
Abstract. In the present study we investigated the in vitro
apoptosis inducing effects of peroxisome proliferator-activated
receptor-Á (PPAR-Á) ligand ciglitazone (CGZ) on acute pro-
myelocytic leukemia (APL) NB4 cells and its mechanisms of
action. The results revealed that CGZ (10-50 μmol/l) inhibited
the growth of leukemia NB4 cells and caused apoptosis in a
time- and dose-dependent manner. Apoptosis was observed
clearly by flow cytometry (FCM) and DNA fragmentation
analysis. After treatment by CGZ for 48 h, the percentage of
disruption of mitochondrial membrane potential (Δ„m) was
increased in a dose-dependent manner. Western blotting
demonstrated the cleavage of caspase-3 zymogen protein and
a time-dependent cleavage of poly (ADP-ribose) polymerase
(PARP). The results also demonstrated that PPAR-Á expression
was increased concomitantly when apoptosis occurred, and that
CGZ-induced apoptosis was inhibited by the PPAR-Á antagonist
GW9662, suggesting a PPAR-Á dependent signaling pathway
in CZG-induced cell death. Moreover, CGZ treatment
remarkably downregulated the expression of the X-linked
inhibitor of apoptosis protein (XIAP), which was inhibited by
GW9662. Of note, a small-molecule XIAP antagonist (1396-12)

mimicked the effect of CGZ-induced apoptosis via activation
of caspase-3, 7 and 9. The apoptosis-inducing effects by CGZ
on fresh APL cells were also found to be remarkable by using
FCM and Wright's staining observation. Taken together, our
results suggest that downregulation of XIAP and activation of
capase-3 play an important role in mediating the PPAR-Á-
dependent cell death induced by CGZ in APL cells. These data
provide a novel insight into potential therapeutic strategies for
treatment of leukemia. 

Introduction

Peroxisome proliferator-activated receptor (PPAR) plays an
important regulatory role in lipid and glucose metabolism,
adipocyte differentiation, and energy homeostasis. PPAR-Á is
one of the best characterized nuclear hormone receptors
(NHRs) in the superfamily of ligand-activated transcriptional
factors (1). A large number of studies demonstrated that
PPAR-Á is expressed in a variety of types of cancer cells and
has crucial roles in suppressing cancer cell growth (2-4).
Previous studies show that PPAR-Á expression is detected in a
large number of hematological malignant cells such as myeloid
and lymphoid leukemia cells (5-7). PPAR-Á is activated not
only by a naturally occurring arachidonic acid metabolite
15-deoxy-Δ (12,14)-prostaglandin J2 (15d-PGJ2), but also by
synthetic ligands such as those belonging to the antidiabetic
thiazolidinedione (TZD) class of compounds (8,9). Recent
studies show that activation of PPAR-Á by either TZDs or
15d-PGJ2 leads to inhibition of cell growth and apoptosis in
a large variety of cancer cells (10,11). 

Apoptosis plays an important role in prevention of leukemia
development, and impaired apoptosis is now recognized as a
key step in the pathogenisis of leukemia (12). Many studies
show that defects in apoptosis signaling contribute to cancer
cell drug resistance, and activation of apoptosis pathways is a
key mechanism by which cytotoxic drugs kill cancer cells
(13-15). Thus, induction of apoptosis is now considered as an
important method of assessment for the clinical effectiveness
of many anti-cancer drugs (16,17).
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Acute myeloid leukemia (AML) is a group of several
different diseases, the treatment and outcome of which depend
on several factors, including leukemia karyotype, patient age,
and comorbid conditions. Despite advances in understanding the
molecular biology of AML, its treatment remains challenging.
Standard regimens using cytarabine and anthracyclines for
induction followed by some form of post-remission therapy
produce response rates of 60-70%, with <20% of all patients
achieving long-term disease-free survival (18,19). Acute pro-
myelocytic leukemia (APL) is a rare disease accounting for
~10% of AML. This kind of leukemia is associated with a
high risk of early mortality before the onset of therapy or in the
early treatment phase resulting from severe coagulopathy,
frequently inducing fatal cerebral hemorrhage, and the early
mortality rate is ~10% (20). Therefore, to find new anti-
leukemia drugs and effective therapies for the clinical treatment
of myeloid leukemia are common goals.

Though the PPAR-Á ligand was proved to be very effective
in treating a variety of caner cells, many of its anti-tumor
mechanisms have not been demonstrated. Currently there is
no detailed laboratory evidence showing the mechanisms of
Ciglitazone (CGZ) on APL cells. In order to clarify some of
its anti-leukemia mechanisms, we investigated the apoptotic
effects of various concentrations of CGZ (10-50 μmol/l) on
NB4 (APL cell line) and fresh APL cells in vitro.

Material and methods

Chemicals and reagents. CGZ, a kind of synthetic PPAR-Á
ligand, was purchased from Cayman Chemical Company
(USA), dissolved in DMSO, and stored at -20˚C. Antibodies
against caspase-3, poly(ADP-ribose) polymerase (PARP),
survivin, XIAP and ß-actin were purchased from Santa Cruz
Biotechnology (Germany). Caspase-3 Colorimetric assay kits
and caspase inhibitor (z-DEVD-FMK) were purchased from
R&D Systems (Minneapolis, MN, USA). PCR primers
(Shanghai Shenggong Company, Shanghai, China) were as
follows: PPAR-Á mRNA (474bp), sense primer, 5'-TCTCTCC
GTAATGGAAGACC-3'; anti-sense primer, 5'-GCATTATG
AGACATCCCCAC-3'; ß-actin mRNA (243 bp), sense
primer, 5'-CTTCTACAATGAGCTGCGTG-3'; anti-sense
primer, 5'-TCATGAGGTAG TCAGTCAGG-3'.

Cell culture. Human APL cell line NB4 cells (purchased from
Shanghai Rui-jin Hospital) and fresh cells (obtained from newly
diagnosed APL patients after obtaining informed consent)
were cultured in RPMI-1640 medium supplemented with 10%
heat-inactivated calf serum, and 100 U/ml penicillin in a
humidified 5% incubator at 37˚C. Cells were passaged twice
weekly and routinely examined for mycoplasma contamination.

Cell growth inhibitory rate. NB4 Cell growth inhibitory rate
was assayed using the microculture tetrazolium method. Briefly,
2x105 cells/well were dispensed within 96-well culture plates
in 100-ml volumes. Then different concentrations of CGZ (10,
20, 30, 40 and 50 μmol/l) were put in different wells (after
many trials we found the above concentrations inhibit cell
growth). Each of the concentrations above was regarded as
an individual treated groups while the control group contained
no CGZ. Each treated or control group contained 6 parallel

wells. After culture plates were incubated for 0, 24, 48 and
72 h, 20 μl of MTT working solution was added and then
incubated continuously for 4 h. All culture medium supernatant
was removed from each well after centrifugation and replaced
with 100 μl of DMSO. Following thorough solublization, the
absorbance (A value) of each well was measured using a
microculture plate reader at 570 nm. Cell inhibitory rate was
calculated according to the formula, inhibitory rate = 100x
(A value of control group-A value of treated group)/A value
of control group. 

NB4 cell viability assay. Cell viability was assessed by Trypan
Blue dye exclusion method. Briefly, cells treated with different
concentrations of CGZ were collected and Trypan Blue
solution was added to the cells in equal volume. Then, cells
were counted using hemacytometer after 15-20 min of
incubation at room temperature and the ratio of viable cells
to the total number of cells was calculated and recorded. 

Flow cytometry analysis for cell apoptosis. After cells were
treated with different concentrations of CGZ for 48 h, apoptosis
was assayed by annexin V and propidium iodide (PI) staining
and analyzed by flow cytometry (FACScan, Becton Dickinson;
Mountain View, CA) according to the manufacturer's
protocol. The experiments were repeated three times and the
results were presented as mean ±SD.

DNA fragmentation assay. Apoptosis was confirmed by
detection of fragmentation of chromosomal DNA with the
classic DNA ladder method. Briefly, after treatment by
different concentrations of CGZ for 48 h, 1x106 cells were
immersed in cytolysis buffer and incubated for 3 h at 50˚C.
DNA was extracted with phenol-chloroform, precipitated in
1/10 volume of NaAc 2 mol/l and 2 volumes of ethanol at
-20˚C overnight, recovered by centrifugation at 1,000 x g for
30 min at 4˚C, and then resuspended in TE buffer. RNase A
was then added at a concentration of 200 mg/l, then the treated
extract was incubated at 37˚C for 30 min and electrophoresed
on a 1.2% agarose gel.

Western blot analysis. For Western blotting, cells were
harvested and disrupted in lysis buffer (1% Triton X-100,
1 mM EGTA, 1 mM EDTA, 10 mM Tris-HCl, pH 7.4). Cell
debris was removed by centrifugation at 10,000 x g for 10 min
at 4˚C. The resulting supernatants were resolved on a 10%
SDS-PAGE under denatured reducing conditions and trans-
ferred to nitrocellulose membranes. The membranes were
blocked with 5% non-fat dried milk at room temperature for
30 min and incubated with different primary antibodies. The
membranes were washed and incubated with horseradish
peroxidase-conjugated secondary antibodies. As an internal
control, ß-actin was also detected. The immunoreactive proteins
were detected using an ECL Western blotting detection system.

Analysis of the mitochondrial membrane potential. The
mitochondrial membrane potential (Δ„m) was measured by
FCM using the intramitochondrial dye JC-1 (Alexis
Biochemical Co., Germany) after NB4 cells treated with
different concentrations of CGZ for 48 h. The detection
procedure was performed according to the manufacturer's
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instructions. Data were converted to dot plots using Cell Quest
software (Becton Dickison, Germany).

RT-PCR. RT-PCR was used to detect the expression of PPAR-Á
after NB4 cells were treated with 40 μmol/l CGZ for 12, 24,
48 and 72 h. The total RNA was extracted by using Trizol
reagent. First-stranded cDNA was synthesized using 5 μg
total RNA by RT-PCR kit. The PCR reactions for PPAR-Á
and ß-actin cDNAs were performed with 30 amplification
cycles and the reaction conditions were, denaturation at 94˚C
for 1 min, annealing at 53˚C for 2 min, and extension at 72˚C
for 3 min. All of the above PCR reactions were incubated in
an automatic heat-block (Model PJ 2000 DNA Thermal
Cycler). The PCR products were then run on 1.5% agarose gel
and visualized by ethidium bromide staining.

Immunocytochemistry. PPAR-Á protein was also detected by
immunocytochemistry. Briefly, After NB4 cells were treated
with 40 μmol/l CGZ for 12, 24, 48 and 72 h, cells were
harvested and evaluated by immunostaining. The primary
antibody was a rabbit polyclonal anti-PPAR-Á (1:1,000; Santa
Cruz, CA), and the secondary antibody an Alexa-conjugated
goat anti-rabbit IgG (Molecular Probes, Eugene).

Caspase activity assay. Activity of caspases was determined by
Caspase Colorimetric assay kit, according to the manufacturer's
protocol. Briefly, cells were washed with ice-cold PBS and
lysed in a lysis buffer. Cell lysates were tested for protease
activity using a caspase-specific peptide, conjugated to the
color reporter molecule p-nitroanaline. The chromophore
p-nitroanaline, cleaved by caspases, was quantitated with a
spectrophotometer at a wavelength of 405 nm. The caspase
enzymatic activities in cell lysate are directly proportional to
the color reaction.

Growth inhibition of CGZ in fresh APL cells. To show the
effects of CGZ on fresh APL cells, MTT assay was also used
to determine the cell growth inhibitory rate caused by 10, 20,
30, 40 and 50 μmol/l CGZ as described above.

CGZ induced apoptosis in fresh APL cells. CGZ-induced
apoptosis in fresh APL cells was also detected by FCM.
Briefly, after the cells were treated with different concentrations
of CGZ for 48 h, cells were harvested and stained with
Annexin-V-FITC, then apoptosis was analyzed by FCM. 

Apoptotic morphology of fresh APL cells observed by Wright's
staining. After the cells were treated by different concentrations
of CGZ for 48 h, cells were harvested and observed by Wright's
staining. The morphological variations, such as apoptosis as
well as maturation and differentiation, were observed.

Statistical analysis. All experiments were performed in triplicate
and the results were expressed as mean ±SD. Statistical
analysis was performed with a Student's t-test using SAS
6.12 software. Statistical significance was accepted at the
level of P<0.05.

Results

NB4 cell growth inhibition caused by CGZ. CGZ (10 μmol/l)
had a smaller inhibitory rate on NB4 cells, but it inhibited the
growth of NB4 cells significantly at a higher concentration,
especially when the concentration was >30 μmol/l. The
inhibitory rate caused by 50 μmol/l CGZ was much higher
(>90%) than that of lower concentrations of CGZ (p<0.01)
(Fig. 1A). The number of viable cells were also observed by
Trypan Blue dye exclusion method. As shown in Fig. 1B, the
ratio of viable cells to the total number of cells was significantly
reduced in a time- and dose-dependent manner.

Apoptosis inducing effects by CGZ on leukemia NB4 cells. We
first detected the apoptosis inducing effects by flow cytometry
after treatment by different concentrations of CGZ for 48 h.
As shown in Fig. 2, CGZ induced apoptosis on leukemia
NB4 cells in a dose-dependent manner. The apoptosis-inducing
effects were confirmed by DNA fragmentation analysis. As
shown in Fig. 3, incubation of leukemia NB4 cells with
different concentrations of CGZ for 48 h elicited characteristic
‘ladders’ of DNA fragments. 
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Figure 1. Cell growth inhibition caused by CGZ. (A) Cell growth inhibitory rate. After NB4 cells were treated with different concentrations of CGZ, MTT
assay was used to detect cell growth inhibitory rate as described in Methods and materials. (B) Cell viability. After NB4 cells were treated with different
concentrations of CGZ, Trypan Blue dye exclusion method was used to detect cell viability. The ratio of viable cells to the total number of cells was
significantly reduced especially when the cells were treated with 40 and 50 μmol/l CGZ for 72 h. 
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Disruption of Δ„m. To clarify the apoptotic mechanisms caused
by CGZ, the mitochondrial membrane potential was examined
after treatment with different concentrations of CGZ for 48 h.
As shown in Fig. 4, the cells exhibited a significant alteration
in Δ„m. The percentage of disruption of Δ„m was increased
in a dose-dependent manner (Fig. 4). This suggests that
CGZ-induced apoptosis involves the mitochondrial signaling
pathway. 

Activation of caspase-3. To understand the activation of the
caspase cascade during CGZ-induced apoptosis in leukemia
NB4 cells, we investigated the variation of caspase-3 after the
cells were treated with 40 μmol/l CGZ for 12, 24, 48 or 72 h.

As shown in Fig. 5A, treatment of the cells with 40 μmol/l CGZ
resulted in the cleavage of 32-kD caspase-3 zymogen protein
and the appearance of its 17-kD subunit. To confirm that CGZ
induces the activation of caspase-3, the cleavage of poly
(ADP-ribose) polymerase (PARP) was also examined by
Western blotting. As shown in Fig. 5B, CGZ treatment caused
the time-dependent proteolytic cleavage of PARP, with the
appearance of an 89-kD fragment and disappearance of the
intact 116-kD PARP. 

To estimate the contribution of caspase-3 to CGZ-induced
cell apoptosis, cells were pretreated with z-DEVD-FMK
(20 μmol/l), a caspase-3-specific inhibitor, prior to Tan I
treatment. The cells were first treated with z-DEVD-FMK for
1 h, then incubated with 40 μmol/l CGZ for 12, 24, 48 and
72 h. As shown in Fig. 6A, 1 h pre-treatment with z-DEVD-
FMK blocked the activation of caspase-3-induced CGZ.
Consistent with these results, CGZ-induced PARP cleavage
was also inhibited by z-DEVD-FMK (Fig. 6B), indicating
that Tan I-induced apoptosis was mediated via the activation
of caspase-3. 

Variation of PPAR-Á expression caused by CGZ treatment.
After treatment by 40 μmol/l CGZ for 12, 24, 48 or 72 h,
RT-PCR and Western blotting were used to detect PPAR-Á
expression. As shown in Fig. 7A, expression of PPAR-Á
mRNA (474 bp) was gradually enhanced in a time-dependent
manner. Consistent with these results, PPAR-Á protein (~55 kD)
expression was also increased, observed by Western blotting
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Figure 2. Cell apoptosis caused by CGZ. After NB4 cells were treated with
different concentrations of CGZ for 48 h, cells were harvested and stained by
annexin V and propidium iodide (PI) staining. Then apoptosis was analyzed by
FCM. The percentage of apoptotic cells gradually increased in a dose-dependent
manner. After treatment by 0-50 μmol/l CGZ for 48 h, the apoptotic cells were,
2.1% (Control, 0 μmol/l); 8.6% (10 μmol/l); 21.8% (20 μmol/l); 35.9.6%
(30 μmol/l); 48.5% (40 μmol/l) and 52.6% (50 μmol/l).

Figure 3. DNA fragmentation analysis. Apoptosis was confirmed by
detection of fragmentation of chromosomal DNA with the classic DNA
ladder method. DNA ladder was observed clearly after the cells were treated
for 48 h. Lanes 1, 2, 3, 4 and 5 were, 10, 20, 30, 40 and 50 μmol/l CGZ. C,
control (0 μmol/l CGZ); M, 100 bp DNA marker. 

Figure 4. Disruption of mitochondrial membrane potential (Δ„m). The
variation of Δ„m was analyzed as described in the Materials and methods
after treatment by CGZ for 48 h. The cells exhibited significant alterations
in Δ„m, and the percentage of disruption of Δ„m gradually increased in a
dose-dependent manner.

Figure 5. Western blot analysis of caspase-3. After the cells were treated by
40 μmol/l CGZ for 12, 24, 48 and 72 h, expression of caspase-3 and PARP was
analyzed by Western blotting. Caspase-3 was activated by the loss of caspase-3
proenzyme (32 kD) and the appearance of its 17-kD subunit (A). CGZ
treatment also caused a time-dependent cleavage of PARP, with the appearance
of an 89-kD fragment and disappearance of the intact 116-kD PARP (B).
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(Fig. 7B). Immunocytochemistry was also used to observe
the variation of PPAR-Á protein. As shown in Fig. 8, PPAR-Á
protein (green) was expressed in leukemia NB4 cells and
localized predominantly in the cell nucleus, and only a less
amount of PPAR-Á protein was found in the cytoplasm. After
treatment by 40 μmol/l CGZ for 12, 24, 48 or 72 h, fluorescent
intensity of PPAR-Á protein was increased remarkably in a
time-dependent manner. 

CGZ-induced apoptosis was inhibited by PPAR-Á antagonist
GW9662. To investigate whether CGZ-induced apoptosis in
NB4 cells is PPAR-Á dependent, GW9662 (GW) was used to
observe whether CGZ-induced apoptosis in leukemia NB4
cells is blocked by PPAR-Á antagonist. Briefly, 2x106 cells
were exposed to 40 μmol/l CGZ for 48 h in the presence or
absence of 2 and 5 μmol/l GW. Then cells were harvested and
apoptosis was observed by DNA fragmentation and FCM
analysis. As shown in Fig. 9, characteristic ‘ladders’ of DNA
fragments were not found after treatment by 2 or 5 μmol/l

GW for 48 h. Consistent with these results, FCM detection
revealed that apoptotic cells were decreased significantly
after treatment by GW (Fig. 10). These results indicate that
the PPAR-Á signaling pathway is involved in CGZ-induced
apoptosis in leukemia NB4 cells.

Downregulation of XIAP was involved in CGZ-induced
apoptosis. XIAP and survivin belong to inhibitors of apoptosis
proteins (IAP). Expression of XIAP and survivin were reported
to be in most cancer cells and their increased expression is
associated with poor prognosis (21). In order to clarify whether
CGZ-induced apoptosis in leukemia NB4 cells is related to
the changes of IAP, we detected the expression of XIAP and
survivin after NB4 cells were treated by 40 μmol/l CGZ for
12, 24, 48 and 72 h. As shown in Fig. 11A, the results revealed
that the expression of XIAP was downregulated remarkably
in a time-dependent manner, while the expression of survivin
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Figure 6. Caspase-3 inhibitor (z-DEVD-FMK) blocked activation of caspase-3.
Pre-treatment with specific caspase inhibitor z-DEVD-FMK blocked the
activation of caspase-3 induced by CGZ treatment (A). CGZ-induced PARP
cleavage was also inhibited by z-DEVD-FMK (B). 

Figure 7. PPAR-Á expression caused by CGZ treatment. After treatment by
40 μmol/l CGZ for different times, RT-PCR revealed that the expression of
PPAR-Á mRNA (474 bp) was gradually enhanced in a time-dependent
manner (A). PPAR-Á protein (~55 kD) expression was also increased by
Western blot analysis (B). ß-actin was used as an internal control. 

Figure 8. Cell immunostaining. Immunocytochemistry was used to observe PPAR-Á protein. PPAR-Á protein (green) was localized predominantly in the cell
nucleus and increased remarkably in a time-dependent manner after treatment with 40 μmol/l CGZ. 
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remained unchanged when apoptosis occurred. The results
indicate that the change of XIAP expression was involved in
CGZ-induced apoptosis in NB4 cells. To examine whether
CGZ-induced downregulation of XIAP is PPAR-Á-dependent,
we observed the expression of XIAP after cells were exposed
to 40 μmol/l CGZ for 48 h in the presence of 2 or 5 μmol/l
GW. As shown in Fig. 11B, Western blotting revealed that
CGZ-induced downregulation of XIAP was inhibited by
GW9662, suggesting that CGZ induced downregulation of
XIAP through a PPAR-Á-dependent mechanism.

XIAP antagonist (1396-12) mimicks the effect of CGZ-
induced apoptosis. XIAP is one of the most potent inhibitors
of the apoptosis cascade and suppresses apoptosis triggered
by many apoptosis inducing factors (22). In order to verify if
downregulation of XIAP is required for CGZ-induced apoptosis
through activation of PPAR-Á, we observed the apoptosis
inducing effects and detected the activity of caspase-3, 7 and 9
in NB4 cells caused by a small-molecule antagonist 1396-12
(kindly provided by Dr F. Wang, Division of Glial Disease and
Therapeutics, Department of Neurosurgery, University of

Rochester, Rochester, NY, USA), a phenylurea-based
compound, to determine whether downregulation of XIAP
mimics the effect of CGZ-induced apoptosis in leukemia NB4
cells. As shown in Fig. 12A, treatment by 10, 20 and 30 μmol/l
1396-12 induced time-dependent apoptosis after NB4 cells
were treated for 12, 24 and 48 h. To estimate the contribution
of caspases in XIAP antagonist-induced apoptosis on NB4
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Figure 9. CGZ-induced DNA fragmentation was inhibited by GW9662.
Characteristic ‘ladders’ of DNA fragments were inhibited by treatment of 2
or 5 μmol/l GW9662 for 48 h. 

Figure 10. FCM analysis of GW9662 revealed apoptosis inhibition. FCM
detection revealed that apoptotic cells were decreased significantly after
treatment by GW for 48 h, indicating that the PPAR-Á signaling pathway
was involved in CGZ-induced apoptosis in leukemia NB4 cells.

Figure 11. Expression of XIAP and survivin in CGZ-induced apoptosis. NB4
cells were treated with 40 μmol/l CGZ for various times. Cytosol fraction was
prepared and subjected to Western blotting. Representative results from three
independent experiments are shown. (A) Variation of XIAP and survivin
expression. Treatment by CGZ down-regulated the expression of XIAP,
whereas the expression of survivin remained unchaged. (B) Effect of GW9662
on CGZ-induced downregulation of XIAP. Cells were treated with 40 μmol/l
CGZ for 48 h in the presence of 2 or 5 μmol/l GW9662. The results revealed
that CGZ-induced downregulation of XIAP was inhibited by GW9662.

Figure 12. Apoptosis inducing effect by XIAP antagonist (1396-12). (A)
XIAP antagonist (1396-12) induced apoptosis in NB4 cells. After NB4 cells
were treated by 5, 10, 20 and 30 μmol/l XIAP 1396-12 for 12, 24 and 48 h,
the percentage of apoptotic cells was detected by FCM analysis. The results
showed 1396-12 (over 10 μmol/l) induced a time-dependent apoptosis in
NB4 cells. (B) 1396-12 significantly increased the activity of caspase-3, -7
and -9 in a time-dependent manner, indicating that downregulation of XIAP
plays an important role in mediating the PPAR-Á-dependent cell death
induced by CGZ.
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cells, we determined the activity of caspase-3, -7 and -9 after
cells were treated by 20 μmol/l 1396-12 for 12, 24, 48 and 72 h.
As shown in Fig. 12B, 1396-12 significantly increased the
activity of caspase-3, -7 and -9 in a time-dependent manner,
indicating that downregulation of XIAP plays an important
role in mediating the PPAR-Á-dependent cell death induced
by CGZ.

Cell growth inhibition and apoptosis of fresh APL cells. CGZ
inhibited the growth of fresh APL cells. As shown in Fig. 13,

the cell growth inhibitory rate significantly increased especially
when the cells were treated with 40-50 μmol/l CGZ for 72 h.

After the cells were treated with different concentrations
of CGZ for 72 h, cell apoptosis was detected by FCM. As
shown in Fig. 14, the proportion of apoptotic cells gradually
increased in a dose-dependent manner, 10, 20, 30, 40, and
50 μmol/l CGZ-induced apoptotic cells were, 6.3±2.1%
(Fig. 14A), 13.6±2.7% (Fig. 14B), 21.3±3.6% (Fig. 14C),
39.6±6.7% (Fig. 14D) and 45.4±9.2% (Fig. 14E).

Fresh APL cell morphology observed by Wright's staining. After
fresh APL cells were treated by different concentrations of CGZ
for 72 h, the cell morphology was observed by Wright's
staining method. As shown in Fig. 15, morphology of cell
apoptosis such as condensation of chromatin and nuclear
fragmentations were also found clearly, and the number of dead
cells gradually increased concurrently, whereas there was no
cell differentiation or maturation in cell morphology during
all the cultural period using Wright's staining observation.

Discussion

Synthetic PPAR-Á ligands have demonstrated antileukemia
effects by induction of cell apoptosis (5,6). In this study, we
found that CGZ inhibits cell growth and induces apoptosis in
leukemia NB4 cells remarkably when the concentration of
CGZ was >20 μmol/l. Apoptosis was observed clearly by
flow cytometry (FCM) and DNA fragmentation analysis.
After treatment by CGZ for 48 h, the percentage of disruption
of mitochondrial membrane potential (Δ„m) was increased in
a dose-dependent manner. Western blotting demonstrated the
cleavage of caspase-3 zymogen protein and a time-dependent
cleavage of poly(ADP-ribose) polymerase (PARP). The results
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Figure 13. CGZ-induced cell growth inhibition on fresh APL cells. After fresh
APL cells were treated by different concentrations of CGZ, MTT assay was
used to detect the cell growth inhibitory rate. CGZ inhibited the growth of
fresh APL cells in a time- and dose-dependent manner. Cell growth
inhibitory rate was significantly increased especially when the cells were
treated with 50 μmol/l CGZ for 72 h.

Figure 14. CGZ-induced apoptosis on fresh APL cells. After the cells were treated with different concentrations of CGZ for 72 h, cells were harvested and
stained by Annexin-V, then apoptosis was detected by FCM. The proportion of apoptotic cells (M1) gradually increased in a dose-dependent manner, 10, 20,
30, 40, and 50 μmol/l CGZ-induced apoptosic cells were, 6.3±2.1% (A), 13.6±2.7% (B), 21.3±3.6)% (C), 39.6±6.7% (D) and 45.4±9.2% (E), respectively.
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also demonstrated that PPAR-Á expression was increased
concomitantly when apoptosis occurred, and that CGZ-induced
apoptosis was inhibited by the PPAR-Á antagonist GW9662,
suggesting a PPAR-Á-dependent signaling pathway in CZG-
induced cell death. Moreover, CGZ treatment remarkably
downregulated the expression of XIAP, which was inhibited
by GW9662. Of note, a small-molecule XIAP antagonist
(1396-12) mimicked the effect of CGZ-induced apoptosis via
activation of caspase-3, -7 and -9. The apoptosis-inducing
effects by CGZ on fresh APL cells were also found to be
remarkable by using FCM and Wright's staining observation.
Taken together, our results suggest that downregulation of
XIAP and activation of caspase-3 plays an important role in
mediating the PPAR-Á-dependent cell death induced by CGZ
in APL cells. These results suggest that CGZ is an effective
potential reagent for the treatment of leukemia. To our
knowledge, this is the first report about the roles of CGZ on
leukemia NB4 cells. 

Dysregulation of apoptosis plays an important role in the
development of leukemia. Targeted therapies that are designed

to induce apoptosis in leukemic cells are currently the most
promising antileukemia strategies (23). The elucidation of the
molecular apoptotic machinery and its defects in leukemia
lays the basis for developing new drugs that trigger apoptosis
of leukemia cells (23,24). Inhibitors of apoptosis proteins
(IAPs) are a family of related proteins that suppress apoptosis
induced by pro-apoptotic stimuli. Among IAP family members,
XIAP and survivin have attracted considerable interest. The
XIAP protein exerts its anti-apoptotic effect through inactivation
of caspase-3, -7, and -9, and neutralizing the effect of XIAP
may result in selective induction of apoptosis of cancer cells
(25,26). XIAP was found to be expressed in a large variety of
acute myeloid leukemia cells and was currently used as a
new anti-leukemia target (23,27). Previous studies show that
there is a considerable relationship between the level of
XIAP expression and response to chemotherapy, and that
leukemia patients with high XIAP levels have a shorter survival
than that observed in patients with low XIAP levels (27,28).
XIAP inhibitors, such as antisense oligonucleotides and
polyphenylurea-based small-molecule XIAP antagonists
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Figure 15. Apoptosis of fresh APL cells observed by Wright's staining. After fresh APL cells were treated with different concentrations of CGZ for 48 h, cells were
harvested and observed by Wright's staining. Morphology of fresh APL cell apoptosis such as condensation of chromatin and nuclear fragmentations were
also found clearly, whereas there was no cell differentiation or maturation in cell morphology after the cells were treated by different concentrations of CGZ.
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1396-12 were developed as new anti-cancer reagents (29,30).
Survivin is another anti-apoptotic factor and its expression was
detected in the majority of leukemia cells. In order to clarify
CGZ-induced apoptosis in NB4 cells, we detected the variation
of XIAP and survivin expression. We observed here that the
expression of XIAP was downregulated while survivin
remained unchanged. These results suggest that CGZ induces
apoptosis through downregulation of XIAP in NB4 cells. The
effect of CGZ on XIAP expression was prevented by PPAR-Á
antagonist GW9662, suggesting that CGZ induced down-
regulation of XIAP through a PPAR-Á-dependent mechanism.
To confirm the contribution of downregulation of XIAP in
CGZ-induced apoptosis, we observed the effects of a small-
molecule XIAP antagonist (1396-12) on NB4 cells. The
results revealed that 1396-12 mimicked the effect of CGZ-
induced apoptosis via activation of caspase-3, -7 and -9.

Molecular mechanisms of apoptosis involve release of
cytochrome c from mitochondria to the cytosol, thereby
initiating a cascade of proteolytic events. Caspase-3 is one of
the most important executioners which is capable of cleaving
many important cellular substrates, and caspase-3 mediated
cell death plays an important role in pathogenesis and therapy
of a variety of cancers (31,32). Our results found that disruption
of Δ„m and activation of caspase-3 was highly correlated
with CGZ-induced apoptosis in NB4 cells.

To investigate whether CGZ demonstrates apoptosis
inducing effects on fresh APL cells, we further detected the
growth inhibition effects and cell apoptotic rate as well as cell
morphology by using FCM and Wright's staining observation.
The results revealed that CGZ induces apoptosis on fresh
APL cells, and there was no cell differentiation or maturation in
cell morphology during the entire cultural period using Wright's
staining observation. A recent study reported that pioglitazone,
another synthetic PPAR-Á ligand, stimulates myeloid
differentiation in human leukemia NB4 cells (33). In the present
studies no differentiation was found in APL cells, these different
findings may be a result of by different PPAR-Á ligands. 

In summary, we conclude that downregulation of XIAP
and activation of capase-3 plays an important role in mediating
the PPAR-Á-dependent cell death induced by CGZ in APL
cells. These results suggest that CGZ is a potential effective
reagent for the treatment of leukemia. 
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