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The pterocarpanquinone L(QB-118 induces apoptosis in acute
myeloid leukemia cells of distinct molecular subtypes and
targets FoxO3a and FoxMI1 transcription factors
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Abstract. Acute myeloid leukemia (AML) patients' outcome
is usually poor, mainly because of drug resistance phenotype.
The identification of new drugs able to overcome mechanisms
of chemoresistance is essential. The pterocarpanquinone
LQB-118 compound has been shown to have a potent cytotoxic
activity in myeloid leukemia cell lines and patient cells. Our
aim was to investigate if LQB-118 is able to target FoxO3a and
FoxM1 signaling pathways while sensitizing AML cell lines.
LQB-118 induced apoptosis in both AML cell lines HL60 (M3
FAB subtype) and U937 (M4/M5 FAB subtype). Cell death
occurred independently of alterations in cell cycle distribu-
tion. In vivo administration revealed that LQB-118 was not
cytotoxic to normal bone marrow-derived cells isolated from
mice. LQB-118 induced FoxO3a nuclear translocation and
upregulation of its direct transcriptional target Bim, in HL60
cells. However, LQB-118 induced FoxO3a nuclear exclusion,
followed by Bim downregulation, in U937 cells. Concomitantly,
LQB-118 exposure reduced FoxM1 and Survivin expression
in U937 cells, but this effect was more subtle in HL60 cells.
Taken together, our data suggest that LQB-118 has a selective
and potent antitumor activity against AML cells with distinct
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molecular subtypes, and it involves differential modulation of
the signaling pathways associated with FoxO3a and FoxM1
transcription factors.

Introduction

Acute myeloid leukemia (AML) is a clonal hematopoietic
disorder characterized by multiple genetic abnormalities
in normal hematopoietic stem cells, which results in accu-
mulation of immature cells - the blasts (1). AML is a highly
heterogeneous disease and is categorized into eight FAB
(French-American-British) subtypes, based on morphological,
cytochemical, and immunophenotypic characteristics of
leukemic blasts (2). In addition, genetic and molecular altera-
tions can stratify specific groups and determine their prognosis,
since some entities exhibit quite different clinical outcomes
(3). AML treatment is mainly based on anthracyclines and
cytarabine (4) and has changed little in the past three decades,
except for the acute promyelocytic leukemia subtype, in which
combination therapy with both anthracycline and transreti-
noic acid has resulted in a high complete remission rate (5).
However, for the other AML subtypes, complete remission
rates seldom exceed 70% in younger patients and 50% in older
patients (4). For adults, 5-year overall survival is between
30 and 50%, with even more disappointing results in terms of
disease-free survival, as most patients relapse within 3-5 years
from diagnosis (6,7). Taking into account that AML patients
have a poor clinical outcome, which is mainly associated with
chemoresistance or relapse after previous response (8), and
that there has not been any significant advance in treatment
it is crucial to develop innovative therapeutic approaches to
increase response rates and survival for AML patients.
Pterocarpanquinones are hybrid molecules originated from
the molecular hybridization of pterocarpans and naphtoqui-
nones (9), which have been shown to have antitumoral activities
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(9,10). Among them,LQB-118 emerged as one of the most prom-
ising compound, because it was able to induce high apoptotic
indexes in cells from chronic myeloid leukemia (CML) patients
with the multidrug resistance (MDR) phenotype (11), while
displaying little toxicity toward peripheral blood mononuclear
cells (PBMC) derived from healthy individuals (12). This
effect involves not only changes in mitochondrial membrane
potential and regulation of the endoplasmic reticulum stress
pathway (13), but also inhibition of both the Survivin and
XTIAP antiapoptotic proteins and the drug efflux transporter
P-glycoprotein (Pgp) (11), proteins known to impact prognosis
and confer resistance to chemotherapy in multiple leukemia
models, including myeloid leukemia (14-20). In AML cells, we
have described that the LQB-118 compound triggers apoptosis
and suppresses Survivin and XIAP expression in cells from
AML patients displaying variable levels of Pgp activity and
expression (21). Moreover, there was no nuclear translocation
of the NF-xB oncogenic transcription factor, differently from
the effect observed after treatment of the AML Kasumi cell
line with idarubicin, an anthracyclin commonly used in AML
treatment (21). Nevertheless, the mechanisms of action of the
LQB-118 compound and pathways involved in its antitumoral
effect in AML cells are not fully elucidated.

Forkhead box (Fox) transcription factors are crucial
regulators of a wide range of key biological processes
and some are also deregulated in cancer (22). FoxO3a is a
member of the Fox class ‘O’ subfamily frequently found
in AML leukemic blasts (23). It is known to orchestrate
signaling pathways involved in apoptosis, cell cycle arrest,
metabolism, DNA repair and response to stress, through
modulating transcription of direct targets, such as Bim,
p27%P1 glucose-6-phosphatase, GADD45a, and manga-
nese superoxide dismutase (MnSod), respectively (24,25).
Conversely, the Fox protein M1 (FoxM1) acts like a typical
oncogene and transcriptionally activates genes associated
with cell cycle progression (i.e., cyclin B1, Aurora-B kinase,
centromere protein A and B, cdc25, and Survivin) (26,27). In
AML, aberrant FoxM1 expression was found to contribute
to proliferation of leukemic blasts (28). The modulation of
FoxO3a and FoxMI1 transcription factors has been shown
to mediate the cytotoxic and cytostatic effects of multiple
chemotherapeutic agents, playing a pivotal role in deter-
mining drug sensitivity and resistance (29).

In this study, we investigated the ability of the LQB-118
compound to sensitize AML cell lines and target FoxO3a and
FoxMI transcription factors. Our data show that LQB-118
can induce high apoptotic indexes in AML cells of distinct
molecular subtypes. LQB-118 promotes FoxO3a nuclear trans-
location and Bim upregulation in HL60 cells. However, FoxO3a
is relocated to the cytoplasm and Bim expression is suppressed
in U937 cells, in which chemosensitivity correlates with
FoxM1 and Survivin inhibition, suggesting that the LQB-118
compound is able to differentially target Fox transcription
factors to sensitize AML cells of distinct molecular subtypes.
Studying different AML molecular subtypes is important
for preclinical drug development, as they display different
outcomes and drug resistance patterns in clinical scenario. In
addition, LQB-118 was administered to Swiss mice without
detectable toxicity to normal bone marrow-derived cells,
which indicates that it has selectivity for tumor cells.
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Materials and methods

Materials. The pterocarpanquinone LQB-118 was synthesized
in the Laboratory of Bioorganic Chemistry, at the Federal
University of Rio de Janeiro (UFRJ) as described (10). The
compound was dissolved in dimethyl sulfoxide (DMSO), and
serial dilutions in culture medium were performed before use.
DMSO in the concentration paired to the highest concentration
of the LQB-118 compound was used as a vector control in all
experiments. The LQB-118 compound was used at concentra-
tions of 1.5, 3, 6 and 9 M, which were demonstrated to cause
no toxicity to PBMC isolated from healthy individuals (12).
All materials are described in detail in each section.

Animals. Swiss mice were bred in the animal facilities at
the Leopoldo de Meis Biochemistry Institute from UFRJ
(IBgM-UFRYJ), and housed under standard laboratory condi-
tions (20-25°C, 12-h light regimen) with free access to water
and standard chow (ad libitum). Two-month female mice were
used in the experiments. Procedures were approved by the
Center of Health Sciences Ethics Committee for Animal Use
(CEUA-CCS, UFRIJ) under the protocol IBQMO082.

Isolation of bone marrow cells. Mice were anaesthetized with
ethyl ether (Reagen, Rio de Janeiro, Brazil) and euthanized
by cervical dislocation. Bone marrow was aspirated from
femoral bones with a syringe containing RPMI-1640 medium
(Sigma-Aldrich Corp. St. Louis, MO, USA). Bone marrow cells
were homogenized in cold RPMI-1640 medium, centrifuged at
200 g for 10 min and then resuspended in 3 ml of cold RPMI
medium supplemented with 5% fetal bovine serum (FBS;
Gibco, Grand Island, NY, USA). The cell suspension was
incubated with 0.08% Trypan blue staining (Sigma-Aldrich)
and counted in an optical microscope.

LOB-118 in vivo administration. The in vivo concentration of
LQB-118 used was based upon its in vitro ECy, obtained from
previous work. Calculations were made considering a medium
of 30 g weight and 4 ml of bodily fluids, the final concentra-
tion of 3.8 mg/kg is representative of ~15X ECs,. Mice were
intraperitoneally injected with 3.8 mg/kg LQB-118 diluted in
phosphate buffered saline (PBS; Sigma-Aldrich) and DMSO
(Sigma-Aldrich). Control group received only the vehicle
(diluent).

Ex vivo analysis of bone marrow subpopulations. Cells from
the bone marrow of femoral bones were washed with PBS
supplemented with 5% FBS (Gibco), resuspended in 300 pl of
RPMI-1640 medium for the final concentration of 10° cells'ml.
Subsequently, cells were analyzed by flow cytometry in a
FACSCalibur (Becton-Dickinson, San Jose, CA, USA). Ten
thousand cells were acquired based on forward and side
scatter parameters, representative of cell size and granulosity.
Analysis was performed on Summit v4.3 software (Dako
Colorado, Inc., Fort Collins, CO, USA).

Cell lines. The human AML-derived cell lines HL60 and
U937 were obtained originally from American Type Culture
Collection (ATCC; VA, USA) and cultured in RPMI-1640
medium (Gibco; BRL, UK) supplemented with 10% heat-
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Figure 1. Flow cytometry analysis of LQB-118-induced cell death in HL60 and

U937 AML cell lines. HL60 and U937 cell lines were exposed to 1.5, 3, 6 and

9 uM of LQB-118 and to dimethyl sulfoxide (DMSO) and collected after a 24-h exposure. (a and b) DNA fragmentation was evaluated in the cell lines and
estimated by the percentage of cells in the sub-GO/G1 phase. (c and d) Cells were stained with Annexin V and propidium iodide for detection of Annexin V
positivity. DMSO was used as a vector control for the highest concentration. The images are representative of three independent experiments.

inactivated FBS and glutamine (2 mM) and maintained in a
humidified atmosphere at 37°C and 5% CO,. HL60 cells are
derived from promyelocytic leukemia (M3 FAB subtype)
(30,31) and U937 cells, from monocytic type (M4/MS5
subtypes) (32). The cell lines were genotyped for confirma-
tion of authenticity by the Sonda Laboratory at UFRJ and
monitored for mycoplasm contamination. Cells were exposed
to LQB-118 for 24 h at a density of 2x10%/ml.

Assessment of DNA content. After LQB-118 treatment,
2x10° cells were washed twice in PBS and incubated with
500 ul of propidium iodide (PI) staining solution (PI 50 ug/
ml diluted in citrate buffer 4 mM and Triton X-100 0.3%)
and 500 pl ribonuclease A (RNAse 100 pg/ml diluted in
citrate buffer 40 mM) for 15 min at room temperature. DNA
content was determined on a flow cytometer (FACSCalibur;
BD Biosciences, San Jose, CA, USA) and a total of ten thou-
sand events were acquired per sample. Analysis was performed
using CellQuest Pro software. This assay was performed to

analyze the cell cycle profile and assess DNA fragmentation,
which was quantified by the percentage of cells in sub-G0O'Gl1
phase.

Apoptosis assay. For detection of apoptosis, the Annexin V
assay (Genzyme Diagnostics, Cambridge, MA, USA) was
performed. Cells were stained with FITC-labeled Annexin V
as previously described (11). The compound-induced apoptotic
index was analyzed using flow cytometry, and results were
calculated as a percentage of Annexin V-positive cells in the
presence of the drug subtracting the positivity in the absence
of the drug.

Detection of caspase-3 expression using flow cytometry. After
exposure to LQB-118 for 24 h, a total of 2x10° cells were
washed with PBS and centrifuged. Then, cells were submitted
to a caspase-3 staining protocol as previously described (20).
Anti-active caspase-3 antibody was purchased from BD
Biosciences. For each condition, a negative control without
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Figure 2. Profile of caspase-3 activation mediated by the LQB-118 compound in HL60 and U937 cells. HL60 (a) and U937 (b) cell lines were incubated with
1.5,3,6 and 9 uM of LQB-118 and with dimethyl sulfoxide (DMSO). After 24 h of incubation, cells were harvested and analyzed for caspase-3 activation using
flow cytometry as described in Materials and methods. The percentages of LQB-118-induced caspase-3 activation were calculated by subtracting the values in
the caspase-3 stained from the negative control samples (no antibody). The histograms are representative of three independent experiments.

antibody was also analyzed. The results were expressed as the
percentage of cell with caspase-3 positivity.

Immunofluorescence. After LQB-118 treatment for 24 h, an
immunofluorescence assay using an anti-FoxO3a monoclonal
antibody was performed. Cytospins were prepared with HL60
and U937 10° cells treated or not with 1.5 yM of LQB118 and
DMSO. Cytospins were fixed with 4% paraformaldehyde for
20 min, and permeabilized with 1% PBS (pH 8.0)-Triton X-100
for 10 min. Cells were blocked with PBS (pH 8.0) containing
3% BSA for 1 h and then, stained with a monoclonal antibody
against FoxO3a (1:200 dilution, Cell Signaling, Danvers, MA,
USA) diluted in PBS (pH 8.0) 1% bovine serum albumin (BSA)
overnight. The antibody-antigen complexes were detected by
incubation for 1 h with secondary anti-rabbit Alexa Fluor 488
or 594 antibodies (1:300 dilution, Life Technologies, NY, USA)
in PBS (pH 8.0) 1% BSA. Cells were washed and treated with

DAPI (1:1,000, 4',6-diamidino-2-phenylindole) for 10 min for
nuclear staining. Coverslips were mounted with N-propyl-
gallate and the cells were subsequently analyzed with Nikon
fluorescence microscope using the Nikon software (Leica
Microsystem).

Western blot analysis. For detection of Bim, FoxM1, Survivin,
Beclinl and (3-actin expression, pellets of 2x10° were harvested
and submitted to protein extraction and immunoblotting as
previously described (17). Primary antibodies comprised
Bim (1:1,000 dilution; Stressgen, Brussels, Belgium), FoxM1
(1:500 dilution; Cell Signaling), Survivin (1:1,000 dilution;
R&D Systems, Minneapolis, MN, USA), Beclinl (1:1,000; BD
Biosciences), and B-actin (1:5,000 dilution; Sigma-Aldrich).
Secondary anti-mouse (1:500 dilution) and anti-rabbit
(1:1,000 dilution) were purchased from GE Healthcare
(Buckinghamshire, UK). Antibody complexes were visualized
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Figure 3. Analysis of Beclinl-mediated autophagy and cell cycle profile changes induced by the LQB-118 compound in HL60 and U937 cells. The cell lines
were exposed to 1.5, 3, 6 and 9 uM of LQB-118 and to dimethyl sulfoxide (DMSO) and collected after a 24-h exposure. (a and b) Cells were lysed for western
blotting. The values below the blots indicate the densitometric ratio between the protein and f-actin. (c and d) DNA content was evaluated using cells stained
with propidium iodide and analyzed using flow cytometry. UT, untreated cells. The graphs are representative of three independent experiments.

using the ECL detection system (GE Healthcare) and band
intensities were quantified using the VisionWorks software.
Protein expression was normalized with respect to -actin.

Statistical analysis. Statistical analysis was performed using
GraphPad Prism 4.0 software (San Diego, CA, USA). Statistical
significance was calculated by non-parametric and unpaired
Student's t-test since experiments compared different groups
of animals. Data presented normal distribution according to
normality test.

Results

The LOB-118 compound induces apoptosis in AML cell
lines derived from different FAB subtypes. Recently, we
demonstrated that the novel compound LQB-118 is capable
of sensitizing the Kasumi AML cell line, derived from the
M2 FAB subtype, to undergo apoptosis (21). Since AML is
a highly heterogeneous myeloproliferative disease (1,33), the
first step of this study was to investigate if LQB-118 cytotoxic
effects extend to cell lines derived from other AML FAB
subtypes. As observed in Fig. 1a and b, exposure to LQB-118

compound for 24 h resulted in high percentages of DNA frag-
mentation, mainly at concentrations of 6 and 9 yM. We also
found that both cell lines had an increase in Annexin V staining
after LQB-118 treatment in a dose-dependent manner (Fig. Ic
and d), suggesting that the compound might exert its effects on
AML cells by triggering apoptosis. To confirm these data, we
assessed caspase-3 levels and observed that LQB-118 induced
caspase-3 activation in both cell lines (Fig. 2). It is important
to highlight that HL60 cells were slightly more sensitive than
U937 cells in all cytotoxicity assays performed. We also ques-
tioned if the LQB-118 compound would somehow modulate
the autophagic process. Our results show that the levels of
Beclinl, which is an important regulator of autophagy (34,35),
were not induced upon LQB-118 exposure (Fig. 3a and b). This
suggests that the compound does not induce Beclinl-mediated
autophagy. Our data show that the LQB-118 compound is
highly effective in inducing apoptotic cell death in AML cell
lines derived from different FAB subtypes.

LQOB-118-induced apoptosis occurs independently of changes
in the cell cycle. Since many chemotherapeutic agents exert
their cytotoxic effects through the modulation of the phases of
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Figure 5. Modulation of FoxO3a subcellular localization and Bim expression after treatment of U937 cells with the LQB-118 compound. (a) U937 cells were
exposed to 1.5 of LQB-118 and to dimethyl sulfoxide (DMSO) and harvested after 24 h. Then, cells were stained with anti-FoxO3a antibody (green) and DAPI
(blue) and analyzed using immunofluorescence. Scale bars, 4 uM. (b) Cells were treated with 1.5, 3, 6 and 9 yuM of LQB-118 and with DMSO and lysed for
western blotting. The values below the blots indicate the densitometric ratio between the protein and 3-actin. Bim indicates Bim-XL. UT, untreated cells. The
images are representative of three independent experiments.
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cell cycle, we investigate the ability of LQB-118 compound to
interfere with the cell cycle. The histograms shown in Fig. 3¢
and 3d indicate that the treatment of both cell lines with the
compound did not result in significant changes in cell cycle
distribution. This indicates that apoptosis induced by LQB-118
occurs independently of alterations in the cell cycle profile.

LOB-118 treatment results in FoxO3a transcription factor
relocation and Bim induction in HL60 cells, but not in U937
cells. Next, we investigated if LQB-118 compound would
be able to target FoxO3a, as it is known that the transcrip-
tion factor can mediate the cytotoxic effects of several drugs
in cancer cells (24). We could observe that both cell lines
displayed a diffuse, predominantly nuclear pattern of FoxO3a
staining (Fig. 4a and 5a). Upon LQB-118 treatment at 1.5 uM,
we observed nuclear translocation of FoxO3a in HL60 cells
(Fig. 4a). We also analyzed Bim expression, which is a direct
transcriptional target for FoxO3a, and LQB-118 was able to
induce Bim expression (Fig. 4b) (36). Interestingly, LQB-118
induced nuclear exclusion of FoxO3a in U937 cells (Fig. 5a).
Corroborating these data, there was no Bim upregulation,
and its expression was inhibited in a dose-dependent manner
(Fig. 5b). It is relevant to emphasize that U937 cells displayed
a resistant-phenotype at lower concentrations (e.g., 1.5 uM).
Notably, immunofluorescence experiments were not performed
after treatment with 3, 6 and 9 uM of LQB-118 because cells
were not suitable for morphologic analysis. Together, these
data indicate that LQB-118 can promote a differential modula-
tion of FoxO3a pathway in AML cells with distinct molecular
characteristics.

The LOB-118 compound promotes repression of FoxM1
transcription factor in U937 cells. Because FoxM1 has been
shown to induce cell proliferation in AML cells (28) its
suppression would be a viable approach for these leukemic
subtypes. As a consequence, we questioned if FoxM1 would
be a target for the LQB-118 compound. Fig. 6b shows that

FoxM1 expression is abolished in U937 cells upon treatment
with 9 uM of LQB-118. This effect was not so pronounced in
HL60 cells, in which FoxM1 levels remained almost unaltered
(Fig. 6a). Survivin expression was evaluated because it can be
positively regulated by FoxM1 and it has a known role in drug
resistance and as a therapeutic target (28,37). After LQB-118
treatment, we observed that U937 cells displayed a decrease
in Survivin levels, which was less pronounced in HL60 cells
(Fig. 6¢ and d). These data show that the LQB-118 compound
targets the FoxM1 pathway to induce apoptosis in U937, but
not in HL60 cells.

LQOB-118 compound is not cytotoxic to normal bone-marrow
derived cells. Next, we asked if the LQB-118 compound would
have a further cytotoxic effect on normal bone marrow cells.
To investigate this conjecture, we intraperitoneally injected
healthy Swiss mice with LQB-118, and collected cells from
their bone marrow. As shown in Fig. 7a, there was no statistical
significance between the absolute cell count from LQB-118-
treated mice and those injected with the diluents. We also
analyzed bone marrow cellular populations and found that
the LQB-118 compound did not alter the distribution of the
subpopulations when compared to control group (Fig. 7b
and c). These results indicate that LQB-118 has a selective
antitumoral activity, since it does not affect normal cells from
the bone marrow.

Discussion

AML is a highly heterogeneous disease, characterized by a
diverse spectrum of genetic abnormalities and the accumula-
tion of blastic cells (1,2). Despite effort having been made, no
significantadvances were observed in AML treatment,complete
remission, and survival rates, except for the APL subtype
(4,5). Statistics from the Surveillance Epidemiology and End
Results (SEER) show that the overall 5-year relative survival
is 24.2%, among AML population in general. Poor outcomes
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Figure 7. Effect on bone marrow cells after LQB-118 administration. (a) Swiss
mice were intraperitoneally injected with 3.8 mg/kg LQB-118. After 24 h
animals were euthanized and cells from bone marrow were obtained by bone
marrow aspiration, incubated with Trypan blue dye, and only viable cells
were counted on optical microscope. (b) Cells were collected the same way,
and then analyzed using flow cytometry. Percentages representative of each
cell subpopulation were based on cell size and granulosity. CTR, animals
injected with diluent. No statistical difference was found on each cell subtype
(p>0.05). Lines at the median of each cell population, n=8. (c) Distribution
of the bone marrow cell subpopulations of Swiss mice. Results reported as
percentage of each cell subpopulation + SD, n=8.

in AML patients are closely related to chemoresistance and/
or disease relapse (8). Considering that ~15,000 people were
diagnosed with AML in the USA in 2013 (38), there is an
urgent need for research on treatment and development of
novel therapeutic strategies. AML cell lines represent in vitro
models for studying preclinical drug development. In recent
studies, the novel pterocarpanquinone LQB-118 demonstrated
a satisfactory cytotoxic effect against diverse neoplastic cell
lines, with little toxicity towards PBMC (10,12), indicating that
it might be selective in killing tumor cells. Interestingly, the
LQB-118 compound induced apoptosis in cells from AML and
CML patients regardless of the MDR phenotype (11,21), which
strongly suggests that it may bypass mechanisms of resistance
while sensitizing tumor cells. Consistent with this, LQB-118
inhibited the expression of Survivin and XIAP antiapoptotic
proteins and Pgp efflux transporter in AML and CML cell lines
(11,21) and also triggered cascades involving the endoplasmic
reticulum stress pathway and depolarization of mitochondrial
membrane potential (13). Although these previous studies
provided some insights into LQB-118 mechanisms of action,
they also prompted us to investigate whether its effect extends
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to other AML subtypes and which signaling pathways are
regulated during chemosensitivity.

In the present study, we evaluated the effects of LQB-118
compound in HL60 (M3 subtype) and U937 (M5 subtype)
AML cell lines and observed that it induced apoptosis-
associated DNA fragmentation in both cell lines. Additionally,
there was a great increase in the population of cells positive for
Annexin V, when compared with the control of untreated cells.
Confirming these data, we found that ~70 and 90% of U937 and
HLG60 cells, respectively, exhibited activated caspase-3 levels
when exposed to LQB-118, suggesting that the compound is
able to induce high apoptotic indexes in AML cells. Although
HL60 cells were shown to be more sensitive to the compound
even at the lowest concentrations, high LQB-118 concentra-
tions could trigger U937 cells to undergo apoptosis. The
LQB-118-mediated cytotoxic effects previously mentioned
occurred independently of changes in cell cycle distribution
and had no participation of Beclinl, a critical regulator of
the autophagic process (34,35). Reinforcing these data, we
have recently demonstrated that LQB-118 displays anticancer
activities in the Kasumi cell line (M2 subtype) as well as cells
from AML patients (21). Altogether, these results show that
the LQB-118 compound is very effective in inducing apoptosis
in cells derived from distinct AML molecular subtypes. It is
important to emphasize that we observed no toxicity to normal
bone marrow cells isolated from LQB-118-treated mice when
compared to control. Thus, the low toxicity against these
cells is indicative that this pterocarpanquinone has a selec-
tive activity against leukemic cells. In 2011, da Cunha-Jinior
et al described an anti-leishmanial effect of LQB-118 in
BALB/c mice infected with Leishmania amazonensis (39).
The compound was administered intraleasionally, orally and
intraperitoneally, the latter being effective to control both
lesion and parasite growth in a concentration of 4.5 mg/kg/
day, comparable to our study. Furthermore, this concentration
did not induce liver damage, since it did not alter serological
markers of toxicity such as the enzymes aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT) and creatinine.
However, it does not exclude the possibility of the molecule
undergoing liver metabolism first before reaching the bone
marrow. However, since it selectively induced oxidative stress
and apoptosis against L. Amazonensis (40), this possibility
seems less likely.

We also explored the signaling pathways regulated by
LQB-118 in AML cells. First, we assessed FoxO3a local-
ization, because its transcriptional activity is regulated by
nuclear-cytoplasmic shuttling (41) and observed that LQB-118
treatment of HL60 cells resulted in FoxO3a nuclear transloca-
tion. Accordingly, the expression of its direct target Bim was
upregulated upon LQB-118 exposure. In contrast, LQB-118
treatment of U937 cells led to FoxO3a nuclear exclusion and
Bim downregulation. It is important to note that the immuno-
fluorescence was performed with cells exposed to the lowest
LQB-118 concentration, which is cytotoxic to HL60, but not to
U937 cells. This result suggests that LQB-118 promotes differ-
ential modulation of FoxO3a localization in different molecular
subtypes and that FoxO3a cytoplasmic localization, and conse-
quent prevention from its transcriptional activity, correlates
with LQB-118 resistance in our model. Although some reports
propose the idea that FoxO3a might have an oncogenic role in
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AML (42 43) most studies point FoxO3a as a tumor suppressor
transcription factor. It was demonstrated that the FLT3
tyrosine kinase promotes phosphorylation-mediated FoxO3a
inactivation, repression of Bim and p27*?! gene expression
and apoptosis inhibition in FLT3-expressing AML cells (44).
Also, high phosphorylated FoxO3a levels were found to be an
independent predictor of shorter remission duration and drug
resistance (44). Corroborating these data, FoxO3a activation has
been shown to be an essential event in mediating the effects of
transretinoic acid (45), hypomethylating agents (46), Aurora A
kinase inhibitors (47) and FLT3 inhibitors (48) in AML cells,
through positive regulation of its targets TRAIL, Bim, Puma,
and p27%¥', These studies further emphasize FoxO3a useful-
ness as a target for therapeutic approaches aiming to overcome
resistance in AML.

Based on the fact that FoxO3a and FoxM1 transcription
factors have opposing functions (49), our next step was to inves-
tigate FoxM1 modulation upon LQB-118 treatment. Our results
show that FoxM1 expression was progressively decreased in
LQB-118-treated U937 cells. Survivin, an antiapoptotic protein
known to be transcriptionally regulated by FoxM1, was also
downregulated after exposure to the compound. The modula-
tion in the FoxM1/Survivin axis was less pronounced in HL60
cells, mainly at the concentration of 9 yM, indicating that this
signaling pathway undergoes differential modulation by the
LQB-118 compound, depending on the molecular subtype.
FoxMI is a master regulator of cell cycle progression (27),
whose overexpression was found in a wide variety of tumors
(reviewed in ref. 50). Although the role of FoxM1 in AML has
not been fully elucidated, FoxM1 was found to be aberrantly
expressed in leukemic blast cells (28,51). Consistently, FoxM1
depletion inhibited colony formation in cells derived from
AML patients, indicating its relevance for cell cycle progres-
sion, and also resulted in Survivin suppression in a panel of
cell lines (28). Survivin expression has already been shown to
correlate with poor prognosis in AML and chemoresistance,
as Survivin knockdown sensitized AML cells to LQB-118
and idarubicin-induced apoptosis (14,21). This group of data
suggests that the LQB-118 compound negatively regulates the
oncogenic FoxM1/Survivin axis while sensitizing AML cells.

In conclusion, this study demonstrated that the LQB-118
compound can regulate multiple pathways to induce apoptosis
and target FoxO3a and FoxM1 transcription factors in AML
cells, with no toxicity to normal bone marrow cells. LQB-118
effects were different in cell lines derived from distinct
molecular subtypes, which suggests that its mechanisms of
action may vary according to the subtype under investigation.
In addition, measuring FoxO3a and FoxM1 expression might
possibly be a valuable tool to identify sensitive and resistant
patients, to stratify groups with different clinical outcomes. We
are currently conducting further in vivo experiments in order to
confirm the efficacy of LQB-118 in tumor-bearing mice. Taken
together, our findings propose the novel pterocarpanquinone
LQB-118 compound as a potential future therapeutics for treat-
ment of AML.
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