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Abstract. The medicinal mushroom Ganoderma lucidum 
(G.  lucidum) has been used for the treatment of various 
diseases, and is known for the immune-enhancing activity of 
its polysaccharide. However, little is known about another of 
its major constituents, triterpene. This study investigated the 
anticancer mechanism of a triterpene-enriched extract from 
G.  lucidum. The triterpene-enriched extract, GLAI, was 
prepared from fruiting bodies of G. lucidum by sequential 
hot water extraction, removal of ethanol-insoluble polysac-
charides and gel-filtration chromatography. The mechanisms 
of GLAI-induced apoptosis on SW620 human colorectal 
adenocarcinoma cells were investigated. Tumor cell lines 
in vitro were treated with different concentrations of GLAI. 
Cell proliferation was measured by the Alamar blue assay, 
morphology of cell apoptosis was observed, cell apoptosis 
was detected by flow cytometry (FCM) and caspase-3 activity 
was detected by Caspase-3 cellular activity assay. The results 
showed that GLAI inhibited the growth of different tumor 
cells and caused significant apoptosis in a dose-dependent 
manner. Marked morphological changes of cell apoptosis were 
observed after the cells had been exposed to GLAI for 24 h. 
The Caspase-3 assay results showed that the activity of the 
caspase-3 enzyme increased in both a time- and dose-depen-
dent manner, whereas GLAI resulted in the down-regulation 
of Bcl-2 gene expression at the mRNA level and XIAP protein 
production at the protein level. Conversely, GLAI up-regulates 
the expression of the apoptosis enhancer Bax gene and p53 
protein. These findings suggest that the triterpenes contained 
in G. lucidum are potential anticancer agents.

Introduction

Ganoderma lucidum (G.  lucidum), known as ‘Lingzhi’ in 
China, is a lamella-less basidiomycetous fungus that belongs 
to the  Polyporaceae family. The medicinal properties of this 
mushroom are well known in China and other parts of Asia. 
Known as ‘miraculous Zhi’ or ‘auspicious herb’, Lingzhi is 
considered to ‘symbolize happy augury, and to bespeak good 
fortune, good health and longevity, even immortality’ (1). 
The fungus has been used as a traditional Chinese medicine 
to treat a variety of diseases for more than 4,000 years, and 
regular consumption of the mushroom extracts is believed to 
preserve human vitality and promote longevity (2,3). 

A number of bioactive components have been identified 
from its fruit bodies, mycelia, spores and culture media. 
Polysaccharides and triterpenes are two major categories of 
the bioactive ingredients. It was previously identified that poly-
saccharides from G. lucidum exert their in vitro and in vivo 
anticancer effect via an immune-modulatory mechanism 
(4-6). Studies showed that triterpenes possess the bioactivities 
of antioxidation (7), hepatoprotection (8), cholesterol stasis (9), 
anti-hypertension (10,11) and inhibiting platelet aggregation 
(12) due to the inhibition of enzymes such as h-galactosidase, 
cholesterol synthase and angiotension-converting enzyme. 
Triterpenes isolated from G. lucidum were reported to exhibit 
cytotoxic activity against tumor cells (13-16). A triterpene 
from Ganoderma tsugae was found to induce cell apoptosis 
and cell cycle arrest in human hepatoma Hep3B cells, but its 
molecular mechanism was not investigated (13).

Apoptosis is a form of cell death defined by a character-
istic set of morphological and biochemical changes. Previous 
studies identified a significant role for caspases, a family of 
cysteine-dependent aspartate-directed proteases, in apoptotic 
death, especially in the context of cancer cells (17). Individual 
members of the caspase family mediate apoptosis in different 
cell types, and different caspases have been found to mediate 
apoptosis even within a given cell type depending on the 
apoptotic stimulus received by the cells (18). Caspase-3 and -9 
are reported to play key roles in caspase-mediated apoptosis, 
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and variations in their activity were correlated with apoptosis 
in a variety of cancer cells (19,20).

In this study, we report that a triterpene-enriched fraction 
from mycelia of G. lucidum inhibits the growth of tumor 
cells and induces apoptosis in SW620 colorectal adenocar-
cinoma cells. Consequently, the anticancer mechanism of 
GLAI-induced apoptosis on SW620 human colorectal adeno-
carcinoma cells was examined. Findings present evidence of 
the signaling molecule involved in the anticancer activity of 
triterpene from G. lucidum.

Materials and methods

Preparation of ganoderma extracts. G. lucidum fruiting 
bodies were extracted with 95% (v/v) aqueous ethanol at room 
temperature. Combined ethanolic extracts were evaporated to 
dryness, redissolved in water and extracted with chloroform. 
After addition of a saturated NaHCO3 solution, the chloroform 
layer containing non-acidic triterpenoids was collected. The 
crude extracts were purified using silica gel (200-300 mesh) 
column chromatography. The column was eluted with petrol 
ether/acetone (v/v=1:0, 50:1, 30:1, 10:1, 3:1 sequentially) and 
eight fractions were collected. The second fraction was sepa-
rated further by MCI chromatography and the elution gradient 
was 40-100% methanol in water. The fifth fraction, obtained 
with 80% methanol elution, was termed GLAI. Triterpenes 
were visualized as fluorescent spots under long wavelength 
UV light.

Cell cultures. Human tumor cell lines, SW620 cells (colon), 
MCF-7 (breast), K562 (bone marrow), and mouse lympho-
cytic leukemia cell line L1210 were obtained from the 
American Type Culture Collection (ATCC) and maintained 
at 37˚C in RPMI-1640 containing 10% fetal calf serum  
(FCS) (Kraeber, Wedel, Germany), 100 U/ml penicillin and 
100 µg/ml streptomycin.

Cell proliferation assay. Cells were adjusted to a concentration 
of 1x104 cells/ml. Cell suspension (180 µl) and different test 
agents (20 µl) were added to each well of a 96-well microplate 
reader. After incubation at 37˚C in a 5% CO2 atmosphere for a 
defined time, 20 µl Alamar Blue reagent (Biosource, Nivelles, 
Belgium) were added to each well and incubation continued 
for another 6 h. The extinction was measured using a micro 
ELISA autoreader at 570 and 600 nm. The proliferation rate 
was calculated according to the Biosource protocol.

Microscopic observation and nuclear staining with Hoechst 
33258. SW620 cells (1x104 cells/ml) were treated for 24  h 
with a control and 10  µM GLAI. Morphological observa-
tions of cultured cells were made by inverted, phase-contrast 
microscopy. Samples treated with DMSO only served as 
controls. For nuclear staining, SW620 cells (1x105 cells/ml) 
were treated for 24  h with DMSO and 10, 50 and 100 µM 
GLAI. After treatment, cells were harvested and washed with 
ice-cold phosphate-buffered saline (PBS). The cells were then 
incubated in nuclear fluorochrome Hoechst 33258 at a final 
concentration of 10 µg/ml at room temperature for 10 min in 
the dark. Nuclear morphology was then examined with an 
Olympus fluorescent microscope.

Flow cytometric analysis of apoptosis. To confirm the nature 
of the effects of GLAI on SW620 cells, dual-staining [prop-
idium iodide (PI) and annexin V (AV)] flow cytometry was 
used to measure the externalization of phosphatidylserine 
(PS). Aliquots (5x106) of SW620 cells cultured as described 
above were treated with 20, 50 or 100 µmol/l GLAI for 24 h. 
Controls were treated with DMSO only. After washing and 
trypsinization, cell samples were collected by centrifugation 
(400  g, 3 min, 4˚C) and double-stained using the apoptosis 
detection kit (BD Biosciences, San Jose, CA, USA) according 
to the manufacturer's instructions. Cells were incubated for 
30 min at 25˚C in 100 µl 1X buffer solution, 5 µl AV-FITC 
and 5  µl PI, and then a further 400 µl of 1X solution was 
added. The green fluorescence of AV-FITC-bound PS and 
the red fluorescence of DNA-bound PI in individual cells 
were measured at 525 and 575 nm, respectively, using a BD 
FACSCalibur. Cell populations were classified as: AV-/PI-, 
viable cells; AV+/PI-, early apoptotic cells; AV+/PI+, apoptotic 
cells; and AV-/PI+, residual damaged cells.

Caspase-3 activity assay. Caspase-3 activity in the lysates 
of SW620 cells was measured using the Caspase-3 cellular 
activity assay (Calbiochem, Darmstadt, Germany). SW620 
cells were cultured as described above and suspensions 
(2x107  cells) were treated with different concentrations 
of GLAI (0, 10, 25 and 50  µmol/l) for 24 h. Controls were 
treated with DMSO only. After washing and trypsinization, 
cell suspensions were centrifuged (400  g, 3 min, 4˚C) and 
cell pellets were re-suspended in 1  ml ice-cold cell lysis 
buffer for 5 min. Following centrifugation (400  g, 3  min, 
4˚C), cytosol supernatants were collected and enzyme activity 
was measured according to the manufacturer's instructions. 
Reaction mixtures (total volume 100  µl) were incubated at 
37˚C for 10 min and the optical density value was measured 
for 15 h at 405 nm using an ELISA reader (Bio-Tek, Atlanta, 
GA, USA).

Reverse transcription-polymerase chain reaction (RT-PCR). 
For RNA extraction, two experiments were performed. Firstly, 
SW620 cells (3.6x106 cells/ml) were incubated in RPMI-1640 
containing 10% FCS and different concentrations of GLAI 
(10, 50 and 100 µg/ml). The entry with 0 µg/ml GLAI , treated 
with DMSO, was used as a negative control. The cells were 
cultured for 24 h at 37˚C, 5% CO2, in a humidified incubator. 
Secondly, SW620 cells (2x106/ml) were incubated in RPMI-
1640 containing 10% FCS and GLAI (50 µg/ml). The cells 
were cultured for 0, 6, 12, 18 and 24 h at 37˚C, 5% CO2.

The cells were lysed in TRIzol reagent (Invitrogen Life 
Technologies). Total RNA was extracted according to the 
manufacturer's instructions. The RNA pellet was dissolved in 
diethyl pyrocarbonate (DEPC)-treated water prior to use for 
reverse transcription, electrophoresed on a 1.5% agarose gel 
and visualized by ethidium bromide (EB) staining under an 
ultraviolet light, and two bands (28S and 18S) are evident.

RNA was primed with oligo(dT)15 and converted into 
complementary DNA (cDNA) by Moloney murine leukemia 
virus (MMLV) reverse transcriptase. The reaction mixture 
for reverse transcription contained 5.0X buffer, 2.5 mM of 
each deoxynucleotriphosphate (dNTP, i.e., dATP, dCTP, 
dGTP and dTTP), 40 U/µl RNase inhibitor, 200 U/µl reverse 
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transcriptase, 10 µM oligo(dT)15 and 2 µg total RNA (equal 
amounts of starting RNA were used for each condition in the 
different experiments). The final volume of the reaction was 
30 µl. The program parameters were 70˚C for 5 min to heat, 
37˚C for 1.5 h for reverse transcription reaction and 95˚C for 
5 min to inactivate the reverse transcriptase. cDNA generated 
by reverse transcription was either used immediately for PCR 
experiments for the cytokines of interest or stored at -20˚C.

Oligonucleotide primers for GAPDH, Bcl-2 and Bax were 
purchased from Invitrogen Life Technologies (Carlsbad, CA, 
USA). Table I shows the sequence primers and the sizes of the 
fragments generated by the PCR reactions.

The components added to the sample to make up 20 µl reac-
tion mixture were: 1 µl cDNA, 2 µl 10X Taq DNA polymerase 
buffer, 2 µl 25 mM Mg2+ (Promega, Madison, WI, USA), 0.5 µl 
10 mM mixture of all four deoxynucleotide triphosphates 
(Promega), 0.5 µl each of 5' and 3' primer (10 µM) and 1 unit 
Taq DNA polymerase (Promega). PCR was performed for 
35 cycles. Temperature cycling was initiated with each cycle 
as follows: for GAPDH, 95˚C for 45 sec (denaturation), 58˚C 
for 45 sec (annealing), 72˚C for 30 sec (extension); for Bcl-2, 
95˚C for 45 sec, 56˚C for 45 sec, 72˚C for 30 sec; for Bax, 95˚C 
for 45 sec, 58˚C for 45 sec and 72˚C for 30 sec. The amplified 
products were detected in 1.5% agarose gels stained with EB 
and visualized under UV light.

Western-blot analysis. For the analysis of p53 and XIAP, 
SW620 cells (3.6x106/ml) were incubated in RPMI-1640 
containing 10% FCS and different concentrations of GLAI 
(10, 20, 50 and 100 µg/ml). The entry with 0  µg/ml GLAI, 
treated with DMSO, was used as a negative control. The cells 
were cultured for 24 h at 37˚C, 5% CO2, in a humidified incu-
bator. Cells were washed twice with PBS and lysed in lysis 
buffer containing 50 mM Tris-HCl (pH 8.0), 150 mM NaCl, 
1% Triton X-100 and 100 µg/ml PMSF at 4˚C overnight. The 
suspensions were then centrifuged at 12,000 rpm for 5 min; 
All lysates were subjected to BCA protein assay reagent 
(Pierce, Rockford, IL, USA) for the quantification of protein 
concentration, and then Western blot analysis was performed. 
Total proteins (20-50 µg) were separated by sodium dodecyl 
sulfate-polyacrylamide gelelectrophoresis using a 10% poly-
acrylamide gel. The proteins in the gel were transferred to 

a PVDF membrane. The membrane was blocked with 0.1% 
BSA in TBST for 1 h. Membranes were incubated with 
primary antibody (1:2,000) at 4˚C overnight and then with 
secondary antibody (1:2,000) for 1 h. The membranes were 
washed three times in TBST for 10 min between each step. 
The signal was detected using the Amersham ECL system 
(Amersham-Pharmacia Biotech, Arlington Heights, IL, USA).

Statistical analysis. The data are shown as the means ± SD. 
The Student's t-test was used to determine the significance of 
differences between population means with results considered  
as: significant, p<0.05; very significant, p<0.01; extremely 
significant, p<0.001.

Results

Cell proliferation assay. To determine the effect of GLAI on 
different tumor cells, the proliferation assay was performed 
using the Alamar blue. As shown in Fig. 1, GLAI at a concen-
tration of 2 µmol/l inhibited the growth of SW620, K562 and 
L1210 cells to ~19, 12 and 60%, respectively. Exposure of the 
SW620, K562 and L1210 cells to 10  µmol/l GLAI inhibited 

Table I. List of polymerase chain reaction primers.

Genes	 Primer sequences	 Size (bp)

GAPDH
  Sense	 5' TGA AGG TCG GAG TCA ACG GAT TTG GT 3'	 566
  Antisense	 5' CAT GTG GGC CAT GAG GTC CAC CAC 3'
Bcl-2
  Sense	 5' TGC ACC TGA CGC CCT TCA C 3'	 293
  Antisense	 5' AGA CAG CCA GGA GAA ATC AAA CAG 3'
Bax
  Sense	 5' ACC AAG AAG CTG AGC GAG TGT C 3'	 332
  Antisense	 5' ACA AAG ATG GTC ACG GTC TGC C 3'

Glyceraldehyde 3-phosphate dehydrogenase.

Figure 1. Effect of GLAI on the growth of different tissue cell lines. Cells 
were treated for 72 h with different concentrations of GLAI (2, 10, 50 and 
100 µg/ml) dissolved in DMSO. Negative controls were treated with DMSO 
only and positive controls were treated with 5-fluorouracil (1 µg/ml). Values 
are the mean ± SD. Experiments were performed in triplicate, p<0.001.
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cell growth by 35, 52 and 86%. respectively. However, no 
additional effect was observed with MCF7 cells at these 
concentrations (Fig. 1). However, increased growth inhibition 
of SW620, K562, MCF7 and L1210 cells (to 55, 90 and 98%, 
respectively) was observed following exposure to 50  µmol/l 
GLAI. Treatment with 100 µmol/l GLAI resulted in almost 
total inhibition of cell growth and few viable cells (see below) 
in all cases. Positive controls treated with 5-fluorouracil were 
inhibited 88-90% under these conditions.

Microscopic observation. Normally adhesive SW620 cells 
were readily suspended following treatment with 10 µmol/l 
GLAI for 24 h, and few viable cells were observed following 
exposure to 50 µmol/l GLAI (data not shown). Light micros-
copy showed that cells exposed to DMSO (Fig. 2A) or 
10  µmol/l GLAI exhibited distinct morphological features, 
such as apoptotic bodies, associated with programmed cell 
death (Fig. 2B).

To further determine the nuclear morphology of SW620 
cells treated with GLAI, Hoechst 33258 staining was 
performed. Following treatment of SW620 cells with different 

Figure 2. Photomicrographs of SW620 exposed to (A) DMSO and (B) 10 µg/
ml GLAI for 24  h; the arrow indicates apoptotic bodies. Fluorescence 
microscopy of SW620 cells using DNA fluorochrome Hoechst 33258. SW620 
cells were treated with different concentrations of GLAI for 24 h. (C) DMSO, 
(D) 10 µg/ml GLAI, (E) 50 µg/ml GLAI and (F) 100 µg/ml GLAI.

Figure 3. FACS analysis of annexin V (AV) and propidium iodide (PI) 
binding. SW620 cells were treated with DMSO or GLAI (20, 50 or 100 µg/
ml) for 24 h as described in Materials and methods. PI and AV-FITC fluo-
rescence was measured by flow cytometry and analyzed (dot-plots). Viable 
(AV-/PI-), early apoptotic (AV+/PI-), apoptotic (AV+/PI+) and residual damaged 
(AV-/PI+) cells are shown in the respective quadrants.

Figure 4. Analysis of caspase-3 activity. SW620 cells were treated with different concentrations of GLAI (10, 25 and 50 µg/ml). Caspase-3 activity was 
monitored and three negative controls were observed: the blank well had only assay buffer added, the GLAI 0 well had DMSO-treated cell extract added and 
the inhibitor well had inhibitor-treated cell extract added. The positive control was purified caspase-3.

  A   B

  C   D

  E   F

  A   B

  C   D
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concentrations of GLAI for 24 h, the chromatin stained with 
Hoechst 33258 had a characteristic condensed and fragmented 
appearance (Fig. 2C-F).

Flow cytometry. The staining patterns of SW620 cells exposed 
to GLAI for 24 h and treated with AV-FITC and PI are shown 
in Fig. 3. More than 94% of cells remained viable following 
treatment for 24 h with DMSO alone (negative control) and 
almost no apoptotic events were detected (Fig.  3, lower left 
quadrant). However, the proportion of cells with externalized  
PS increased in cells following treatment for 24 h with 
different concentrations of GLAI (Fig. 3).

Activation of caspase-3 by treatment with GLAI. Caspases 
are significant mediators of apoptosis in mammalian cells 
(21), therefore, we measured caspase-3 activities. When 
SW620 cells were treated with different concentrations of 
GLAI, intracellular caspase-3 activity was analyzed (Fig. 4). 
Caspase-3 activity was found to be up-regulated in SW620 
cells in a dose-dependent manner.

Molecular events responding to GLAI-treatment. In order to 
understand the induction mechanism of apoptosis by GLAI, 
we examined the expression levels of Bcl-2 and Bax using 
RT-PCR, as well as p53 and XIAP using Western blotting. The 
treatment of the SW620 cells with GLAI resulted in a marked 
decrease of Bcl-2 at mRNA levels in a dose-dependent manner 
(Fig. 5A). By contrast, the Bax mRNA expression level was 
increased in a dose-dependent manner (Fig. 5B). The results 
of Western blotting showed that the p53 protein expression 
level was up-regulated after SW620 cells were treated with 
different concentrations of GLAI. By contrast, the XIAP 
protein expression level was down-regulated (Fig. 5C).

Discussion

Colon cancer is a common cause of death among cancer 
patients worldwide. Dysregulation of the normal colonic 
epithelium is the causative factor of neoplastic transformation 
caused by alterations in various parameters, including epithe-
lial cell proliferation and apoptosis. The latter two processes 
are highly regulated in the constantly regenerating non-trans-
formed colonic epithelium and involve adhesion molecules, 
cytoskeletal proteins, cell cycle regulators and apoptosis (22).

Annexin V is a protein that exhibits specific affinity for 
PS. In non-apoptotic cells, most PS molecules are localized 
on the inner leaflet of the plasma membrane, but shortly after 
the onset of apoptosis, PS redistributes to the outer layer of the 

membrane (23). Cells in the early stages of apoptosis usually 
bind AV-FITC in the absence of PI uptake (lower right quad-
rant), while those in the late stages of apoptosis bind AV-FITC 
and in the presence of PI uptake (upper quadrant).

Caspases are a family of intracellular cysteine proteases 
with specificity for aspartic acid residues and play important 
roles in drug-inducing apoptosis in a large variety of cancer 
cells (24,25). Two members of this group of enzymes, known 
as ‘initiator’ and ‘effector’ caspases, also play a significant role 
in the apoptotic process (25,26). Caspase-3 is the common 
effector for most apoptotic pathways (19) and appears to play 
a special role as a key ‘executioner’ in that its active form is 
responsible for the cleavage and breakdown of several cellular 
components related to DNA repair and regulation. Once 
activated, caspase-3 is able to cleave a number of important 
cellular substrates and causes membrane blebbing, disas-
sembly of the cell structure and DNA fragmentation, which 
eventually lead to cell death. Some initiator caspases, such 
as caspase-9, activate pro-caspase-3, which then cleaves the 
cellular substrates needed for the orchestration of apoptosis 
and forms a ‘wheel of death’ (19,25-27). Findings of studies 
have shown that apoptosis, especially caspase-mediated cell 
death, plays an important role in the etiology, pathogenesis and 
therapy of a variety of human malignancies, such as human 
hepatocellular carcinoma. Additionally, the cytotoxic effects 
of most anti-hepatocellular carcinoma drugs are based on 
apoptosis induction (28). These studies indicate that induction 
of apoptosis may be an index for new anti-tumor drug selec-
tion and an important method of assessing the clinical efficacy 
of many anti-carcinoma drugs (17).

Moreover, we found that the increase in caspase-3 activa-
tion is synchronized with the increase in Bax expression 
and the decrease in Bcl-2, which is in agreement with other 
studies (29-31). The Bcl-2 family of proteins plays a crucial 
role in the regulation of apoptosis in many cellular systems, 
by either inhibiting (Bcl-2, Bcl-XL, Bcl-W, Bfl-1 and Mcl-1) 
or promoting apoptosis (Bax, Bak, Bad, Bcl-Xs, Bid and Hrk) 
(32,33). Heterodimerization between pro- and anti-apoptotic 
members of this family and relative levels of the two types of 
proteins may determine the susceptibility to a given apoptotic 
stimulus and the cell fate (34,35). Moreover, these genes are 
known to be crucial regulators of apoptosis in colon cancer 
cell lines (36,37).

In conclusion, our study has shown that GLAI inhibits the 
growth of SW620 cells by inducing apoptosis via the activa-
tion of caspase-3. These findings provide a basis for further 
investigation of triterpenes from G. lucidum in the treatment 
and prevention of colorectal adenocarcinoma.

Figure 5. Molecular responses in SW620 cells treated with GLAI. Expression of apoptosis mRNA proteins in SW620 cells exposed to GLAI. SW620 cells 
were treated with different concentrations of GLAI for 24 h (A) or 50 µg/ml GLAI for different times (B), internal standard gene was GAPDH. (C) Expression 
of apoptosis proteins in SW620 cells exposed to different concentrations of GLAI. SW620 cells were treated with different concentrations of GLAI (10, 20, 50 
and 100 µg/ml). DMSO served as the negative control.

  A   B   CGAPDH GAPDH

Bcl-2Bcl-2

Bax Bax
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p53
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