absence of exogenous ligand stimulation[28].  In contrast, 
phosphorylation of the wild-type FLT3 receptor takes place 
following binding of the exogenous FLT3 ligand[27].  We show 
that, in addition to significant blocking of ligand-independent 
phosphorylation of the constitutively active FLT3-ITD, C-1305 
also decreased ligand-dependent phosphorylation of the wild-
type FLT3 receptor; however, higher concentrations (between 
1 and 5 µmol/L) were required for modulation of wild-type 
FLT3 than for FLT3-ITD.  Independently, C-1305 at a higher 
concentration (10 µmol/L) reduced the total FLT3 protein 
level to a similar level in wild-type and FLT3-ITD expressing 
cells.  Importantly, however, substantial (50%) inhibition of 
FLT3 phosphorylation, regardless of the kinase mutation sta-
tus, occurred at a C-1305 dose range lower than that affecting 
the total level of FLT3.  This in turn suggests that inhibition 
of both ITD- and wild-type FLT3 phosphorylation may result 
from the direct interference of C-1305 with the FLT3 receptor.  

FLT3-ITD mutations result in the loss of the autoinhibitory 
function, with subsequent constitutive activation of FLT3 
kinase and its downstream proliferative signaling pathways, 
including the PI3K/AKT, Ras/MAPK, and STAT5[29–31].  There-
fore, we next examined the effect of C-1305 on the FLT3-medi-
ated signal transduction pathway.  We found that the inhibi-
tion of FLT3-ITD was accompanied by a quick and robust 
abrogation of STAT5 phosphorylation accompanied by a less 
pronounced inhibition of MAPK phosphorylation.  These 
results are consistent with the notion that signaling through 
constitutively activated FLT3 is mediated, at least partially, by 
the STAT5 and MAPK pathways[41].  Importantly, a decrease in 
STAT5 and MAPK phosphorylation occurred at a C-1305 con-
centration range similar to that required to inhibit FLT3-ITD 
activity.  Although C-1305 exposure also led to a substantial 
decrease in the phosphorylation of AKT, this effect resulted 
from a reduction in the total level of AKT protein.  Because 
there is no evidence that FLT3 kinase controls the total amount 
of AKT[42], most likely C-1305 blocks the AKT pathway inde-
pendently from FLT3-ITD signaling.

Consistent with the less potent inhibition of wild-type FLT3 
kinase, the inhibitory effect of C-1305 on FLT3 downstream 
targets was weaker than in the FLT3-ITD mutant.  C-1305 
primarily affected the wild-type FLT3/MAPK signaling axis 
and to a less extent the AKT pathway.  In contrast to FLT3-ITD 
mutants, signal transduction involving STAT5 was unaffected 
for an extended time of treatment.  These results are in agree-
ment with observations that in AMLs the downstream signals 
of wild-type FLT3 and FLT3-ITD are not identical; for exam-
ple, wild-type FLT3 following ligand stimulation transduces 
mainly MAPK but not STAT5[41].  Unlike in cells expressing 
FLT3, C-1305 exposure did not evoke immediate changes in 
cellular signaling in cells lacking FLT3 kinase, consistent with 
the decreased sensitivity of those cells to C-1305.  Drug treat-
ment mainly affected FLT3-independent MAPK activation and 

Figure 9.  siRNA-mediated depletion of FLT3-ITD kinase increases 
the viability of AML cells treated with C-1305.  (A) MV-4-11 cells were 
transfected with FLT3 siRNA or with nonspecific siRNA as a control (siCTL) 
for 5 h and were left to recover overnight.  The expression of FLT3-ITD 
was analyzed by Western blots.  β-Actin served as a loading control.  The 
relative level of FLT3-ITD protein in FLT3 knock-down cells was determined 
by densitometric analysis of protein band intensities, normalized to β-actin 
and represented relative to the FLT3-ITD level in cells transfected with 
nonspecific siRNA (siCTL).  The results are the mean±SD.  n=3.  bP<0.05 
vs siCTL, Student’s t-test.  (B) MV-4-11 cells following transfection with 
FLT3 siRNA or nonspecific siRNA (siCTL) were exposed to increasing 
concentrations of C-1305 for 24 h.  Cell viability was measured using MTT 
assays.  The bar graph shows the percentage of viable cells relative to 
untreated controls.  The results are the mean±SD.  n=3.  bP<0.05 siFLT3 
vs siCTL, Student’s t-test.  
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to a less extent STAT5 signaling, whereas the AKT pathway 
remained constantly active despite prolonged drug exposure.  
Such evident differences in signal transduction clearly under-
lie the different sensitivities of FLT3-ITD, wild-type FLT3 and 
null-FLT3 leukemia cells to C-1305.

At the cellular level, C-1305-induced inhibition of pro-
survival pathways led to a progressive decrease of FLT3-ITD 
mutants in the G1 phase of the cell cycle followed by massive 
apoptosis.  The loss of FLT3-ITD activity resulting in STAT5 
and MAPK inactivation correlated with a decrease in the 
inhibitory phosphorylation of the pro-apoptotic Bad protein 
and increases in caspase-3 activation, PARP cleavage, loss of 
mitochondrial membrane potential, and phosphatidylserine 
externalization.  Moreover, the observation that an siRNA-
mediated decrease in FLT3 expression partially rescued FLT3-
ITD mutants from C-1305-induced cytotoxicity supports the 
idea that inhibition of FLT3-ITD is important for the increased 
activity of C-1305 against leukemia cells carrying FLT3-ITD 
mutations.  Wild-type FLT3 mutants treated with C-1305 were 
temporarily arrested in the G2/M compartment, and their 
apoptotic response to C-1305, consistent with a less profound 
inhibition of wild-type FLT3-mediated MAPK and AKT sig-
naling, was less intense than that of the FLT3-ITD mutant.  
Together, these results indicate that the effect of C-1305 on 
FLT3, regardless of its mutation status, causes the induction 
of apoptotic cell death.  In contrast, C-1305 treatment of cells 
without FLT3 kinase led to an increase in cells in the G2/
M phase, and despite the evident inhibition of the MAPK 
pathway, these cells were significantly less prone to undergo 
apoptosis in response to C-1305.  This implies that the direct 
inhibition of the FLT3-independent MAPK signaling pathway 
is insufficient to induce apoptosis by C-1305.  These observa-
tions are consistent with results of studies showing that a 
potent inhibitor of FLT3, sorafenib, triggered the death of null-
FLT3 U937 cells independent of the inactivation of the MAPK 
cascade[43].

Our results indicate that triazoloacridinone C-1305 inhib-
its ITD- and wild-type FLT3 kinase in leukemia cells when 
applied at micromolar concentrations, whereas several FLT3 
inhibitors, including Lestaurtinib, Sunitinib, Sorafenib, and 
AC220 block FLT3 activity in vitro at concentrations between 
1–50 nmol/L[44].  This comparison indicates that C-1305 is a 
less potent inhibitor of FLT3 than the clinically tested com-
pounds.  However, we emphasize that C-1305 is primarily a 
topoisomerase II inhibitor, and its major mechanism of action 
affects the structure and function of DNA[19].  The ability of 
C-1305 to inhibit FLT3 kinase is important, but it is not the 
only mode of action of this compound.  Nevertheless, in this 
study, we have uncovered the multi-target potential of C-1305; 
affecting both topoisomerase II and FLT3 may be relevant for 
the overall activity of C-1305 as an anticancer compound.

In conclusion, our findings indicate that the FLT3 kinase 
seems to be a potential new target for triazoloacridinone 
C-1305.  C-1305 was capable of inhibiting autophosphorylation 
of both ITD and wild-type FLT3, although blocking the FLT3-
ITD activity was more persistent and translated into more 

apoptosis of cells carrying the FLT3-ITD mutation following 
long-term drug exposure.  Significantly weaker apoptosis was 
observed in cells lacking FLT3 expression.  Regardless of the 
FLT3 mutation status, the range of C-1305 doses required to 
inactivate FLT3, similar to that affecting the signaling path-
ways and triggering apoptosis, supports the notion that inhi-
bition of FLT3 may account for the cytotoxic activity of C-1305 
against leukemia cells.  Further studies are needed to evaluate 
this drug as a promising antitumor agent for AML therapy. 
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