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Oridonin enhances antitumor activity of gemcitabine in
pancreatic cancer through MAPK-p38 signaling pathway

HE-QI BU'", JIANG LUO'"", HUI CHEN'"

, JIAN-HONG ZHANG', HONG-HAILI',

HONG-CHUN GUO', ZHAO-HONG WANG' and SHENG-ZHANG LIN'?

1Department of Hepatobiliary-Pancreatic Surgery, The Second Affiliated Hospital of

Wenzhou Medical College, Wenzhou; 2Depa.rtment of Hepatobiliary-Pancreatic Surgery,
The First Affiliated Hospital, Medical College, Zhejiang University, Hangzhou, Zhejiang, P.R. China

Received March 10, 2012; Accepted April 24, 2012

DOI: 10.3892/1j0.2012.1519

Abstract. Gemcitabine is currently the best treatment avail-
able for pancreatic cancer (PaCa); however, patients with the
disease develop resistance to the drug over time. Agents that
can either enhance the effects of gemcitabine or overcome
chemoresistance to the drug are required for the treatment of
PaCa. Oridonin is one such agent which is safe and multitar-
geted, and has been linked with the suppression of survival,
proliferation, invasion and angiogenesis of cancer. In this
study, we investigated whether oridonin could sensitize PaCa
to gemcitabine in vitro and in vivo. In vitro, oridonin inhibited
the proliferation of the PaCa cell line, BxPC-3, potentiated the
apoptosis induced by gemcitabine, induced Gl1 cell cycle arrest
and activated p38 and p53; these results were significant when
oridonin was combined with gemcitabine. In vivo, we found
that oridonin significantly suppressed tumor growth and this
effect was further enhanced by gemcitabine (P<0.05). Tumors
from nude mice injected with BxPC-3 PaCa cells and treated
with a combination of oridonin and gemcitabine showed a
significant upregulation in p38 and p53 activation (P<0.05
vs. control, P<0.05 vs. gemcitabine or oridonin alone). Taken
together, our results demonstrate that oridonin can potentiate
the effects of gemcitabine in PaCa through the mitogen-acti-
vated protein kinase (MAPK)-p38 signaling pathway, which is
dependent on p53 activation.

Introduction

Pancreatic carcinoma (PaCa) is one of the most lethal solid
malignancies and the fourth leading cause of cancer-related
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mortality in North America, where over 38,000 cases are diag-
nosed annually, with a similar number of patients dying from
the disease (1,2). Pancreatic ductal adenocarcinoma (PDAC)
accounts for more than 95% of PaCa (3). It is characterized by
a rapid disease progression and absence of specific symptoms,
largely precluding an early diagnosis and curative treatment, and
is associated with a very poor prognosis (4). Despite progress in
chemotherapy, radiation therapy, immunotherapy and surgery
over the past several years, the overall 5-year relative survival rate
is less than 5% (5). Gemcitabine has been the standard systemic
therapy for the palliative treatment of PaCa over the last decade,
although the 1-year survival rates ranging at approximately 18%
remain unsatisfactory (6-8). The comparably low rate of side-
effects of gemcitabine treatment makes additional treatment
options feasible (9) and a substantial number of potential drug
combinations have been tested. However, no convincing results
on clinically relevant improvements in the quality of life and
survival have been found. Thus, it is impartial to state that there
are still no evidence-based treatment options for gemcitabine-
refractory advanced PaCa, and effective additional agents to the
first-line gemcitabine treatment have not yet to be found (10).
Therefore, it is imperative to provide an effective means by
which to enhance the sensitivity of PaCa cells to gemcitabine
in order to increase the curative effect of gemcitabine, and thus
improve patient outcomes.

The concept of using a combination of agents for cancer
chemoprevention has recently received much attention.
Considerable evidence from laboratory studies suggests that
combinations of chemopreventive agents may be more effec-
tive for the prevention of cancer than any single constituent.
Recent studies show that the traditional Chinese medicine,
curcumin (11), and drugs such as resveratrol (12), thymo-
quinone (13) and emodin (14-16) used in combination with
gemcitabine can significantly inhibit malignant tumor cell
proliferation.

Oridonin is a diterpenoid purified from Rabdosia rubescens
and has been reported to exert various pharmacological and
physiological effects, such as anti-inflammatory, antibacterial,
and antitumor effects (17). As regards its antitumor activity,
certain reports have demonstrated that oridonin exhibits
remarkable inhibitory effects on hepatocellular carcinoma,
human osteosarcoma cells, U937 human macrophage-like
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cells, A431 human epidermoid carcinoma cells, non-small cell
lung cancers, acute promyelocytic leukemia, as well as glio-
blastoma multiforme (18-22), and others have also shown that
oridonin has cytotoxic effects on various cancer cells, such as
HeLa human cervical carcinoma, MCF-7 human breast adeno-
carcinoma, L.929 murine fibrosarcoma and colorectal cancer
cells (23-26). These functions have been identified through
the regulation of tumor cell proliferation and apoptosis-related
genes. Apoptosis can be triggered in many ways, and it is
well known that many proteins, such as cysteine-dependent
aspartate-specific proteases (caspase) family, the Bcl-2 family,
the mitogen-activated protein kinase (MAPK) family, p53 and
phosphoinositide 3-kinase (PI3K) signal transduction pathways
play important roles in regulating the apoptotic process (27-29).
MAPKSs have been shown to phosphorylate p53 in response
to a variety of stressful stimuli, leading to p53-mediated
cellular responses, causing cell cycle arrest and apoptosis (30).
Currently, the involvement of p38 and p53 in the attenua-
tion of the antitumor effect of oridonin in combination with
gemcitabine in the treatment of PaCa has been not reported.
Whether oridonin can potentiate the effect of gemcitabine in
PaCa, also remains unknown.

Therefore, in this study, we investigated the effect of
oridonin on the growth of human PaCa cells in culture and in
a subcutaneous mouse model of PaCa, and examined the effect
of oridonin in combination with gemcitabine both in vitro and
in vivo. We also investigated the role of p38 and p53 in the
induction of apoptosis in the BxPC-3 human PaCa cell line. We
demonstrate that oridonin can potentiate the therapeutic effects
of gemcitabine against PaCa cells in vitro and in vivo. We show
that the upregulation of p38 and p53 by oridonin is one of the
mechanisms of the inhibition of tumor growth of PaCa. Our
results can lead to an improvement in the treatment of PaCa.

Materials and methods

Chemicals and reagents. Oridonin was obtained from the
Beijing Institute of Biological Products (Beijing, China). The
purity of oridonin was measured by high-performance liquid
chromatography (HPLC) and determined to be 99.4%. Oridonin
was dissolved in dimethyl sulfoxide (DMSO) to create a stock
solution at a concentration of 10 mmol/l and stored at -20°C.
The DMSO concentration was kept below 0.1% in all the cell
cultures and did not exert any detectable effect on cell growth
or cell death. Gemcitabine (Gemzar) from Eli Lilly was stored
at 4°C and dissolved in sterile phosphate-buffered saline
(PBS) at a concentration of 0.2 mmol/l on the day of use. Fetal
bovine serum (FBS), trypsin-EDTA, Roswell Park Memorial
Institute-1640 (RPMI-1640) and the Cell Counting kit-8
(CCK-8) were obtained from Gibco, the Annexin V-FITC/
PI apoptosis detection kit was from Biological Development
Co, Ltd. Nanjing KGI, the RNA extraction kit was from Life
Technologies Co., the cDNA first-strand synthesis kit was
from Fermentas and the 2X Taq PCR MasterMix was from
Tiangen. Ribonuclease A (RNase A), propidium iodide (PI)
and DMSO were obtained from Sigma. Antibodies against
p53, phosphorylated p53 (P-p53), p38, phosphorylated p38
(P-p38), p-actin and horseradish peroxidase (HRP)-conjugated
secondary antibodies (goat-anti-rabbit and goat-anti-mouse)
were purchased from Sigma.
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Cell line and culture. The PaCa cell line, BxPC-3, was obtained
from the American Type Culture Collection (ATCC; Manassas,
VA, USA). All cells were cultured in RPMI-1640 medium
supplemented with 10% FBS, 100 U/ml penicillin and 100 zg/ml
streptomycin. Cells were maintained at 37°C in a humidified
atmosphere of 5% CO,. The medium was changed every
2-3 days, and the cells were subcultured when confluency
reached 70-80% by 0.25% trypsin at 37°C.

Cell proliferation assay. Cell survival was determined using
CCK-8. Briefly, the logarithmic phase PaCa cells were
plated in 96-well culture plates (7x10° cells per well). After
24 h of incubation, the cells were treated with the vehicle
alone (0.1% DMSO) and various concentrations (20, 40, 60,
80 and 100 M) of oridonin, followed by 24, 48 and 72 h of
cell culture. Each group had 6 wells. A total of 10 ul CCK-8
was added to each well 1 h before the end of incubation. The
absorbance at 450 nm was read using the Bio-Tek ELx800
Absorbance Microplate Reader. The experiment was repeated
3 times. The degree of cellular inhibition by each drug was
calculated by the following formula: relative % inhibition =
1- (dosing absorbance - blank absorbance)/(control absorbance
- blank absorbance) x100%.

Annexin V apoptosis assay. Apoptosis induction was assessed
using the Annexin V-FITC kit according to the manufac-
turer's instructions. BxPC-3 PaCa cells were exposed to the
control (DMSO-treated), the desired concentration of oridonin
(40 uM) and gemcitabine (20 M) alone or in combination
with oridonin for 48 h, and the floating and adherent cells were
collected by centrifugation at 1,000 x g for 5 min. Pooled cells
were washed with the binding buffer supplied by the manu-
facturer. Approximately 5x10* cells were suspended in 200 pl
of PBS, and mixed with 5 ml of Annexin V-FITC and 10 ml
of PI. After 15 min of incubation in the dark, the fluorescence
intensities of oridonin of >10,000 viable cells from each cell
sample were analyzed by using a Coulter Epics XL flow
cytometer with excitation and emission settings of 488 and
525 nm, respectively. The data were analyzed using CellQuest
software.

Cell cycle distribution by flow cytometry. The effect of
oridonin on cell cycle distribution was determined by flow
cytometry analysis of the DNA content in the cell nuclei
following staining with PI. Asynchronized (70-80%) confluent
cells were treated with 40 uM oridonin for 48 h. The control
cells were treated with 0.1% DMSO only. After incubation
at 37°C for a specified time, the floating and adherent cells
were collected by using 0.05% trypsin, washed twice with cold
PBS and then fixed with ice-cold 70% ethanol overnight at
4°C. The fixed cells were subsequently centrifuged at 300 x g
for 10 min and the pellets were washed with PBS. The cells
were then treated with 80 mg/ml RNase A for 30 min at 37°C.
The cells were chilled over ice for 10 min and stained with PI
(50 mg/ml final concentration) for 1 h in the dark. The stained
cells were analyzed using a Coulter Epics XL flow cytometer.
Approximately 20,000 cells were evaluated for each experi-
ment. In all the determinations, cell debris and clumps were
excluded from the analysis. The cell cycle data were reana-
lyzed using ModFit software.
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Measurements of p38 and p53 mRNA by semi-quantitative
RT-PCR assay. PaCa cells were treated with the assigned
concentration oridonin (40 M) and gemcitabine (20 yM)
alone or in combination for 48 h. The control cells were treated
with 0.1% DMSO only. Subsequently, total cellular RNAs
were isolated from the cells with TRIzol reagent, and the RNA
content was measured using a UV spectrophotometer under
260 nm. cDNA was synthesized with 1 pg of total RNA and
oligo(dT) primer according to the manufacturer's instructions.
PCR amplification conditions were as follows: p38, 94°C
60 sec, 61.8°C 60 sec, 72°C 60 sec, 35 cycles; p53, 94°C 45 sec,
51.9°C 1 min, 72°C 90 sec, 35 cycles; GAPDH, 94°C 45 sec,
58°C 1 min, 72°C 1 min, 35 cycles. GAPDH was used as the
internal control. The primer pairs used for the amplification are
listed in Table I. The PCR product (5 ul) was analyzed by 1%
agarose gel electrophoresis and the results were photographed.

Western blot analysis in vitro. Briefly, PaCa cells were incu-
bated with the allocated concentration of oridonin (40 M)
and gemcitabine (20 M) alone or in combination for 48 h; the
cells in medium alone were used as the controls. Subsequently,
the cells were harvested, washed twice with ice-cold PBS and
then the cell pellets were resuspended in lysis buffer consisting
of 50 mM HEPES (pH 7.4), 1% Triton-X 100, 2 mM sodium
orthovanadate, 100 mM sodium fluoride, 1 mM edetic acid,
1 mM PMSEF, 10 mg/1 aprotinin (Sigma), and 10 mg/1 leupeptin
(Sigma) and lysed at 4°C for 60 min. After centrifugation at
13,000 x g for 15 min, the protein content of the supernatant
was determined by the bicinchoninic acid (BCA) assay kit
(Sigma) according to the manufacturer's instructions. The
protein lysates (20 ug/lane) were separated by electrophoresis
on 12% SDS polyacrylamide gel and blotted onto a nitrocel-
lulose membrane. Each membrane was blocked with 5% skim
milk and then incubated with the indicated primary anti-
bodies against pS3, P-p53, p38, P-p38 and B-actin overnight
at 4°C. Subsequently, the membrane was incubated with the
secondary antibodies, goat anti-rabbit and goat anti-mouse
IgG conjugated with HRP, for 1 h at room temperature and the
formed immunocomplex was visualized by enhanced chemi-
luminescence reagent and exposed to X-ray films. Quantitative
data are expressed as the means + SD of the relative levels of
the objective protein and control f-actin of each group of cells
from 3 independent experiments.

Experimental animals. Female nude mice [4-6 weeks old,
BALB/cA-nu (nu/nu), weight 18-20 g] were purchased from
the Shanghai Cancer Institute for Tumor Implantation and
maintained in a specific-pathogen-free environment at the
Wenzhou Medical College Experimental Animal Center. The
animals were kept in a controlled environment with a tempera-
ture of 25+1°C and relative humidity of 40-60%. Ethical
approval for this study was given by the Ethics Committee at
Wenzhou Medical College.

Model establishment and experimental scheme. BXPC-3 cells
in the log-phase were suspended with serum-free culture
medium (5x10° cells in 200 ul), and tumor xenografts were
established by a subcutaneous inoculation of BxPC-3 PaCa
cells into the right abdominal flanks of the nude mice. Tumors
were allowed to develop for 4-5 weeks until they reached a
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Table I. Primer pairs used in semi-quantitative PCR analysis.

Genes Primer pairs Product
(5'—3" size (bp)
p38
Sense CGGAGTGGCATGAAGCTGTAG 346
Antisense CCCTAGGAAACCAACACAGCA
ps3
Sense TCTGGGACAGCCAAGTCTGT 435
Antisense  GGAGTCTTCCAGTGTGATGA
GAPDH
Sense CGCTGCGCTGGTCGTCGACA 619
Antisense GTCACGCACGATTTCCCGCT

size of 100-150 mm?, and then treatment was initiated. All
the mice were randomly divided into 4 groups and treated
intraperitoneally (IP) with saline, gemcitabine (80 mg/kg)
alone, oridonin (40 mg/kg) alone, or gemcitabine (80 mg/kg)
and oridonin (40 mg/kg) in combination every 3 days for
up to 30 days post-implantation in a volume of 0.2 ml (n=10
per group). Tumor volume was measured using calipers and
estimated according to the formula: tumor volume (mm?) =
L x W%/2, where L is the length and W is the width. Two weeks
after the last treatment, the mice were sacrificed and the tumors
were excised. Xenograft tumors of the treated and control
mice, were harvested and fixed in 4% formalin, embedded
in paraffin, and cut into suitable sections for western blot and
RT-PCR analysis.

Western blot analysis in tumor tissues. Protein was routinely
extracted from tumor tissues using radioimmunoprecipitation
assay (RIPA) buffer. Total protein concentration was measured
using the BCA assay kit (Sigma) with bovine serum albumin
as the standard, according to the manufacturer's instructions.
Tumor tissue extracts containing 80 ug total protein were
subjected to 12% SDS/PAGE, and the resolved proteins were
transferred electrophoretically to polyvinylidene fluoride
(PVDF) membranes. After being blocked with 5% fat-free
milk, the membranes were probed with individual primary
antibodies overnight at 4°C and the bound antibodies were
detected with HRP-conjugated goat anti-rabbit IgG for 1 h. The
formed immunocomplex was visualized by enhanced chemilu-
minescence reagent (ECL; Pierce).

RT-PCR detection of p38 and p53 mRNA in tumor tissues.
Total RNA was extracted from the tumor tissues using the
TRIzol reagent. The amount and purity of the extracted RNA
was quantified using spectrophotometry. The value of A,/
A,g, Wwas measured to evaluate the quality of the RNA. cDNA
was synthesized with 5 ug total RNA and oligo(dT) primer
according to the manufacturer's instructions. The PCR
amplification reaction was amplified using the GeneAmp
PCR System 9600 (Perkin-Elmer Corp. Norwalk, CT, USA).
The amplification conditions and the primer pairs used for
the amplification were the same as those used for the in vitro
analysis. The PCR products (5 pl) were analyzed by electro-
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Chemical structure of oridonin
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Figure 1. Effect of oridonin on inhibiting the growth of pancreatic cancer (PaCa) cells in vitro. (A) Chemical structure of oridonin. (B) BxPC-3 PaCa cells were
treated with the vehicle or 20, 40, 60, 80 and 100 M oridonin for 24, 48 or 72 h. The cell proliferation inhibition rates were determined by the Cell Counting
kit-8 (CCK-8) assay, and they are presented as the means + SD from 3 independent experiments.
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Figure 2. Effect of oridonin on apoptosis of pancreatic cancer (PaCa) cells in vitro. The BxPC-3 PaCa Cells treated with oridonin (40 xM) and gemcitabine
(20 uM) alone or in combination for 48 h and apoptosis was detected by dual dye staining using Annexin V-FITC/PI. (A) Results are representative of three
independent experiments. (B) The percentage of apoptotic cells is presented as the mean + SD of 3 independent experiments. “P<0.05 and “P<0.01 vs. the

control or the cells treated with gemcitabine. Gem, gemcitabine; Ori, oridonin.

phoresis on 1% agarose gel with ultraviolet (UV) illumination
and the results were photographed.

Statistical analysis of the data. All results were confirmed
by at least 3 separate experiments. The data are expressed
as the means + SD. Statistical comparisons were performed
by one-way ANOVA and the Student's t-test for differences
between two sample means using the SPSS v17.0 software. A
P-value <0.05 was considered to indicate statistically signifi-
cant differences.

Results

The goal of the present study was to determine whether and
how oridonin can be effectively used for the treatment of PaCa
either alone or in combination with gemcitabine and if so, to
clarify the mechanisms behind its therapeutic action. For this
purpose, we selected the PaCa cell line, BxPC-3. In order to

facilitate the imaging of the tumors in the animals, BxPC-3
cells were also used in the subcutaneous transplant model in
mice.

Oridonin suppresses the proliferation and potentiates the
apoptotic effects of gemcitabine in human PaCa cells in vitro.
We first investigated the effect of oridonin on the proliferation
of the PaCa cell line, BxPC-3. Oridonin inhibited the growth
of PaCa cells (BxPC-3) in a dose- and time-dependent manner
(Fig. 1). These tumor cells showed sensitivity to the oridonin
treatment. The half maximal inhibitory concentration (ICs)
value of oridonin was determined as 38.86 uM for the BXxPC-3
cells following treatment for 48 h. Oridonin was used at the
dose of 40 uM.

To determine whether oridonin enhances the induction
of apoptosis by gemcitabine, we investigated the occurrence
of apoptosis in the cell lines. Flow cytometry analysis was
performed using Annexin V-FITC/PI-stained PaCa cells. The
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Figure 3. Effects of oridonin on cell cycle distribution of pancreatic cancer (PaCa) cells in vitro. BxPC-3 PaCa cells were treated with 40 yM oridonin for
48 h and the control cells were treated with 0.1% DMSO only and cell cycle distribution was assessed by flow cytometry. (A) Results are representative of
3 independent experiments. (B) Cell cycle distribution determined using ModFit software version 3.1. The proportions of G;, S and G, phase cells are shown

as indicated and presented as the means + SEM of 3 independent experiments.

cells were cultured with oridonin and gemcitabine, alone or
in combination for 48 h. The results showed that, at a dose at
which oridonin and gemcitabine alone were minimally effec-
tive, the combination of both was highly effective (Fig. 2).

We also investigated the mechanisms by which oridonin
potentiates the effects of gemcitabine in these cells. The DNA
content of the PaCa cells treated for 48 h with 40 uM oridonin
or the vehicle (0.1% DMSO) was analyzed using a flow
cytometer. Fig. 3 shows that there were marked and consistent

“P<0.05 vs. the control.

changes in the cell cycle at 48 h. The number of cells in the
G, phase increased significantly with a concomitant decrease
in the number of treated cells in the S and G, phase when
compared with the control. These results suggest that oridonin
treatment suppresses the growth of PaCa cells, and synergizes
the apoptotic effects of gemcitabine.

Effect of oridonin on the gemcitabine-induced expression of
P-p38 and P-p53 in vitro. The tumor suppressor gene product,
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Figure 4. Effects of oridonin and gemcitabine on the mRNA expression of p38, p53 in pancreatic cancer (PaCa) cells in vitro. (A) RT-PCR analysis showed the
upregulation of p38 and p53 mRNA by either oridonin alone or in combination with gemcitabine. (B) The quantification was performed assigning a value of 1 to
the control group. “P<0.05 vs. control; “P<0.05 vs. control or cells treated with gemcitabine alone. Gem, gemcitabine; Ori, oridonin.

A
&>
> O
& ) X
&
& & & (}’Q
Pp3S | . - - -8 kD2

B O Control
O Gem
y O On
[ EX B GenrtOn ok
35
3 L
3 =
g 25 ¢ *
(] *
% 2t * ”
R
1k
05
0 i .

P-p38 P-p33

Figure 5. Oridonin potentiates the effect of gemcitabine in pancreatic cancer (PaCa) cells by activating p38, which further promotes the phosphorylation of
p53 in vitro. The cells were treated with oridonin alone or in combination with gemcitabine for 48 h. The cell lysates were then separated by 12% SDS-PAGE
electrophoresis, and phosphorylated p38 (P-p38) and phosphorylated p53 (P-p53) protein expressions were detected by western blot analysis. n=3, means + SD.
(A) Treatment with oridonin or oridonin plus gemcitabine increased the expression of P-p38 and P-p53. (B) The relative levels of P-p38 and P-p 53 in BxPC-3
cells. The quantification was performed assigning value 1 to the control group. “P<0.05 vs. controls; “P<0.05 vs. control or gemcitabine alone group. Gem,

gemcitabine; Ori, oridonin.

p53, has been reported to mediate apoptosis in a number of
experimental systems. The MAPK family members, including
the extracellular signal-regulated protein kinase (ERK), c-Jun
N-terminal kinase (JNK) and p38, play important roles in the
regulation of apoptosis (30). Therefore, in order to confirm
whether MAPK-p38 and its downstream p53 protein are
involved in the anti-cancer effects of oridonin, western blot
analysis was carried out. After treatment of the PaCa cells with
oridonin and gemcitabine alone or combination for 48 h, the
results showed that both oridonin (P<0.05) and gemcitabine
(P<0.05) alone significantly increased the level of P-p38 and
P-p53 (Fig. 4), as compared with that of the control cells, and
that the combination of both agents was even more effective
(P<0.01). The unphosphorylated forms of p38 and p53 were
not altered by oridonin and gemcitabine alone or combination
treatment (data not shown). These results suggest that oridonin
can improve the p38 activation of gemcitabine in PaCa cells,

which contributes to the further activation of p53. This could
further increase PaCa cell apoptosis.

Effects of oridonin and gemcitabine on p38 and p53 mRNA
in PaCa cells. To further clarify whether the possible mecha-
nism is relevant with the p38 and p53 gene, RT-PCR was
carried out to detect the p38 and p53 mRNA expressions. In
the PaCa cell line, BxPC-3, when compared with the control,
gemcitabine alone significantly upregulated the expression
of p38 and p53 mRNA (P<0.05). Treatment with oridonin
alone or in combination with gemcitabine significantly
upregulated the expression of p38 and p53 mRNA (P<0.05).
The upregulation induced by the combined treatment of
oridonin and gemcitabine was even more evident than the
other groups (P<0.05) (Fig. 5). These results indicate that p38
and p53 participate in the apoptosis induced by oridonin and
gemcitabine in PaCa cells.
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Oridonin potentiates the anti-proliferative effects of
gemcitabine in implanted PaCa cells in nude mice. Our in vitro
data prompted us to examine whether the effects of oridonin and
gemcitabine are equally demonstrable in vivo. We examined
the effects of oridonin and gemcitabine, alone or in combina-
tion, on the growth of subcutaneously implanted pancreatic
tumors in nude mice. The experimental protocol is depicted in
Fig. 6. We found that the oral administration of oridonin alone
at 40 mg/kg significantly inhibited tumor growth (P<0.05 when
compared to the control) (Fig. 6). Gemcitabine alone was as
effective as oridonin (P<0.05 when compared to the control,
P>0.05 when compared to the oridonin alone group), and the
combination of both agents was even more effective in reducing
the tumor burden. The tumor volume in the combination group
was significantly lower than in the oridonin alone (P<0.05) or
gemcitabine alone group (P<0.05) (Fig. 6).

Oridonin enhances the effect of gemcitabine via upregulating
the expression of P-p38 and P-p53 in vivo. To determine
whether the impact on the tumor growth inhibition of oridonin
was related to the p38 and p53 activation, we evaluated the
effects of oridonin and gemcitabine on P-p38 and P-p53 levels,
by western blot analysis in the pancreatic tumor tissues. The
results showed that both oridonin (P<0.05) and gemcitabine
(P<0.05) alone significantly upregulated the expression of
P-p38 and P-p53 in the PaCa tissue as compared to the control
group and that the combination of both was even more effec-
tive (P<0.05 when compared to gemcitabine alone or the
control) (Fig. 7).

Effects of oridonin on expression of p38 and p53 mRNA
in vivo. In order to further confirm our conclusion in pancreatic
tumor tissues. we investigated the expression of p38 and p53
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Figure 7. Western blot analysis demonstrated that oridonin or gemcitabine upregulated phosphorylated p38 (P-p38) and phosphorylated p53 (P-p53) expression
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Figure 8. The mRNA levels of p38 and p53 in tumor tissue in the different treatment groups were detected by RT-PCR and quantified data are presented.
(A) Oridonin alone or in combination with gemcitabine upregulated the expression of p38 and p53 mRNA. (B) The quantification was performed assigning a
value of 1 to the control group. "P<0.05 vs. control; “P<0.05 vs. control or the mice treated with a single agent. Gem, gemcitabine; Ori, oridonin.

mRNA levels in pancreatic tumor tissues. The results showed
that oridonin either alone or in combination with gemcitabine
(P<0.05 vs. the mice treated with gemcitabine or the control)
was effective in boosting the expression of p38 and p53 mRNA
in PaCa tissue (Fig. 8).

Discussion

The aim of this study was to determine whether oridonin has
potential either alone or in combination with gemcitabine in the
treatment of PaCa, one of the most lethal cancers. Experiments
using cell cultures or an animal model, showed that oridonin
alone inhibited the growth of PaCa and that the combination of
gemcitabine and oridonin significantly enhanced this inhibition.
In the PaCa cell line, BxPC-3, the data indicated that varying
concentrations of oridonin effectively inhibited the proliferation
of the cells at different times, and we found for the first time
that oridonin enhanced the apoptotic effects of gemcitabine in

cultured PaCa cells. Gemcitabine alone had a minimal effect on
apoptosis in BxPC-3 cell line. However, oridonin when used in
combination with gemcitabine, was highly effective in inducing
apoptosis. We also found oridonin that augmented the apoptotic
effects of gemcitabine, which were related to G, phase arrest,
and the upregulation of p38 and p53. The activation of p38 and
p53 could be one of the mechanisms invovled in the induction of
apoptosis in PaCa cells.

In addition to these in vitro results, in a subcutaneous nude
mice model, we found that oridonin effectively suppressed
the growth of PaCa. In this model, oridonin was found to be
as effective as gemcitabine in inhibiting the tumor volume.
When the 2 agents were used together, maximum abrogation
of tumor volume was observed. Although our study is the
first to report the effect of oridonin alone on PaCa in a mouse
model, these results are consistent with those from previous
reports showing the growth suppressive effects of oridonin
alone against colorectal cancer (26). When we investigated the
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mechanisms by which oridonin manifests its effects against
PaCa in an animal model, we found that this effect was also
associated with the activation of p38 and p53.

MAPKSs are serine/threonine kinases that mediate
intracellular signaling associated with a variety of cellular
activities, including cell proliferation, differentiation,
survival, death and transformation (31,32). The 3 main
members that integrate the MAPK family in mammalian
cells are stress-activated protein kinase c-Jun NH2-terminal
kinase (JNK), stress-activated protein kinase 2 (SAPK2,
p38) and the extracellular signal-regulated protein kinases
(ERK1/2, p44/p42) (33). MAPK p38 has been shown to be
activated by cellular stress, UV radiation, growth factor
withdrawal and pro-inflammatory cytokines (34). Upon acti-
vation, p38 phosphorylates various transcription factors, as
well as the tumor suppressor, p53 (35). A number of studies
have reported the role of MAPK signaling in the regulation
of apoptosis in various cancer cells (18,19,21,36-38). Previous
studies have documented that the activation of the p38 MAPK
pathway may lead to p53-induced apoptosis (39). In human
osteosarcoma cells and A431 epidermoid carcinoma cells,
p38 functions as an upstream kinase of p53 phosphorylation
and subsequently stabilizes and activates pS3 transcriptional
activity, leading to diverse cellular responses, such as cell
cycle arrest and apoptosis (30). We found that in response to
oridonin treatment, the increased expression of P-p38 was
accompanied by the upregualtion of P-p53, which suggests
that the p38 activation is involved in the G, cell cycle arrest
and apoptosis induced by oridonin in pancreatic cells.

pS53 is one of the most commonly mutated genes in
human cancers and its loss of function is believed to result in
increased genomic instability, with the subsequent acquisition
of additional oncogenic mutations (40). The targeting of p53 is
important for many cancer therapies. p53 has been shown to
transactivate a broad range of pro-apoptotic proteins from the
Bcl-2 family (Bax, the BH3-only proteins Bid, Puma and Noxa),
and to downregulate anti-apoptotic proteins from the Bcl-2
family (Bcl-2 and Bcl-xL), as well as to induce the upregulation
of proteins that localize to the mitochondria (41). Knowledge
of the p53-dependent pathway in prostate cancer could allow
the development of selective and effective anticancer strategies
involved with the apoptotic response (42). The phosphorylation
of p53 can usually be induced at serine 15 or/and 18. In particular,
the phosphorylation of p53 at serine 15 has been reported to be a
key phosphorylation target during the p53 activation process to
apoptotic cell death (43). These data indicate that p53 may play
a crucial role in oridonin-induced PaCa cell apoptosis.

Overall, our results suggest that oridonin has significant
potential for the treatment of PaCa and potentiates the antitumor
effects of gemcitabine by upregulating p38 and its downstream
targets, leading to the inhibition of proliferation, angiogenesis
and invasion. However, certain molecular links remain to be
clarified, such as how the p53 signaling is connected to cell
cycle arrest, and how p38 signaling acts on the p53 pathway.
The specific mechanisms involved require further study. The
combination of oridonin with gemcitabine has significant
potential as an effective therapy for PaCa that can enhance the
effect of gemcitabine and overcome chemoresistance. Based on
these results, further clinical studies are warranted to confirm
our findings in patients with PaCa.
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