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Abstract: Acute myeloid leukemia is known as one of the most malignant diseases. We aimed at exploring the effect
of portulacerebroside A (PCA) on the apoptosis in human leukemia HL60 cells and clarify the possible mechanisms
involved in. By MTT analysis, we found that PCA (1-100 uM) inhibited the cell viability in a time- and dose-dependent
manner, and cell cycle was arrested at GO/G1 period. PCA treatment from 5 to 50 uM dose-dependently induced
apoptosis from 12.7 + 1.56% to 52.7 + 6.214% of HL60 cells. Mitochondrial membrane potential (MMP) was de-
creased and reactive oxygen species (ROS) accumulated obviously. mRNA expressions and protein levels of Bax/
Bcl-2, caspase-3 and caspase-9 were elevated significantly. ERK1/2, JNK1/2 and p38 MAPK pathway were blocked
detected by western blot analysis. In conclusion, PCA can act as a new agent for leucocythemia treatment.
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Introduction

Acute myeloid leukemia (AML) characterized by
the rapid growth and accumulation of white
blood cells in the bone marrow, is a cancer of
the myeloid line of blood cells, which interferes
with the production of normal blood cells [1, 2].
It is identified as one of the most malignant dis-
eases diagnosed in young people. Chemoth-
erapy is one of the main treatments for leuke-
mia, but most of the patients cannot be treated
thoroughly. Most people suffered from leuke-
mia tend to die from relapse or drug resistance
eventually. As a result, natural products play an
important role in the treatment of these hema-
tological malignancies.

Portulaca oleracea L., widely distributed in the
temperate and tropical zones of the world, has
been used as both foods and medicines. Its
aerial part (Chinese name Ma-Chi-Xian) has
been applied for the treatment of diarrhea, uri-
nary tract infection and diabetes for a rather
long history in China. It has wide pharmacologi-
cal properties, such as antibacterial, regulating
lipidemia, anti-aging, anti-oxidative, anti-inflam-
matory, wound-healing, analgesic and antitu-
mor activities [3, 4]. A cerebroside compound

named as portulacerebroside A from Portulaca
oleracea L. shows property of antitumor [5].

In this study, we attempted to explore the
effects of PCA on the proliferation, cell cycle
distribution, apoptosis, mitochondrial mem-
brane potential (MMP) and reactive oxygen
species (ROS) of human human leukemia HL60
cells and clarify the possible mechanisms
involved in.

Methods and materials
Cell culture

Human HL60 cell line was obtained from
Shanghai Institute of Cell Biology (Shanghai,
China). Cells were cultured in RPMI-1640 medi-
um with 10% FBS (Gibco BRL, Rockville, MD,
USA), 100 U/ml penicillin G and 100 pg/mL
streptomycin in an incubator (37°C, 100%
humidity and 5% CO,).

PCA

Portulacerebroside A (PCA) was isolated and
purified from the aerial parts of Portulaca olera-
cea L. according to the previous report and
appeared as white powder [6]. It was dissolved
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in an appropriate amount of dimethylsulfoxide
(DMSO) and diluted to the desired concentra-
tions before utilization, with the final concentra-
tion of DMSO kept below 0.5%.

MTT assay

The MTT assay was used to assess the effect
of PCA on cell viability. In brief, the cells were
seeded in 96-well culture plates and treated
without or with PCA (4, 2, 5, 10, 25, 50 and 100
uM) for 6, 12, 24 and 48 h. Subsequently the
cell viability was evaluated by MTT assay. The
absorbance was measured at 490 nm test
wavelength and 570 nm reference wavelength
with an automated Bio-Rad 550 microtiter
plate reader (Rome, Italy).

DNA fragmentation assay

Following treatment with PCA (5, 10 and 50
uM) for 24 h, the cells were harvested and fixed
for 5 minutes in 3% Para formaldehyde in phos-
phate buffered saline. After air dying, cells were
stained for 10 minutes with Hoechst 33258
(10 mL), mounted in 50% glycerol containing
20 mmol/L citric acid and 50 mmol/L ortho-
phosphate, and stored at -20°C before analy-
sis. Nuclear morphology was evaluated using a
fluorescence microscope (DMI300O0B, Leica,
Gemany).

Measurement of apoptotic cells by flow cytom-
etry

HLB0 cells were collected after treatment with
PCA (5, 10 and 50 uM) for 24 h and fixed with
75% ethanolover night at 4°C, and stained with
Annexin V and propidium iodide (PI). Cell apop-
tosis was evaluated using FAC flow cytometry
(San Jose, CA).

Mitochondria membrane potential (MMP)

Rhodamine-123 (Rho-123) dye (Sigma) was
used to detect the changes in MMP. Cells (5 %
104 cells/well) were cultured in 24-well plate.
After a period of exposure (24 h) with various
concentrations of PCA (5, 10 and 50 uM), cells
were washed with PBS, incubated with Rho-
123 (10 mg/mL) and subsequently subjected
to flowcytometry.

Detection of reactive oxygen species (ROS)

Detection of ROS was performed by flow cyto-
metric analysis as described previously. In
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brief, (5 x 10* cells/well) were cultured in
24-well plate, after a period of exposure (12 h)
with various concentrations of PCA (5, 10 and
50 uM), cells were washed with PBS and resus-
pended in complete medium followed by incu-
bation with 0.5 pyM dihydrorhodamine 123
(Sigma) for 30 min at 37°C. ROS fluorescence
intensity was determined by cytometry with
excitation at 490 nm and emission at 520 nm.

Western blot assay

Cells were seeded at a density of 5 x 10° cells
per well in 6-well plates, cultured overnight and
then treated with PCA (5, 10 and 50 uM) for 1
and 24 h. Cell protein lysates were separated in
10% sodium dodecyl sulfate-polyacrylamide
gels, electroblotted onto to a polyvinylidene
fluoride membrane (Roche Diagnostics, Mann-
heim, Germany), then detected with JNK, phos-
phorylated (P-) JNK, p38 MAPK, P-p38 MAPK,
Bax, Bcl-2, casepase-3 and caspase-8 pro-
teins. Protein loading was estimated using
mouse anti-GAPDH monoclonal antibody. Lab
Works Image Acquisition and Analysis Software
(UVP, Upland, CA, USA) were used to quantify
band intensities. Antibodies were purchased
from Univ-bio Inc (Shanghai, China).

Fluorescent quantitative reverse transcription-
PCR (FORT-PCR)

Total mMRNA was isolated from HLGO cells using
TRIzol Reagent (Gibco-BRL, Gaithersburg, MD)
according to the previous report (11). Briefly, a
4 g aliquot of RNA was reversely transcribed
to cDNA by Thermoscript RT-PCR System
reagent (Gibco-BRL). The primers and probes
were designed using the Primer Express design
software (Applied Biosystems) based on the
sequence of cDNA encoding the human Bcl-2,
Bax, caspase-3 and caspase-9 proteins. The
primers for each gene were listed as following:
5-AGACCGAAGTCCGCAGAACC-3’ and 5-GAGA-
CCACACTGCCCTGTTG-3' for Bcl-2 (product:
113 bps); 5" -GCGACTGATGTCCCTGTCTC-3’ and
5-GGCCTCAGCCCATCTTCTTC-3’ for Bax (prod-
uct: 132 bps); 5-AACTGGACTGTGGCATTGAG-3’
and 5-ACAAAGCGACTGGATGAACC-3’ for Cas-
pase 3 (product: 161 bps); 5'-ATCACTGCCAC-
CCAGAAG-3’ and 5’-TCCACGACGGACACATTG-3’
for GAPDH (product: 191 bps). PCR amplifica-
tion consisted of 35 cycles: 15 s at 94°C for
denaturing, 30 s at 58°C for annealing and
45 s (7 min in the final cycle) at 72°C for elon-
gation. Relative expression of mRNA (%) =
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52.7 + 6.214% (n = 3) in a dose-
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Figure 1. PCA inhibited the proliferation of HL60 cells. After treated with
PCA (1, 2, 5, 10, 20, 50 and 100 uM) for 12, 24 and 48 h, cell viabil-
ity was detected by MTT. Data was presented as mean + SD (n = 6).

*#8P<0.05, “##88P<(0.01, compared with the control group.
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Statistics

Values were expressed as means + SD. One-
way analysis of variance (ANOVA) followed by
Dunnett’s test was used for statistical analysis.
Probability (p) values less than 0.05 were con-
sidered significant.

Results

PCA inhibited proliferation and induced cell
cycle arrest of HL60 cells

MTT assay was performed to determine the cell
proliferation of HL60 cells under the influence
of PCA. PCA (1, 2, 5, 10, 20, 50 and 100 pyM)
were added to the culture medium for 12, 24
and 48 h. The result showed that PCA inhibited
HL6B0 cells proliferation in a time- and dose-
dependent manner (Figure 1). The doses of 5,
10 and 50 uM were determined to carry out fur-
ther investigations. In addition, cell cycle distri-
bution was determined by flow cytometry. The
Figure 2 showed that cell cycle of HL60 was
arrested at GO/G1 period by PCA (10, 50 and
100 uM).

PCA induced apoptosis of HL60 cells

Flow cytometry assay was carried out to sub-
stantiate cell apoptosis induced by PCA treat-
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dependent manner compared
with control cells with that of 2.7
+ 0.3%. The significant induction
of apoptosis indicated the anti-
cancer effect of PCA against
HLGO0 cells.

PCA induced apoptosis in the mitochondrial
pathway

Loss of MMP is related to the mitochondrial
apoptotic pathway. To assess the effect of PCA
on the changes of MMP in HL60 cells, FCM
analysis was carried out to detect the fluores-
cence intensity of Rho-123. As shown in Figure
4A and 4B, treatment of HL60 cells with PCA at
the concentrations of 5, 10 and 50 uyM for 24 h
caused a moderate depolarization of MMP in a
dose-dependent manner.

On the other hand, ROS generation is also
linked to mitochondria. Fluorescence probe
DCFH-DA was used to determine the levels of
ROS production in HL60 cells. As shown in
Figure 4C and 4D, HLGO cells exposed to PCA
at 5, 10 and 50 yM for 12 h caused a signifi-
cant increase in the intracellular accumulation
of ROS in a dose-dependent manner.

Expression of Bax/Bcl-2, casepase-3 and
casepase-9

To clarify the mechanism of HL60 cell apopto-
sis induced by PCA, apoptosis-related mole-
cules were determined by real-time PCR. As
shown in Figure 5A and 5B, mRNA expressions
of Bax/Bcl-2, casepase-3 and casepase-9 were
significantly increased in a dose-dependent
manner, after PCA treatment for 12 h. Western
blot analysis showed that protein expressions
of Bax/Bcl-2, casepase-3 and casepase-9 were
also increased by PCA treatment for 24 h
(Figure 5B, 5C, 5E and 5F).
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Figure 4. Effects of PCA on MMP and ROS in HLGEO cells. A, B. Cells were treated with PCA for 24 h at 5, 10, and 50 uM respectively, then incubated with Rhodamine
123 and analyzed by flow cytometry. C, D. Cells were treated with PCA for 24 h at 5, 10, and 50 uM respectively, and fluorescence probe DCFH-DA was used to de-
termine the levels of ROS production. Data was presented as mean + SD (n = 3). "P<0.05, ""P<0.01, compared with the control group.
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Figure 5. PCA surpressed the Bax/Bcl-2, caspase-3 and caspase-9 expression. A, B. HL60 cells were treated with
PCA (5, 10, and 50 uM) for 12 h, mRNA expressions of Bax/Bcl-2, caspase-3 and caspase-9 were detected by
real time PCR. C-F. HLGBO cells were treated with PCA (5, 10, and 50 uM) for 24 h, protein levels of Bax/Bcl-2, cas-
pase-3 and caspase-9 were detected by western blot analysis. Data was presented as mean + SD (n = 6). "P<0.05,

**P<0.01, compared with the control group.

PCA surpressed the phosphorylation of
ERK1/2 and p38 MAPK

MAPK signaling draws plenty of attention in
recent years, which is stimulated by cytokines
and involved in cell proliferation, differentia-
tion, apoptosis, immunoregulation and other
important biological processes [7, 8]. After PCA
treatment for 3 h, western blot was performed
to identify the protein expressions of JNK,
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P-INK, p38 MAPK, P-p38 MAPK. As shown in
Figure 6A and 6B, P-JNK and P-p38 MAPK was
decreased by PCA treatment compared with
the control group.

Discussion
Many reports have suggested that PCA exhibit-

ed antitumor activity against liver cancer cells,
tongue carcinoma cells [9]. In the present study,

Int J Clin Exp Pathol 2015;8(11):13968-13977
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Figure 6. PCA blocked the JNK and p38 signaling. A, B. HL60 cells were treated with PCA (5, 10, and 50 uM) for 3 h,
protein levels of P-JNK, JNK, P-p38 and p38 were identified by western blot analysis. Data was presented as mean
+ SD (n = 6). *P<0.05, **P<0.01, compared with the control group.

we investigated the inhibitory effect of PCA on
human leukemia cells HL60 and elucidated the
possible molecular mechanism involved. The
results showed that PCA inhibited HL6O cell
proliferation in a time- and dose-dependent
manner. The result of flow cytometry analysis
by Annexin V/PI staining showed that PCA treat-
ment from 10 to 100 uM dose-dependently
induced apoptosis. Our data regarding cell via-
bility, cell cycle distribution and cell apoptosis
suggested that PCA could penetrate HL60
cells, destroy mitochondria membrane integrity
and increase the ROS, which consequently
caused cell apoptosis.

Mitochondria play a crucial role in the complex
process of cell apoptosis [10, 11]. During this
process, mitochondrial membrane pores are
opened, resulting in the loss of mitochondrial
membrane potential (MMP). The loss of MMP
causes an increase in the permeability of the
mitochondrial membrane, followed by the
release of pro-apoptotic molecules such as
cytochrome c. Cytochrome c releasing from
mitochondrial interacts with ATP, Apaf-1 and
caspase-9, and subsequently activates cas-
pase-3, which consequently elicits caspase-
dependent apoptotic cell death [12-14]. The
western blot and FQRT-PCR analysis results
suggest that the protein and mRNA expression
levels of caspase-3 and caspase-9 were incre-
ased after treatment with OA.

Bcl-2 family members are crucial to regulating
the mitochondrial death pathway [15] and
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include anti-apoptotic proteins Bcl-2 and Bel-xL
and pro-apoptotic proteins Bax, Bak and Bid
[16, 17]. Apoptosis inhibitory protein Bcl-2
residing on the outer mitochondrial membrane
suppresses cytochrome c¢ release through
inhibiting mitochondrial permeability transition
and/or stabilizing the outer mitochondrial mem-
brane barrier function. When an apoptotic stim-
ulus is sensed via upstream apoptotic signaling
pathways such as MAPK, pro-apoptotic protein
Bax residing in the cytosol can translocate to
mitochondria, which promotes cytochrome ¢
release via antagonization of apoptosis inhibi-
tory protein effects. In the current study, PCA
evidently decreased Bcl-2 protein expression,
increased Bax protein expression indicating
that PCA increases mitochondrial membrane
permeability by modulating the translocation of
Bax and expression of Bcl-2 and Bax, which
results in the loss of MMP and subsequent
release of cytochrome ¢ and AlF.

Accumulating evidence indicates that activa-
tion of JNK and p38 signaling is associated
with cell cycle arrest and apoptosis induction
[18, 19]. The activation of endogenous p38/
JNK will promote tumor cell proliferation, sur-
vival and invasion [20, 21]. In the present study,
the phosphorylation levels of JNK and p38
were detected by western blot. We found that
JNK and p38 were markedly decreased in HL60
cells exposed to PCA, indicating that p38/JNK
signal pathway was inactivated by PCA.

Int J Clin Exp Pathol 2015;8(11):13968-13977
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Collectively, we found that PCA, a compound
from Portulaca oleracea L. induces apoptosis
in human leucocythemia cells HL60 via inacti-
vating p38/JNK signal pathway. It also indicat-
ed that PCA is a promising agent for the preven-
tion of liver cancer.

Address correspondence to: Hui Jiang, Department
of Hematology, Shanghai Children’s Hospital, Shang-
hai Jiao Tong University, China. E-mail: jianghui-
hui2015@163.com
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