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Abstract. Dendrobium nobile is widely used as an analgesic, 
an antipyretic, and a tonic to nourish the stomach in traditional 
medicine. Mounting evidence suggests an antitumor activity 
of denbinobin, a major phenanthrene isolated from stems of 
Dendrobium nobile. The present study aimed to investigate the 
inhibitory effect of denbinobin on the invasive ability of human 
cancer cells. The cytotoxicity of denbonobin was examined in 
several human cancer cell lines including SK-Hep-1 hepato
carcinoma cells, SNU-484 gastric cancer cells, and HeLa 
cervix cancer cells. Because SNU-484 cells showed the lowest 
IC50 value, we examined the effect of denbinobin on the inva-
sive ability of SNU-484 cells. The present study revealed, for 
the first time, that denbinobin inhibits the invasive phenotype 
of SNU-484 human gastric cancer cells in a dose-dependent 
manner. Expressions of matrix metalloproteinase (MMP)-2 
and MMP-9 were significantly decreased by denbinobin, 
suggesting that MMP-2/-9 may be responsible for the anti-
invasive activity of denbinobin. We also provide evidence that 
denbinobin induces apoptosis through down-regulation of 
Bcl-2 and an up-regulation of Bax. Taken together, this study 
demonstrates that denbinobin inhibits invasion and induces 
apoptosis in highly invasive SNU-484 human gastric cancer 
cells. Given that gastric cancer has been estimated to be one 
of the most common causes of cancer-related death among 
Asians and the major cause of death from gastric cancer is 
the metastatic spread of the disease, our findings may provide 
useful information regarding the application of denbinobin as 
a chemopreventive agent that could prevent or alleviate meta-
static gastric cancer.

Introduction

Dendrobium nobile Lindl. (Orchidaceae, also called ‘Seokgok’ 
in Korea; ‘Shi Hum’ in mainland China) has been used as an 
analgesic, an antipyretic, and a tonic to nourish the stomach in 
traditional medicine (1). We have previously isolated denbinobin 
(5-hydroxy-3,7-dimethoxy-1,4-phenanthraquinone) as one of 
the antifibrotic phenanthrenes from the stems of D. nobile 
(2). Denbinobin has been demonstrated to induce cell death 
in various human cancer cells including leukemic cells (3-5), 
lung adenocarcinoma cells (6), and human colorectal cancer 
cells (7).

Metastasis is a characteristic of highly malignant cancers 
with poor clinical outcome. Metastasis is a multi-step process 
involving detachment of malignant transformed cells from 
the primary tumor site, attachment to the extracellular matrix 
(ECM), degradation of the ECM and basement membrane 
(invasion), and cell migration through the degraded matrix (8). 
A recent study showed that denbinobin suppresses invasion 
in mouse breast tumor cells in vitro and metastasis of breast 
cancer in a mouse metastasis model in vivo (9). Tumor invasion 
is often associated with the enhanced synthesis and/or activa-
tion of matrix-degrading enzymes matrix metalloproteinases 
(MMPs), among which MMP-2 and MMP-9 are of central 
importance (10-12).

The differentiated cells of multicellular organisms share 
the ability to carry out their own death through activation of 
a programmed cell suicide process known as apoptosis (13). 
Apoptotic cell death is regulated by members of the caspase 
family and Bcl-2 family (14,15). Caspase family members 
consist of cysteine proteases which play a critical role in apop-
tosis. Especially, caspase-3 is responsible for the proteolytic 
cleavage of many proteins related to apoptosis (16). Caspase-3 is 
initially produced as a pro-caspase-3 (32 kDa) and then activated 
by cleavage events to generate a large subunit of 17 kDa and a 
small subunit of 12 kDa (17). Bcl-2 family proteins modulate 
mitochondria-dependent apoptosis through the balance of anti- 
and pro-apoptotic members and regulate processes involved in 
the life and death of cells (14,18). The anti-apoptotic protein 
Bcl-2 prevents apoptotic death, while the death promoting pro-
apoptotic protein Bax counteracts the anti-apoptotic effects of 
Bcl-2 by forming a heterodimer with Bcl-2.
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Although mounting evidence suggests an antitumorigenic 
effect of denbinobin (1), the role of denbinobin in the metastatic 
potential of cancer cells has not been extensively studied. In 
the present study, we investigated the effect of denbinobin on 
the invasive phenotype of the SNU-484 human gastric cancer 
cell line. Here, we show that denbinobin efficiently inhibits 
the invasive ability of SNU-484 cells in a dose-dependent 
manner, possibly via down-regulation of MMP-2 and MMP-9. 
We further show that denbinobin induces apoptosis through a 
down-regulation of Bcl-2 and an up-regulation of Bax.

Materials and methods

Materials. Denbinobin was isolated from a methanolic extract 
of Dendrobium nobile stems as previously described (2). The 
chemical structure of denbinobin is depicted in Fig. 1.

Cell lines. The SK-Hep-1 hepatocarcinoma cell line (KCLB 
no. 30052), and the HeLa cervical adenocarcinoma cell line 
(KCLB no. 10002) were purchased from the Korean Cell 
Line Bank (KCLB, Seoul, Korea). The SNU-484 gastric 
cancer cell line was kindly provided by Dr H.D. Um (Korea 
Institute of Radiological and Medical Science, Seoul, Korea). 
SK-Hep-1 and HeLa cells were cultured in DMEM medium 
supplemented with 10% heat-inactivated fetal bovine serum 
and 100 U/ml penicillin-streptomycin. SNU-484 cells were 
cultured in RPMI-1640 supplemented with 10% heat-inacti-
vated fetal bovine serum and 50 U/ml gentamicin. Cells were 
maintained in a humidified atmosphere with 95% air and 5% 
CO2 at 37˚C.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay. Cells (5x103) cultured in a 96-well plate were 
treated with denbinobin for 24 h. After 24 h of incubation, 25 µl 
of 0.5 mg/ml of MTT was added and incubation was continued 
for another 4 h. Conversion of MTT to purple formazan by 
metabolically active cells indicated the extent of cell viability. 
The crystals of produced formazan were dissolved with 100 µl 
of DMSO and the optical density was measured at 540 nm 
using a micro-ELISA reader (Molecular Devices, Sunnyvale, 
CA, USA) for quantification of cell viability. Assays were 
performed in triplicate.

Flow cytometry (fluorescence-activated cell sorting, FACS). 
SNU-484 cells were incubated with 10 µM denbinobin for 
4 h, and then harvested and washed with cold PBS. Apoptotic 
cells were quantitatively identified with the Annexin V-FITC 
Apoptosis Detection kit I (BD Biosciences Pharmingen, San 
Diego, CA, USA). The cells were then resuspended in binding 
buffer at a concentration of 1x106 cells/ml. Resuspended cells 
(8x104 cells/100 µl) were stained with 4 µl of FITC-conjugated 

Annexin-V and 4 µl of propidium iodide reagent. After incu-
bation in the dark for 15 min at room temperature, 0.4 µl of 
binding buffer was added to each tube. The cells were sorted 
by flow cytometry (Beckman-Coulter, Miami, FL, USA).

In vitro invasion assay. An in  vitro invasion assay was 
performed using a 24-well transwell unit with polycarbonate 
filters (Corning Costar, Cambridge, MA, USA) as previously 
described (19). The lower side of the filter was coated with 
type I collagen, and the upper side was coated with Matrigel 
(Collaborative Research, Lexington, KY, USA). The lower 
compartment was filled with serum-free media containing 
0.1% BSA. Cells were placed in the upper part of the Transwell 
plate, incubated for 17 h, fixed with methanol, and stained 
with hematoxylin for 10 min, followed by a brief staining with 
eosin. The cells on the upper surface of the filter were removed 
using a cotton swab. The invasive phenotypes were determined 
with microscopy at x400 by counting the cells that invaded the 
lower side of the filter. Thirteen fields were counted for each 
filter and each sample was assayed in triplicate.

Gelatin zymography assay. Cells were cultured in serum-free 
medium for 48 h. Gelatinolytic activity of the conditioned media 
was determined by the gelatin zymography assay as previously 
described (20). Areas of gelatinase activity were detected as 
clear bands against the blue-stained gelatin background. 
Relative band intensities were determined by quantitation of 
each band with an image analyzer Gel Logic 200 imaging 
system (Kodak, Rochester, NY, USA).

Immunoblot analysis. Immunoblot analysis was performed 
as previously described (21) using anti-S100A8, anti-S100A9, 
anti-Bax, anti-Bcl-2, anti-caspase-3, anti-JNK, and anti-phos-
phorylated JNK antibodies from Santa Cruz Biotechnology 
Inc. (Santa Cruz, CA, USA); anti-p38, anti-phosphorylated 
p38, anti-ERK and anti-phosphorylated ERK antibodies 
from Cell Signaling Technology (Beverly, MA, USA). The 
enhanced chemiluminescence (ECL, Amersham-Pharmacia, 
USA) system was used for detection. Relative band intensi-
ties were determined with an image analyzer (Gel Logic 200 
imaging system).

Results

Denbinobin inhibits the proliferation of gastric cancer cells. 
The cytotoxic effect of denbonobin was examined in several 
human cancer cell lines by the MTT assay. Treatment with 
denbinobin for 24 h inhibited the growth of SK-Hep-1 hepato
carcinoma cells, SNU-484 gastric cancer cells, and HeLa 
cervix cancer cells in a dose-dependent manner with the IC50 
values of 16.4, 7.9 and 22.3 µM, respectively (Fig. 2). Because 
SNU-484 gastric cancer cells showed the lowest IC50 value 
among the cancer cell lines tested, we further examined the 
effect of denbinobin on the invasive ability of SNU-484 cells.

Denbinobin inhibits the invasive phenotype of SNU-484 
gastric cancer cells. An in vitro invasion assay was conducted 
to investigate the effect of denbinobin on the invasive pheno-
type of SNU-484 cells. As shown in Fig. 3A, invasiveness 
of SNU-484 cells was significantly inhibited by denbinobin 

Figure 1. Chemical structure of denbinobin (2,36).
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in a dose-dependent manner. Treatment of SNU-484 cells 
with 2.5 µM denbinobin for 17 h inhibited the invasiveness 
of SNU-484 cells by 50%. These results demonstrate that 
denbinobin efficiently inhibits the invasive ability of SNU-484 
gastric cancer cells.

Denbinobin inhibits the expression of MMP-2 and MMP-9. 
Tumor invasion often involves enhanced synthesis and secre-
tion of MMP-2 and MMP-9. We next examined the effect of 
denbinobin on the expression of MMP-2 and/or MMP-9 in 
SNU-484 cells. As shown in Fig. 3B, the levels of expression 
of both MMP-2 and MMP-9 were dose-dependently decreased 
by denbinobin. These data imply that the inhibitory effect of 
denbinobin on the invasiveness of SNU-484 cells may be due 
to the down-regulation of MMP-2 and MMP-9.

Denbinobin inhibits the expression of S100A8. The S100 
proteins are calcium-binding proteins involved in cell growth 
and migration, among which, S100A8 and S100A9 are impli-
cated in tumor development and/or progression (22-24). Our 
previous study indicated that S100A8 and S100A9 are critical 

for the invasive and migratory phenotypes of SNU-484 cells 
in which MMP-2 is involved (25). We next examined the effect 
of denbinobin on the expressions of S100A8/A9 in SNU-484 
cells. Treatment with denbinobin inhibited the expression of 

Figure 2. Denbinobin inhibits proliferation of cancer cells. Cells were treated 
with various concentrations of denbinobin for 24 h and subjected to MTT 
assay. (A) SK-Hep-1 hepatocarcinoma cells (B) SNU-484 gastric cancer 
cells (C) HeLa cervical adenocarcinoma cells. The results represent the 
mean ± SE of triplicates.

Figure 3. Denbinobin inhibits the invasive phenotype of SNU-484 gastric 
cancer cells. (A) SNU-484 cells were treated with various concentrations 
of denbinobin and subjected to the in vitro invasion assay. The number of 
invaded or migrated cells per field was counted (x400) in 13 arbitrary visual 
fields.  *Statistically different from control at p<0.01. (B) The SNU-484 cells 
were treated with various concentrations of denbinobin for 48 h. The condi-
tioned media were collected (50 µg) and the gelatinolytic activities of secreted 
MMP-2 and MMP-9 were determined by gelatin zymogram assay. Relative 
band intensities were determined by an image analyzer. The black bar repre-
sents MMP-9, and the white represents MMP-2. *, **Statistically different from 
control at p<0.05 and p<0.01, respectively. (C) SNU-484 cells were treated 
with various concentrations of denbinobin for 24 h. Cell lysates were prepared 
and immunoblot analysis was performed to detect S100A8. Relative band 
intensities were determined by quantitation of each band by an image ana-
lyzer. The results presented are the mean ± SE of triplicates. *, **Statistically 
different from control at p<0.05 and p<0.01, respectively.



SONG et al:  DENBINOBIN INDUCES ANTI-CANCER EFFECTS816

S100A8 in a dose-dependent manner (Fig. 3C), while expres-
sion of S100A9 was not affected (data not shown).

Denbinobin induces apoptosis in gastric cancer cells. FACS 
analysis was conducted to investigate whether the denbinobin-
induced growth inhibition involves apoptosis. As shown in 
Fig. 4A, treatment of SNU-484 cells with 1 µM denbinobin for 
4 h resulted in a marked increase in Annexin-positive apop-
totic cells (17.98%) compared with the control cells (7.64%). 
These results imply that the observed growth inhibitory effect 
of denbinobin may be due to the induction of apoptotic cell 
death.

Because proteins of the Bcl-2 family are suggested to be 
involved in the control of apoptosis (26), we further inves-
tigated the effect of denbinobin on the expressions of Bcl-2 
and Bax. A prominent decrease of Bcl-2 was observed in 
the SNU-484 cells treated with 10 µM denbinobin for 24 h, 
while Bax was markedly increased by the same treatment 
(Fig.  4B). The data demonstrate that denbinobin induces 
apoptosis by down-regulation of the anti-apoptotic protein 
Bcl-2 and up-regulation of the pro-apoptotic protein Bax in 
SNU-484 cells. We also examined the effect of denbinobin 
on the degradation of pro-caspase-3. As shown in Fig. 4C, the 

level of pro-caspase-3 was markedly decreased by denbinobin 
treatment, suggesting that denbinobin induces activation of 
caspase-3 in SNU-484 cells.

Denbinobin activates ERKs and p38 MAPK. Denbinobin 
was shown to induce sustained activation of the ERKs, 
p38 MAPK, and JNK in human leukemic cells (5). Kinetic 
studies were conducted to investigate the involvement of these 
signaling molecules in denbinobin-induced growth inhibition 
of SNU-484 cells. As shown in Fig. 5A, a drastic increase in 
the level of phosphorylated p38 MAPK was observed with 
denbinobin treatment in a time-dependent manner. Denbinobin 
also activated ERKs, but to a lesser degree than p38 MAPK. 
Activation of JNK was not affected by denbinobin (Fig. 5A).

We then examined the role of p38 MAPK and ERKs on 
denbinobin-induced pro-caspase-3 degradation using pharma-
cological inhibitors of these signaling molecules. As shown in 
Fig. 5B, pretreatment of SNU-484 cells with SB203085, a p38 
MAPK inhibitor, and PD98059, an inhibitor of MEK which 
is an ERK activator, significantly reversed the denbinobin-
induced pro-caspase-3 degradation. These results indicate the 
possible involvement of p38 MAPK and ERKs pathways in 
denbinobin-induced apoptosis in SNU-484 gastric cancer cells.

Figure 4. Denbinobin induces apoptosis through a MAPK-dependent pathway. (A) SNU-484 cells were incubated with either DMSO or with 10 µM denbinobin 
for 4 h. FACS analysis determined the incidence of apoptosis in SNU-484 cells treated with DMSO or with 10 µM denbinobin and stained with propidium 
iodide and Annexin-V. (B and C) Cells were incubated with denbinobin (10 µM) for 24 h. Total cell extracts were analyzed by immunoblot analysis with specific 
antibodies. Relative band intensities were determined by quantitation of each band by an Image analyzer. The results presented are the mean ± SE of triplicates. 
*, **Statistically different from control at p<0.05 and p<0.01, respectively.
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Discussion

Many studies have focused on the anti-carcinogenic and/or 
chemopreventive activities of phytochemicals. While many 

studies have reported the anti-proliferative effect of denbinobin 
in a variety of cancer cells, there has been a limited amount 
of information on the anti-invasive activity of denbinobin. In 
the present study, we provide evidence, for the first time, that 
denbinobin inhibits the invasive phenotype of a highly inva-
sive cell line; the SNU-484 human gastric carcinoma cell line. 
Because metastasis is one of the major causes of mortality in 
gastric cancer patients, inhibition of invasion and metastasis of 
cancer cells is of great significance for the treatment of gastric 
cancer (27). One of the major drawbacks for anti-cancer agents 
are the unwanted side effects. Taken in conjunction with the 
fact that D. nobile has been widely used as an oriental medi-
cine for many years (1), the adverse effects of denbinobin 
should not be significant.

Numerous studies have shown a correlation between the 
levels of MMP-2 and/or MMP-9 and the invasive phenotype 
of cancer cells. An imbalance between proteinases and their 
inhibitors has been demonstrated to be a key factor in many 
human diseases, especially tumorigenesis (28). Several labora-
tories, including ours, have shown that among MMPs, MMP-2 
expression is related to gastric cancer invasion and metastasis 
(25,29,30). The present study demonstrates that denbinobin 
exerts an inhibitory effect on the invasiveness of SNU-484 
cells, which may be associated with down-regulation of both 
MMP-2 and MMP-9. It is worthwhile to further investigate the 
molecular mechanisms underlying the possible contribution of 
MMP-2/-9 to denbinobin-induced inhibition of gastric cancer 
cell invasion.

Recent reports have suggested the association of S100A8 
and S100A9 with cell migration in several cancer cell lines 
(31,32). Our previous studies identified S100A8 and S100A9 
as candidate markers for cell invasion in breast epithelial cells 
(33) and showed that these proteins up-regulated MMP-2, 
causing invasive phenotype in SNU-484 cells (25). The results 
obtained from this study demonstrated a dose-dependent 
down-regulation of S100A8 by denbinobin in SNU-484 cells, 
suggesting the involvement of S100A8 in the denbinobin-
induced invasive phenotype. Further studies would be required 
to elucidate the role of S100A8 in the inhibitory effect of 
denbinobin on the invasive phenotype of gastric cancer cells.

Apoptosis is arguably the most potent natural defense 
against cancer (13). Thus, efforts have been made to develop 
strategies that trigger apoptosis in malignant cancer cells. 
In this study, we showed that denbinobin induces apoptosis 
in SNU-484 cells with a prominent decrease of Bcl-2, which 
prevents apoptosis by blocking the release of cytochrome C 
from mitochondria (34). In contrast, Bax, which directly 
induces cytochrome C release from mitochondria and thereby 
triggers caspase activation (35), was increased by denbinobin. 
The results suggest that denbinobin-induced apoptosis of 
gastric cancer cells is mediated by Bcl-2 and Bax.

Activation of mitogen-activated protein kinases (MAPKs) 
including JNK, ERKs, and p38 MAPK, are important inter-
mediates in the signal-transduction pathway associated with 
cell proliferation and apoptosis (36-38). A recent study showed 
that treatment of human leukemic cells with denbinobin 
induced apoptotic signaling and activation of the ERKs, p38 
MAPK, and JNK (5). In the present study, we demonstrated 
that denbinobin activated ERKs and p38 MAPK, but not JNK 
in SNU-484 cells, suggesting that these signaling molecules 

Figure 5. Denbinobin induces apoptosis through a MAPK-dependent pathway. 
(A) SNU-484 cells were incubated with denbinobin (10 µM) during the indi-
cated times and phosphorylated p38, ERK and phosphorylated JNK were 
analyzed using specific antibodies by immunoblot analysis. (B) Cells were 
pretreated with SB203580 (10 µM) and PD98059 (10 µM) for 30 min and then 
treated with denbinobin (10 µM) for 24 h. Caspase-3 was detected by immu-
noblot analysis. Relative band intensities were detected by quantitation of each 
band by an Image analyzer. The results presented are the mean ± SE of tripli-
cates. *, **Statistically different from control at p<0.05 and p<0.01, respectively.
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may mediate denbinobin-induced apoptosis in human gastric 
cancer cells.

Taken together, the present study clearly demonstrated that 
denbinobin effectively inhibits cell growth and the invasive 
phenotype of SNU-484 human gastric cancer cells. Given that 
metastatic gastric cancer is one of the most lethal malignan-
cies in Korea (39), our novel observation allows us to suggest 
a potential application of denbinobin as a chemopreventive 
agent with an anti-invasion effect on gastric cancer patients.
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