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Oridonin inhibits growth and induces apoptosis of human
neurocytoma cells via the Wnt/f-catenin pathway
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Abstract. Central neurocytoma (CN) is a rare periventricular
tumor of the central nervous system in young adults. Typically,
patients with CN exhibit a favorable prognosis, but in certain
cases the clinical course is more aggressive. Therefore, investi-
gating effective therapeutic approaches is important. Oridonin
has attracted attention due to its antitumor activities. However,
the role of oridonin in tumorigenesis and progression remains
unknown. The present study examined the antitumor func-
tion of oridonin in CN cells, and investigated the underlying
molecular mechanism. An MTT assay suggested that treatment
with oridonin was able to significantly inhibit the proliferation
of CN cells. The annexin V-fluorescein isothiocyanate/prop-
idium iodide assay and western blot analysis demonstrated that
oridonin was able to induce apoptosis and alter the expression
of apoptosis-associated proteins by downregulating anti-apop-
totic protein, B-cell lymphoma-2 (Bcl-2), and upregulating
pro-apoptosis proteins, Bcl-2-like protein 4, cleaved caspase-3
and cleaved poly(ADP-ribose) polymerase 1. Subsequently,
the Wnt/p-catenin signaling pathway was examined. Western
blot analysis indicated that oridonin markedly decreased the
expression of B-catenin, cyclin D1 and v-myc avian myelocy-
tomatosis viral oncogene homolog. Furthermore, -catenin
was silenced by small interference RNA or overexpressed in
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CN cells, and the effect on cell proliferation was examined.
The results indicated that silencing of -catenin enhanced
the inhibitory effect of oridonin on cell growth, whereas the
overexpression of -catenin attenuated this effect. These
data indicated that oridonin inhibited proliferation and
induced apoptosis to exert its antitumor activity in CN cells
by repressing Wnt/f3-catenin signaling. Therefore, the present
study suggested that oridonin might be an effective adjuvant
agent, and that the Wnt/B-catenin signaling pathway may be a
potent target for the therapy in CN.

Introduction

Central neurocytoma (CN) is a rare but usually benign neuronal
tumor composed of uniform round cells with neuronal differ-
entiation and typically located in the supratentorial ventricles
in young adults (1,2). Surgery and radiotherapy are widely
considered as the most important therapeutic approaches for
CN. Patients with CN commonly exhibit a good prognosis, but
in certain cases the clinical course is more aggressive or is
followed by recurrence (3). Chemotherapy may be useful for
recurrent CN that cannot be resected and has been radiated.
Therefore, it is necessary to develop effective antitumor drugs
for adjuvant therapy of CN. In particular, the combination of
antitumor drugs with molecular target therapy may greatly
improve the prognosis of CN.

Oridonin, a diterpenoid isolated from the Chinese
medicinal herb Rabdosia rubescens, exhibits potential
anti-inflammatory, anti-tumor, pro-apoptotic and neurological
effects (4,5). Oridonin has been demonstrated to inhibit prolif-
eration and induce apoptosis in a variety of human cancer cells,
including colon, pancreatic, breast, lung and liver cancer (6-10).
However, the underlying mechanisms remain poorly under-
stood. Previously, oridonin has been demonstrated to exert
antitumor activities through several signaling pathways that
are associated with cell proliferation and apoptosis, including
c-Jun N-terminal kinase (JNK), p38 mitogen-activated
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protein kinase (MAPK), extracellular signal-regulated kinase
(ERK) and protein kinase B (Akt) signaling pathways (11,12).
Although oridonin exhibits a significant antitumor function in
multiple types of cancer, its exact effect on CN and the under-
lying mechanism remain unclear.

The Wnt/B-catenin signaling pathway is a canonical
Wnt pathway, which serves a critical role in regulating cell
growth, apoptosis, motility, polarity and differentiation (13).
Dysregulation of the pathway is identified in several types
of cancer, including liver, colon and several types of brain
tumors (14). The underlying molecular mechanisms of CN
have been largely examined, but it has been suggested that
the receptors and effectors of the Wnt pathway are differen-
tially overexpressed in CN cells (15). Additionally, it has also
been demonstrated that oridonin inhibits the proliferation of
human osteosarcoma cells by suppressing Wnt signaling (16).
Therefore, the present study hypothesized whether oridonin
may inhibit the growth of CN cells by affecting Wnt/f3-catenin
signaling transduction.

In the present study, the roles of oridonin in the proliferation
and apoptosis of CN cells as well as the potential molecular
mechanisms were investigated. It was indicated that oridonin
was able to inhibit proliferation and induce apoptosis, which
might be mediated by repressing the Wnt/p-catenin signaling
pathway in CN cells.

Materials and methods

Cell culture and treatment. Central neurocytoma tissue was
obtained from 1 patient diagnosed with CN for cell culture
following resection at the First Affiliated Hospital of Jiamusi
University (Jiamusi, China). Resected tissues were stored in
Mg?**/Ca**-free Hank's Balanced Salt Solution (HBSS), and
then cut into small pieces in piperazine-N,N'-bis(2-ethane-
sulfonic acid) (PIPES) solution (20 mM PIPES, 25 mM
glucose, 5 mM KClI, 120 mM NaCl) and treated as previously
described (17-19). The tissue samples were resuspended in
Dulbecco's modified Eagle's medium/F-12/N2 medium (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 5% fetal bovine serum (FBS; Lonza Group, Ltd.,
Basel, Switzerland), 100 U/ml penicillin, 100 pg/ml strepto-
mycin, 10 ng/ml epidermal growth factor (EGF) and 20 ng/ml
basic fibroblast growth factor (bFGF). A total of 1x10° dissoci-
ated cells/well were plated into collagen IV (BD Biosciences,
Franklin Lakes, NJ, USA) or fibronectin (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) precoated 6-well culture
plate. The cells were cultured in a 37°C incubator with 5%
CO,. The present study design was approved by the Ethics
Committee of First Affiliated Hospital of Jiamusi University,
and all patients provided written informed consent.

RNA interference and overexpression of p-catenin. Small
interfering RNA (siRNA) targeting 3-catenin (sif-catenin) and
recombinant adenoviruses expressing f3-catenin (Ad-f3-ctn)
were obtained as previously described using the AdEasy tech-
nology (20-22). The sequence of -catenin siRNA was 5'-CAG
GGGGUUGUGGUUAAGCUCUU-3". A scramble siRNA
sequence (5-TTCTCCGAACGTGTCACGT-3') was used as a
control (Gima Biol Engineering Inc., Shanghai, China). A total
of 2x10* cultured central neurocytoma cells were seeded into
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each well of a 12-well plate and were cultured to 80% conflu-
ence. Cell transfections were performed using 100 nmol siRNA
and 5 ul Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol. Cells
were further cultured for 48 h following transfection, and cells
were subsequently lysed and analyzed for the protein expres-
sion of B-catenin by western blotting. In addition, cells were
treated with oridonin, and then cell proliferation was detected.

Proliferation assay. Cell proliferation was assessed by MTT
assay. Briefly, following transfection, 10* cells were seeded
in a 96-well flat bottom plate. The cells were cultured in a
5% CO, incubator at 37°C. Once cell confluence reached
80%, the supernatant was replaced with fresh medium and
the cells were treated with 0, 5, 10, 15, 20 or 25 M oridonin
(Xi'an Hao-Xuan Bio-tech Co., Ltd., Xi'an, China) dissolved
in dimethyl sulfoxide (DMSO) for 24, 48 or 72 h followed by
an additional 4 h subsequent to the addition of 20 ul MTT
(5 mg/ml) into each well. A total of 200 1 DMSO was added
to the wells for cell lysis. Absorbance was detected using an
ELISA spectrophotometer at 490 nm.

Apoptosis assay. A total of 1x10° central neurocytoma cells
were seeded on 60 mm dishes and cultured in Dulbecco's
modified Eagle's/Nutrient Mixture F12 (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 5% fetal bovine serum
(Lonza Group, Ltd., Basel, Switzerland), 100 U/ml penicillin
and 100 ug/ml streptomycin. When cells reached 80% conflu-
ence, they were treated with 0, 10, 15 or 20 uM oridonin for
the indicated time. Apoptosis was quantified by Annexin
V-fluorescein isothiocyanate (FITC)/propidium iodide (PI)
assay (BD Biosciences, Franklin Lakes, NJ, USA) following
the manufacturer's protocol. Briefly, cells were collected
by trypsinization and pooled with cell supernatants from
corresponding culture dishes; 500 ul of this cell suspension
was incubated with 2 ul of Annexin-V-FITC stock solution
for 15 min in the dark. After a short centrifugation (300 x g,
5 min), cells were washed in PBS before being resuspended
in 0.5 ml of 1x binding buffer supplemented with 1 ul PI
(1 ug/ml final concentration). The Annexin V-FITC/PI assay
detects the amount of phosphatidylserine on the outer surface
of the plasma membrane (a biochemical alteration unique to
membranes of apoptotic cells) and the amount of PI, a dye that
easily enters dead cells or cells in the late stages of apoptosis
and binds DNA but does not bind with the plasma membrane of
viable cells. Fluorescence was detected using a FACSCalibur
flow cytometer by fluorescence activated cell sorter (FACS)
analysis, and data were analyzed using CellQuestPro version
5.2 software (BD Biosciences, San Jose, CA, USA). The cells
with phosphatidylserine on their surface were considered to
be apoptotic.

Western blot analysis. The cells were washed twice with PBS
and were lysed with lysis buffer (50 mM Tris-HCI (pH 7.4), 1
mM EDTA, 1% NP40, 150 mM NaCl, 10 mM NaF and 1 mM
Na;VO,) containing a protease inhibitor cocktail (Roche
Molecular Diagnostics, Branchburg, NJ, USA). Following
centrifugation at 12,000 x g for 10 min at 4°C, the super-
natant was collected and quantified using a bicinchoninic
acid quantification kit (Beyotime Institute of Biotechnology,
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Figure 1. Effect of oridonin on the proliferation of central neurocytoma cells. The cells were seeded in 96-well plates. Following 24 h incubation, the cells
(A) were treated with 10, 15 and 20 M oridonin or DMSO for 48 h or (B) 5, 10, 15, 20 and 25 yM oridonin or DMSO for 24, 48 and 72 h. Cell proliferation
was evaluated by MTT assay and compared with DMSO-treated control cells. The assays were performed in triplicate. "P<0.05 and ““P<0.01 vs. control. Data
are presented as the mean + standard error of the mean. DMSO, dimethyl sulfoxide; Ctrl, control cells.

Haimen, China). 50 pg proteins were loaded per lane onto
10% SDS-PAGE gels (Bio-Rad Laboratories, Inc., Hercules,
CA, USA) and transferred to Immobilon-P membranes (EMD
Millipore, Billerica, MA, USA). The membranes were blocked
with 5% skimmed milk in Tris-buffered saline containing
0.05% Tween 20 for 1 h at room temperature, and incubated
with the following specific primary antibodies overnight at
4°C. The antibodies against B-cell lymphoma-2 (Bcl-2; 1:500;
catalogue no. sc7382; Santa Cruz Biotechnology, Inc., Dallas,
TX, USA), Bcl-2-like protein 4 (Bax; 1:500; cat no. sc493;
Santa Cruz Biotechnology, Inc.), cleaved caspase-3 (1:1,000;
cat no. 9661S; Cell Signaling Technology, Inc., Danvers,
MA, USA) and cleaved poly (ADP-ribose) polymerase 1
(cleaved PARP; 1:1,000; catalogue no. 9541; Cell Signaling
Technology, Inc.), B-catenin (1:500; catalogue no. sc1496;
Santa Cruz Biotechnology, Inc.), cyclin D1 (1:1,000; catalogue
no. sc20044; Santa Cruz Biotechnology, Inc.), v-myc avian
myelocytomatosis viral oncogene homolog (c-Myc; 1:1,000;
catalogue no.sc788; Santa Cruz Biotechnology, Inc.) and B-actin
(1:1,000; catalogue no. sc47778; Santa Cruz Biotechnology,
Inc.) were used for detection. This was followed by incuba-
tion with horseradish peroxidase-conjugated goat anti-mouse
secondary antibody (1:2,000; catalogue no. sc-2005; Santa
Cruz Biotechnology, Inc.) and anti-rabbit immunoglobulin
G antibody (1:2,000; catalogue no. sc-2004; Santa Cruz
Biotechnology, Inc.) for 2 h at room temperature. The blots
were visualized using enhanced chemiluminescence detection
reagent (GE Healthcare Life Sciences, Little Chalfont, UK).
The gray value of the targeted bands was quantified with
QuantityOne software version 4.6.2 (Bio-Rad Laboratories,
Inc., Hercules, CA, USA) following incubation, with f-actin
used as the internal reference.

Quantitative reverse-transcriptase polymerase chain reaction
(RT-qPCR). Total RNA was extracted from cells using
TRIzol reagent according to the manufacturer's protocol
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA). cDNA was generated with reverse transcription using
the RevertAid™ First Strand cDNA synthesis kit (Fermentas,
Thermo Fisher Scientific, Inc., Pittsburgh, PA, USA) and was
amplified using a TagMan® Gene Expression Assay (Applied
biosystems; Thermo Fisher Scientific, Inc.) with fluorogenic

carboxyfluorescein-labeled probes using specific primers for
target proteins. The specific primers for PCR were forward,
5'-ACCAGTGGATTCTGTGTTGTT-3' and reverse, 5'-ATT
TGAAGGCAGTCTGTCGTA-3' for -catenin and forward,
5'-GATCCCTCCAAAATCAAGTG-3' and reverse, 5'-GAG
TCCTTCCACGATACCAA-3' for GAPDH. Real-time
fluorescence detection was performed with the ABI PRISM
7700 Sequence Detector (Applied Biosystems; Thermo Fisher
Scientific, Inc.). PCR involved 40 amplification cycles of 94°C
for 10 sec, 53°C for 30 sec and 72°C for 40 sec, followed by
final extension at 72°C for 10 min. f-catenin expression was
normalized to GAPDH expression and calculated using the
2-24¢ formula (23). The relative level of -catenin mRNA was
presented as a percentage of the control.

Statistical analysis. All of the experiments were repeated at
least 3 times. SPSS (version 16.0; SPSS, Inc., Chicago, IL,
USA) was used to analyze the experimental data. One-way
analysis of variance was used to assess the differences between
the groups. Duncan's multiple range test was employed for
pairwise comparison and followed by Bonferroni correction.
The data are presented as the mean + standard error of the
mean. P<0.05 (two-tailed) was considered statistically signifi-
cant difference.

Results

Oridonin suppresses the proliferation of CN cells. To deter-
mine the role of oridonin in CN cells, CN tissue was obtained
from one patient diagnosed with CN following resection, and
a CN cell line was generated by primary culture (17-19). The
cells were grown in the medium for 24 h, and then treated
with 10, 15 and 20 #M oridonin for 48 h or were treated with
5, 10, 15, 20 or 25 uM oridonin for 24, 48 or 72 h. An MTT
assay was performed to evaluate cell proliferation. The results
demonstrated that oridonin was able to markedly decrease the
proliferation of CN cells in a concentration- and time-dependent
manner relative to the DMSO-treated control (Fig. 1A and B).

Oridonininduces the apoptosis of CN cells. To confirm whether
the inhibition of proliferation that is mediated by oridonin is
associated with cell apoptosis, the cells were treated with 10,
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Figure 2. Oridonin induces the apoptosis of central neurocytoma cells in a concentration- and time-dependent manner. (A) CN cells were treated with 10, 15
and 20 M oridonin or DMSO for 48 h. The effect of oridonin on apoptosis was determined by FACS assay. (B) The cells were treated with 15 #M oridonin for
24,48 and 72 h, and DMSO-treated control cells were cultured for 72 h. The proapoptotic property of oridonin was assessed by FACS assay. The assays were
performed in triplicate. “'P<0.01 vs. control, mean + standard error of the mean. Ctrl, DMSO-treated control cells; FACS, fluorescence activated cell sorter.
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Figure 3. Oridonin alters the expression of apoptosis-associated proteins in central neurocytoma cells. (A) The levels of Bcl-2, Bax, cleaved caspase-3 and
cleaved PARP proteins in oridonin-treated cells and DMSO-treated control cells were detected by western blotting using respective specific antibodies. -actin
was used as the loading control. (B) Protein levels were quantified. “P<0.01. (C) The Bax/Bcl-2 ratio was calculated by dividing the value for Bax expression by
the value for Bcl-2 expression. The assay was performed in triplicate. “P<0.01 vs. ctrl. Mean + standard error of the mean. DMSO, dimethyl sulfoxide; Bcl-2,
B-cell lymphoma 2; Bax, BCL-2-like protein 4; PARP, poly(ADP-ribose) polymerase 1; Ctrl, DMSO-treated control cells.

15 and 20 M oridonin for 48 h. Apoptosis was quantified
by FACS analyses. The results demonstrated that oridonin
treatment was able to significantly promote the apoptosis
of CN cells in a concentration-dependent manner (Fig. 2A).
Additionally, CN cells were treated with 15 yM oridonin for
24,48 and 72 h. It was identified that apoptosis was induced by
oridonin in a time-dependent manner (Fig. 2B). These results
were consistent with the pattern observed with the inhibition
of proliferation, suggesting that oridonin acted as a potent
apoptotic inducer in CN cells.

Oridonin affects the expression of apoptosis-associated
proteins in CN cells. To additionally determine the role of
oridonin in the apoptosis of CN cells, western blotting was
performed to assess the expression levels of apoptosis-asso-
ciated proteins: Bcl-2, Bax, cleaved caspase-3 and cleaved
PARP. The results demonstrated that the expression of
Bcl-2, an anti-apoptotic protein, was significantly reduced in
oridonin-treated CN cells compared with control cells. By
contrast, the expression levels of pro-apoptosis protein Bax,
cleaved caspase-3 and cleaved PARP were increased (Fig. 3A
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Figure 4. Oridonin downregulates the Wnt/B-catenin signaling pathway. (A) The levels of 3-catenin, cyclin D1 and c-Myc proteins in central neurocytoma cells
that were treated with or without oridonin as evaluated by western blotting using respective specific antibodies. $-actin was detected as the internal reference.
(B) Target protein expression normalized to -actin expression is indicated by the bar graph. The assay was performed in triplicate. “P<0.01. Data are presented
as the mean + standard error of the mean. c-Myc, v-myc avian myelocytomatosis viral oncogene homolog; Ctrl, dimethyl sulfoxide-treated control cells.

and B), and the Bax/Bcl-2 ratio was increased (Fig. 3C). The
Bax/Bcl-2 ratio is a key factor in determining the occurrence
and level of apoptosis (24). These results indicated that treat-
ment with oridonin was able to alter cell apoptosis, potentially

by modulating Bcl-2, Bax, and cleaved caspase-3 and cleaved
PARP.

Oridonin downregulates the Wnt/f-catenin signaling
pathway. To investigate the molecular mechanism underlying
the effect of oridonin on the growth and apoptosis of CN
cells, the Wnt/B-catenin signaling pathway was evaluated by
detecting the expression of key proteins of this pathway. CN
cells were treated with 15 uM oridonin for 48 h. Western blot
analysis was performed, and the results indicated that treat-
ment with oridonin was able to downregulate the accumulation
of B-catenin, cyclin D1 and c-Myc in CN cells. Densitometric
analysis of the western blot bands confirmed these results
(Fig. 4A and B), suggesting that oridonin regulated the growth
and apoptosis of CN cells, which is likely to be mediated by
Wht signaling.

Silencing and overexpressing [-catenin in CN cells. To
verify the involvement of Wnt/B-catenin signaling pathway
in oridonin-mediated inhibition on proliferation of CN cells,
(-catenin was knocked down using siRNA or was overex-
pressed by infecting cells with recombinant adenoviruses that
expressed [3-catenin in CN cells. The RNA expression level of
[-catenin was examined by RT-qPCR, and protein expression
was detected by western blot analysis. The results indicated
that the relative B-catenin mRNA expression was markedly
decreased in cells that were treated with -catenin siRNA and
the residual protein expression of (3-catenin in the cells was
markedly reduced compared with the control siRNA-treated
cells (Fig. 5A and B). Additionally, western blot analysis
indicated that 3-catenin was significantly elevated in cells that
overexpressed -catenin (Fig. 5C).

Role of B-catenin in oridonin-mediated inhibition of cell
proliferation. The effect of f-catenin, a key member of the
Whnt signaling pathway, on oridonin-mediated inhibition of
cell proliferation in CN cells was examined in the aforemen-
tioned cell lines. -catenin-silenced and non-silenced CN

(=]
o

Relative mRNA
Qo
[+2]

0.4 *k
0.2
oA
sif-ctn
B ctrl B

Ctrl si-ctn

ctrl Ad-p-ctn

- - e
|- - e on

Figure 5. Silencing and overexpressing f-catenin in CN cells. f-catenin
expression was downregulated by si-f-catenin-infected cells (si-B-ctn), and
was upregulated in Ad-B-catenin-infected CN (central neurocytoma) cells
(Ad-B-ctn). (A) Reverse transcription-quantitative polymerase chain reaction
and (B) western blotting were performed to detect mRNA and protein expres-
sion of -catenin in B-catenin-silenced cells (si-f3-ctn) and control cells (ctrl).
(C) The expression of B-catenin protein in [3-catenin-overexpressed cells and
ctrl cells were assessed by western blot analysis. “P<0.01 vs. control. The
data are presented as the mean + standard error of the mean.



3338

A
ok
| —— |

1.24 ,LI
5 1.01
g 0.8
£ ¥
=] —
5 061
[14]
Z 041
©
£ B

E . - .
Ctrl sifi-ctn  Oridonin sip-ctn+oridonin

B

1.4 4 *k

——— 1

c 1.2
'.g *%
© 1.0 1
L
ﬁ 0.8 1
(=13

0.6 1
2
T 041
& 021

O -+

Ctrl Ad-p-ctn  Oridonin Ad-p-ctn+oridonin

Apoptosis (%)

LIANG et al: ORIDONIN INHIBITS THE GROWTH OF HUMAN NEUROCYTOMA CELLS

90 - ,LI
80 A
. 701
= 60 —_—
% 501 T
—
-g 40 1
Q 301
< 20
101
ol Ml _ _
Ctrl sif-ctn  Oridonin  sip-ctn+oridonin
60 - EE S

50 -
401

o
1 1 1

30 1

20 4

N - .

Ctrl Ad-p-ctn  Oridonin Ad-p-ctn+oridonin

Figure 6. Role of f-catenin in oridonin-mediated inhibition on the proliferation of CN cells. The cells that were infected with (A) sif3-catenin adenovirus
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apoptosis were detected and quantified. The assays were performed in triplicate. “P<0.01. The data are presented as the mean + standard error of the mean.
CN, central neurocytoma; sif3-ctn, recombinant adenovirus expressing -catenin-siRNA; Ad-f-ctn, 3-catenin-expressing adenovirus; Ctrl, ctrl, control cells.

cells were treated with or without 15 yM oridonin for 48 h.
Detection of cell proliferation indicated that treatment with
oridonin and silencing of $-catenin inhibited cell proliferation
and induced apoptosis (Fig. 6A). The combination of oridonin
treatment and silencing of f-catenin markedly augmented
the effects on cell proliferation and apoptosis compared with
oridonin single treatment (Fig. 6A). Additionally, the over-
expression of B-catenin attenuated the effects of oridonin on
proliferation and apoptosis (Fig. 6B). These data suggested
that the Wnt/p-catenin signaling pathway served an important
role in the antitumor activities of oridonin in CN cells, and that
oridonin regulated the growth of CN cells, which might be via
the Wnt/pB-catenin signaling pathway.

Discussion

Oridonin is a diterpenoid compound isolated from the Chinese
traditional medicine herb Rabdosia rubescens (25), which has
attracted attraction due to its antitumor activities (26). Oridonin
has been demonstrated to exert antitumor effects by inhibiting
cell growth, proliferation and inducing apoptosis in multiple
types of human cancer (27). However, the role of oridonin in
the regulation of biological function of CN cells and the under-
lying molecular mechanisms remain unclear. The molecular
regulatory mechanisms in CN cells are predominantly unex-
plored. In the present study, the data suggested that oridonin
may suppress cell proliferation and induce apoptosis in CN
cells, and that the function may be mediated by altering the
Wnt/B-catenin signaling pathway. To investigate the molecular

mechanisms underlying the inhibition of cell proliferation and
induction of apoptosis in CN cells, the expression levels of
apoptosis-associated proteins, Bcl-2, Bax, cleaved caspase-3
and cleaved PARP, were detected by western blotting in the
present study.

Anti-apoptotic Bcl-2 and pro-apoptotic Bax as well as Bcl-2
family proteins regulate mitochondrial permeability to alter
apoptosis via an intrinsic pathway (28). In the present study,
treatment with oridonin was able to decrease Bcl-2 expres-
sion and increase Bax expression in CN cells. Furthermore,
the Bax/Bcl-2 ratio (an important parameter to measure the
occurrence and levels of apoptosis) was significantly elevated.

Cleaved caspase-3, also known as mature or activated
caspase-3, is a critical mediator of cell apoptosis (29).
Pro-caspases require cleavage after aspartic acid residues,
which result in one large and one small subunit. These
subunits associate into an a2b2 tetramer to form the active
enzyme (30,31). Caspase-3 is able to cleave PARP to a specific
85-kDa form, which is observed during apoptosis (30,31). In
the present study, treatment with oridonin was able to increase
the levels of cleaved caspase-3 and cleaved PARP, which was
consistent with the promotion of apoptosis. These data indi-
cated that oridonin-induced apoptosis in CN cells is associated
with a decrease in Bcl-2 expression and an increase in Bax
expression and activation of caspase-3.

The canonical Wnt signaling pathway serves an impor-
tant role in the regulation of cell proliferation and apoptosis.
It has been indicated that downstream target genes of the
Whnt/fB-catenin pathway, including ¢-Myc and cyclin DI,
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are associated with apoptosis (32,33). The Wnt signaling
pathway is activated by interactions between the Wnt
ligand and the Frizzled family receptor and the low-density
lipoprotein receptor-related protein 5/6. The interaction
leads to an accumulation of f-catenin in the cytoplasm and
translocation into the nucleus due to the inactivation of the
[-catenin destruction complex, Axin/adenomatous polyposis
coli/glycogen synthase kinase-3p (34-37). Subsequently,
[-catenin interacts with TCF4/LEF to activate the transcrip-
tion of the target genes Bcl-2, cyclin DI and c-Myc, which
control the transition from GI1 to S, resulting in abnormal
cellular proliferation and apoptosis (38-40). The deregula-
tion of Wnt signaling has been identified to be involved in
tumorigenesis and the development of various types of
cancer (41). It has been demonstrated that the Wnt pathway
receptor, Frizzled-1, and the effector, T cell transcription
factor 4 (TCF4), are highly expressed in CN cells and
involved in the origin and expansion of neurocytoma from
native subependymal progenitor cells (15), suggesting that
Wnt/f-catenin signaling is activated in CN cells. Combined
with the reported finding that oridonin inhibits Wnt signaling
in osteosarcoma cells (16), it is possible that oridonin may
affect Wnt signaling in CN cells.

The stability of B-catenin is commonly used to evaluate
the activity of the Wnt/B-catenin signaling pathway. In
the present study, it was revealed that oridonin was able to
downregulate the level of B-catenin protein in CN cells in a
concentration- and time-dependent manner. It has been previ-
ously reported that 3-catenin is able to bind TCFs to stimulate
cellular growth and proliferation in tumorigenesis by trig-
gering the cell cycle regulator cyclin D1 (42). c-Myc, as the
target of B-catenin protein, also serves a critical role in tumor
prognosis (43). In the present study, it was demonstrated that
cyclin D1 and c-Myc, the downstream targets of [3-catenin,
were reduced in CN cells, indicating that the Wnt/p-catenin
pathway was inhibited. Additionally, silencing [3-catenin was
able to augment oridonin-mediated inhibition of proliferation,
whereas the overexpression of 3-catenin was able to attenuate
these effects in CN cells. These findings indicated that the anti-
tumor activity of oridonin is mediated via the Wnt/p-catenin
signaling pathway in CN cells.

The potential molecular mechanism underlying the anti-
tumor activities of oridonin has been investigated. Several
studies indicated that certain signaling pathways and key
genes associated with cell apoptosis and cells cycle were
regulated by oridonin (44). For instance, oridonin is able to
induce autophagy and apoptosis by upregulating p21 in pros-
tate cancer cells (43) or can downregulate the phosphoinositide
3-kinase/Akt signaling pathway to suppress proliferation and
induce caspase-dependent apoptosis in cervical cancer HeLa
cells (45). In addition, oridonin may downregulate the activi-
ties of ERK and Akt and stimulate c-Jun and MAPK pathways
to suppress proliferation and induce apoptosis in osteosarcoma
cells (46). Oridonin has also been suggested to suppress the
protein tyrosine kinase-Ras-Raf-JNK survival pathway and
activate the ERK-p53 apoptotic pathway, resulting in cell
cycle arrest and apoptosis in murine fibrosarcoma cells (47).
Therefore, whether other signaling pathways or proteins take
part in the regulation of antitumor activities of oridonin in CN
cells remains to be elucidated.
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In conclusion, the results of the present study indicated that
oridonin exerts its antitumor function in CN cells by down-
regulating the activity of the Wnt/f-catenin signaling pathway,
suggesting that oridonin and other compounds from Chinese
herbal medicines targeting the Wnt/B-catenin signaling may
be alternative drugs for CN therapy.
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