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: Chalcones, a major phenolic constituent of licorice

(Glycyrrhiza inflate), has been reported to exhibit anti-
tumor properties in various cancer cells and animal model.
Numerous investigations demonstrated that licochalcone A
can modulate many cancer targets, suppressing cancer cell
growth and/or inducing apoptosis. However, the effect of
licochalcone A on acute myeloid leukemia (AML) remains
unclear. Here, the molecular mechanism by which
licochalcone A-induced apoptosis effects in human AML cells
was investigated. The results showed that licochalcone A
significantly inhibited cell proliferation of three AML
cell lines (MV4-11, U937 and HL-60). Furthermore,
licochalcone A induced apoptosis of HL-60 cells through
caspases—-3, -8, and -9 activations and PARP cleavage in
dose-dependent manner. Inhibition of JNKI/2 by specific
inhibitors significantly abolished the licochalcone A -
induced activation of the caspase-3. Taken together, our
results suggest that licochalcone A induced HL-60 cell
apoptosis and could serve as a potential additional
chemotherapeutic agent for treating AML.
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Abstract

Chalcones, a major phenolic constituent of licorice (Glycyrrhiza inflate), has
been reported to exhibit anti-tumor properties in various cancer cells and animal
model. Numerous investigations demonstrated that licochalcone A can modulate many
cancer targets, suppressing cancer cell growth and/or inducing apoptosis. However,
the effect of licochalcone A on acute myeloid leukemia (AML) remains unclear. Here,
the molecular mechanism by which licochalcone A-induced apoptosis effects in
human AML cells was investigated. The results showed that licochalcone A
significantly inhibited cell proliferation of three AML cell lines (MV4-11, U937 and
HL-60). Furthermore, licochalcone A induced apoptosis of HL-60 cells through
caspases-3, -8, and -9 activations and PARP cleavage in dose-dependent manner.
Inhibition of JNK1/2 by specific inhibitors significantly abolished the licochalcone A
-induced activation of the caspase-3. Taken together, our results suggest that
licochalcone A induced HL-60 cell apoptosis and could serve as a potential additional

chemotherapeutic agent for treating AML.



Introduction

Acute myeloid leukemia (AML) is a lethal malignant disease characterized
by the rapid growth of abnormal white blood cells (WBCs). Chemotherapy is
currently the primary treatment for AML [1], and enhancing apoptosis of AML cells is
a promising target as a final cure for this disease. Although conventional
chemotherapy of AML with either cytarabine or daunorubicin given as a single agent
induces complete remission in ca. 30%~40% of patients and combination treatment
with both agents induces complete remission in more than 50% of patients [2], only
20%~30% of patients enjoy long-term disease-free survival [2], and these
chemotherapeutic drugs can also affect normal cells causing unpleasant side effects
such as anemia, bleeding, and infection. Thus, there is a need for new agents to treat
AML.

Licochalcone A (Lico A) (Figure 1A), a flavonoid found in licorice root
(Glycyrrhiza glabra), has been reported to have anti-angiogenesis, anti-inflammatory
and anti-cancer properties [3-12]. For example, hu et al. found that Licochalcone A
attenuates lipopolysaccharide-induced acute kidney injury by Inhibiting NF-xB
activation [6]. Moreover, Tasi et al. also shown that Licochalcone A induces
autophagy through PI3K/Akt/mTOR inactivation and autophagy suppression
enhances Licochalcone A-induced apoptosis of human cervical cancer cells[10].
However, there are no reports concerning the anticancer effects of licochalcone A on
human AML cells. Although it is quite clear that licochalcone A can inhibit the growth
or induce apoptosis of various solid tumor cells, the precise impact of licochalcone A
on non-solid tumors is still not fully understood. In the present study, we investigated
the cytotoxic effects of licochalcone A on three AML cell lines (MV4-11, U937 and

HL-60), and its underlying mechanisms in vitro.



Materials and Methods
Materials

Licochalcone A of 98% purity was purchased from Sigma-Aldrich (St. Louis,
MO). A 50-mM stock solution of licochalcone A was made in dimethyl sulfoxide
(DMSO; Sigma) and stored at -20 °C. The final concentration of DMSO for all
treatments was < 0.5%. Antibodies specific for cleaved caspase-3, caspase-8,
caspase-9, poly(ADP-ribose) polymerase (PARP), phosphorylated (p)-extracellular
signal-regulated kinase (ERK)1/2, p-p38, p-c-Jun N-terminal kinase (JNK) and
B-actin (for the Western blot analysis) were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA). Unless otherwise specified, other chemicals used in this study were

purchased from Sigma.

Cell Culture

Human MV4-11 AML cell lines were kindly provided by Dr. L.-1. Lin (National
Taiwan University, Taipei, Taiwan), while the HL-60, and U937 cell lines were
purchased from the American Type Culture Collection (ATCC; Manassas, VA). All
cells were cultured in the recommended conditions, supplemented with 10%
heat-inactivated fetal bovine serum (FBS; Gibco, Grand Island, NY), 0.1 mM
non-essential amino acids, 2 mM L-glutamine, 100 U/ml penicillin, and 100 pg/ml

streptomycin.

In Vitro Cytotoxicity Assay

AML cells (MV4-11, HL-60, and U937) were plated in 96-well microtiter plates
and treated with various concentrations of licochalcone A for 24 h, and cell viabilities
were assessed using an MTS (Promega, Madison, WI) assay. The absorbance (A) was

read at 490 nm using an enzyme-linked immunosorbent assay (ELISA) reader
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(MQX200; Bio-Tek Instruments, Winooski, VT). The cell viability rate (multiples)

was determined by A490, IicochalconeA/A490, vehicle-

Flow Cytometric Analysis

HL-60 cells (2 x 10°/ml) were treated with vehicle (0.5% DMSO) or 12.5, 25
and 50 uM licochalcone A, and the mixture was allowed to incubate for 24 h. At the
end of incubation, cells were collected and fixed with 70% ethanol. Cells were stained
with propidium iodide (PI) buffer (4 pg/ml PI, 1% Triton X-100, and 0.5 mg/ml
RNase A in phosphate-buffered saline (PBS) for 30 min in the dark at room
temperature and then filtered through a 40-um nylon filter (Falcon, San Jose, CA).
The cell-cycle distribution was analyzed for 10* collected cells by a FACS Vantage
flow cytometer that uses the Cellguest acquisition and analysis program
(Becton-Dickinson FACS Calibur, San Jose, CA). Apoptotic cells with hypodiploid
DNA content were detected in the sub-G; region. All results were obtained from three

independent experiments.

Annexin-V/PI Staining Assay

Apoptosis-mediated death of tumor cells was examined using a double-staining
method with an FITC-labeled Annexin-V/P1 Apoptosis Detection kit (BD Biosciences,
San Jose, CA). For Pl and Annexin-V double-staining, cells were suspended in 100 pl
of binding buffer (10 mM HEPES/NaOH, 140 mM NaCl, and 2.5 mM CaCl, at pH
7.4) and stained with 5 pl of FITC-conjugated Annexin-V and 5 pl of PI (50 pg/ml)
for 30 min at room temperature in the dark, and then 400 ul of binding buffer was
added. Apoptotic cells were analyzed via flow cytometry, by a FACScan system flow
cytometric analysis. Data acquisition and analysis were performed in a

Becton-Dickinson FACS Calibur flow cytometer using Cell Quest software (BD
5



Biosciences).

Western Blot Analysis

Cell lysates were prepared as previously described . Equal amounts of protein
extracts (20 pg) were subjected to 10% or 12% sodium dodecylsulfate polyacrylamide
gel electrophoresis (SDS-PAGE) and blotted onto polyvinylidene fluoride membranes
(Millipore, Belford, MA). After blocking, the membrane was incubated with primary
antibodies for caspases-9, -3, and -8, PARP, ERK1/2, p-ERK1/2, p38, JNK1/2,
p-JNK1/2, Bax, Bcl-2, Bid, a-tubulin, and B-actin. Blots were then incubated with a
horseradish peroxidase (HRP)-conjugated anti-mouse or anti-rabbit antibody. Signals
were detected via enhanced chemiluminescence using Immobilon Western HRP

Substrate (Millipore, Billerica, MA).

Statistical Analysis

Values are shown as the mean + SE. Statistical analyses were performed using
the Statistical Package for Social Science software, vers. 16 (SPSS, Chicago, IL).
Data comparisons were performed with Student's t-test when two groups were
compared. A one-way analysis of variance (ANOVA) followed by Tukey’s post-hoc
test was used when three or more groups were analyzed. Differences were considered

significant at the 95% confidence level when p < 0.05.



Results

Cytotoxic effects of licochalcone A-treated AML Cell Lines

The chemical structure of licochalcone A was shown in Figure 1A. To
determine the cytotoxicity and the effect on cell proliferation of licochalcone A on
three AML cell lines (HL-60, MV4-11, and U937), cells were treated with different
concentrations of licochalcone A (0-50 uM) for 24h. As shown in Figures 1B-1D,
after treatment for 24 h, licochalcone A significantly reduced the cell viability in a

concentration-dependent manner for the three AML cell lines.

Licochalcone A-induced cell apoptosis in HL-60 cells

To determine whether the inhibitory effect of cell viability of licochalcone A is
associated with induction of cell apoptosis, HL-60 cells were treated with different
concentrations (0-50 uM) of licochalcone A for 24 h. Cell cycle analysis by flow
cytometry was showed a dose-dependent increased accumulation of cell population in
sub-G1 phase after a 24-hour treatment with licochalcone A (Figure 2). Meanwhile,
Annexin-V and Pl double-staining displayed an increased percentage of apoptotic

cells after a 24h treatment of licochalcone A (Figure 3), respectively.

Licochalcone A induced activation of caspase-3, -8 and -9 in HL-60 cells

To further confirm the involvement of caspase activation in licochalcone
A-induced apoptosis, activation of caspases-3, -8, and -9 and cleavage of PARP were

detected. Figure 4 shows that exposure of HL-60 cells to licochalcone A (0-50 uM)
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for 24 h, caused concentration-dependent increased of the cleaved fragments of
caspases-9, -8, and -3. Furthermore, cleaved PARP was also significantly increased in

licochalcone A treated HL-60 cells.

The apoptosis induction by licochalcone A is dependent on the regulation of

JNK1/2 signaling pathways in HL-60 cells

In a further investigation for the underlying molecular mechanisms, we
determined whether MAPKSs were activated in licochalcone A-treated HL-60 cells by
a Western blot analysis. Results showed that the phosphorylation of ERK1/2, INK1/2
and p38 MAPK were increased in cells treated with licochalcone A in a
dose-dependent manner (Figure 5). Next, we further investigated relationships among
licochalcone A induced activation of caspases-3 and MAPKs. HL-60 cells were
pretreated with 10 uM U0126 (an ERK inhibitor), JNK-In-8 (a JNK inhibitor), or
SB202190 (a p38 inhibitor) for 1 h, treated with 25 uM licochalcone A for another 24
h, and then analyzed by Western blotting. As shown in Figure 6, treatment JNK-In-8
significantly attenuated licochalcone A-induced caspase-3 activation. These findings
suggest that activation of JINK1/2 might play a critical upstream role in licochalcone

A-mediated caspase activation in HL-60 cells.
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Figure 1. Cytotoxic effect of licochalcone A in three AML cell lines (HL-60, U937
and MV4-11). Cells were treated with different concentrations of licochalcone A (0,
12.5, 25, and 50 uM) for 24 h and then observed under microscopes to reveal cell
death in a dose-dependent manner. Data represent mean of 3 determinations per

condition repeated 3 times. Results are shown as mean + SE.
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Figure 2
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Figure 2. Licochalcone A induced cell apoptosis in HL-60 cells. HL-60 cells were

incubated for 18 h

in the absence of serum and then treated with

indicated

concentrations of licochalcone A (0, 12.5, 25, and 50 uM) for 24 h, after which the

cells were stained with PI, and analyzed for DNA content by flow cytometry.

13



Figure 3
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Figure 3. Licochalcone A induced cell apoptosis in HL-60 cells by Annexin-V and
Pl double-stained flow cytometry. HL-60 cells were incubated for 18 h in the
absence of serum and then treated with indicated concentrations of licochalcone A (0,
12.5, 25, and 50 uM) for 24 h, cells were harvested and then subjected to quantitative

analysis of cell apoptosis by Annexin-V and PI double-stained flow cytometry.
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Figure 4
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Figure 4. Activation of caspase 3, -8, -9 and PARP were increased in Licochalcone
A-treated HL-60 cells. HL-60 cells were treated with 0, 12.5, 25 and 50 uM
licochalcone A for 24 h, subjected to western blotting with an antibody against PARP

or cleaved caspase-3, -8 and -9 antibodies.
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Figure 5
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Figure 5. Licochalcone A activates the phosphorylation of ERK1/2, p38 MAPK
and JNK1/2 in HL-60 cells. Cells were treated with different concentrations of
Licochalcone A (0-50 uM) for 24 h and then subjected to western blotting with an
antibody against ERK1/2, JNK1/2, and p38 MAPK. Values represent the mean + SE

of three independent experiments. (*) p < 0.05 compared to the vehicle control group.
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Figure 6
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Figure 6. INK1/2 are essential for caspase activation induced by Licochalcone A.
HL-60 cells were treated for 24 hours with 20 uM Licochalcone A with or without a
1-hour pretreatment of 10 uM U0126, JNK-IN-8, or SB203580. The expression of
cleaved caspase-3 was detected by western blotting. Quantitative results of cleaved
caspase-3 protein levels, which were adjusted to the B-actin protein level and
expressed as multiples of induction beyond each respective control. Values represent

the mean + SE of three independent experiments.
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