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Abstract

AIM: To investigate the effect and mechanism of ori-
donin on the gastric cancer cell line HGC-27 /n vitro.

METHODS: The inhibitory effect of oridonin on HGC-27
cells was detected using the 3-(4, 5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide assay. After
treatment with 10 pg/mL oridonin for 24 h and 48 h,
the cells were stained with acridine orange/ethidium
bromide. The morphologic changes were observed un-
der an inverted fluorescence microscope. DNA fragmen-
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tation (a hallmark of apoptosis) and lactate dehydro-
genase activity were examined using DNA ladder assay
and lactate dehydrogenase-release assay. After treated
with oridonin (0, 1.25, 2.5, 5 and 10 pg/mL), HGC-27
cells were collected for anexin V-phycoerythrin and
7-amino-actinomycin D double staining and tested by
flow cytometric analysis, and oridonin- induced apopto-
sis in HGC-27 cells was detected. After treatment with
oridonin for 24 h, the effects of oridonin on expression
of Apaf-1, Bcl-2, Bax, caspase-3 and cytochrome c
were also analyzed using reverse-transcript polymerase
chain reaction (RT-PCR) and Western blotting.

RESULTS: Oridonin significantly inhibited the prolif-
eration of HGC-27 cells in a dose- and time-dependent
manner. The inhibition rates of HGC-27 treated with
four different concentrations of oridonin for 24 h (1.25,
2.5, 5 and 10 pg/mL) were 1.78% =+ 0.36%, 4.96% =+
1.59%, 10.35% + 2.76% and 41.6% = 4.29%, respec-
tively, which showed a significant difference (P < 0.05).
The inhibition rates of HGC-27 treated with oridonin at
the four concentrations for 48 h were 14.77% + 4.21%,
21.57% + 3.75%, 30.31% + 4.91% and 61.19% +
5.81%, with a significant difference (P < 0.05). The
inhibition rates of HGC-27 treated with oridonin for 72
h at the four concentrations were 25.77% + 4.85%,
31.86% = 3.86%, 48.30% % 4.16% and 81.80% =
6.72%, with a significant difference (P < 0.05). Cells
treated with oridonin showed typical apoptotic fea-
tures with acridine orange/ethidium bromide staining.
After treatment with oridonin, the cells became round,
shrank, and developed small buds around the nuclear
membrane while forming apoptotic bodies. Lactate
dehydrogenase (LDH) release assay showed that after
treated with 1.25 pg/mL and 20 ug/mL oridonin for
24 h, LDH release of HGC-27 caused by apoptosis in-
creased from 22.94% + 3.8% to 52.68% + 2.4% (P
< 0.001). However, the change in the release of LDH
caused by necrosis was insignificant, suggesting that
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the major cause of oridonin-induced HGC-27 cell death
was apoptosis. Flow cytometric analysis also revealed
that oridonin induced significant apoptosis compared
with the controls (P < 0.05). And the apoptosis rates
of HGC-27 induced by the four different concentrations
of oridonin were 5.3% + 1.02%, 12.8% % 2.53%,
28.5% = 4.23% and 49.6% * 3.76%, which were in
a dose-dependent manner (P < 0.05). After treatment
for 24 h, DNA ladder showed that oridonin induced a
significant increase in DNA fragmentation in a dose-
dependent manner. RT-PCR revealed that mRNA ex-
pression levels were up-regulated compared with the
controls in caspase-3 (0.917 £+ 0.103 vs 0.357 £ 0.019,
P < 0.05), cytochrome c (1.429 + 0.111 vs 1.002 *
0.014, P < 0.05), Apaf-1 (0.688 + 0.101 vs 0.242 +
0.037, P < 0.05) and Bax (0.856 + 0.101 vs 0.278 +
0.027, P < 0.05) (P < 0.05), whereas down-regulated
in Bcl-2 (0.085 = 0.012 vs 0.175 £ 0.030, 2 < 0.05).
Western blotting analysis also confirmed this result.

CONCLUSION: Apoptosis of HGC-27 induced by ori-
donin may be associated with differential expression of
Apaf-1, caspase-3 and cytochrome ¢, which are highly
dependent upon the mitochondrial pathway.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer is a common cancer of the digestive sys-
tem and the second most common type of cancer world-
wide. Its incidence varies among different regions and
countties. There are approximately 934 000 new cases of
gastric cancer wotldwide each year, of which 56% occur
in East Asia. Among these new cases in East Asia, 41%
come from China and 11% from Japan“’zj. Most patients
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present with advanced stage. Surgery plus chemotherapy
remains the first-line therapy. Despite rapid advances in
surgical procedures and radiotherapy/chemotherapy, few
chemotherapeutic drugs for gastric cancer have shown
promising results. Treatment efficacies vary from person
to person, with a prevalence of cure of < 30%". There-
fore, it is important to search and develop new and more
effective anti-gastric cancer drugs. In recent years, tradi-
tional Chinese medicine (TCM) has played an increasingly
important role in the prevention and treatment of tu-
mors. In particular, the integration of TCM with Western
medicine has appreciably improved the efficacy of drug
combinations and prolonged patient survival.

Rabdosia rubescens, a medicinal herb in TCM, has thera-
peutic actions (e.g., heat-cleating, detoxifying, anti-inflam-
mation, antinociceptive, anti-tumor). Oridonin (molecular
formula: Ca0H200s; relative molecular weight: 364.42) is a
tetracyclic diterpenoid compound. It is a monomer com-
ponent extracted from Rabdosia rubescens. In China, struc-
tural and pharmacological studies on Rabdosia rubescens
started in the mid 1980s. Results indicated that oridonin
is one of the most important anti-tumor components of
Rabdosia rubescens™. Studies have suggested that oridonin
has certain anti-tumor effects on cervical cancer, human
epidermal squamous cell carcinoma, leukemia, liver can-
cer, malignant melanoma, colon cancer, breast cancer,
and other tumors'™
that the mechanism of oridonin-induced apoptosis and
aging of colon cancer cells might lie in increased histone
acetylation and changes in the expressions of p16, p21,
p27 and c-myc'”. A study on laryngeal cancer indicated
that oridonin can induce apoptosis through inhibiting the

" A study on colon cancer found

epidermal growth factor receptor signaling pathway and
by increasing oxidative stress' . Oridonin can induce the
apoptosis of hepatoma cells through the reactive oxygen
species-mitogen-activated protein kinase-p53 pathwaylls].
In another study on cervical cancer, oridonin induced the
apoptosis of cervical cancer cells through the phosphati-
dyl inositol 30-kinase-Akt pathway'’. In addition, some
recent studies suggested that oridonin can also inhibit the
proliferation of tumor cells by increasing the autophagy
of tumor cells"™. All of these findings suggest that ori-
donin has good anti-tumor effects.

Our previous studies on gastric cancer also suggested
that oridonin has a notable inhibitory effect on the pro-
liferation of gastric cancer cells®. However, the exact
mechanism by which oridonin induces the apoptosis of
gastric cancer cells remains undefined. In this study, the
effect of oridonin on gastric cancer cells and its possible
mechanism of action were explored.

MATERIALS AND METHODS

Experimental reagents

The human gastric cancer cell line HGC-27 as well as the
instruments and equipments needed for this study were
provided by the Zhejiang Provincial Key Laboratory of
Gastroenterology (Zhejiang, China). Roswell Park Memo-
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rial Institute (RPMI) 1640 medium was purchased from
the Shanghai Pufei Biotech (Shanghai, China). Fetal bovine
serum (FBS), 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide, acridine orange/ethidium bromide
(AO/EB) fluorescent dye and lactate dehydrogenase (LDH)
test reagents were purchased from YK Biotech (Hangzhou,
China). Bcl-2, Bax, Apaf-1, caspase-3 and B-actin primers
were synthesized by Invitrogen (Shanghai, China). Trziol
RNA extraction reagent was purchased from Invitrogen
(Carlsbad, CA, United States). Taq DNA polymerase and
PrimeScript™ reverse-transcript polymerase chain reaction
(RT-PCR) Kit and other PCR reagents were purchased
from TaKaRa Corporation (Osaka, Japan).

Cell culture

HGC-27 cells were routinely cultivated in RPMI 1640
medium containing 10% FBS, 100 U/mL penicillin, and
100 U/mL streptomycin at 37 'C with 5% COz. Cells
were passaged at 80% confluency using 1 mmol/L ethyl-
ene diamine tetraacetic acid (EDTA)-0.025% trypsin for
3-5 min, and subcultutred at a ratio of 1:3-1:5. Cells at the
logarithmic growth phase were collected for experiments.

Determination of inhibition of cell growth

HGC-27 cells at the logarithmic growth phase were ob-
tained. The cell concentration was adjusted to 4 X 104/
mlL. Then, 200 pl. of the above-mentioned cell suspen-
sion was added into each well of several 96-well plates.
When cells adhered to the wall, the stock solution of
oridonin (50 mg/ml.) was added into each well to obtain
final concentrations of oridonin of 0, 1.25, 2.5, 5 and
10 pg/mL. Five parallel wells were established for each
drug concentration. After each well was removed from
the incubator after different time periods of cultivation
(based on experimental design), 20 ul. MTT [prepared
using 5 mg/ml. phosphate-buffered saline (PBS) at pH
7.4] was added. The well was removed again after 4 h
of cultivation. The supernatant was aspirated carefully;
150 plL. dimethyl sulfoxide was added to each well and
homogenized. A Multi-Mode Microplate Reader (Infinite
M200; Tecan, Geneva, Switzerland) was used to deter-
mine the absorbance (A4), with a detection wavelength
of 570 nm and a reference wavelength of 630 nm. The
inhibition of cell growth was calculated using the follow-
ing formula:

Ir]hlbmon (0/ 0) = [1 - (Atreated - Ablank) / (Aconh‘ol - Ab]ank)] X 100%

Determination of LDH activity

HGC-27 cell culture media treated with oridonin (0, 1.25,
2.5, 5,10 and 20 pg/mL) for 24 h were collected. After
centrifugation of the cell culture medium at 1000 g for 5
min at 4 C, supernatants were carefully aspirated: these
were marked “LDHnrecrosis”. Precipitated cells were rinsed
three times in PBS (pH 7.4), and then lysed with 0.4%
Triton X-100 for 30 min on ice. Cell lysate supernatants
were centrifuged at 3000 g for 5 min at 4 C: these were
marked “LIDHapoptosis”’. Residual adherent HGC-27 cells
were collected after treatment with different concentra-
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tions of oridonin using 0.4% Triton X-100 for 30 min
on ice. Cell lysate supernatants were centrifuged at 3000
g for 5 min at 4 C: these were marked “LDHi”. LDH
levels were measured in the three supernatants men-
tioned above (LDHaccrosis, LD Hapoptosis and LDHiive) on a
fully automatic biochemical analyzer (LX20; Beckman
Coulter, Brea, CA, United States). LDH levels in super-
natants (LDHaccrosis and LD Hapoprosis) were applied for the
analysis of oridonin-induced necrosis and apoptosis of
HGC-27 cells. The percentages of apoptosis and necro-
sis were calculated using the following formulae:
Necrosis (%) = [LDHuecrosis/ (LD Huecrosis + LD Hapoprosis +
LDHiiv)] X 100%

Apoptosis (%) = [LDHapoptosis/ (LD Haecrosis + LD Hapoptosis +
LDHiie)] X 100%

DNA fragmentation (DNA ladder) assay

HGC-27 cells (including suspended cells and adherent
cells) were collected after treatment with oridonin (0, 1.25,
2.5, 5,10 ug/mlL) for 24 h. They wete rinsed three times
in PBS at 4 'C. This was followed by degradation using
100 g cell lysates (1% NP-40, 20 mmol/L EDTA, 50
mmol/L Ttis-HCl, pH 7.5) at 4 ‘C for 10 min, followed
by centrifugation at 15 000 g for 20 min. RNase A (20
ug/ mlL) was added to the supernatant at 37 °C for 1 h.
Then 20 pl. 0.5 mol/L NaCl and 120 pL 50% isopro-
panol were added and the mixture left overnight at —
20 C. The supernatant was removed after centrifugation
at 15000 g for 15 min at 4 ‘C. The supernatant was al-
lowed to dry naturally and was dissolved in TE buffer (10
mmol/L Ttis-HCI pH 7.4, 10 mmol/L EDTA pH 8.0),
followed by electrophoresis at 100 V for 40 min using 0.1
mg/L, 2% agarose gels. A gel imaging system (FluorChem
FC2; Alpha Innotech, Palo Alto, CA, United States) was
used for observation and taking photographs.

Flow cytometric analysis

HGC-27 cells were treated by oridonin (0, 1.25, 2.5, 5,
10 pg/mL) as describe above and the cells were collected
for anexin V-phycoerythrin and 7-amino-actinomycin D
double staining. Briefly, the cells were washed with PBS
for three times, and stained according to the manufactur-
er’s instructions (Guava Nexin® Reagent kit, 4700-1140,
Millipore, United States). Samples were then analyzed
using Guava EasyCyte Plus (Millipore, United States)
within 30 min after the staining,

Cell morphology

AO/EB apoptotic staining was used to detect the mot-
phology of apoptotic cells. After treatment with 10 pg/
ml. oridonin for 24 h and 48 h, the cells were washed three
times in PBS at room tempetature. The 80 uL. AO/EB
cocktail (Solomon Bio-Sci and Tech Co, China) was added
to the culture plates for 30 min prior to observation under
an inverted fluorescence microscope (IX71; Olympus,
Tokyo, Japan). Viable cells stained only by AO appeared
bright green with intact structure, whereas cells in early
apoptosis showed bright green nuclear staining, Late apop-
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Primer (forward)

Primer (reverse)

Product size (bp)

B-actin 5-CGGGACCTGACTGACTACCTC 5-GGACTCGTGATACTCCTGCTTG 500
Apaf-1 5-TTAGGAGCCAGGTGCGGT 5-GCTTGTCTTTCTTCCCATTTTTC 148
Bcl-2 5-TCGCCCTGTGGATGACTG 5-CAGGAGAAATCAAACAGAGGC 124
Caspase-3 5-CATCCAGTCGCTTTGTGCC 5-TGCCCACAGATGCCTAAGTTC 619
Bax 5-CCCGAGAGGTCTTTTTCC 5-GCCTTGAGCACCAGTTTG 108
Cytochrome ¢ 5-GAGCGGGAGTGTTCGTTGT 5-GTCTGCCCTTTCTTCCTTCT 327

totic cells stained by AO low and EB wete red-orange with
condensation of chromatin as dense orange areas. The
experiment was repeated three times in each group.

Semi-quantitative RT-PCR analysis
HGC-27 cells were collected after treatment with 10 pg/
mlL oridonin for 24 h. Total cellular RNA was extracted
using the Trizol Reagent Kit according to manufacturer’s
instructions. The concentration and quality of total RNA
extracted were confirmed using a Protein-Nucleic Acid
Analyzer (GeneQuant Pro DNA/RNA; GE Healthcare,
Piscataway, NJ, United States) and RNA electrophoresis.
cDNA synthesis and PCR detection were conducted us-
ing a PCR instrument (PTC-200; Bio-Rad, Hercules, CA,
United States) according to the instructions given for
the PrimeScript™ RT-PCR Kit. Primers were designed
using the freely available primer design software Primer
Premier 5.0. The primers of B-actin, Apaf-1, Bcl-2, Bax,
caspase-3 and cytochrome c are shown in Table 1.

The reaction conditions wete as follows: 94 C for
4 min; 94 'C for 45 s, 50 'C for 45 s, and 72 C for 45 s,
for 30 cycles; and followed by extension at 72 ‘C for 10
min before ending. Electrophoresis (1% agarose gel, 120
V for 30 min) was cartied out. The gel imaging system
(FluorChem FC2; Alpha Innotech) was used for obser-
vation and taking photographs.

Western blotting verification

Gastric cancer cell samples were homogenized in lysis
buffer (50 mmol/L Tris-HCl, pH 8.0, 150 mmol/L, 1%
Triton X-100, and 100 pg/mL Phenylmethanesulfonyl
fluoride). The concentration of total protein was quan-
titated by bicinchoninic acid method. Sixty ug total pro-
teins from each sample were loaded on a 15% sodium
dodecylsulfonate-polyacrylate gel electrophoresis gel and
the proteins were transferred to a polyvinylidene fluoride
membrane (Bio-Rad, United States). Blotted membranes
were blocked in 5% bovine serum albumin and subse-
quently exposed to primary antibodies specific for Apaf-1
(1:500, sc65891, Santa Cruz, United States), Bcl-2 (1:300,
sc7382, Santa Cruz, United States), Bax (1:300, sc70400,
Santa Cruz, United States), caspase-3 (1:300, sc7272, Santa
Cruz, United States) and cytochrome ¢ (1:800, sc13156,
Santa Cruz, United States), respectively. After incubation
with the appropriate secondary antibody, the membranes
were treated with electrochemiluminescence reagent
(Generay, China) and exposed to autoradiographic films.
Beta-actin was also detected as an internal control.
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Statistical analysis

The experiments were repeated three times indepen-
dently. Data were presented as the mean = SD. Data were
analyzed using SPSS software ver13.0 (SPSS, Chicago, 1L,
United States). If the results were distributed normally,
the two independent samples 7 test was used for compari-
son. For comparisons between groups of more than two
unpaired values, one-way analysis of variance (ANOVA)
was used. If an ANOVA F value was significant, post-
hoc comparisons were performed between groups. If re-
sults were not normally distributed, the Mann-Whitney U
test was used to compare two groups of unpaired values,
whereas for comparisons between groups of more than
two unpaired values, the Kruskal-Wallis H test was used.
P < 0.05 was considered significant.

RESULTS

Inhibitory effect of oridonin on growth of HGC-27 cells
The HGC-27 cell-growth inhibition rate after treatment
with different concentrations of oridonin (0, 1.25, 2.5, 5,
10 pg/mL) is shown in Figure 1A. The inhibition rates of
HGC-27 treated with the four different concentrations of
otidonin for 24 h (1.25, 2.5, 5, 10 pg/mL) were 1.78% £
0.36%, 4.96% *+ 1.59%, 10.35% * 2.76% and 41.6% *
4.29%, with a significant difference (P < 0.05). The inhibi-
tion rates of HGC-27 treated with oridonin for 48 h at
the four concentrations were 14.77% =+ 4.21%, 21.57%
+ 3.75%, 30.31% £ 4.91% and 61.19% * 5.81%, with
a significant difference (P < 0.05). The inhibition rates
of HGC-27 treated with oridonin for 72 h at the four
concentrations were 25.77% + 4.85%, 31.86% * 3.86%,
48.30% * 4.16% and 81.80% £ 6.72%, respectively, with
a significant difference (P < 0.05). As the drug concentra-
tion increased, HGC-27 cell-growth inhibition was gradu-
ally enhanced.

Oridonin induced apoptosis of HGC-27 cells
HGC-27 cells were tested by LDH release assay after treat-
ed with oridonin for 24 h, and we found that apoptosis-
induced LDH release increased from 22.94% =+ 3.8% at
1.25 pg/ml to 52.68% % 2.4% at 20 pug/mL) (P < 0.001).
However, the change in the release of LDH caused by
necrosis was insignificant (P > 0.05, Figure 1B), suggest-
ing that the major cause of oridonin-induced HGC-27 cell
death was apoptosis.

DNA of HGC-27 cells was also extracted and tested by
DNA ladder analysis after treatment with oridonin for 24
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Figure 1 Inhibition of growth and lactate dehydrogenase release assay of HGC-27 cells after treatment with different concentrations of oridonin. A: Inhibi-
tion of growth HGC-27 cells; B: Lactate dehydrogenase (LDH) release assay of HGC-27 cells. The change in the release of LDH caused by apoptosis was significant.
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Figure 2 DNA ladder diagram after treatment with different concentrations
of oridonin for 24 h. 1: Control; 2: 1.25 pg/mL oridonin; 3: 2.5 ug/mL oridonin;
4:5 pg/mL oridonin; 5: 10 pg/mL oridonin.

h. As shown in Figure 2, oridonin induced a significant in-
crease in DNA fragmentation in a dose-dependent manner.

Flow cytometric analysis also revealed that oridonin
could induce significant apoptosis compared with the
controls (P < 0.05, Figure 3). And the apoptosis rates of
HGC-27 induced by oridonin at the four concentrations
were 5.3% * 1.02%, 12.8% * 2.53%, 28.5% * 4.23%
and 49.6% * 3.76%, respectively, which were in a dose-
dependent manner (P < 0.05).

Apoptotic morphology of HGC-27 cells after treated with
oridonin

Apoptotic morphology was further observed under light
microscopy and we found that, in the negative control
group, HGC-27 cells were closely connected and uni-
form in size (Figure 4A). After treatment with oridonin,
the cells became round (Figure 4B, black arrow), shrank,
and developed small buds around the nuclear membrane
while forming apoptotic bodies (Figure 4C, black arrow).
AO/EB staining showed that, in the negative control
group, cells were closely connected, uniform in size, and
green in color (Figure 4D). After treatment with oridonin,

(49

Boishidongs  WIG | www.wjgnet.com

7170

the typical features of cells at different phases of apop-
tosis could be seen. Live cytoplasm and nuclei appeared
all green. Eatly apoptotic nuclei were yellowish-green and
pyknotic, and the cytoplasm was stained green. In the
mid-phase and late apoptosis, nuclei were pyknotic, and
nuclei and cytoplasm were yellowish-green. Dying cells
were pyknotic and red-orange (Figure 4E and F).

Effect of oridonin on HGC-27-induced gene expression
After treatment with oridonin for 24 h, gray ratio analy-
ses of RT-PCR revealed that mRNA expression was up-
regulated compared with control in caspase-3 (0.917 *
0.103 »5s 0.357 £ 0.019, P < 0.05), cytochrome ¢ (1.429 *
0.111 »s 1.002 £ 0.014, P < 0.05), Apaf-1 (0.688 £ 0.101
15 0.242 £ 0.037, P < 0.05) and Bax (0.856 £ 0.101 »s5 0.278
T 0.027, P < 0.05), wheteas down-regulated in Bel-2 (0.085
+ 0.012 25 0.175 £ 0.030, P < 0.05). These findings sug-
gested that oridonin-induced apoptosis of HGC-27
cells was correlated with changes in the expression of
caspase-3, cytochrome ¢, Apaf-1, Bcl-2 and Bax. Agarose
gel electrophoresis of the RT-PCR products is shown
in Figure 5A, and the ratios between the indicators for
the three PCR analyses and optical density of [B-actin are
shown in Figure 5B. Protein levels analyzed by Western
blotting also confirmed this result (Figure 5C).

DISCUSSION

Apoptosis plays a key part in the evolution of organ-
isms, homeostasis, and development of multiple systems,
including cancer. Tumorigenesis occurs when a series of
oncogenes and proto-oncogenes are activated and overex-
pressed within tumor cells. The genes and their products
are important regulators of apoptosis. Theitr abnormal
expression blocks the apoptotic process of tumor cells,
increasing the number of tumor cells, thereby promot-
ing tumor growth. The typical morphological features
of apoptotic cells are: cell shrinkage; in some organelles,
ribosomes and nucleat debtis are “wrapped” by the cell
membrane into apoptotic bodies, which bud off from the
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Figure 3 Analysis of apoptosis in HGC-27 cells. Flow cytometric analysis showed that oridonin induced the apoptosis of HGC-27 cells in a dose dependent man-
ner. The x-axis indicates the Annexin V-positive populations and the y-axis indicates the 7-AAD-positive populations. The lower right was the early apoptotic cells.

Figure 4 Morphological changes in HGC-27 cells after treatment with 10 ug/mL oridonin for 24 h and 48 h. A: Negative; B: Treatment for 24 h; C: Treatment for
48 h; D: Acridine orange/ethidium bromide (AO/EB) staining negative; E: Treatment for 24 h and AO/EB staining; F: Treatment for 48 h and AO/EB staining. Magnifica-
tion x200 in all images.
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Figure 5 Changes in gene expression after treatment with 10 ig/mL oridonin for 24 h. After treatment with oridonin for 24 h, the expression of caspase-3, cy-
tochrome c, Apaf-1 and Bax was up-regulated, whereas that of Bcl-2 was down-regulated. A: Agarose gel electrophoresis of the reverse-transcript polymerase chain
reaction products; B: Results of optical density analyses of Apaf-1/B-actin, Bcl-2/B-actin, Bax/B-actin, caspase-3/B-actin, and cytochrome c/B-actin before and after
treatment with oridonin (paired t test, °P < 0.05 vs before treatment with oridonin); C: Western blotting analysis.

cell surface and are finally “swallowed” by macrophages,
epithelial cells and other phagocytic cells; phosphatidylser-
ine eversion; condensation and marginalization of nuclear
chromatin; and DNA fragmentation. Important molecules
involved in apoptosis are: apoptosis-promoting molecules
such as cysteine containing the aspartate-specific protease
(caspase) family, and cytochrome c; and apoptosis-inhibi-
tory molecules such as the Bcl-2 family. Apoptotic signal-
ing pathways mainly involve the cell membrane receptor
pathway [e.g., Fas/Fas ligand and tumor necrosis factors
(INF)/TNF receptot] or mitochondrial pathway conduc-
tion, which activates the caspases (caspase-8 or caspase-9)
and key molecules of the downstream signal transduction
pathway in succession to initiate caspase (caspase-3) and
start apoptosis. In addition, apoptosis can also start in a
caspase-independent manner”?,

The Bcl-2 family contains molecules that can regu-
late apoptosism. These can be divided into two main
categories: anti-apoptotic genes (particularly Bcl-2) and
pro-apoptotic genes (particularly Bax). Bcl-2 can form
protein dimers with the pro-apoptotic protein Bax and
plays a decisive role in the apoptosis signaling pathway.
If the Bcl-2/Bax ratio is decreased, apoptosis occurs™.
Changes in the expression of the Bcl-2 protein family
lead to increased permeability of the outer membrane of
mitochondria, thus triggering mitochondrial release of cy-
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tochrome c. Apaf-1 can activate caspase-3. If cytochrome
c is released into the cytoplasm, it forms the Apaf-1/cy-
tochrome ¢ complex with Apaf-1. After the Apaf-1/cy-
tochrome ¢ complex binds with ATP/dATP, Apaf-1
can “call” caspase-9 through its CARD domain to form
apoptotic bodies, activate caspase-3, and start the caspase
cascade reaction, thereby leading to apoptosis[zsl

Recent studies have shown that the anti-tumor activity
of oridonin is related to its induction of apoptosism‘%’zs].
In the present study, the MTT assay initially confirmed
that oridonin can have a notable inhibitory effect on the
proliferation of HGC-27 cells in a dose- and time-depen-
dent manner. Our previous studies also suggested that
oridonin has a notable inhibitory effect on the prolifera-
tion of gastric cancer™. Previous studies also found the
growth-inhibitory activity of oridonin on cancer cells™,
Light microscopy and AO/EB staining tevealed that, after
treatment with oridonin, HGC-27 cells became round,
shrank, developed pyknosis, and formed small buds
around the nuclear membrane as well as apoptotic bod-
ies. The LDH release assay showed that oridonin could
induce the death of gastric cancer cells mainly through
its induction of apoptosis, and that the apoptotic effect
was enhanced significantly as the concentration increased.
These results were consistent with previous reportsm3 I
DNA ladder analyses demonstrated that, after treatment
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Figure 6 Possible mechanism by which oridonin induces the apoptosis of
HGC-27 cells.

with different concentrations of otridonin, obvious DNA
fragmentation could be seen. This finding indicated that
oridonin could inhibit the proliferation of HGC-27 cells
and induce their apoptosis. To further study the mo-
lecular mechanism of oridonin-induced apoptosis, semi-
quantitative RT-PCR and Western blotting analysis were
conducted to observe changes in expression of caspase-3,
cytochrome c, Apaf-1, Bax and Bcl-2 mRINA after treat-
ment with oridonin. Expression of caspase-3, cytochrome
¢, Apaf-1 and Bax was up-regulated, whereas that of
Bcl-2 was down-regulated. The results showed that orido-
nin could inhibit the proliferation of HGC-27 cells, and
that this effect was related to its induction of tumor-cell
apoptosis. Liu ez al” also found that oridonin induced a
decrease in Bcl-2/Bax ratio and activation of caspase-3.
Zhang et al™ reported that regulation of the Bcl-2 and
MAPK families may be the effector mechanisms of
oridonin-induced 1929 cell death, independent of the cas-
pase pathway. So we speculated that oridonin may change
expression of Bcl-2 and Bax, and then trigger the release
of cytochrome c through the mitochondrial pathway to
further activate the caspase cascade reaction and induce
HGC-27 apoptosis (Figure 6).

In conclusion, oridonin significantly inhibited the
proliferation and promoted apoptosis of gastric cancer
cell line HGC-27. And the apoptosis of HGC-27 in-
duced by oridonin may be associated with differential ex-
pression of Apaf-1, caspase-3 and cytochrome ¢, which
are highly dependent upon the mitochondrial pathway.
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COMMENTS

Background

Gastric cancer is a common cancer of the digestive system and the second
most common type of cancer worldwide. It is important to seek and develop
new and more effective anti-gastric cancer drugs. Rabdosia rubescens, a me-
dicinal herb, has therapeutic actions. Studies have suggested that oridonin has
certain anti-tumor effects in many kinds of tumors. However, the exact mecha-
nism by which oridonin induces the apoptosis of gastric cancer cells remains
undefined. In this study, the effect of oridonin on gastric cancer cells and its
possible mechanism of action were explored.

Research frontiers

Studies have suggested that oridonin has certain anti-tumor effects on cervical
cancer, human epidermal squamous cell carcinoma, leukemia, liver cancer,
malignant melanoma, colon cancer, breast cancer, and other tumors. It has
been found that the mechanism of oridonin-induced apoptosis and aging of
colon cancer cells might lie in increased histone acetylation and changes in the
expressions of p16, p21, p27 and c-myc. Oridonin can induce the apoptosis of
hepatoma cells through the reactive oxygen species-mitogen-activated protein
kinase-p53 pathway. In addition, some recent studies suggested that oridonin
can also inhibit the proliferation of tumor cells by increasing the autophagy of tu-
mor cells. All of these findings suggest that oridonin has good anti-tumor effects.

Innovations and breakthroughs

In the present study, the authors found that oridonin significantly inhibited the
proliferation and promoted apoptosis of gastric cancer cell line HGC-27. And
the apoptosis of HGC-27 induced by oridonin may be associated with differen-
tial expression of Apaf-1, caspase-3 and cytochrome c. The authors speculated
that oridonin may change expression of Bcl-2 and Bax, and then trigger the
release of cytochrome c through the mitochondrial pathway to further activate
the caspase cascade reaction and induce HGC-27 apoptosis.

Applications

Oridonin possesses potent anti-gastric cancer activities associated with inhibi-
tion of proliferation and regulation of pathways critical for maintaining apoptosis
induction. These results may lay the groundwork for further studies to establish
the causal relationship between oridonin anti-tumor activity and specific genetic
pathways and to identify molecular markers that will guide the development of
future clinical therapies. Therefore, oridonin may represent a novel therapeutic
option for gastric cancer.

Terminology

Gastric cancer is still the second leading cause of cancer-related death world-
wide, particularly in Asian countries. Traditional Chinese medicine (TCM) has
played an increasingly important part in the prevention and treatment of tumors.
In particular, integration of TCM with Western medicine has appreciably im-
proved the efficacy of drug combinations and prolonged patient survival. Orido-
nin (molecular formula: Cz0Hz00s; relative molecular weight: 364.42) is a tetracy-
clic diterpenoid compound, which was extracted from Rabdosia rubescens.
Peer review

The authors demonstrated the effect and mechanism of oridonin on HGC-27
gastric cancer cell line and suggested that oridonin may represent a novel
therapeutic option for gastric cancer.
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