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The aim of this study was to demonstrate the effects of the AMP-activated protein kinase (AMPK) activator
5-amino-4-imidazolecarboxamide riboside (AICAR) in combination with arsenic trioxide (ATO) in acute
myeloid leukemia cells and determine its mechanism of action. Cell lines were either exposed to each
drug alone or both the drugs simultaneously. Cell proliferation, cell cycle and apoptosis were assessed.
Combination index (CI) method was used to calculate the synergistic, additive, or antagonistic effects of
these drugs. Western blot technique was used to study the signaling molecules in the AMPK/TSC2/mTOR
pathway. Simultaneous exposure of HL-60 cells to AICAR and ATO indicated a synergism (CI < 1), whereas
CI on NB4 cells was greater than 1. In HL-60, the change in expression level of each protein was quite
significant in the presence of the combination as compared to that induced through any single agent. On
the contrary, ATO weakened the effect of AICAR-mediated AMPK activation in NB4 cells. ATO caused a
profound decrease in the protein level of PML/RAR� in NB4 cells after 48 h, but there was no change
with AICAR and the combination. The combination of AICAR and ATO produced a synergistic effect in
the treatment of HL-60 cells involving AMPK/TSC2/mTOR pathway, and AICAR reduced ATO-mediated
apoptotic death on acute promyelocytic leukemia NB4 cells.

1. Introduction

Acute myeloid leukemia (AML) is a clinically and genetically
hematological malignant disease, which accounts for 15–20%
of childhood leukemia. Its long-term survival rate is 45%-56%
(Kaspers and Creutzig 2005).
Arsenic trioxide (As2O3, ATO) can effectively induce apopto-
sis in acute promyelocytic leukemia (APL) cells in vivo and
in vitro (Bachleitner-Hofmann et al. 2002; Miller et al. 2002;
Momeny et al. 2010). In fact, several clinical trials have been
conducted to determine the efficacy of ATO in treating several
conditions, such as AML, multiple myeloma, non-Hodgkin’ s
lymphoma, and chronic lymphocytic leukemia cells (Lu et al.
2003; Berenson and Yeh 2006; Merkel et al. 2008; Biswas et al.
2010). The molecular mechanism through which ATO prevents
the proliferation of tumor cells includes the following processes:
i) induction of programmed cell death, ii) inhibition of cell
growth and proliferation, iii) hindering angiogenesis, iv) stim-
ulating cell differentiation, v) stemming tumor cell invasion,
and vi) metastasis (Miller et al. 2002; Wei et al. 2005; Carney
2008). Although treatment with ATO cures clinical remission in
patients with APL without severe toxicity, relapse with ATO-
resistant cells still occurs (Jing et al. 1999; Au et al. 2000;
Takahashi 2010). In fact, ATO is a toxic substance at rela-
tively high exposures (Ratnaike 2003). Thus, a chemopreventive
approach incorporating the use of other active drugs to increase

the efficacy of ATO has been recommended. This lowers its
dosage of action and is considered as one of the alternative
strategies used in the management of AML.
Recently, AMP-activated protein kinase (AMPK) was reported
to be involved in cell growth regulation. In fact, it was iden-
tified as a potential target for cancer (Luo et al. 2005). When
activated, AMPK stimulates tuberous sclerosis complex (TSC)
through phosphorylation of TSC2/tuberin protein, which acts
as a GTPase-activating protein for the small GTPase Rheb.
Although we have not been able to completely elucidate the
molecular mechanism underlying mTOR activation by GTP,
it has been proved that TSC2 activation switches off Rheb,
resulting in the inhibition of mTOR activity (Inoki et al. 2003).
Research studies have found that AMPK activation induces apo-
ptosis in several types of cancerous cells, such as human prostate
cancer (Xiang et al. 2004), renal cell carcinoma (Woodard et al.
2010), breast cancer (Hadad et al. 2008), gastric cancer cells
(Saitoh et al. 2004), pancreatic cells (Kefas et al. 2003), and
hepatic carcinoma cells (Meisse et al. 2002). Thus, the fact that
AMPK activators can serve as potential antineoplastic agents
has drawn quite a lot of attention.
5-Amino-4-imidazolecarboxamide riboside (AICAR) is an
AMPK agonist. AICAR has been used extensively in research
studies to define the roles of AMPK signaling in various cellu-
lar processes. Clinical studies have found that AICAR inhibits
the proliferation of several cancer cell lines, such as C6 glioma
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cells, T98 G astrocytoma cells, MCF-7 breast cancer cells,
PC-3 prostate carcinoma cells, and hematological cancer cells
(Xiang et al. 2004; Rattan et al. 2005). In hematological malig-
nancies, clinical studies have reported that AICAR induces
cell cycle arrest and apoptotic cell death in ALL cells (Sen-
gupta et al. 2007). Moreover, combination of AICAR with the
mTOR inhibitor rapamycin further enhanced the suppression
of cell proliferation (Sengupta et al. 2007). AMPK seems to
be an attractive target in mantle cell lymphoma cells (Drakos
et al. 2009). More recently, clinical trials conducted on nude
mice indicated that the AMPK activator metformin had potent
inhibitory effects on various AML cell lines, primary AML cells,
and AML xenografts, which has been associated with decreased
mTOR signaling (Green et al. 2010). These research studies have
raised the potential of targeting the AMPK/TSC/mTOR pathway
in the treatment of AML.
In an earlier experiment, we found that the cell permeable
nucleoside AICAR inhibits proliferation and induces apopto-
sis in acute myeloid leukemia HL-60 and NB4 cells through
AMPK activation. Moreover, the cytotoxic efficacy of ATO and
AICAR combination has not been assessed in these types of
cancer cells. Thus, with the purpose of evaluating whether the
combination of ATO and AICAR would be effective in treat-
ing patients with acute myeloid leukemia, we incubated HL-60
and NB4 leukemic cells with ATO (at clinically achievable
concentrations) in combination with AICAR. In this manner,
we evaluated a possible additive/synergistic anti-proliferative
and/or pro-apoptotic activity.

2. Investigations and results

2.1. Cell growth inhibition with AICAR or ATO

The inhibition of proliferation caused by AICAR and ATO
in the HL-60 and NB4 cell lines was assessed after being
exposed to drugs for the following time intervals: 24, 48, and
72 h. Growth of these two cell lines was inhibited in vitro
in a time- and concentration-dependent manner. As shown in
Fig. 1A and Table 1, the NB4 cell line was sensitive to low
concentrations of AICAR. The maximum effect of AICAR
was obtained in NB4 cell (IC50 556.41 ± 34.49 �mol/L,
443.96 ± 12.14 �mol/L and 296.15 ± 7.10 �mol/L for 24, 48,
and 72 h, respectively). Moreover, AICAR also showed a
time- and concentration-dependent effect on HL-60 cell, as
outlined by the calculated IC50 after 24, 48 and 72 h expo-
sures (1885.50 ± 56.38 �mol/L, 1367.10 ± 2.38 �mol/L and
907.95 ± 9.59 �mol/L, respectively). In comparative terms,
however, the resulting impact was much higher than those found
in NB4 cell. The IC50 values for ATO were 6.52 ± 0.26 �mol/L
and 3.28 ± 0.01 �mol/L for 48 h in the HL-60 and NB4 cell
lines, respectively. As compared to NB4, HL-60 seemed to be
more resistant to the two selected drugs.

2.2. Combinatorial effects of AICAR and ATO

To obtain the data for mathematical analysis of the interaction
between two drugs, HL-60 and NB4 cells were either treated
with various concentrations of each drug alone and in combi-
nation. Then, the cell viability was assessed by the CCK-8 test
(Fig. 1B). Surprisingly, when both drugs were applied together,
AICAR sharply reduced ATO cytotoxicity towards NB4 cells.
On the other hand, AICAR increased ATO-mediated killing of
HL-60 cells.
Then, the data was analyzed by the method of Chou and Talalay
(1984), based on the assumptions that the two drugs were
either mutually exclusive or mutually non-exclusive. The CI
values were plotted against the values of the affected fractions

(Fig. 1C). Simultaneous exposure of HL-60 cells to different
concentrations of AICAR and ATO for 24, 48, and 72 h indi-
cated a synergism (CI < 1, Fig. 1A and Fig. 1C). Fig. 1C shows
the CI/Fraction affected (Fa) curve of HL-60 cells exposed to
AICAR and ATO with the simultaneous schedule of treatment.
However, as shown by the CI/Fa curve in Fig. 1C, the simultane-
ous treatments of AICAR and ATO were antagonistically active
on NB4 cell proliferation.

2.3. The combination of AICAR and ATO inhibited cell
cycle progression

Effects on cell cycle were studied using flow cytometry so as
to further characterize the effects of the combination of AICAR
and ATO. Thus, we assessed the changes in the G1, S, and G2
phases of the cell cycle with either agent, and compared them
with the controls (Fig. 2A). Single agent AICAR significantly
decreased the number of cells at both the G1 and G2 phases of
the cell cycle, but AICAR increased the number of cells at the
S phase when measured at 48 h. On the other hand, single agent
ATO induced G2 phase arrest in acute myeloid leukemia cells.
While comparing the two cell lines, the effects on cell cycle
were mainly derived from the single agent AICAR. However,
G2 phase indicated a significant decrease, when it was treated
with the combination containing AICAR.

2.4. Induction of apoptosis by AICAR, ATO or the
combination

Effects on apoptotic cell death were studied by flow cytome-
try using the medium containing Annexin V. The antagonistic
characteristics showed detectable apoptosis, which was caused
by ATO at 2 �mol/L after 48 h of treatment, and AICAR at
250 �mol/L or 750 �mol/L (Fig. 2B and 2C). As compared
with the control groups, the total number of apoptotic cells,
which included both early- and late-stage cells, was significantly
higher in each of the drug-treated groups (P < 0.05; Fig. 2C). In
case of HL-60 cells, when compared with any of the single-drug
treatment groups (AICAR, 33.69%; ATO,16.89%; P < 0.05), the
number of apoptotic cells was significantly greater in the groups
treated with the drug combination (40.64%). On the contrary,
AICAR diminished the proportion of both early (annexin+/PI−)
and late apoptotic cells (annexin+/PI+) in ATO-exposed NB4
cell cultures (29.56% apoptotic cells were reported in the pres-
ence of both agents, compared with 20.22% and 51.82% in the
presence of AICAR or ATO alone, respectively). These results
were in agreement with the findings of cell growth inhibition
studies.

2.5. Western blot analysis of signal transduction changes
with the combination of AICAR and ATO

Next, we analyzed AMPK/TSC2/mTOR signaling pathway,
which was blocked or induced by either drug treatment. Fig. 3A
illustrates the summary of key findings, which focused on the
48-h time point in HL-60 and NB4 cell lines. At this time point,
the AMPK agonist, AICAR enhanced the protein expressions of
p-AMPK� and TSC2. Also, it suppressed p-mTOR, but it did
not induce any change on either total AMPK� or total mTOR of
the two cell lines. ATO decreased both the phosphorylation level
of AMPK� and mTOR in HL-60 cells, but markedly inhibited
TSC2 in NB4. In HL-60, the change in expression level of each
protein was quite significant in the presence of the combination
as compared to that induced through any single agent. On the
contrary, ATO weakened the effect of AICAR-mediated AMPK
activation.
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Fig. 1: Effects of 5-Amino-4-imidazolecarboxamide riboside (AICAR) alone and in combination with arsenic trioxide (ATO) on HL-60 and NB4 for 24, 48 and 72 h. (A) Curve
of growth inhibitory rate of HL-60 and NB4 cells after treatment with AICAR. Symbols and bars, mean values and SE, respectively. * P < 0.001 compared with control.
(B) The anti-proliferative effects of drugs were studied on HL-60 and NB4 cell lines. Symbols and bars, mean values and SE, respectively. (C) The effects of a
combination of ATO and AICAR on HL-60 and NB4. CI = 1 indicates an additive effect, CI < 1 indicates a synergistic effect and CI > 1 indicates an antagonistic effect

Table 1: IC50 values (�mol/L) of ATO and AICAR in HL-60 and NB4 cells

Cell line HL-60 NB4

24 h 48 h 72 h 24 h 48 h 72 h

ATO 20.85 ± 1.46 6.52 ± 0.26 6.20 ± 0.21 5.50 ± 0.17 3.28 ± 0.01 2.14 ± 0.02
AICAR 1885.50 ± 56.38 1367.10 ± 2.38 907.95 ± 9.59 556.41 ± 34.49 443.96 ± 12.14 296.15 ± 7.10

Note: arsenic trioxide (ATO), 5-Amino-4-imidazolecarboxamide riboside (AICAR).
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Fig. 2: Effects of single agent and combination therapy on cell cycle and apoptosis. (A) Flow cytometry analysis of cell cycle in HL-60 and NB4 cells. (B) The pro-apoptotic
effects in the HL-60 and NB4 cells. (C) Early and late apoptotic cells after being subjected to 48-h treatment with the indicated agents. * P < 0.05 compared with control

2.6. Effect of PML/RARα protein expression by AICAR,
ATO or both in NB4 cells

In this study, we investigated whether ATO in combination
with AICAR induced an antagonistic effects in acute promye-
locytic leukemia NB4 cells. So, we examined the protein level
of PML/RAR�, which was identified as a dominant-negative
translocation product, etiologic for APL (de The et al. 1991;
Chen et al. 1996). As shown in Fig. 3B, ATO caused a profound
decrease in the protein level of PML/RAR� in NB4 cells after

48 h such that we could not detect its expression by Western
blot. However, there was no change in NB4 cells with AICAR
and combination.

3. Discussion

In this study, we explored how the combinations of ATO with
AICAR created an effective impact on HL-60 and NB4: the
two selected cell lines of acute myeloid leukemia. In this study,
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Fig. 3: Western blot analysis of AMPK-mTOR pathway and PML/RARA fusion protein expression. (A) Expression of AMPK-mTOR pathway with arsenic trioxide (ATO),
5-amino-4-imidazolecarboxamide riboside (AICAR) and the combination in HL-60 and NB4 cells. (B) Expression of PML/RARA fusion protein with ATO, AICAR and
both for 48 h on NB4. Actin protein levels were measured to serve as an internal control

we found that both AICAR and ATO produced potent cytotoxic
effects when incubated with acute myeloid leukemia HL-60
and NB4 cell lines. Although these effects were apparent when
each drug was incubated separately with the cell lines, the
cytotoxic effects were more pronounced and significant when
these drugs were incubated simultaneously in HL-60 cells.
This is the first study that illustrates such a synergistic effect
induced by AICAR and ATO in non-APL AML cell lines. In
addition, it also indicates that the combination of AICAR and
ATO might be quite effective in treating patients with non-APL
AML. However, the findings of this study also suggest that the
ATO in combination with AICAR has antagonistic effects on
APL NB4 cells. This suggests that the addition of AICAR is
unlikely to benefit patients with APL, who are first treated with
the single agent ATO.
As a cellular energy sensor, AMPK has recently been found
to be a crucial regulator of cell growth, proliferation, and apo-
ptosis. AICAR is extensively used as an activator of AMPK.
It is transported within the cells through the adenosine trans-
porter and is phosphorylated by adenosine kinase to form ZMP,
which activates AMPK. The exact mechanism through which
AICAR activates AMPK is controversial so far. Also, whether
AMPK is the primary therapeutic target of AICAR continues to
be a matter of debate. Research (Guo et al. 2009) with AICAR
showed that the anti-growth properties of this AMPK activator
are not fully mediated through inhibition of mTORC1 signal-
ing. Rather, this is achieved through inhibition of cholesterol and
fatty acid synthesis by inhibiting ACC and HMG-CoA. More-
over, its AMPK-independent effects have also been reported
(Xiang et al. 2004). In our study, AICAR mediates its effect via
activation of AMPK (Fig. 3A). AICAR alone down-regulates
the phosphorylation of mTOR level, while increasing AMPK
phosphorylation and TSC2 in both HL-60 and NB4 cell lines.
The AICAR treatment is effective in inhibiting the proliferation
of both HL-60 and NB4 cells.
Many clinical trials involving ATO have been conducted to
determine its ability in treating several hematologic malig-
nancies, such as refractory AML, myelodysplastic syndrome,
non-Hodgkin lymphoma, chronic lymphocytic or chronic myel-
ogenous leukemia, acute T cell leukemia, and multiple myeloma
(Ravandi 2004). The effects of ATO on cell signaling path-

ways have been extensively studied, although the results of
these research studies are often controversial. For instance, ATO
was occasionally observed to stimulate JNK and PI3K/Akt acti-
vation and down-regulate ERK in some leukemia cell models
(Shim et al. 2002; Redondo-Munoz et al. 2010). Earlier stud-
ies have suggested that arsenic inhibited neurite outgrowth by
inhibiting the LKB1-AMPK signaling pathway, and ATO acti-
vated mTOR by down-regulating TSC2, a negative upstream
effector of mTOR (Altman et al. 2008; Wang et al. 2010).
Our data show that ATO can slightly down-regulate AMPK�
phosphorylation and TSC2 levels, but it suppresses the mTOR
activation. We presume that it refers to independent TSC2
manner.
For mathematical analysis, we had to obtain the data associated
with the interaction between the two drugs. So, HL-60 and NB4
cells were treated with various concentrations of each drug alone
and in combination. The data shows that simultaneous exposure
of HL-60 cells to different concentrations of AICAR and ATO
created a synergistic effect (CI < 1). AICAR increases ATO-
mediated killing of HL-60 cells. Then, we explored changes
in phosphor-protein levels in order to understand the differen-
tial effects of this combination in acute myeloid leukemia cell
lines. According to our study, after being treated with AICAR,
a decrease in mTOR phosphorylation correlated well with an
increase in the phosphorylation of AMPK�. Also, TSC2 level
was also slightly enhanced at 48 h. Furthermore, in case of HL-
60 cells showing highest sensitivity to the combination, p-mTOR
decrease was reported after being exposed to ATO. Therefore,
we attribute the synergistic effects induced by ATO and AICAR
in HL-60 cells to a more significant blockade of mTOR signal-
ing.
Our experimental results indicate that AICAR markedly reduces
ATO cytotoxicity towards NB4 cells. Meanwhile, AICAR
increases ATO-mediated killing of HL-60 cells. These data indi-
cates that AICAR antagonizes the in vitro anticancer activity of
ATO in a cell-specific manner. The acute myeloid leukemia cell
lines, HL-60 (AML M2) and NB4 (AML M3), are responsive to
ATO treatment. Unlike HL-60 cells, NB4 cells carry the translo-
cation t (15;17) with the resultant chimeric protein PML/RAR�
(Dalton et al. 1988; Chen et al. 1996). According to a previ-
ous report, ATO-induced relocalization of PML-RAR� onto
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nuclear bodies and the subsequent degradation of PML/RAR�
are pivotal in inducing the apoptosis of NB4 cells (Chen et al.
1996). With the purpose of evaluating whether AICAR reduces
ATO-mediated cytotoxic effects on NB4 through PML/RAR�,
we examined the protein levels of PML/RAR�. Surprisingly,
AICAR invalidates PML/RAR� degradation. This explains the
antagonistic interactions inhibiting cell proliferation and induc-
ing apoptosis. Further studies are still needed to elucidate this
phenomenon.
In summary, the combination of AICAR and ATO can produce
a synergistic effect in the treatment of HL-60 cells involving
AMPK/TSC2/mTOR pathway. Also, AICAR reduces ATO-
mediated apoptotic death on APL NB4 cells. A significant
pro-apoptotic effect was also observed when the two drugs were
used simultaneously, but further studies are required to identify
and elucidate the additional mechanisms responsible for this
synergism. Nevertheless, our present results may help in design-
ing clinical trials to further evaluate the combination therapy of
AICAR and ATO in non-APL AML patients.

4. Experimental

4.1. Reagents

AICAR was purchased from Sigma (St Louis, MO). Arsenic trioxide (ATO)
was purchased from Pharmaceuticals Limited Company of Harbin Medi-
cal University (Heilongjiang, China). The cell counting kit-8 (CCK-8 kit),
the HRP-labeled secondary antibody, SDS Lysis Buffer, phenylmethane-
sulfonyl fluoride (PMSF), BCA protein assay kit and BeyoECL Plus were
all purchased from Beyotime (Jiangsu, China). FITC Annexin V Apopto-
sis Detection Kit was obtained from BD Biosciences (Pharmingen, Becton
Dickinson Co., CA, USA). The mTOR rabbit mAb was obtained from Cell
Signaling Technology (Beverly, MA, USA). The antibodies against TSC2,
p-AMPK� (Thr 172), AMPK� and �–actin were obtained from Santa Cruz
Biotechnology (Santa Cruz, CA, USA).

4.2. Cell culture and treatment

The human leukemia HL-60 (M2, PML/RAR� negative) and NB4 (M3,
PML/RAR� positive) cells were obtained from Cell Bank, Shanghai Insti-
tute of Cell Biology, Chinese Academy of Sciences (Shanghai, China).
These cells were maintained as an asynchronous, exponentially growing
population in RPMI-1640 medium (Hyclone, Logan, UT), which was sup-
plemented with 10% fetal bovine serum (Hyclone), 100 U/ml penicillin,
100 �g/ml streptomycin (Sigma Chemical Co.) and 2 mmol/L L-glutamine
at 37 ◦C in an atmosphere of 5% CO2. The cells used in these experiments
were in their logarithmic phase of growth, and their viability was greater
than 90%.
The AICAR stock solution (40 mmol/L in RPMI-1640 medium) was pre-
pared and diluted to working concentration, immediately before being used.
ATO was prepared as an 8 mmol/L stock solution in RPMI-1640 medium.
The cells were treated with 0.5, 1, 2, and 4 �mol/L of ATO according to
pharmacokinetic data (Shen et al. 1997). In subsequent studies, we con-
ducted an elaborate characterization of the cell response to a combination
of 2 �mol/L ATO and AICAR, which was used in concentration of IC35
(250 �mol/L for NB4, 750 �mol/L for HL-60).

4.3. Cell proliferation assays

Cell viability was assessed with the help of CCK-8 kit. HL-60 and NB4 cell
lines were grown to mid log phase cultures, which were diluted to 5 × 104

cells/mL and treated for 24, 48 and 72 h, either with each drug alone or in
combination. Control cells were treated with RPMI-1640 medium alone.
Then, CCK-8 solution was added to each sample, followed by incubation at
37 ◦C for 3 h. Supernatant was transferred to a 96-well plate. The optical den-
sity (OD) was determined at 450 nm using a microplate reader (Tecan Group
Ltd, Infinite M200, Switzerland). In each sample, three parallel experimental
groups were used to assess the cell viability. Furthermore, each experiment
was performed in triplicate.

4.4. Examination of the effect of the drug combination

Before testing the combined effect of two agents, the individual IC50 values
were determined from a single-agent exposure of the cells to either ATO
or AICAR, using the CCK-8 assay. Then, the combination index (CI) was
determined according to the median-effect method of Chou and Talalay

(1984). CI > 1, CI = 1, and CI < 1 indicated antagonism, additive effect, or
synergism, respectively.

4.5. Cell cycle analysis

Cells were treated with ATO (2 �mol/L, IC25 for HL-60, IC35 for NB4),
AICAR (IC35), or both for 48 h. HL-60 and NB4 cells were washed
twice with cold phosphate-buffered saline (PBS), and then fixed in 70%
ethanol at –20 ◦C overnight. Ethanol-fixed cells were resuspended in 0.5 mL
of 50 �g/mL propidium iodide (PI) containing the following reagents:
100 �g/ml RNase, 0.1% NP-40, and 0.1% sodium citrate. Then, the cells
were incubated on ice for 30 min. The cell cycle distribution was evaluated
from 20000 cells using the FACS caliber (Becton Dickinson, USA) and the
ModFit LTTM software (Becton Dickinson, USA).

4.6. Apoptosis analysis

For detecting the percentage of apoptotic cell by Annexin-V/PI, after incuba-
tion with ATO (2 �mol/L, IC25 for HL-60, IC35 for NB4), AICAR (IC35), or
both for 48 h, the HL-60 and NB4 cells were harvested and washed with cold
PBS twice. Then, these cells were resuspended in 100 �L binding buffer at
a concentration of 1 × 106 cells/mL. Then, the cells were incubated in 5 �L
Annexin-V–fluorescein isothiocyanate (FITC) and 5 �L PI in the dark for
15 min. In total, 400 �L binding buffer was then added in each tube, prior
to being analyzed with flow cytometer. Cells that stain positive for FITC
Annexin V and negative for PI are undergoing early apoptosis. Cells that
stain positive for both FITC Annexin V and PI imply the following possi-
bilities: i) cells are at the end stage of apoptosis, ii) cells are undergoing
necrosis, or iii) cells are already dead. Cells that stain negative for both
FITC Annexin V and PI are alive. Such cells are not undergoing measurable
apoptosis.

4.7. Western Blot analysis

The leukemia NB4 and HL-60 cells culture with treated with ATO
(2 �mol/L, IC25 for HL-60, IC35 for NB4), AICAR (IC35), or both for
48 h. Then, the cells were suspended in lysate buffer containing the follow-
ing reagents: 50 mmol/L Tris-HCl (pH 7.5), 150 mmol/L NaCl, 10 mmol/L
sodium pyrophosphate, 50 mmol/L NaF, 1 mmol/L sodium vandate, 0.1%
SDS, 10% glycerol, 1% NP40, 0.5% sodium deoxycholate, 1 �mol/L leu-
peptin, 0.1 �mol/L aprotinin, and 1 mmol/L PMSF. Before immunoblotting,
the protein concentrations were determined with a BCA detection kit. Then,
they were adjusted to equal concentrations across different samples. The
samples (40 �g) were loaded and separated by 8% or 12% SDS-PAGE gel.
Then, these samples were transferred to PVDF membranes. According to
the supplier’s protocol, the membranes were probed with various antibodies.
Afterwards, signal was measured by an ECL kit and relative photographic
density was quantitated by Odyssey Fc Imaging System.

4.8. Statistical analysis

All data were expressed in terms of mean ± standard deviation. The statis-
tical significance of the differences was conducted by ANOVA followed by
a Student’s t-test, wherein P < 0.05 represented significance.
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