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EAPB0503, a novel imidazoquinoxaline derivative, inhibits
growth and induces apoptosis in chronic myeloid

leukemia cells
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Imatinib, the first-generation tyrosine kinase inhibitor,
revolutionized the therapeutic management of chronic
myeloid leukemia (CML) and is highly effective in inducing
remissions and prolonging the survival of CML patients.
However, one-third of patients develop intolerance or
resistance to treatment, and CML stem cells remain
insensitive to this therapy, leading almost inevitably

to relapse upon treatment discontinuation.
Imidazoquinoxalines are imiquimod derivatives that induce
growth inhibition and induction of caspase-dependent
apoptosis in melanoma and T-cell ymphoma cells. We
investigated the effects of EAPB0203 and EAPB0503, two
novel imidazoquinoxaline derivatives, on human CML cell
lines and showed that they induced a dose-dependent and
time-dependent cell growth inhibition. EAPB0503 proved
more potent and induced a specific cell cycle arrest in
mitosis in CML cells and direct activation of apoptosis as
evidenced by increased pre-Gg population, breakdown of
mitochondrial membrane potential, PARP cleavage, and
DNA breakage. Interestingly, EAPB0503 decreased BCR-
ABL oncoprotein levels. The combination of EAPB0503

Introduction

Chronic myeloid leukemia (CML) is a myeloproliferative
disorder that stems from the reciprocal translocation
between the @b/ proto-oncogene on chromosome 9 and
the breakpoint cluster region (écr) on chromosome 22,
resulting in a shortened chromosome 22, known as the
Philadelphia (Ph) chromosome. The resulting fusion
ber-abl oncogene codes for the BCR-ABL fusion protein, a
constitutively active tyrosine Kkinase affecting down-
stream signaling pathways and leading to increased
proliferation and survival of leukemic cells [1,2].

Imatinib mesylate (imatinib), the first-generation tyr-
osine kinase inhibitor (TKI), has altered the history and
markedly revolutionized the treatment of CML. Since its
FDA approval in 2001, imatinib became the standard
treatment for CML patients. It is highly effective in
inducing remissions and prolonging the survival of CML
patients [3,4]. However, failure of this therapy occurs in
almost one-third of the patients because of an intolerance
to treatment, lack of therapeutic response, or resis-
tance [5]. An important mechanism of imatinib resistance
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with imatinib synergized to inhibit the proliferation of CML
cells, and most importantly, EABP0503 inhibited the
proliferation of imatinib-resistant CML cells, offering
promising therapeutic modalities that would circumvent
resistance to tyrosine kinase inhibitors and improve the
prognosis of CML. Anti-Cancer Drugs 25:624-632 © 2014
Wolters Kluwer Health | Lippincott Williams & Wilkins.
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deals with the emergence of point mutations within the
ber-abl kinase domain [6], such as the well-known T3151
imatinib-resistant mutation associated with a substitution
of threonine with isoleucine at position 315 [7]. More-
over, imatinib fails to cure CML because of its inability to
eradicate leukemia-initiating cells (LICs), which remain
a potential source of relapse upon discontinuation of the
drug. Second-generation TKIs, such as nilotinib and
dasatinib, were developed to overcome imatinib resis-
tance. These second-generation TKIs are more potent
and produce higher and faster responses than imatinib,
but unfortunately, both the T315I mutation and the LIC
remain insensitive to these TKIs [6]. Therefore, the
need for novel therapeutic strategies that, either alone or
in combination with TKIs, will lead to the suppression of
LICs is a priority.

Imidazoquinoxalines are imiquimod analogues that are
being synthesized by our group [8]. Imiquimod is a toll-
like receptor 7 (TLR-7) modulator [9] and an immuno-
modulatory agent [10] used topically to treat certain
types of skin cancers [11] and genital warts [12], acting
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through the cytokine-dependent activation of helper T
cells [13]. A series of in-vitro experiments have reported
promising antitumoral activities of two novel imidazoqui-
noxaline compounds, EAPB0203 and EAPBO0503, on
different cancer cell lines [14-16]. EAPB0203 showed a
high in-vitro potency against the A375 human melanoma
cell line and was found to be 45-fold more effective than
imiquimod [15]. The in-vitro activity of EAPB0203 was
also characterized in T-cell lymphoma and HTLV-I-
associated adult T-cell leukemia/lymphoma cell lines,
where growth inhibition, cell cycle arrest, and induction
of apoptosis were reported upon treatment of these cells
with this compound [16]. EAPB0203 antitumoral activity
was accompanied by the downregulation of anti-apoptotic
proteins, cytoplasmic cytochrome ¢ release, and subse-
quent caspase 3 and 9 activation [16]. By analogy to
imiquimod [16,17], EAPB0203 is considered to poten-
tially exert a direct immunomodulatory effect, by binding
to TLR-7 and activating JNK, p38, and NF«B transcrip-
tion factors, followed by the secretion of proinflammatory
cytokines. The recently synthesized EAPB0503 showed a
10-fold higher cytotoxic activity on the A375 cell line
when compared with EAPB0203 [18]. EAPB0503 also
showed increased bioavailability upon intraperitoneal
administration in rats [19].

In this report, we investigated the effect of EAPB0203
and EAPB0503 on CML cell lines. We show that
EAPBO0503 inhibits growth and induces cell cycle arrest
at mitosis in CML cell lines. This was accompanied by
the induction of apoptosis and the downregulation of

Fig. 1
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BCR-ABL protein. Interestingly, the combination of
EAPBO0503 and imatinib resulted in a synergistic inhibi-
tion of proliferation of CML cells. Importantly, imatinib-
resistant CML cells were sensitive to EAPB0503,
suggesting a potential therapeutic role for EAPB0503 in
imatinib-sensitive and imatinib-resistant CML.

Methods

Cells and drugs

BCR-ABL-positive imatinib-sensitive cell lines AR230,
K562, and LAMAS84 and their imatinib-resistant counter-
parts (AR230-R and K562-R) (a gift from E-X. Mahon)
were cultured in RPMI 1640 (Lonza, Belgium) supple-
mented with 10% heat-inactivated fetal bovine serum
(Sigma-Aldrich Co., St Louis, Missouri, USA), 1 mmol/I
sodium pyruvate solution, and 100 U/ml of penicillin/
streptomycin solution (Lonza Biologics, Braine-I’Alleud,
Belgium). Cells in the log phase of growth were used for
the experiments and a cell concentration of 10° cells/ml
was chosen for seeding for all experiments.

EAPB0203  (N-methyl-1-(2-phenylethyl)imidazo[1,2-#]
quinoxalin-4-amine) and EAPB0503 (1-(3-methoxyphe-
nyl)-N-methylimidazo[1,2-¢]quinoxalin-4-amine)  were
synthesized as described by Deleuze-Masquefa ez 4.
[8,14]. The synthesis of EAPB0503 was subsequently
optimized by microwave-assisted chemistry (Fig. 1).
Briefly, carbonyl-imidazole dimer 1 (95%) that resulted
from the bimolecular condensation of 2-imidazole car-
boxylic acid was coupled with or#ko-fluoroaniline to yield
the intermediate 2 (90%), which is then cyclized to yield
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Synthesis of EAPB0503. The synthesis steps are detailed in the Methods section.
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compound 3 (80%). Compound 3 was treated with
phosphorus oxychloride and N,N-diethylaniline in a sealed
tube at 130°C for 15min using a Biotage initiator
microwave synthesizer (Biotage, Uppsala, Sweden), lead-
ing to compound 4 (90%) after column chromatography
on silica gel purification. Compound 4 was coupled with
methylamine in a microwave (150°C, 20min) to yield
compound S (95%). The bromination of compound S by
N-bromosuccinimide in a microwave (100°C, 6 min) led to
compound 6 (85%). EAPB0503 was obtained by Suzuki
coupling of compound 6 with 3-methoxyphenylboronic
acid in the presence of a palladium catalyst, basic
conditions, and under microwave assistance (140°C,
20 min), and was purified by column chromatography on
a silica gel, leading to the pure product (90%). EAPB0203
and EAPBO0503 powders were prepared in dimethylsulf-
oxide (DMSO) (Amresco LLC, Solon, Ohio, USA) as
stock solutions at 0.1 mol/l and aliquots were stored at
—20°C. Working solutions of 0.1 or 1 mmol/l were freshly
prepared in RPMI 1640. Imatinib (LC laboratories,
Woburn, Massachusetts, USA) was reconstituted in
DMSO and stored at —20°C. Working solutions of
25umol/l were prepared in RPMI 1640. The final
concentration of DMSO did not exceed 0.1% and this
concentration had no effect on the growth of CML cell
lines.

Assessment of proliferation

Exponentially growing cells were resuspended in fresh
medium in the presence or absence of the indicated
treatments. Proliferation was assayed at different time
points (24, 48, and 72 h) using the MTT assay. Treated
and control (0.1% DMSO) cells were loaded in triplicate
onto 96-well plates. At each time point, 10 ul of MTT
substrate, thiazolyl blue tetrazolium bromide salt (Sigma-
Aldrich Co.) solution (5 mg/ml), was added to each well;
the cells were incubated to allow the formation of purple
formazan crystals. Four hours later, the reaction was
stopped by the addition of 100ul of the solubilizing
solution (12mmol/l HCI, 346 mmol/l SDS, and 5%
isobutanol) to each well. After solubilization, the
formazan dye was quantified at 595 nm using a scanning
multiwell spectrophotometer. Proliferation results were
reported as percentage of the controls.

Cell cycle analysis

Briefly, control and treated cells were collected 48 h after
treatment, washed with PBS, fixed in 80% ethanol, and
stored at —20°C. Subsequently, pellets were collected,
rinsed with PBS, and treated with 100 pl of DNase-free
ribonuclease A (Roche Applied Science, Penzberg,
Germany) at a final concentration of 200 pg/ml, and then
stained with 50 pg/ml propidium iodide (PI) (Sigma-
Aldrich Co.). Cell cycle analyses were carried out by flow
cytometry (Becton Dickinson, Franklin Lakes, New
Jersey, USA). For each sample, 10000 events were
acquired and cell cycle distribution was analyzed using

the CellQuest software (Becton Dickinson CellQuest,
Franklin Lakes, New Jersey, USA).

Phosphorylated histone-3 levels

Control and treated cells were harvested 48h after
treatment, fixed in 4% formaldehyde, permeabilized in
90% ice-cold methanol, and washed in incubation buffer
(0.5% BSA in PBS). Subsequently, cells were resus-
pended in incubation buffer for an hour at room
temperature to allow blocking of unspecific epitopes.
Pellets were then collected and incubated in 0.04 pg/ul
rabbit monoclonal PE-conjugate phospho-histone-3
(P-H3) (Cell Signaling Technologies, Massachusetts,
USA). Labeled cells were screened by flow cytometry
and data were analyzed using CellQuest software.

Measurement of MMP

Rhodamine-123, a cationic lipophilic fluorochrome, was
used to evaluate changes in MMP. Briefly, cells were
treated for 48h, harvested, and stained with 5 pumol/l
rhodamine-123 (Sigma-Aldrich Co.) in 500 pl wash buffer
(13mmol/l NaCl, 5mmol/l KCI, 1mmol/l Na,HPO,,
1 mmol/l CaCl,, 1 mmol/l MgCl,, and 25 mmol/l HEPES).
After a 30-min incubation at 37°C, cells were spun down,
resuspended in 350 pl wash buffer, and analyzed by flow
cytometry. Ten thousand cells per sample were acquired
and analyzed using CellQuest software.

Cytochrome c release

The assessment of cytochrome ¢ release into the cytosol
was performed using the Human Cytochrome ¢ Quanti-
kine ELISA kit (R&D systems, Minneapolis, Minnesota,
USA). Equal numbers of cells were harvested from
untreated and EAPB0503-treated groups, lysed, diluted,
and stored at —80°C according to the manufacturer’s
instructions. Samples and standards were run in triplicate
and colorimetric measurement was performed on an
ELISA plate reader at 450 nm. The cytosolic cytochrome
¢ levels (shown in ng/ml) were then calculated according
to the standard curve equation.

TUNEL assay

Apoptosis was assayed using the terminal deoxynucleoti-
dyl transferase-mediated deoxyuridine triphosphate nick
end-labeling (TUNEL) method. Seventy-two hours after
treatment, control and treated cells were harvested and
analyzed by TUNEL according to the manufacturer’s
instructions (Roche Applied Science) and as described
previously [20]. The positive control for the assay was
obtained after digestion of untreated cellular DNA by
recombinant DNase 1 enzyme. Fluorescein-conjugated
deoxy-UTP incorporated into nucleotide polymers was
detected and quantified using flow cytometry. Approxi-
mately 10000 cells per sample were acquired and
analyzed using CellQuest software.
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Protein extraction and western blot analysis

Total protein lysates were obtained by adding 100 pl
Laemmli sample buffer (Bio-Rad Laboratories, Hercules,
California, USA) to the harvested pellets. Samples were
boiled and quantified using the Nanodrop technology.
After the addition of 0.7 mol/l B-mercaptoethanol, an equal
amount of total cell lysate (50 pg) was then loaded on a 10%
SDS-polyacrylamide gel electrophoresis gel and transferred
onto nitrocellulose membranes. Membranes were blocked in
5% fat-free milk and probed against the following antibodies:
poly ADP-ribose polymerase (PARP) (Cell Signaling Tech-
nologies), mouse monoclonal cAbl (Santa Cruz Technologies,
Santa Cruz, California, USA), and mouse monoclonal
horseradish peroxidase (HRP)-conjugated glyceraldehyde
3-phosphate dehydrogenase (GAPDH) (Abnova Corpora-
tion, Taipei, Taiwan) [20]. Membranes were then incubated
with the appropriate HRP-conjugated secondary antibodies,
proteins were detected by chemoluminescence using the
luminol detection kit (Santa Cruz ‘Technologies), and
autoradiographs were analyzed by densitometric analysis
using the Image] software (National Institutes of Health,
Bethesda, Maryland, USA).

Statistical analysis

All the experiments described in this study were run in at
least three independent experiments. Data were reported
as the average = SDs and statistical analyses (analysis of
variance) were carried out using the SPSS software (IBM
SPSS Statistics, Armonk, New York, USA). A P-value of
less than 0.05 was considered significant. Synergy studies
were performed using the CompuSyn software (Combo-
Syn Inc., Paramus, New Jersey, USA) based on the CI-
isobol method of Chou and Talalay [21].

Results

EAPB0203 and EAPB0503 inhibit the growth of CML
cell lines

First, we tested the effects of EAPB0203 and EAPB0503 on
the growth of CML cells. Three CML cell lines (K562,
LAMA, and AR230) were treated with vehicle control or
with different concentrations of EAPB0203 (0.5, 1, 5, 10, and
20 pmol/l) and EAPB0503 (0.05, 0.1, 0.5, 1, 5, 10, and
20 pmol/l) for 24, 48, and 72h. Cell growth was assessed
using the MTT assay. Figure 2 shows that EAPB0203 and
EAPBO0503 inhibited the growth of the three tested human
CML cell lines in a dose-dependent and time-dependent
manner. The effect of either agent at low concentrations
ranging from 0.05 to 1 pmol/l was minimal at 24 h. Significant
growth inhibition was observed after 48h of treatment of
K562 and LAMA at EAPB0203 concentration of 1pmol/l
(P<0.001) and of AR230 at EAPB0203 concentration of
0.5pumol/l (P<0.001) (Fig. 2a). Interestingly, EAPB0503
showed a more pronounced growth-inhibitory effect com-
pared with EAPB0203. EAPB0503 significantly inhibited the
growth of K562 and LAMA at the concentration of 0.5 pmol/l
at 48h (P <0.001) (Fg. 2b). AR230 was the most sensitive
and a significant growth inhibition was observed with
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EAPBO0503 at 0.05pmol/l (P <0.001). ICso after a 48-h
incubation with EAPB0503 of AR230, LAMA, and K562
were graphically determined as 0.1, 0.5, and 1 pmol/l,
respectively (Fig. 2b). EAPB0203 1Cs, of K562, LAMA,
and AR230 were 7, 2.5, and 0.5 pmol/l, respectively (Fig. 2a).
Overall, EAPB0503 was found to be more potent than
EAPB0203 and showed significant antiproliferative activity
on CML cell lines.

EAPB0503 induces cell cycle arrest at mitosis in CML
cell lines

"To understand the in-vitro mechanism of action underlying
the growth-inhibitory effect of EAPB0503 on CML cell
lines, we treated CML cells with EAPB0503 at their
respective ICs for 48 h and the cell cycle distribution was
determined by flow cytometry analysis of Pl-stained
cells. Figure 3a shows the relative distribution of nonapop-
totic cells between Gy/Gy phases and the sum of S + G,/M
phases representing the cycling cells. We found that
EAPBO0503 affected cell cycle distribution and induced a
significant increase in the cycling cells in all three tested
CML cell lines, indicating an arrest at the G,/M phases.
This arrest was most pronounced in the K562 cell line
(Fig. 3a). To determine whether EAPB0503 induces cell
cycle arrest specifically at mitosis or at the G, phase, the
levels of P-H3 (a marker of mitosis) were determined and
quantified by flow cytometry [22]. Interestingly, EAPB0503
induced a significant increase (P < 0.05) in the percentage
of P-H3 in the three CML cell lines, suggesting that
treatment with EAPB0503 caused an arrest at mitosis
(Fig. 3b). Hnally, the percentage of cells in pre-Go/Gy, the
presumably apoptotic cells, was significantly increased in all
the CML cell lines treated (P < 0.05) (Fig. 4a). Collectively,
these results suggest that EAPB0503 induces a cell cycle
arrest at mitosis and possibly apoptosis.

EAPBO0503 induces caspase activation and apoptosis
in CML cell lines

To further characterize the cell death mechanism induced
by EAPB0503 and to confirm that the increase in the pre-
Gy/G; population is because of apoptosis induction, we
performed the TUNEL assay, a marker of DNA fragmenta-
tion. A significant increase in the percentage of apoptotic
cells, reflecting an increase in DNA fragmentation, was
observed in K562, LAMA, and AR230 (P < 0.005) after
treatment with EAPB0503 for 72h (Fig. 4b). The cleavage
of PARP has been used widely as a marker of caspase-
dependent apoptosis. We therefore assessed whether PARP
is cleaved into its 89 and 113kDa subunits in EAPB0503-
treated cells. In agreement with TUNEL results, EAPB0503
treatment led to PARP cleavage, indicative of caspase
activation and apoptosis induction (Fig. 4c).

EAPBO0503 causes dissipation of MMP and subsequent
cytoplasmic release of cytochrome ¢

Disruption of the mitochondrial membrane potential
(MMP) is one of the earliest and critical steps in the
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Fig. 2
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Effect of EAPB0203 and EAPB0503 on the growth of chronic myeloid leukemia (CML) cell lines. Three human CML cell lines, K562, LAMA, and
AR230, were treated with increasing concentrations of EAPB0203 and EAPB0503 for 24, 48, and 72 h. MTT assay shows that EAPB0203 (a) and
EAPBO0503 (b) inhibit cell growth in CML cell lines (P<0.005). MTT results are presented as percent of control determined from triplicate
measurements. Results in (a) and (b) are data of at least three independent experiments (averages = SE), run in triplicate. Ctrl, control.

intrinsic apoptotic cascade [23]. To demonstrate that
EAPB0503-induced apoptosis was associated with dissipa-
tion in MPP, we measured MMP in CML cells untreated
and treated with EAPBO0503 for 48h. Consistent with
increased apoptosis, EAPB0503 resulted in a significant
dissipation of MMP as shown by the inability of treated
CML cells to actively retain the rhodamine-123 dye inside
their mitochondria (P < 0.05) (Fig. 5a and b). This was
accompanied by a moderate but consistent release of
cytochrome ¢ in the cytosol (Fig. 5c¢). These results
suggest that EAPB0503-induced apoptosis is accompanied
by a loss of MMP and release of cytochrome c.

BCR-ABL protein is downregulated upon treatment with
EAPB0503

We then tested the effects of EAPB0503 on the BCR-
ABL fusion protein level. Interestingly, western blot
analysis of proteins extracted from CML cell lines treated
for 48 h with EAPB0503 consistently showed a decrease
in BCR-ABL oncoprotein levels (Fig. 5d). Image ]
analysis confirmed these findings (data not shown).

EAPB0503 and imatinib synergize to inhibit CML cell
growth

We then treated two CML cell lines AR230 and K562 with
increasing concentrations of EAPB0503 (0.1, 0.5, 1, 2, and
5 umol/l for K562 and 0.01, 0.05, 0.1, 0.5, and 1 umol/I for
AR230) alone or in combination with increasing concen-
trations of imatinib from 0.01 to 1 umol/l for 24, 48, and

72 h. Inhibition of proliferation was determined using the
MTT assay (Fig. 6a). The combination index (CI) was
calculated based on the Cl-isobol method of Chou and
Talalay [21]. CI <1 indicates a synergistic effect, CI =1
indicates an additive effect, and CI>1 indicates an
antagonistic effect. The computerized CI analysis in-
dicates that EAPB0503 and imatinib show a synergistic
effect in both AR230 and K562 CML cell lines under most
of the tested experimental conditions.

Imatinib-resistant CML cell lines are sensitive to
EAPB0503

Imatinib-resistant K562-R and AR230-R cell lines were
treated with different concentrations of EAPB0503, and
cell growth was assessed by MTT at 24, 48, and 72 h after
treatment. Importantly, EAPB0503 inhibited the growth
of imatinib-resistant CML cell lines with an approximate
ICsy at 48 h similar to those of imatinib-sensitive CML
cells (1 pmol/l for imatinib-sensitive K562 and imatinib-
resistant K562-R; 0.1 pmol/l for imatinib-sensitive AR230
and 0.5 umol/l for imatinib-resistant AR230-R) (Fig. 6b).
Moreover, western blot analysis of proteins extracted from
AR230-R and K562-R showed that EAPB0503 led to the
downregulation of the BCR-ABL protein levels (Fig. 6¢).

Discussion

In this report, we investigated the effect of EAPB0203
(only in Fig. 2) and EAPB0503, novel imidazoquinoxaline
agents that hold promising antitumoral effects, on CML
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EAPBO0503 induces cell cycle arrest in treated chronic myeloid
leukemia (CML) cell lines. Cells were harvested 48 h after treatment
with ICso concentrations of EAPB0503, fixed, and then stained with Pl
or P-H3 antibody, before flow cytometric analysis. (a) Analysis of the
cell cycle distribution shows an accumulation of cycling cells in
EAPBO0503 groups. Histograms represent the relative distribution of
nonapoptotic cells between Go/G4 phases (dark gray boxes) and the
sum of cycling cells (S + Gy/M phases) (light gray boxes). Results in (a)
are averages of at least three independent experiments. (b) Levels of
P-H3 increased in EAPB0503-treated cells, a characteristic of mitosis.
Results in (b) are data of at least three independent experiments
(averages + SD). *P<0.05 and **P<0.005. Ctrl, control.

cell lines. Imidazoquinoxalines have recently emerged as
promising anticancer drugs on the basis of their in-vitro
activity on T-cell lymphomas and in-vivo activity on
melanoma. We show that EAPB0203 and EAPB0503
inhibit cell growth of three CML cell lines (K562, LAMA,
and AR230) in a dose- and time-dependent manner.
Compared with the previously described EAPB0203,
EAPB0503 has a more pronounced inhibitory activity on
CML cells and therefore was selected for the rest of the
study. In fact, direct linkage of the phenyl group to the
core imidazoquinoxaline heterocycle occurs on EAPB0503
and not to EAPB0203, where an ethyl link exists between
the two parts. This ethyl linker between the imidazo-
quinoxaline structure and the aryl moiety in EAPB0203
appears to be detrimental to the activity in comparison
with the direct linkage in the EAPB0503 compound.
Indeed, EAPB0503 was more recently synthesized and
shown to have increased in-vitro activity and bioavail-
ability in rats [19]. Furthermore, we demonstrate that
EAPB0503-treated CML cell lines showed a cell cycle
arrest in the G,/M phase. H3 phosphorylation occurs at
late prophase and is maintained during metaphase [22].

37kDa—-'- —

EAPBO0503 induces apoptosis in chronic myeloid leukemia (CML) cell
lines. Cells were treated with ICso doses of EAPB0503 and harvested
48 or 72 h after treatment. (a) Pl-staining and cell cycle analysis show
an increase in the percentage of CML cells in pre-Go upon treatment
with EAPB0503 for 48 h. Histograms in (a) represent averages + SD of
at least three independent experiments and show cells in pre-G, (b)
TUNEL assay was performed in ICso-treated cells or control cells for
72 h. The percentage of TUNEL-positive cells is shown in the histogram
as averages + SD of three independent experiments. (c) Western blots
show PARP cleavage upon 48-h treatment with EAPB0503. Whole
SDS protein lysates were prepared from CML cells treated for 48 h
with the indicated drugs, and probed with a specific antibody for PARP.
Western blots in (c) are representative of three independent
experiments. The arrow indicates the cleaved PARP. *P<0.05 and
**P<L0.005. Citrl, control.

Accordingly, corresponding levels of elevated P-H3 in
EAPB0503-treated CML cells suggested a specific arrest
in mitosis. Interestingly, EAPB0203 and EAPB0503 were
shown to disrupt tubulin polymerization and microtubule
formation in malignant cells [24]. Furthermore,
EAPBO0503 increased the pre-Gy population, suggesting
an apoptotic activity of EAPB0503. Induction of apoptosis
was further confirmed by the analysis of DNA breakage
and PARP cleavage in treated CML cells. To illustrate the
mechanism by which EAPB0503 induced apoptosis, we
assessed the integrity of the mitochondria and found that
EAPB0503-induced apoptosis was accompanied by the
dissipation of MMP and the release of cytochrome ¢,
indicating the intrinsic apoptosis. We have shown
previously that in T-cell lymphoma and HTLV-I-asso-
ciated adult T-cell leukemia/lymphoma cell lines,
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EAPBO05083 leads to disruption of the mitochondrial membrane potential (MMP) and downregulation of BCR-ABL proteins. (a, b) Cells were treated
with IC5, doses of EAPB0503 for 48 h, harvested, and stained with rhodamine-123. Rhodamine-123 was excited at 488 nm, and fluorescence
emission at 525 nm was assessed by flow cytometry and analyzed using the CellQuest software. Histograms in (a) show a representative experiment
of MMP decrease upon treatment with EAPB0503 and show the percentage of cells with rhodamine-123 fluorescence (x-axis). The chart in (b)
represents the average * SD of three independent experiments. The decrease in MMP was also accompanied by a moderate release of cytochrome
c into the cytosol, as shown in (c), obtained from three independent experiments run in duplicate (average + SD) *P<0.05 and **P<0.005.

(d) EAPB0503 reduces BCR-ABL protein levels in chronic myeloid leukemia (CML) cell lines. Whole SDS protein lysates from untreated and
EAPB0503-treated CML cells probed with specific antibodies for BCR-ABL or GAPDH. Western blots in (c) are representative of four independent

experiments. Ctrl, control.

EAPBO0203 similarly induced growth inhibition, cell cycle
arrest, and induction of apoptosis of malignant T cells [16].

BCR-ABL is the hallmark of CML cells that rely largely on
this oncoprotein to survive and maintain their malignant
phenotype. Importantly, we show that EABP0503 de-
creases the levels of BCR-ABL oncoprotein in treated

cells. Interestingly, we found that the combination of
EAPB0503 with imatinib synergizes to inhibit CML cell
proliferation. Moreover, EABP0503 inhibited the prolif-
eration of imatinib-resistant CML cells and downregu-
lated BCR-ABL protein levels in these cells.

In conclusion, EAPB0503 acts on CML cell survival by
targeting cell cycle progression and blocking it at mitosis.
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Effect of EABP0503 on the growth of imatinib-sensitive and imatinib-resistant chronic myeloid leukemia (CML) cells. (a) EAPB0503 sgnergizes with

EAPBO0503 to inhibit the growth of CML cells (CI<1). AR230 and K562 cells were plated in 96-well plates at a density of 2 x 10

cells/ml and

treated for 48 h with imatinib (0.1, 0.25, 0.5, or 1 umol/l) and EAPB0503 (0.05, 0.1, 0.5, or 1 umol/l). (b) Imatinib-resistant K662-R and AR230-R cell
growth (% control) was assayed in triplicate using the MTT assay. Results in (a) and (b) are data of at least two and three independent experiments
(averages £ SE), respectively, run in triplicate; *P<0.05. (c) EAPB0503 downregulates BCR-ABL protein in imatinib-resistant cells. Whole SDS
protein lysates were prepared from untreated and EAPB0503-treated imatinib-resistant CML cells and probed with specific antibodies for BCR-ABL
or GAPDH. Western blots in (c) are representative of two independent experiments. Cl, combination index; Ctrl, control.

This is also accompanied by a direct activation of
apoptosis and the degradation of BCR-ABL, which is
the oncoprotein that confers CML its pathogenicity.

Despite the fact that CML is one of the best understood
myeloproliferative disorders and that the invention of
TKIs has markedly improved the outcome of this disease,
CML remains a chronic disease with no definitive cure as
most patients who discontinue therapy relapse. The high
cost of the TKIs, their inefficacy against some BCR-ABL.
mutations, and their inability to eradicate CML stem cells
stress the need for the development of novel therapeutic
approaches that allow cure of CML. Overall, direct
targeting of BCR-ABL in imatinib-sensitive and imati-
nib-resistant cells suggests that EAPB0503 administered
alone or in combination with TKI has potential in the
treatment of CML, especially in those patients who are
either resistant or intolerant to TKI.

Further in-vitro studies are required to determine the
mechanism by which BCR-ABL is downregulated. Once
in-vivo studies of EAPB0503 pharmacokinetics are avail-
able, the efficacy of EAPB0503 should be assessed in in-
vivo preclinical models.
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