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D. candidum has in vitro anticancer effects in HCT-116 cancer 
cells and exerts in vivo anti-metastatic effects in mice
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BACKGROUND/OBJECTIVES: D. candidum is a traditional Chinese food or medicine widely used in Asia. There has been little 
research into the anticancer effects of D. candidum, particularly the effects in colon cancer cells. The aim of this study was 
to investigate the anticancer effects of D. candidum in vitro and in vivo.
MATERIALS/METHODS: The in vitro anti-cancer effects on HCT-116 colon cancer cells and in vivo anti-metastatic effects of DCME 
(Dendrobium canidum methanolic extract) were examined using the experimental methods of MTT assay, DAPI staining, flow 
cytometry analysis, RT-PCR, and Western blot analysis. 
RESULTS: At a concentration of 1.0 mg/mL, DCME inhibited the growth of HCT-116 cells by 84%, which was higher than at 
concentrations of 0.5 and 0.25 mg/mL. Chromatin condensation and formation of apoptotic bodies were observed in cancer 
cells cultured with DCME as well. In addition, DCME induced significant apoptosis in cancer cells by upregulation of Bax, caspase 
9, and caspase 3, and downregulation of Bcl-2. Expression of genes commonly associated with inflammation, NF-κB, iNOS, 
and COX-2, was significantly downregulated by DCME. DCME also exerted an anti-metastasis effect on cancer cells as demonstrated 
by decreased expression of MMP genes and increased expression of TIMPs, which was confirmed by the inhibition of induced 
tumor metastasis in colon 26-M3.1 cells in BALB/c mice. 
CONCLUSIONS: Our results demonstrated that D. candidum had a potent in vitro anti-cancer effect, induced apoptosis, exhibited 
anti-inflammatory activities, and exerted in vivo anti-metastatic effects. 
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INTRODUCTION1)

Dendrobium, microspermae, is a perennial epiphytic herb in 
the family Orchidaceae [1]. D. candidum is unique in its medicinal 
value. Its stem can be used as medicine, which can promote 
humoral secretion, prevent development of cataracts, relieve 
guttural agnail and fatigue, reduce peripheral vascular blockage, 
and improve immune function [2]. D. candidum can also be used 
in health care products, which are effective for toning the 
stomach, promoting hydration, nourishing yin, and reducing 
body heat. As a kind of traditional Chinese health product and 
Chinese medical herb, it has high value in use [3].

Apoptosis is an important cellular defense against cancer [4] 
and caspases form the central components of an apoptotic 
response. Nuclear factor-κB (NF-κB) is involved in the inhibition 
of apoptosis, stimulation of cell proliferation, inflammation, 
immune response, and tumorigenesis. Expression of inducible 
nitric oxide synthase (iNOS) and cyclooxygenase 2 (COX-2), two 

genes regulated by NF-kB, is induced by inflammation and they 
are frequently over-expressed in cancer cells [5]. Metastasis, the 
leading cause of death among cancer patients, involves the 
spread of cancer from a primary site and formation of new 
tumors in distant organs. Matrix metalloproteases (MMPs) play 
important roles in many physiological or pathological processes 
involved in metastasis. MMP activity is inhibited by specific 
endogenous tissue inhibitors of metalloproteinases (TIMPs) [6]. 

Previously, Bao et al. found that D. candidum produces strong 
in vitro anti-cancer effects on HeLaS3 human cervix carcinoma 
cells and HepG2 liver cancer cells [7]. In the current study, we 
further examined the anti-cancer and anti-metastatic effects of 
D. candidum. HCT-116 human colon cancer cells were treated 
with DCME (Dendrobium canidum methanolic extract) and the 
molecular mechanisms underlying the anti-cancer effects of 
DCME were studied. We evaluated DCME using different 
concentrations and also assessed its anti-metastatic effects in 
mice with tumors propagated by 26-M3.1 colon carcinoma cells. 
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Gene Sequence

Bax
forward: 5’-AAG CTG AGC GAG TGT CTC CGG CG-3’

reverse: 5’-CAG ATG CCG GTT CAG GTA CTC AGT C-3

Bcl-2
forward: 5’-CTC GTC GCT ACC GTC GTG ACT TGG-3’

reverse: 5’-CAG ATG CCG GTT CAG GTA CTC AGT C-3’

caspase-3
forward: 5’-CAA ACT TTT TCA GAG GGG ATC G-3’

reverse: 5’-GCA TAC TGT TTC AGC ATG GCA-3’

caspase-9
forward: 5’-GGC CCT TCC TCG CTT CAT CTC-3’

reverse: 5’-GGT CCT TGG GCC TTC CTG GTA T-3’

NF-κB
forward: 5’-CAC TTA TGG ACA ACT ATG AGG TCT CTG G-3’

reverse: 5’-CTG TCT TGT GGA CAA CGC AGT GGA ATT TTA GG-3’

IκB-α
forward: 5’-GCT GAA GAA GGA GCG GCT ACT-3’

reverse: 5’-TCG TAC TCC TCG TCT TTC ATG GA-3’

iNOS
forward: 5’-AGA GAG ATC GGG TTC ACA-3’

reverse: 5’-CAC AGA ACT GAG GGT ACA-3’

COX-2
forward: 5’-TTA AAA TGA GAT TGT CCG AA-3’

reverse: 5’-AGA TCA CCT CTG CCT GAG TA-3’

MMP-2
forward: 5’-CTT CTT CAA GGA CCG GTT CA-3’

reverse: 5’-GCT GGC TGA GTA CCA GTA-3’

MMP-9
forward: 5’-TGG GCT ACG TGA CCT ATG AC-3’

reverse: 5’-GCC CAG CCC ACC TCC ACT CC-3’

TIMP-1
forward: 5’-GTC AGT GAG AAG CAA GTC GA-3’

reverse: 5’-ATG TTC TTC TCT GTG ACC CA-3’

TIMP-2
forward: 5’-TGG GGA CAC CAG AAG TCA AC-3’

reverse: 5’-TTT TCA GAG CCT TGG AGG AG-3’

GAPDH
forward: 5’-CGG AGT CAA CGG ATT TGG TC-3’

reverse: 5’-AGC CTT CTC CAT GGT CGT GA-3’

Table 1. Sequences of reverse transcription-polymerase chain reaction primers

MATERIALS AND METHODS

Preparations of D. candidum 
D. candidum was purchased in Yunnan, China. It was stored 

at -80°C and freeze-dried to produce a powder. The powdered 
sample was extracted with 20-fold volume of methanol twice 
overnight. The methanol extract was evaporated using a rotary 
evaporator (Eywla, N-1100, Tokyo, Japan), concentrated, and 
then dissolved in dimethyl sulfoxide (DMSO; Amresco, Soion, 
OH, USA) to adjust the stock concentration (20%, w/v) and 
named as DCME for future reference. 

Cell culture
HCT-116 human colon carcinoma cells obtained from the 

American Type Culture Collection (ATCC, Manassas, VA, USA) 
were used for experiments. The cells were cultured in RPMI-1640 
medium (Gibco Co., Birmingham, MI, USA) supplemented with 
10% fetal bovine serum (FBS; Gibco Co.) and 1% penicillin- 
streptomycin (Gibco Co.) at 37°C in a humidified atmosphere 
containing 5% CO2 (Forma, model 311 S/N29035; Waltham, MA, 
USA). The medium was changed two or three times each week.

Measurement of lung metastasis after D. candidum treatment in 
BALB/c mice bearing 26-M3.1 colon carcinoma cell tumors

26-M3.1 colon carcinoma cells were obtained from Prof. Yoon, 
Department of Food and Nutrition, Yuhan University, Bucheon, 
South Korea. These highly metastatic cells were maintained as 
monolayers in Eagle's minimal essential medium (EMEM) (Welgene 
Inc., Daegu, South Korea) supplemented with 7.5% FBS, a 
vitamin solution, sodium pyruvate, non-essential amino acids, 
and L-glutamine (Gibco Co.). The cultures were maintained in 
a humidified atmosphere of 5% CO2 at 37°C. Experimental lung 
metastasis was induced by injection of colon 26-M3.1 cells into 
the lateral tail vein of 6-wk-old female Balb/c mice (Hyochang 
Science, Daegu, South Korea) [8]. DCME solutions (50, 100, and 
200 mg/kg) were administered by subcutaneous injection into 
the mice, and the animals then received intravenous inoculation 
with 26-M3.1 cells (2.5 × 104/mouse) after 2 d. After 2 wk the 
mice were sacrificed and their lungs were fixed in Bouin's 
solution (saturated picric acid: formalin: acetic acid; 15:5:1, 
v/v/v). The rate of metastasis was assessed by counting the lung 
tumor colonies using a digital camera (Canon D550, Tokyo, 
Japan). The protocol for these experiments was approved by 
the Animal Ethics Committee of Chongqing Medical University 
(SCXK(YU)2012-0001).

MTT assay
Anti-cancer effects of DCME were assessed by MTT assay [9]. 

HCT-116 human colon cancer cells were seeded in a 96-well 
plate at a density of 2 × 104 cells/mL in a volume 180 μL per 
well. DCME at final concentrations of 0.25, 0.5, and 1.0 mg/mL, 
20 μL was added, and the cells were then incubated at 37°C 
in 5% CO2 for 48 h. Next, MTT solution (200 μL, 5 mg/mL; 
Amresco, Solon, OH, USA) was added and the cells were 
cultured for another 4 h under the same conditions. After 
removing the supernatant, 150 μL of DMSO was added per well 
and mixed for 30 min. Finally, the absorbance of each well was 
measured using an ELISA reader (model 680; Bio-Rad, Hercules, 

CA, USA) at 540 nm.

DAPI staining
Untreated control cells and cells treated with the DCME were 

harvested, washed with PBS, and fixed with 3.7% parafor-
maldehyde (Sigma, St. Louis, MO, USA) in PBS for 10 min at 
room temperature. The fixed cells were washed with PBS and 
stained with a 1 mg/mL DAPI (Sigma) solution for 10 min at 
room temperature. The cells were washed two more times with 
PBS and examined using a fluorescence microscope (BX50; 
Olympus, Tokyo, Japan).

Flow cytometry analysis 
After treatment with DCME the cells were trypsinized, 

collected, washed with cold PBS, and resuspended in 2 ml PBS. 
DNA contents of the cells were measured using a DNA staining 
kit (CycleTESTTM PLUS kit; Becton Dickinson, Franklin Lakes, NJ, 
USA). Nuclear fractions stained with propidium iodide were 
obtained by following the manufacturer’s protocol. Fluorescence 
intensity was determined using a FACScan flow cytometer 
(EPICS XL-MCL, Beckman Coulter KK, Brea, CA, USA) and analyzed 
using CellQuest software (Becton Dickinson, Franklin Lakes, NJ, 
USA).

RT-PCR
HCT-116 cells were inoculated in a 10 cm culture dish. After 

managing them according to the method of the MTT experi-
ment for 24 h, total RNA in cells was extracted using Trizol 
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Groups Number of metastasis tumors Inhibitory rate (%)

Control 57 ± 6a1) /

D. candidum

50 mg/kg 48 ± 5b 15.8

100 mg/kg 35 ± 4c 38.6

200 mg/kg 25 ± 5d 56.1

1) Mean ± SD
a-d Mean values with different letters in the same column are significantly different 
(P < 0.05) according to Duncan's multiple range test.

Table 2. Inhibitory effects of DCME on metastasis of tumors produced by colon
26-M3.1 cells in Balb/c mice

Treatment
OD540 (concentration of sample, mg/mL)

0.25 0.5 1.0

Control (untreated) 0.488 ± 0.005a

D. candidum 0.337 ± 0.007 (69)b1) 0.200 ± 0.011 (41)c 0.078 ± 0.010 (16)d

1) The values in parentheses are the % of control. 
a-d Mean values with different letters in the same column are significantly different 
(P < 0.05) according to Duncan's multiple range test.

Table 3. Growth inhibition of HCT-116 human colon cancer cells by different 
concentrations of DCME as evaluated by MTT assay 

(A)                              (B)

Fig. 1. Exposure of HCT-116 human colon cancer cells to DCME induces 
apoptosis. (A) Appearance of apoptotic bodies in HCT-116 cells treated with different 
concentrations of DCME for 48 h. (B) Treatment with DCME for 48 h increased the number 
of apoptotic cells as measured by flow cytometry. The profile represents an increased 
sub-G1 population (apoptotic cells) and each point represents the mean ± SD of three 
independent experiments. 

according to the instructions. The total RNA concentration from 
each sample group was adjusted to the same level after testing 
its purity with ultraviolet radiation. The same amount of RNA 
(2 μg) was taken from the samples, followed by addition of 
1 μL oligodT18, RNase, dNTP and 5 × buffer 10 μL enzyme MLV, 
respectively. In 20 μL body fluid, cDNA was synthetized at 37°C 
for 120 min and 99°C for 4 min and 4°C for 3 min, respectively. 
The target genes were then reverse transcribed and amplified 
(Table 1). The reaction conditions were initial denaturation for 
5 min at 95°C, annealing for 50s at 58°C, extension for 90s at 
72°C, then repeating it 40 times, and extension for 10 min at 
95°C. In the end, 2% agarose gel electrophoresis was performed 
to determine expression of the final products [10].

Western blot analysis
After DCME treatment, protein lysates were added to the 

HCT-116 cancer cells after rinsing with pre-cooled PBS three 
times, lysed at 4°C and centrifuged (10000 r/min) for 15 min. 
Supernatant proteins were then extracted and mixed with 
SDS-PAGE loading buffer. Primary antibodies were then applied 
to them after SDS-PAGE gel electrophoresis, followed by 
transfer to a membrane, and the proteins were incubated 
overnight at 4°C. Then the proteins were incubated with 
horseradish peroxidase-conjugated secondary antibodies at 
room temperature. In the end, immunoreactive proteins were 
tested using a chemiluminescent enhanced chemiluminescence 
assay kit and observed using a LAS3000 luminescent image 
analyzer with β-actin as an internal reference [11]. 

Statistical analysis 
Data are presented as the mean ± SD. Differences between 

the mean values for individual groups were assessed using 
one-way ANOVA and Duncan's multiple range tests. Differences 
were considered significant when P < 0.05. SAS version 9.1 (SAS 
Institute Inc., Cary, NC, USA) was used for statistical analysis.

RESULTS

The in vitro anticancer effects of the D. candidum methanolic 
extract (DCME) were evaluated using the MTT assay, DAPI and 
flow cytometric analysis, gene expression analysis by RT-PCR, 
and Western blotting in HCT-116 cancer cells. The results 
showed that DCME had a strong in vitro as well as in vivo 
anticancer activity and increased with increasing concentration. 
The component analysis explained the mechanism of DCME 
action.

In vivo anti-metastatic effect of DCME
Prophylactic inhibition of tumor metastasis by DCME was 

evaluated using an experimental mouse metastasis model 
(Table 2). All DCME-treated mice had significantly fewer lung 
metastatic colonies than control mice (number of metastatic 
tumors, 57 ± 6, n = 10; P < 0.05). DCME was the most effective 
for inhibition of lung metastasis at a concentration of 200 
mg/kg. At this concentration tumor formation and lung 
metastasis were inhibited to a greater degree compared with 
the 100 mg/kg and 50 mg/kg doses.

In vitro anti-cancer effect of DCME on HCT-116 cells
Anti-cancer effects of DCME on HCT-116 cells were evaluated 

using a MTT assay. The survival rates of HCT-116 human colon 
cancer cells treated with different concentrations of DCME are 
shown in Table 3. HCT-116 cells were treated with different 
concentrations of D. candidum (0.25, 0.5, and 1.0 mg/mL) with 
cancer cell survival rates of 69%, 41%, and 16%, respectively 
(P < 0.05). These results demonstrated that DCME had significant 
anti-proliferative effects on HCT-116 cells. In addition, 1.0 
mg/mL of DCME showed the strongest anticancer effects in 
vitro. 

Induction of apoptosis was monitored to determine a possible 
mechanism underlying the inhibitory activity of DCME on 
HCT-116 cancer cells. The extent of chromatin condensation was 
analyzed by fluorescence microscopy of cells stained with the 
DNA-binding fluorescent dye DAPI and flow cytometric analysis. 
While untreated HCT-116 cells presented nuclei with homo-
geneous chromatin distribution, treatment with DCME induced 
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Fig. 2. Effects of DCME on the mRNA and protein expressions of Bax, Bcl-2, and 
caspases in HCT-116 human colon cancer cells. (A) RT-PCR; (B) Western blot.

(A) (B)

Fig. 3. Effects of DCME on the mRNA and protein expressions of NF-κB and 
IκB-α in HCT-116 human colon cancer cells. (A) RT-PCR; (B) Western blot.

(A) (B)

Fig. 4. Effects of DCME on the mRNA and protein expressions of MMPs and 
TIMPs in HCT-116 human colon cancer cells. (A) RT-PCR; (B) Western blot.

(A) (B)

chromatin condensation and nuclear fragmentation, suggesting 
the presence of apoptotic cells (Fig. 1A). Chromatin condensation 
and formation of apoptotic bodies, the two hallmarks of 
apoptosis, were observed in cells treated with 1.0 mg/mL DCME. 
In contrast, the level of chromatin condensation was low in cells 
treated with 0.25 or 0.5 mg/mL DCME. Flow cytometric analysis 
showed that treatment with 1.0 mg/mL D. candidum promoted 
apoptosis of HCT-116 cells more strongly when compared to 
lower concentrations of 0.25 and 0.5 mg/mL of DCME (P < 0.05). 
This conclusion was based on the significant accumulation of 
cells with sub-G1 DNA content (Fig. 1B). 

Apoptosis-related gene expression of Bax, Bcl-2, and caspases
To elucidate the mechanisms underlying the inhibition of 

cancer cell growth by DCME, expression of Bax, Bcl-2, and 
caspase-3 and -9 in HCT-116 human colon cancer cells was 
measured by RT-PCR and western blot analyses after incubation 
with different concentrations of DCME for 48 h. As shown in 
Fig. 2, expression of pro-apoptotic Bax and anti-apoptotic Bcl-2 
showed significant changes in the presence of 1.0 mg/mL 
DCME. These results suggest that DCME induced apoptosis in 
HCT-116 cells via a Bax- and Bcl-2-dependent pathway. The 
mRNA and protein expression levels of caspase-3 and -9 were 
very low in untreated control HCT-116 cells, but increased 
significantly after the cells were treated with 1.0 mg/mL of D. 
candidum. With the D. candidum treatment, mRNA and protein 
expression of caspase-3 and -9 was gradually elevated with 
increased concentrations (Fig. 2). More specifically, induction of 
apoptosis by DCME was related to upregulation of Bax, 
caspase-3, and caspase-9, and downregulation of Bcl-2 in terms 
of mRNA and protein expression. The effects of 1.0 mg/mL 
DCME were greater compared to those of the 0.25 and 0.5 
mg/mL D. candidum solutions. 

Inflammation-related gene expression of NF-κB, IκB-α, iNOS, and 
COX-2

We attempted to determine whether the anti-cancer actions 
of DCME were associated with NF-κB, IκB-α, iNOS, and COX-2 
gene expression. As shown in Fig. 3, mRNA and protein 
expression of NF-κB and IκB-α was reduced in HCT-116 cells 
treated with a 1.0 mg/mL D. candidum solution. D. candidum 
significantly modulated the expression of genes associated with 
inflammation. mRNA and protein expression of NF-κB were 
decreased while IκB-α mRNA levels were increased. In addition, 
mRNA and protein expression of COX-2 and iNOS showed a 
gradual decrease in the presence of DCME in a concentration 
dependent manner (Fig. 3). Our findings indicate that DCME 
may be helpful in prevention of cancer in early stages by 
increasing anti-inflammatory activities. Overall, the results of this 
experiment showed that 1.0 mg/mL DCME had a stronger 
anti-inflammatory effect on colon cancer cells than 0.25 and 
0.5 mg/mL concentrations.

Metastasis-related MMP and TIMP gene expression
RT-PCR and western blot analyses were performed to 

determine whether the anti-metastatic effect of D. candidum 
was due to gene regulation of metastatic mediators, specifically 
MMPs (MMP-2 and MMP-9) and TIMPs (TIMP-1 and TIMP-2), in 

HCT-116 cells. As shown in Fig. 4, 1.0 mg/mL DCME induced 
a significant decrease in mRNA and protein expression of 
MMP-2 and MMP-9, and increased the expression of TIMP-1 and 
TIMP-2. These changes in TIMP and MMP expression resulting 
from DCME treatment could effectively lead to metastatic 
inhibition in vitro. Our results also showed that 1.0 mg/mL DCME 
has the strongest anti-metastatic activity. 

DISCUSSION

Although D. candidum has been used as a medicine or 
functional food, little scientific data on its effects are available. 
D. candidum contains high concentrations of benzenes and their 
derivatives, phenolic, lignans, lactone, flavonoids, and 18 types 
of novel pigments were also found [12]. D. candidum has 
recently been reported to have various therapeutic effects on 
numerous pathologic conditions, including inflammation, 
immunity, hpyerglycemic, and cancer [13]. A previous study 
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using the MTT assay in HeLaS3 human cervix carcinoma cells 
and HepG2 liver cancer cells reported on the in vitro anticancer 
effects of D. candidum [7]. In this study, it was also proven that 
DCME has inhibitory effects by MTT assay and in vitro anticancer 
effects using DAPI assay, flow cytometry, RT-PCR, and Western 
blot. 

Apoptosis is programmed cell death, a process implemented 
by cells themselves for their own physiological and pathological 
factors [14]. In a healthy cell, the anti-apoptotic protein Bcl-2 
is expressed on the outer mitochondrial membrane surface [15]. 
After treatment of HCT-116 cells with DCME, we observed that 
the number of apoptotic cancer cells increased after treatment 
with a high concentration of DCME, as seen with the DAPI and 
flow cytometry assays. Because the Bax and Bcl-2 genes are 
mainly expressed during apoptosis, we determined that these 
genes regulated the apoptotic activity. Apoptosis results from 
activation of caspase family members that act as aspartate- 
specific proteases [16]. Caspases are a type of protease 
hydrolysate which usually exists in the form of pro-caspase. 
However, among these pro-caspases, caspase-3 and caspase-9 
are the main protease hydrolysates involved in the process of 
apoptosis. Caspase-9, an upstream caspase, acts as an apoptosis- 
trigger caspase, responsible for activation of downstream caspases. 
Caspase-3 is a downstream caspase that induces apoptosis via 
hydrolyzing apoptosis-effect molecules. Hydrolysis activates 
caspase-3 and these active caspases induce apotosis [17]. In this 
study, the gene and protein expressions of Bax, caspase-3, and 
caspase-9 increased, while expression of Bcl-2 decreased after 
treatment with DCME. Based on previous studies on gene 
expression, DCME may be assumed to be a strong inducer of 
apoptosis in cancer cells.

In addition, the anti-cancer mechanisms underlying the effect 
of DCME on human cancer cells involve the induction of 
apoptosis by increasing the number of apoptotic bodies, 
regulating the mRNA and protein expression of Bax and Bcl-2, 
and promoting anti-inflammatory effects by downregulating 
iNOS and COX-2 gene expression. COX-2 has been suggested 
to play an important role in colon carcinogenesis, and NOS, 
along with iNOS, may be a good target for chemoprevention 
of colon cancer [18]. NF-κB, one of the most ubiquitous 
transcription factors, regulates the expression of genes required 
for cellular proliferation, inflammatory responses, and cell 
adhesion [19]. NF-κB is present in the cytosol where it is bound 
to the inhibitory protein, IκB. Following its induction by a variety 
of agents, NF-κB is released from IκB and translocates to the 
nucleus where it binds to κB binding sites in the promoter 
regions of target genes [20]. These mechanisms could be 
involved in the anti-cancer effects of DCME in colon cancer cells. 
Based on the results of the MTT assay and the expression 
patterns of pro-apoptotic genes observed in the current study, 
we concluded that cancer cells treated with DCME underwent 
apoptosis. Similar to our findings, the anti-cancer effects of 
DCME in HeLaS3 human cervix carcinoma cells and HepG2 liver 
cancer cells were evaluated in a previous study by MTT assay 
[10]. 

Metastasis is defined as the spread of cancer cells from one 
organ or area to another adjacent organ or location [21]. It is 
thought that malignant tumor cells have the capacity to 

metastasize. Cancer occurs after cells in a tissue are genetically 
damaged in a progressive manner, resulting in cancer stem cells 
possessing a malignant phenotype. Once the tumor cells have 
come to rest in another site, they penetrate the vessel walls, 
continue to multiply, and eventually form another tumor. Colon 
26-M3.1 carcinoma cells have been used in evaluation of 
anti-metastasis effects in vivo [22]. Based on the in vitro test 
results like the previous studies, the colon 26-M3.1 carcinoma 
cell anti-metastasis mice test was used to examine DCME. These 
results further proved the activities of D. candidum, and the 
anticancer effect and concentration were directly related.

MMPs, a family of zinc-dependent endopeptidases, play a very 
important role in tumorigenesis and metastasis. MMPs can 
cleave virtually all extracellular matrix (ECM) substrates. Degra-
dation of the ECM is a key event in tumor progression, invasion, 
and metastasis. Among the MMP family members, MMP-2 and 
MMP-9 are important molecules for cancer invasion, and are 
highly expressed in breast and colon cancer cells [23]. In fact, 
inhibition of MMP activity is useful for controlling tumorigenesis 
and metastasis. TIMPs are naturally occurring inhibitors of MMPs 
which prevent catalytic activity by binding to activated MMPs, 
thereby blocking ECM breakdown. Disturbances in the ratio 
between MMPs and TIMPs have been observed during 
tumorigenesis. Maintaining the balance between MMPs and 
TIMPs or increasing TIMP activity is an effective way to control 
tumor metastasis [24]. Experimental evidence demonstrating 
the role of MMPs in metastasis has been obtained by in vitro 
invasion assays and in vivo xenograft metastasis experiments. 
MMP-2 and -9 are key factors in cancer cell invasion and 
metastasis both in vivo and in vitro. Spontaneous and experi-
mental metastasis to the liver is decreased in mice overex-
pressing TIMP1, and increased in mice expressing antisense 
TIMP-1 mRNA. Ectopic overexpression of TIMP-1 in the brain 
of transgenic mice also reduces experimental metastasis to the 
brain [25]. In particular, MMP-2 and -9 are important for tumor 
invasion and angiogenesis. Thus, tumor metastasis can be 
inhibited by blocking synthesis and activity of MMP [26]. Strong 
anti-metastasis effects appeared in the reduction of MMPs and 
the increase of TIMPs via DCME in HCT-116 cells. From the 
results, DCME showed a strong anti-metastasis effect, and could 
be used as a part of functional food for cancer prevention.

In China, D. candidum, a rare Chinese medical material which 
can nourish yin, consists of various active substances. It can 
obviously increase many immune indexes, such as conversion 
rate of lymphocytes, improve syndrome of yin deficiency, and 
balance human organisms, thus protecting them from invasion 
of cancer [27]. The main efficacious ingredients in D. candidum 
were dendrobium polysaccharides, dendrobine, etc. According 
to some researchers, many soluble polysaccharides from D. 
candidum were immunopotentiators having strong anti-cancer 
bioactivity [28]. Polysaccharides from D. candidum could obviously 
increase the number of peripheral white blood cells and 
stimulate lymphocytes to produce migration inhibitory factors, 
both of which could efficiently eliminate side effects caused 
by immunosuppressor of cyclophosphamide (a commonly-used 
antineoplastic) [29]. In addition, they could also inhibit solid 
tumors, and, to some extent, improve conversion function of 
T-lymphocytes, NK activity, and levels of macrophage and 
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hemolysin; although the amount of dendrobine in D. candidum 
was not very high, it is still very effective for its good quality 
[30]. D. candidum could efficiently inhibit lung cancer cells, 
atrophic gastritis, and diabetes. In experimental conditions, the 
inhibition rate could reach as high as over 70% [31]. Dendrobine 
was effective on anti-oxidation and anti-aging, and significantly 
increased SOD level and decreased LPO level. In addition, it 
could reduce the level of blood sugar, which was beneficial to 
treatment of diabetes [32]. If oxidation occurs in an organism, 
it is easy for the organism to become cancerous. However, 
anti-oxidation of D. candidum could effectively inhibit cancer 
at the early stages. In our other studies, we found that D. 
candidum consists of 11 dominant ingredients (dihydrogen 
resveratrol, dendromoniliside E, denbinobin, aduncin, adenosine, 
uridine, guanosine, defuscin, n-triacontyl cis-p-coumarate, hexade-
canoic acid, and hentriacontane), most of which were effective 
on anti-cancer and health care [33]. Synthetic action of these 
ingredients might be the reason why D. candidum is effective 
as an anti-cancer agent. Many studies have reported on the 
effects of D. candidum on lung cancer, liver cancer, gastric cancer, 
esophageal cancer, and nasopharyngeal carcinoma [34,35]. 
However, no study on its effects on colon cancer has been 
reported. In the current study, the effects of D. candidum on 
colon cancer in vitro were studied using HCT-116 cells and in 
vivo using 26-M3.1 cells, both of which exerted beneficial 
effects. Stimulation of apoptosis in cancer cells and inhibition 
of their metastasis is the most important way to prevent tumor 
development. Results of the experiment showed that D. 
candidum could promote apoptosis in cancer cells and inhibit 
their metastasis in mice. The result may be achieved by some 
efficacious ingredients in D. candidum by improving the body’s 
immunity and exerting immediate action on cancer cells.

In summary, we found that DCME has potent in vitro and 
in vivo anti-cancer activities, particularly for combating in vivo 
tumor metastasis. The scientific data proved the functional 
effects, and the results provided the scientific basis for 
development of DCME for further anticancer initiatives. The 
important active compounds resulting from D. candidum and 
combined actions of the compounds should be identified and 
evaluated in future studies, and investigation of the activities 
in humans is also needed.
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