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Ganoderma lucidum in the ovarian cancer cell line OVCAR-3
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Abstract. Lingzhi (LZ) is a medical mushroom also known as
Ganoderma lucidum, which has been used in traditional Chinese
medicine for more than 4,000 years and moreover, due to its
presumed health benefits and apparent absence of side-effects it
has also been widely consumed as a dietary supplement by cancer
patients and by individuals diagnosed with various chronic
diseases. The reported benefits of Ganoderma lucidum may be
largely ascribed to its biologically active constituent polysaccha-
rides and triterpenes known as ganoderic acids having structural
similarity to steroid hormones. Laboratory studies have shown
that Ganoderma lucidum enhances immune functions and also
inhibits growth of various cancer cells both in vitro and in vivo.
However, the mechanism by which Ganoderma lucidum
exerts its chemopreventive activities remains unknown. In this
study, we investigated whether Ganoderma lucidum elicits its
anti-tumor effects by suppressing cell growth and inducing anti-
oxidative/detoxification activity in human ovarian OVCAR-3
cells. The results showed that Ganoderma lucidum inhibits
cell growth and disruption of cell cycle progression via down
regulation of cyclin D1. Chemopreventive activities elicited by
Ganoderma lucidum were demonstrated by the induction of
antioxidant SOD and catalase as well as the phase II detoxifica-
tion enzyme NAD(P)H:quinone oxidoreductase 1 (NQOI) and
glutathione S-transferase P1 (GSTPI) via the Nrf2 mediated
signaling pathway known to provide chemoprotection against
carcinogenicity. These findings indicate that Ganoderma
lucidum possesses chemopreventive potential contributing to
its overall health effects and further suggest that Ganoderma
lucidum may have clinical applications as an adjunct supple-
mentary agent in chemotherapy.

Introduction

Ovarian cancer (OvCa) is the most frequent cause of gyneco-
logic cancer-related death in women (1,2). Compared to other
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gynecologic malignancies, OvCa has the highest fatality-to-
case ratio (1,2). The steady incidence rate of OvCa and the
continuing upward trend of OvCa-related fatalities are attrib-
utable to a combination of genetic, environment and lifestyle
factors (3). Genetics are considered to play a relatively minor
role, while environment and lifestyle factors contribute to a
greater extent to ovarian carcinogenesis suggesting that a
window of opportunity exists for chemoprevention of OvCa.
Among approaches for chemoprevention, the use of herbal
products has gained popularity, particularly those prepared
from medicinal mushrooms in light of the traditional high
esteem they have held in Asian cultures (4-8) for promoting
and maintaining overall health and wellness, notably through
potentiation of immune functions and regulation of biological
responses (6-11). Data have also shown that chemoprevention
activities of medicinal mushroom extracts extend beyond the
immune system; for instance, evidence abounds that they
suppress tumorigenesis further supporting their diverse effects
in treating diseases in humans (10,12-14).

Lingzhi (LZ) extracts are derived from edible mushroom
known as Ganoderma lucidum (15,16). The anticancer
properties of Ganoderma lucidum have been attributed to its
bioactive compounds including polysaccharides and a group
of triterpenes (15-18). To date, the molecular details by which
Ganoderma lucidum exerts its biological effects remain
incompletely understood. The notion that Ganoderma lucidum
may exert chemopreventive properties implies that it exerts a
multitude of effects ranging from antioxidant, free-radical scav-
enging, and signal modulatory activities, as well as the ability to
affect phase II detoxification enzymes (19,20). The purpose of
the present study was to investigate the effects of Ganoderma
lucidum on cell growth inhibition in OVCAR-3 cells; to deter-
mine the cancer-protective potentials of Ganoderma lucidum
on the changes of antioxidant enzymes (SOD and catalase)
and phase II detoxification enzymes (NQO1 and GSTP1) and
to explore the possible mechanism mediating its anti-oxidative
and detoxification effects through the Nrf2/Keapl pathway.

Materials and methods

Reagents. Bovine serum albumin (BSA), glutathione (GSH),
1-chloro-2,4-dinitrobenzene (CDNB), oxidized glutathione,
menadione, dicoumarol, NADPH and glutathione reductase
were purchased from Sigma Chemicals (St. Louis, MO, USA).
The primary antibodies anti-Rb, anti-cyclin D1, anti-NQOI,



1066

anti-GSTPI1, anti-SOD, anti-catalase, anti-Keapl, anti-
Nrf2, anti-DJ1, anti-thioredoxin (Trx) and anti-actin, and
the secondary antibodies were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Fetal bovine serum
(FBS), RPMI-1640 medium, penicillin and streptomycin were
purchased from Cellgro Inc. (Herndon, VA, USA). All the
other chemicals and solvents used were of analytical grade.

Cell culture. NTH:OVCAR-3 cells (HTB-161) were purchased
from the American Type Culture Collection (Manassas, VA,
USA) and maintained in RPMI-1640 media containing 2 mM
L-glutamine, supplemented with 20% heat inactivated fetal
bovine serum (FBS), penicillin (100 U/ml) and streptomycin
(100 pg/ml) in a humidified atmosphere of 5% CO, in air at
37°C (21). Cells were subcultured once every week by trypsin-
ization and reseeding in new culture flasks.

Source of Ganoderma lucidum Lingzhi (LZ). LZ capsules
used (lot 3BA03020528) were provided by Integrated Chinese
Medicine Holdings Ltd. (Hong Kong, China), as a mushroom
product produced from mycelia of Ganoderma lucidum
according to Good Manufacturing Practice (GMP) standards.
Additional quality control of LZ involved determination of heavy
metal contents and microorganism contamination, performed
by government approved testing centers in Hong Kong.

Preparation of aqueous and ethanolic extracts of LZ. To
prepare aqueous or ethanolic extracts of LZ, the contents of
each capsule was suspended in 6 ml of water or 70% ethanol,
followed by intermittent mixing and vortexing for 60 min
at room temperature and a centrifugation step to remove
insoluble particulates. The clear supernatant was sterilized by
passing through a 0.22 pm filter and stored in aliquots at 4°C.
Each aliquot was used only once and discarded. Before use,
the stock was further diluted in tissue culture media to give the
final indicated concentrations.

Effects of LZ on cell growth and colony formation. For the
cell proliferation assay, OVCAR-3 cells were seeded at a
density of 5x10* cells/ml in T-25 flasks and allowed to attach
overnight. Cells were incubated with 0, 5 or 10 yl/ml water or
ethanolic extracts of LZ for 1 and 3 days. Control and treated
cells were harvested by trypsinization and cell numbers
were determined using a hemocytometer (22-24). Harvested
cells were washed twice with PBS, and pellets were stored at
-80°C for further analysis. The colony formation assay was
performed as described previously with some modification
(23). Cells (800-1200 cells/ml, 2 ml/well) were added to
6-well tissue culture plates containing varying concentrations
of water or ethanolic LZ extracts, followed by an additional
8 days of incubation to allow colonies to form. Colonies
were fixed and stained with 1.25% crystal violet, followed by
extensive washing to remove excessive dye, and imaged by
an HP scanner. Quantitative changes in clonogenicity were
determined by extraction of the colonies with 0.5 ml 10%
acetic acid and measuring the absorbance of the extracted dye
at 595 nm. The experiments were performed in triplicate (25).

Preparation of cell extracts and immunoblot analysis. Cells
were collected by centrifugation and were lysed in ice-cold
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RIPA buffer (50 mM Tris, pH 7.4, 150 mM NaCl, 1 mM
EDTA, 1% Triton X-100, 1% deoxycholate, 0.1% SDS, 1 mM
dithiothreitol and 10 pl/ml protease inhibitor cocktail). The
extracts were centrifuged and the clear supernatants were
stored in aliquots at -80°C for further analysis. Protein content
of cell lysates were determined by a Coomassie protein assay
kit (Pierce, Rockford, IL, USA) with BSA as a standard.

The aliquots of lysates (20 ug of protein) were boiled with
sample buffer for 5 min, and resolved by 10% SDS-PAGE. The
proteins were transferred to a nitrocellulose membrane and
blocked in TBST buffer (10 mM Tris, pH 7.5, 100 mM NaCl
and 0.05% Tween-20) containing 3% nonfat dried milk over-
night at 4°C. The blots were incubated with various primary
antibodies, followed by incubation for 1 h with appropriate
secondary antibodies conjugated to horseradish peroxidase
in TBST. Actin expression was used as loading control. The
intensity of the specific immunoreactive bands were detected
by enhanced chemiluminescence (ECL), using the manufactur-
er's protocol (Kirkegared & Perry Laboratories, Gaithersburg,
MD, USA) quantified by densitometry and normalized against
the actin loading control, as previously described (8).

Statistical analysis. The results are expressed as mean + stan-
dard deviation (SD). The significance between the control
and treated groups was performed by the Student's t-test and
P-values <0.001 were taken as significant in all the cell growth
and colony formation experiments.

Results

Effects of aqueous and ethanolic extracts of LZ on OVCAR-3
cell growth and colony formation. The ability of LZ extracts
to inhibit OVCAR-3 cell proliferation was investigated.
Neither aqueous nor ethanolic extracts significantly inhibited
cell proliferation after 1 day of treatment, whereas exposure
of cells for 3 days resulted in a pronounced suppression of cell
growth (Fig. 1A). More significant dose-dependent growth
suppression was observed with the ethanolic extract, while the
aqueous extract had less potent inhibitory activity. Typically,
at a concentration of 10 x1/ml ethanolic extract, approximately
50% inhibition of cell growth was found.

Additional evidence for the growth inhibitory activity of
aqueous and ethanolic extracts of LZ on human OVCAR-3
cells was tested by the colony formation assay. The ability
of OVCAR-3 cells to form colonies was more significantly
inhibited by ethanolic extracts than aqueous extracts of LZ, as
determined by a marked reduction in both the number and the
size of colonies (Fig. 1B).

Effects of aqueous and ethanolic extracts of LZ on cell cycle
regulatory proteins Rb and cyclin DI expression in OVCAR-3
cells. To obtain additional information on the antiproliferative
effects of LZ, changes in selective cell cycle regulatory protein
expression were investigated in control and LZ-treated cells, by
Western blot analysis. Systematic probing of several proteins
known to play an important role in cell cycle control did not
show changes following 1 or 3 days of treatment with aqueous
and ethanolic extracts of LZ. A noted exception was found in
cyclin D1 whose expression was reduced by ~20 and ~38%,
respectively, on Day 1, and by ~28 and ~24%, respectively,
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Figure 1. Effects of aqueous and ethanolic extracts of LZ on OVCAR-3 cell growth and colony formation. (A) Cells were treated with various concentrations of
aqueous and ethanolic extracts of LZ (0, 5 and 10 y1/ml). Cell numbers were determined on Days 1 and 3 with a hemocytometer. (B) Clonogenicity following
LZ treatment was measured as described in Materials and methods. Quantitative analysis of colony formation as measured by absorbance of acetic acid
extracted crystal violet dye retained by the cells at 595 nm. Results show the mean + SD of at least 3 separate experiments.
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Figure 2. Effects of aqueous and ethanolic extracts of LZ on cell cycle regula-
tory proteins Rb and cyclin D1 expression in OVCAR-3 cells. Cells were
treated with 0, 5 or 10 l/ml of aqueous and ethanolic extracts of LZ for 1 and
3 days and cells were harvested and total protein extracts were prepared as
described in Materials and methods. Aliquots of total extracts were separated
by SDS-PAGE and the effects on Rb and cyclin D1 protein expression were
determined by Western blot analysis. Actin was used as a loading control to
determined changes in the expression by treatment. The intensity of the spe-
cific immunoreactive bands were quantified by densitometry and expressed
as a fold-difference against actin.

on Day 3 after treatment with 10 ul/ml aqueous and ethanolic
extracts of LZ. As cyclin DI changes may impinge on the
expression and also the state of phosphorylation of retinoblas-
toma (Rb), which is considered an established indicator of the
proliferative state of the cell by controlling the availability of
transcription factor E2F, we also analyzed hypo- and hyper-
phosphorylated Rb by Western blot analysis. Treatment by LZ
did not affect either form of Rb (Fig. 2).

Effects of aqueous and ethanolic extracts of LZ on the
expression of antioxidant enzymes and phase II detoxifica-
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Figure 3. Effects of aqueous and ethanolic extracts of LZ on the expression of
antioxidant enzymes and phase II detoxification enzymes. Following a 1- or
3-day treatment with different doses 0, 5 or 10 ul/ml LZ extracts, cells were
harvested and the expression of SOD, catalase, NQOI and GSTP1 were deter-
mined by immunoblot analysis. Blots were quantified and relative expression
levels are shown as a fold-difference against the actin loading control.

tion enzymes. The effects of LZ treatment on the intracellular
redox status were measured by assessing the levels of the
antioxidant enzymes, SOD and catalase (Fig. 3). Treatment
of the OVCAR-3 cells with 10 yl/ml ethanolic extracts of LZ
revealed changes in the expression of SOD. The densitometric
analysis of the blots showed a significant increase of 2.87-
and 2.34-fold in cells treated for 1 and 3 days, respectively
(Fig. 3). The effects of LZ on catalase expression were also
investigated. Treatment with 10 ul/ml aqueous and ethanolic
LZ extracts for 3 days resulted in a significant increase in cata-
lase expression by 2.15- and 2.51-fold, respectively whereas
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Figure 4. Effects of aqueous and ethanolic extracts of LZ on the regulation of
antioxidants and phase II detoxification enzymes via Nrf2/Keapl signaling.
Following a 1- or 3-day treatment with different doses 0, 5 or 10 ul/ml LZ
extracts, cells were harvested and total protein extracts were prepared as
described in Materials and methods. Aliquots of total extracts were separated
by SDS-PAGE and analyzed for Keapl, Nrf2, DJ1 and Trx by immunoblot
analysis. Blots were quantified and relative expression levels are shown as a
fold-difference against the actin loading control.

treatment for 1 day with aqueous and ethanolic extracts of
LZ slightly decreased the catalase expression (Fig. 3). These
results suggest that LZ increased the cellular defenses by
activating the antioxidant enzymes, SOD and catalase. We
also determined the effects of LZ treatment on the phase II
detoxification enzymes, NQO1 and GSTP1. The level of
expression of NQOI1 was up-regulated by 1.66- and 2.4-fold,
respectively after 1 day of treatment with 10 ul/ml aqueous
and ethanolic extracts of LZ, but 10 ul/ml ethanolic extracts
of LZ resulted in the reduction on NQOI expression by 39%
at Day 3 (Fig. 3). The changes on the expression of GSTP1
by LZ were also investigated. Up-regulation of GSTP1 was
observed after treatment with the aqueous and ethanolic
extracts of LZ; the former, however, was much less potent for
inducing GSTP1 than the latter at Day 1 whereas by Day 3
there was no significant difference on the induction of GSTP1
between the aqueous and ethanolic extracts of LZ-treated cells
(Fig. 3). Taken together, these results suggest that LZ could
also increase the cellular defenses by activating the phase 11
detoxification enzymes, NQOI and GSTP1.

Effects of aqueous and ethanolic extracts of LZ on the regu-
lation of antioxidants and phase Il detoxification enzymes
via Nrf2/Keapl signaling. The induction of antioxidants and
phase II detoxification enzymes is under the control of Nrf2/
Keapl. Therefore, we tested whether treatment by LZ elicits
changes in the levels of Nrf2/Keapl in OVCAR-3 cells. LZ
treatment significantly enhanced the level of Nrf2 in a dose-
and time-dependent manner; the most pronounced induction
occurred in cells exposed to 10 ul/ml 70% ethanol LZ for 72 h,
while no change in Nrf2 expression was observed under any
treatment condition at 24 h (Fig. 4). Analysis also revealed
that whereas LZ did not affect the level of Keapl using the
identical treatment conditions, it increased the expression of
DJ1 and Trx, both thought to play a role in the stabilization
and functional commitment of Nrf2. These results suggest
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that LZ may stimulate Nrf2-mediated antioxidant response
element (ARE) activation by enhancing nuclear Nrf2 protein
level and its stability as well as competence for engagement
with ARE-responsive genes.

Discussion

The chemical and biological constituents of Ganoderma
lucidum, Lingzhi, have been studied extensively over the past
decades. Polysaccharide fractions and some 20 triterpenes
isolated from Ganoderma lucidum were shown to be cytotoxic
against a panel of human and murine tumor cell lines (18).
Polysaccharides are typically found in the water extract, which
has been reported to exert immunostimulating, anti-inflam-
matory and anti-tumor properties (18,26). On the other hand,
components of the ethanolic extract include essential oils,
terpenoids and glycosides, with the greatest interest focused
on terpinoids known to display potent biological activities
(18,26). To our knowledge, whether the aqueous and ethanolic
extracts of LZ demonstrate effective anti-proliferative/anti-
oxidative stress properties has not been examined. Results in
this manuscript provide evidence that the ethanolic extract
of LZ has more potent activity than the aqueous extract on
suppressing cell proliferation and on inducing the expression
of enzymes instrumental in counteracting oxidative stress in
OVCAR-3 cells.

Numerous plants have been shown to contain high levels of
natural antioxidants capable of scavenging free radicals (19).
This property, in effect, may well decrease the rate of oxida-
tive stress induced DNA damage and thereby partially account
for chemopreventive mechanisms attributed to plant-derived
antioxidants. Both triterpene and polysaccharide extracts have
shown antioxidative effect against pyrogallol-induced eryth-
rocyte membrane oxidation and Fe(II)-ascorbic acid-induced
lipid peroxidation (19,27). The results of this study clearly
demonstrated that both aqueous and ethanolic extracts exhib-
ited antioxidative activities by increasing SOD and catalase
expression in a dose-dependent manner, with the ethanolic
extracts showing more significant effect. One might therefore
surmise that LZ extracts display the capacity for scavenging
free radicals per se or disrupt propagation of H,0, decomposi-
tion products to effectively prevent H,0O,-induced oxidative
damage to cellular DNA. Such a mechanism may lend support
to the notion that induction of antioxidant activity by LZ serves
as a basis for its involvement in chemoprevention.

Phase II-detoxification enzymes play an important role
in the removal of compounds with genotoxic potentials,
thereby reducing the risk of somatic mutations and tumor
transformation. In this study, we investigated whether the
chemopreventive potential induced by LZ in OVCAR-3 cells
may involve phase II enzymes. We found that both aqueous
and ethanolic extracts increased NQO1 and GSTP1 expression
in a dose-dependent manner and the ethanolic extracts were
more potent than the aqueous extracts. These findings suggest
a novel mechanism through which LZ may contribute to the
cancer chemoprevention against carcinogenicity, mutagenicity
and other toxicities caused by carcinogenic xenobiotics.

In conclusion, this study demonstrated that LZ has
anti-cancer activities beyond that of the immune system
with the induction of chemopreventive activity and suppres-
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sion of tumorigenesis via the induction of antioxidants and
phase II-detoxification enzymes. Nrf2-mediated activation of
cytoprotective genes contributes to the beneficial effects of LZ
to prevent or fight various cancers including ovarian cancer.
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