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Pseudolaric acid B exerts antitumor activity via suppression
of the Akt signaling pathway in HelL.a cervical cancer cells
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Abstract. Pseudolaric acid B (PAB) is a diterpene acid isolated
from the bark of the root and trunk of Pseudolarix kaempferi
Gordon (Pinaceae), which has demonstrated cytotoxic effects
against various types of cancer. However, the mechanisms
underlying the anticancer effects of PAB have remained to
be elucidated. In the present study, the effects of PAB on the
viability and apoptosis of HeLa cells were investigated by
MTT assay, flow cytometric analysis of Annexin V-fluorescein
isothiocyanate/propidium iodide staining, Rhodamine 123
staining and western blot analysis. The results demonstrated
that PAB had antiproliferative and apoptosis-inducing effects
on HeLa cells. PAB markedly inhibited HeLa cell viability
in a time- and concentration-dependent manner. Flow
cytometric analysis indicated that PAB induced apoptosis
in HeLa cells in a dose-dependent manner. Treatment with
PAB suppressed the expression of anti-apoptotic factor B cell
lymphoma-2, and promoted the expression of pro-apoptotic
factor Bcl-2-associated X protein. In addition, PAB induced
an increase in Caspase-3 activity and loss of mitochondrial
membrane potential, suggesting that this apoptosis may
be mediated by mitochondrial pathways. Furthermore, the
results of western blot analysis indicated that PAB was able
to reduce Akt phosphorylation, thereby inhibiting the Akt
pathway. These results suggested that PAB inhibited cell
proliferation and induced apoptosis in HeLa cells, and that
the anti-tumor effects of PAB were associated with inhibition
of the Akt pathway. In conclusion, the results of the present
study suggested that PAB may represent a novel therapeutic
strategy for the treatment of human cervical cancer. However,
additional studies are required to investigate the underlying
apoptotic mechanisms.
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Introduction

Cervical cancer is one of the most commonly diagnosed
types of cancer, and the rates of mortality associated with this
disease are ranked fourth highest of all malignant neoplasms
amongst women worldwide (1). It has been estimated that there
are ~500,000 novel cases of cervical cancer diagnosed annu-
ally. Of those diagnosed in the USA, approximately one-third
will succumb to the disease, and this number is significantly
higher amongst women in developing countries, where 70% of
cases are diagnosed at an advanced stage (2). Current treatment
strategies include surgery, radiotherapy and chemotherapy.
However, the majority of patients exhibit metastatic disease at
the time of diagnosis or tumor recurrence following treatment.
The survival of women with locally-advanced or metastatic
disease has remained poor throughout the last two decades,
and the long-term outlook has not significantly improved.
Therefore, the identification and development of novel agents
with high efficacy and low toxicity, that are able to overcome
drug resistance and radioresistance, and have improved phar-
macologic profiles is of significance worldwide.

Bioactive natural or synthetic chemical agents are
frequently utilized in cancer therapeutics to reverse, suppress
or prevent cancer progression. It has previously been reported
that pseudolaric acid B (PAB) (3), a diterpene acid isolated
from the bark of the root and trunk of Pseudolarix kaempferi
Gordon (Pinaceae), possesses multiple biological activities,
including anti-fungal (4), anti-fertility, cytotoxic, antimicro-
bial (5), anti-tubulin (6), anti-tumor (7) and anti-angiogenic
activities (8). Previous studies have also revealed that PAB is
able to induce growth inhibition, cell cycle arrest and apop-
tosis in various types of cancer, including ovarian cancer, lung
cancer, prostate cancer and leukemia (9-11). However, to date,
the mechanisms underlying the anticancer effects of PAB have
remained to be elucidated.

The Akt signaling pathway has a critical role in the regu-
lation of cell metabolism, growth, apoptosis, survival and
tumorigenesis (12,13), and activation of the Akt signaling
pathway enhances the resistance of cancer cells to apoptosis
and cell cycle progression, thus contributing to the survival
and proliferation of cancer cells.

In the present study, the effects of PAB on cell viability,
cell apoptosis and the Akt signaling pathway were examined
in Hel a cervical cancer cells, and the antitumor mechanisms
of PAB were analyzed.
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Materials and methods

Materials. Cervical cancer cells (HeLLa) were obtained from
the Cell Bank of the Shanghai Institute of Biochemistry
and Cell Biology, Chinese Academy of Sciences
(Shanghai, China). PAB was purchased from the China
Institute of Biological Products (purity >99.0%; Beijing,
China). RPMI-1640 medium, fetal bovine serum (FBS),
penicillin-streptomycin, pancreatin, glutamine and the
bicinchoninic acid (BCA) protein assay kit were purchased
from Beyotime Institute of Biotechnology (Suzhou, China).
An Annexin V-fluorescein isothiocyanate (FITC)/prop-
idium iodide (PI) Apoptosis kit was purchased from Roche
Diagnostics (Shanghai, China). MTT and Rhodamine 123
were purchased from Sigma-Aldrich (St. Louis, MO, USA). A
Caspase-3 Colorimetric Assay kit was obtained from Nanjing
Keygen Biotech Co. Ltd (Nanjing, China). The membranes
were incubated overnight at 4°C with the following primary
antibodies from Cell Signaling Technology, Inc. (Danvers,
MA, USA): Rabbit polyclonal human Akt (#92728S; 1:1,000),
rabbit monoclonal phosphorylated-Akt (Ser473; p-Akt;
#4060S; 1:2,000), rabbit monoclonal p-glycogen synthase
kinase (GSK)-3p (Ser9; #5558S; 1:1,000), rabbit polyclonal
B cell lymphoma-2 (Bcl-2; #2876S; 1:1,000), rabbit polyclonal
Bcl-2-associated X protein (Bax; #2772S; 1:1,000) and rabbit
polyclonal B-actin (#4967S; 1:1,000). The anti-rabbit horse-
radish peroxidase-conjugated secondary antibodies (1:1,000)
were purchased from Wuhan Boster Biotechnology Co., Ltd.
(Wuhan, China). All other chemicals were of reagent grade
and obtained from commercial sources.

Cell culture. HeLa cells were cultured in RPMI-1640 medium
supplemented with heat-inactivated 10% FBS and 1% anti-
biotics (100 IU penicillin and 100 pg/ml streptomycin) in a
humidified incubator at 37°C and 5% CO,. Logarithmically
growing cells were used in all the subsequent experiments.

Cell viability. An MTT assay was used to analyze the viability
of HeLa cells following PAB treatment. Briefly, HeLa cells
were seeded into 96-well plates (6.0x10° cells/well). Following
cellular adhesion, the medium was replaced with fresh
medium supplemented with various concentrations of PAB (0,
2,4, 8 and 16 umol/l) and further cultured for the indicated
time-periods (24, 48 and 72 h). The control culture received
only the culture medium. Following incubation with PAB
or culture medium, MTT was added at a concentration of
5 mg/ml, and the cells were incubated for 4 h at 37°C. The
medium was subsequently discarded and dimethyl sulfoxide
(Sigma-Aldrich) was added to dissolve the MTT formazan
crystals. The absorbance of each well was determined using
a microplate reader (Bio-Rad 680; Bio-Rad Laboratories,
Inc., Hercules, CA, USA) at a wavelength of 570 nm. The
wells without PAB and the free cells (culture medium alone)
were used as background. The cell growth inhibition rate was
defined as the relative absorbance of treated versus untreated
cells.

Cell apoptosis assay. In order to quantify apoptosis, cells were
stained with Annexin V and PI using an Annexin V-FITC/PI
Apoptosis kit according to the manufacturer's instructions.
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Briefly, HeLa cells were cultured in six-well plates
(2x10° cells/well) and allowed to adhere overnight. Following
cellular adhesion, the cells were treated for a further 48 h
with PAB (0, 2, 4 and 8 gmol/l). Subsequently, the cells were
washed twice with cold phosphate-buffered saline (PBS;
Wuhan Boster Biotechnology Co., Ltd.) and resuspended in
Annexin V-FITC binding buffer. Annexin V-FITC was then
added and mixed gently, prior to incubation of the cells for
15 min at room temperature in the dark. The mixture was then
centrifuged at 1,000 x g for 5 min at room temperature and
resuspended in Annexin V-FITC binding buffer. PI staining
solution was then added and combined. The cells were kept on
ice in the dark and immediately analyzed by flow cytometry
(FACScan; BD Biosciences, San Diego, CA, USA).

Caspase-3 activity determination. A Caspase-3 colorimetric
assay kit was used to evaluate Caspase-3 activity. The assay
is based on the cleavage of DEVD-pNA, the chromogenic
substrate, by Caspase-3. HeLa cells were seeded into 96-well
white opaque plates (6x10° cells/well) and a corresponding
optically transparent 96-well plate, and allowed to adhere
overnight, according to the manufacturer's instructions.
Following cellular adhesion, cells were treated with PAB (0, 2,
4 and 8 ymol/l) for 48 h. At the end of the incubation period,
cells were harvested, lysed in chilled lysis buffer (Beyotime
Institute of Biotechnology, Suzhou, China) on ice for 10 min
and centrifuged for 5 min at 1,500 x g. Subsequently, Caspase
substrate solution, containing the specific peptide substrate, was
added to the supernatant and incubated for 2 h at 37°C. Finally,
Caspase-3 activity was spectrophotometrically quantified at a
wavelength of 405 nm using the UV-2250 Spectrophotometer
(Shimadzu Corporation, Kyoto, Japan).

Measurement of mitochondrial membrane potential.
Rhodamine 123 staining was used to measure the mitochon-
drial membrane potential. HeLa cells were cultured in six-well
plates (2x10° cells/well) and allowed to attach overnight. The
cells were then treated for a further 48 h with PAB (0, 2, 4 and
8 umol/l) as mentioned above. Cells were harvested, washed
twice with PBS, incubated with 1 ml Rhodamine 123 staining
solution (1 xg/ml) at 37°C in the dark for 30 min, washed twice
with PBS and centrifuged at 500 x g for 10 min. Finally, absor-
bance was determined using a spectrofluorometer (F-2500;
Hitachi, Ltd., Tokyo, Japan), at an excitation wavelength of
505 nm and an emission wavelength of 534 nm.

Western blot assay. Protein expression levels were analyzed by
western blotting. Briefly, HeLa cells were seeded in six-well
plates at a density of 2.5x10° cells/well and were incubated
overnight at 37°C prior to treatment. Following treatment of
the cells with PAB (0, 2, 4 and 8 ymol/l, respectively) for 48 h,
the cells were washed with PBS, lysed with lysis buffer and
incubated at 4°C for 1 h. The extracts were cleared by centrifu-
gation at 1,900 x g for 20 min at 4°C. The protein concentration
was determined using a BCA protein assay kit according to the
manufacturer's instructions. Protein samples were loaded at a
concentration of 40 ug/lane, separated by 12.5% SDS-PAGE
and transferred onto a nitrocellulose membrane (EMD
Millipore, Bedford, MA, USA) using a wet transfer system.
The membrane was blocked with 10% non-fat dried milk in
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Figure 1. PAB inhibits the viability of HeLa cells in vitro. HeLa cells were
treated with increasing concentrations of PAB (0, 2, 4, 8 and 16 ymol/l) for
0,24,48 and 72 h and an MTT assay was subsequently used to assess the cell
viability. The number of viable cells was proportional to the absorbance at
570 nm. Treatment with PAB induced a dose- and time-dependent inhibition
of cell viability. “P<0.05 vs. 0 gmol/l PAB. PAB, pseudolaric acid B.

Tris-buffered saline with 0.1% Tween-20 (pH 8.0; Beyotime
Institute of Biotechnology, Shanghai, China) and then incu-
bated with primary antibodies against Akt, p-Akt, p-GSK-33,
Bax, Bcl-2 and actin overnight at 4°C. The membrane was
subsequently incubated with the appropriate horseradish
peroxidase-conjugated secondary antibodies at a dilution of
1:3,000. The results were detected with an enhanced chemi-
luminescence system (EMD Millipore) and Hyperfilm X-ray
film (Kodak, Rochester, NY, USA).

Statistical analysis. SPSS software, version 13.0 (SPSS,
Inc., Chicago, IL, USA) was used for the statistical analysis.
All continuous values are expressed as the mean + standard
deviation. Student's t-test was used to compare the differences
between two groups. P<0.05 was considered to indicate a
statistically significant difference.

Results

PAB decreases the viability of HeLa cells. In order to evaluate
the effects of PAB on cell growth, HeLa cells were treated with
increasing concentrations of PAB for various time-periods,
and the viability of the cells was assessed by MTT assay.
As revealed in Fig. 1, following PAB treatment, the viability
of HeLa cells was significantly decreased in a dose- and
time-dependent manner.

PAB induces apoptosis in HeLa cells. To determine whether
the growth-inhibitory effect of PAB was associated with the
induction of apoptosis, HeLa cells treated with PAB for 48 h
were analyzed using flow cytometry. As indicated in Fig. 2,
the proportion of apoptotic cells increased from 15.4 to 38.6%
following PAB treatment, in a dose-dependent manner, indi-
cating that PAB may inhibit the growth of HeLa cells via the
induction of apoptosis.

PAB inhibits Akt kinase activation in HeLa cells. It has previ-
ously been reported that aberrant activation of the Akt signaling
pathway occurs in a number of human malignancies (14).
Therefore, the present study aimed to assess the effects of PAB
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Figure 2. PAB induces apoptosis in HeLa cells. HeLa cells were treated with
various concentrations of PAB for 48 h, prior to the analysis of cell apoptosis
by flow cytometry. (A) 0 gmol/l PAB, (B) 2 ymol/l PAB, (C) 4 pmol/l PAB
and (D) 8 gmol/l. PAB, pseudolaric acid B; PI, propidium iodide; fitc, fluo-
rescein isothiocyanate.

on the Akt signaling pathway. HeLa cells were exposed to 0, 2,
4 and 8 ymol/l PAB for 48 h and the expression of p-AKT was
assessed by western blot analysis. As demonstrated in Fig. 3,
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Figure 3. PAB inhibits Akt phosphorylation and the Akt pathway in
HeLa cells. HeLa cells were treated with PAB (0, 2,4 and 8 ymol/l) for 48 h,
and the protein expression levels of Akt, p-Akt and p-GSK-3f were measured
by western blotting. PAB, pseudolaric acid B; p-, phosphorylated; GSK-38,
glycogen synthase kinase-3(.
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Figure 4. PAB promotes the expression of Bax and downregulates Bcl-2
expression in HeLa cells. HeLa cells were treated with PAB (0, 2, 4 and
8 umol/l) for 48 h, and the protein levels of Bax and Bcl-2 were measured
by western blotting. PAB, pseudolaric acid B; Bcl-2, B cell lyphoma-2; Bax,
Bcl-2-associated X protein.
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Figure 5. PAB increases the activity of Caspase-3 in HeLa cells. HeLa cells
were treated with 0, 2,4 and 8 ymol/l PAB for 48 h, and the relative Caspase-3
activity was analyzed using a Caspase-3 colorimetric assay kit. “P<0.05 vs.
0 umol/l PAB. PAB, pseudolaric acid B;

treatment of HeLa cells with PAB for 48 h decreased the
expression of p-AKT in a dose-dependent manner; however,
total Akt expression levels remained unchanged. The expres-
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Figure 6. PAB decreases the mitochondrial membrane potential in HeLa cells.
PAB significantly decreased Rhodamine 123 fluorescence intensity in
HeLa cells treated with PAB for 48 h, suggesting that PAB decreases the
mitochondrial membrane potential and therefore PAB treatment may induce
apoptosis via the mitochondrial apoptosis pathway. "P<0.05 vs. 0 pmol/l
PAB. PAB, pseudolaric acid B; Rho 123, Rhodamine 123.

sion of p-GSK-3f, a downstream effector of Akt, was also
decreased.

PAB upregulates caspase-3 activity and alters the protein
expression levels of Bax and Bcl-2 in HeLa cells. In order
to elucidate the mechanisms underlying the induction of
apoptosis by PAB in HeLa cells, mitochondrial features of
the intrinsic apoptotic pathway were analyzed. Proapoptotic
members of the Bcl-2 family, including Bax, are required for
the induction of mitochondrial dysfunction during apoptosis.
The protein expression levels of Bax and Bcl-2 were assessed
by western blotting. The results indicated that treatment of
HeLa cells with increasing doses of PAB for 48 h enhanced the
expression of Bax and downregulated the expression of anti-
apoptotic Bcl-2 (Fig. 4). In addition, the activity of caspase-3
was upregulated (Fig. 5).

PAB decreases the mitochondrial membrane potential in
HeLa cells. A variety of studies have demonstrated that
the disruption of mitochondrial integrity is a critical stage,
which occurs in cells undergoing apoptosis, and a decrease
in mitochondrial membrane potential is associated with such
mitochondrial dysfunction (15-17). A loss of mitochondrial
membrane potential therefore has a significant role in facili-
tating mitochondrial-mediated apoptosis. As shown in Fig. 6,
Rhodamine 123 fluorescence intensity was significantly
decreased following treatment of HeLa cells with increasing
concentrations of PAB for 48 h, suggesting that PAB treatment
of HeLa cells may induce apoptosis via the mitochondrial
apoptosis pathway.

Discussion

Cervical cancer, a common gynecological malignancy, is one
of the leading causes of cancer-associated mortality amongst
females worldwide (18). There are >500,000 novel cases of
cervical cancer diagnosed annually, as well as >270,000
mortalities, worldwide. Greater than 85% of these cases and
mortalities occur in developing countries (1). The treatment
strategy for cervical cancer depends on the disease status at
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the time of diagnosis. For patients with earlier-stage disease,
standard treatments focus on radical surgery, whereas the treat-
ment for patients with bulky, locally-advanced or metastatic
stage disease is more often focused on radical radiotherapy
or primary concurrent chemoradiation (19,20). Although there
have been marked improvements in the treatment of various
types of cancer over the past 30 years, the prognosis of patients
with locally-advanced or metastatic cervical cancer has
remained virtually unchanged. Therefore, the development of
innovative treatment strategies is required, in order to improve
the prognosis of the disease.

PAB has been reported to induce growth inhibition, cell
cycle arrest and apoptosis in various types of cancer in vitro and
in vivo (9-11). However, the underlying mechanisms of these
effects have remained to be elucidated. In the present study,
it was demonstrated that PAB effectively inhibited HeLa cell
proliferation in a dose- and time-dependent manner. Whether
the growth-inhibitory effect of PAB was associated with the
induction of apoptosis was also examined, and the results of
Annexin V/PI staining indicated that treatment of HeLa cells
with PAB induced cell apoptosis in a concentration-dependent
manner.

It has been universally acknowledged that alterations in the
balance between cell proliferation and apoptosis represent a
significant factor in the process of carcinogenesis, and that the
induction of apoptosis is one of the most effective approaches
for tumor therapies. Apoptosis is a highly regulated process, by
which cells undergo inducible non-necrotic cellular suicide, and
involves the coordination of anti- and pro-apoptotic proteins (21).
Pro-apoptotic members of the Bcl-2 family, including Bax,
are necessary for the induction of mitochondrial dysfunction
during apoptosis. The results of western blot analysis indicated
that the expression of pro-apoptotic factor Bax was markedly
upregulated, whereas expression of the anti-apoptotic factor
Bcl-2 was significantly reduced following treatment with PAB.
Furthermore, caspase-3 activation was significantly enhanced.
In addition, treatment of HelLa cells with PAB also induced
a decrease in the mitochondrial membrane potential. These
results suggested that Bcl-2 inhibited Bax activity, which
reduced the mitochondrial membrane potential, resulting
in caspase-3 upregulation and inducing cell apoptosis (22).
Together, these results indicated that PAB was able to induce
apoptosis in HeLa cells via activation of the mitochondrial
apoptosis pathway. Additionally, the mechanisms underlying
the decrease in cell proliferation and the enhancement of apop-
tosis in HeLa cells induced by PAB were investigated.

Akt (also known as protein kinase B), a subfamily of
the serine/threonine kinase family, has a vital role in cell
metabolism, growth, apoptosis and tumorigenesis (12,13).
Once activated, p-Akt, a significant regulatory factor involved
in multiple apoptotic processes, resists apoptosis through
antagonization and inactivation of various components of the
apoptotic cascade, including pro-apoptotic factor Bax (23). It
has also been reported that activated Akt may induce or suppress
downstream target proteins, including Bcl-2-associated death
promoter, caspase-9, nuclear factor-xB, GSK-3f and forkhead
transcription factor Foxol, thereby regulating proliferation,
differentiation, apoptosis and metastasis (24-26). It has been
confirmed that Akt and p-Akt are overexpressed in a variety
of human malignancies (14,27), and aberrant activation of the
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Akt pathway may also directly or indirectly interact with other
pathways (28,29). Therefore, inhibition of the Akt pathway
may be an effective approach for the prevention and treatment
of certain malignancies. In the present study, it was demon-
strated that Akt phosphorylation was decreased following
PAB treatment. Furthermore, the PAB-induced inhibition
of Akt phosphorylation was coupled with the suppression of
p-GSK-3p. These results demonstrated that inhibition of Akt
phosphorylation may be one of the underlying mechanisms of
PAB-induced apoptosis.

In conclusion, the results of the present study demonstrated
that PAB inhibited cell proliferation and induced apoptosis
in HeLa cells, and that the anti-tumor effects of PAB were
associated with the inhibition of Akt phosphorylation, thus
suppressing the Akt signaling pathway. These results broaden
the potential medicinal applications of PAB, and additional
studies are required to further investigate the underlying
apoptotic mechanisms. It was hypothesized that PAB may
function as a novel therapeutic agent for the treatment of
human cervical cancer, alone or in combination with conven-
tional therapeutics.
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