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ABSTRACT

Coriolus versicolor (CV), also called Yunzhi, has been demonstrated to exert anti-tumor
effects on various types of cancer cells, but the underlying mechanism has not been fully
elucidated. The present study aimed to evaluate the in vitro anti-tumor activity of a stan-
dardized aqueous ethanol extract prepared from CV on four breast cancer cell lines using
MTT assay, and test whether the mechanism involves apoptosis induction and modulation
of p53 and Bcl-2 protein expressions using cell death detection ELISA, p53 and Bcl-2
ELISAs respectively. Our results demonstrated that the CV extract dose-dependently
suppressed the proliferation of three breast tumor cell lines, with ascending order of ICy,
values: T-47D, MCF-7, MDA-MB-231, while BT-20 cells were not significantly affected.
Tumoricidal activity of the CV exiract was found to be comparable to a chemotherapeutic
anti-cancer drug, mitomycin C. Nucleosome productions in apoptotic MDA-MB-231,
MCF-7 and T-47D cells were significantly augmented in a time-dependent manner and
paralleled the anti-proliferative activity of CV extract. Expression of p53 protein was
significantly upregulated only in T-47D cells treated with the CV extract in a dose- and
time-dependent fashion, but not in MCF-7 (except at 400 pg/ml after 16 h) and MDA-
MB-231 cells. The CV extract significantly induced a dose-dependent downregulation of
Bcl-2 protein expression in MCF-7 and T-47D cells, but not in MDA-MB-231 cells. These
results suggested that apoptosis induction, differentially dependent of p53 and Bcl-2
expressions, might be the possible mechanism of CV extractmediated cytotoxicity in
human breast cancer cells in vitro.

INTRODUCTION

Breast cancer is the most common cancer among women worldwide. The incidence and
mortality rates of breast cancer in women still rank high in global epidemiologic studies over
the past few years.! Improvements in hormonal and cytotoxic therapies have not led to
sustained remission or cure in advanced breast cancer. Although anti-estrogens have
provided the most effective endocrine therapy for breast cancers in advanced stages,
therapeutic choices are limited for estrogen receptor (ER)-negative tumors, which are
often more aggressive. In fact, only about two-thirds of ER-positive breast cancers respond
to estrogen ablation.?

The limited therapeutic possibilities for treating breast cancer increase the necessity for
exploring new approaches of therapy. Plant-derived extracts have been historically considered
as important alternative remedies for enhancing immune status, and prevention and
treatment of chronic diseases.? Recent studies have shown that mushroom extracts possess
anti-bacterial, anti-viral, anti-tumor and immuno-potentiating activities.*8 Coriolus versicolor
(CV), known as Yunzhi in China, is a mushroom belonging to species of the
Basidiomycetes class (Polyporaceae family) of fungi. Its medicinal value was recorded in
the Compendium of Chinese Materia Medica and Shen Non-Compendium Medica thousands
of years ago in China; nowadays the therapeutic potentials have been gaining acceptance
among patients worldwide.>8

Polysaccharopeptide (PSP), one of the various bioactive components derived from CV,
is found to possess anti-tumor and immunomodulatory activities. It is a protein-bound
polysaccharide isolated from the deep-layer cultivated mycelia of Coriolus versicolor COV-1
strain.? The polysaccharide moiety of PSP is a B (1 — 3)-glucan branching at 4 and 6'
positions, and consists of five different sugars including arabinose, glucose, galactose,
mannose and xylose. The protein component is rich in aspartic and glutamic acids. The
substance has a molecular weight of about 100,000 and is highly water-soluble.® Previous
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studies have reported that PSP and PSK (protein-bound polysac-
charide Krestin)!'? could dose-dependently inhibit the proliferation
of breast, lung and prostate tumor cell lines in vitro.>!"13 PSP was
also found to induce the production of interferon-y and interleukin-2,
stimulate T-cell proliferation and counteract the immunosuppression
induced by cytotoxic drugs such as cyclophosphamide.'41 In vivo
administration of PSP or PSK to nude mice also effectively suppressed
the growth of inoculated human hepatoma, lung and prostate
adenocarcinoma, and extended the survival time.>®!®17 In recent
clinical trials, PSP administration to patients with oesophageal, gastric
and lung cancer who are undergoing radiotherapy or chemotherapy,
can help to alleviate symptoms and prevent the decline in immune
status.>18

Apoptosis has been well characterized by a variety of hallmark
events including rapid reduction in cellular volume, chromatin
condensation, and internucleosomal DNA cleavage.!” Induction of
apoptosis is suggested to be one of the major modes of action of
chemotherapeutic anti-cancer drugs on malignant cells.?%->?> The
extent of drug-induced apoptosis, in some cases, could act as a
predictive marker of the tumor response in vivo.2>24 The molecular
mechanism implicated in apoptosis induced by extracts of CV has
been partially delineated. Recent studies, including ours, have
shown that extracts of CV and other mushrooms such as Ganoderma
lucidum can induce apoptosis in breast and cervical tumor cell lines,
as well as leukemia and lymphoma cell lines.!-?5-? Tumor suppressor
gene p53 is one of the pivotal molecules involved in apoptosis
induction. Many studies raised the possibility that cells lacking p53
activity due to mutation might be more resistant to cancer
chemotherapy.28-30 In wild-type p53 (p53™id)-positive cells, once
p53 is activated, the outcome of cellular response is either cell cycle
arrest or apoptosis. The apoptotic process is mediated by transcrip-
tional transactivation of p53 on many apoptosis-related genes,
including Fas and Bax.3! Bcl-2 is one of the major members of the
Bcl-2 family which works on mitochondria to prevent membrane
permeabilization and hence the release of apoptogenic factors from
the mitochondrial intermembrane space. It is frequently overexpressed
in many types of tumors.>? Although the mechanism of action is still
unclear, Bcl-2 functions as a suppressor of apoptotic death and is
negatively regulated by p53 for committing the cells to undergo
apoptosis.>?

The present study aimed to investigate whether the mechanism
of in vitro anti-proliferative activity of a wild Coriolus versicolor
ethanol-water standardized extract, supplied by Vita Green Health
Products Company Ltd. and previously reported (see Refs. 27,34),
on four breast cancer cell lines (BT-20, MDA-MB-231, MCF-7,
and T-47D) involves induction of apoptosis, and modulation of p53
and Bcl-2 expressions. Cell death detection ELISA was used to
quantify the nucleosome production resulting from nuclear DNA
fragmentation during apoptosis, and p53 pan ELISA and Bcl-2
ELISA kits were employed to evaluate the protein expressions of p53
and Bcl-2 respectively.

MATERIALS AND METHODS

Preparation of CV extract. An ethanol-water extract from Coriolus
versicolor L. was provided by Vita Green Health Products Company
Limited, Hong Kong, in compliance with Good Manufacturing Practice
(GMP) standard. The extract was obtained from the fruiting bodies of wildly
grown Coriolus versicolor in the Guangxi province of mainland China. The
Coriolus versicolor was authenticated by Prof Zhang Xiao-qing (Mycology

www.landesbioscience.com

Cancer Biology & Therapy

expert, Institute of Microbiology Chinese Academy of Sciences, Beijing,
China). Herbarium voucher specimen (no. 2003-2510) is deposited at the
museum of the Institute of Chinese Medicine, The Chinese University of
Hong Kong. The fruiting bodies were cleaned, crushed and extracted with
ethanol-water at proprietary proportions and temperatures, followed by
differential precipitation with ethanol. Further processing of specific ethanol
fractions led to isolation of the extraction product in powder form (Batch
no.: Yz03; shelf time: three years). The major components of the resulting
CV extract were polysaccharides and triterpenoids, which were approximately
30% by weight. Plain RPMI medium 1640 (Invitrogen GIBCO, NY,
U.S.A.) and Minimum Essential Medium (MEM) (Invitrogen GIBCO)
were used to dissolve the CV extract as stock solutions of 3.0 mg/ml and
2.2 mg/ml respectively, for 48 h at room temperature with continuous agita-
tion. Insoluble material was removed by centrifugation and the soluble
supernatant was sterilized using a 0.22 um filter, and further diluted with
the plain culture medium to the defined concentrations as indicated.

Cell cultures. Human breast cancer cell lines (BT-20, MDA-MB-231,
MCE-7, T-47D) were purchased from American Type Culture Collection
(ATCC, MD, U.S.A.). BT-20 and MDA-MB-231, which do not express
estrogen receptor (ER), originate from a primary breast carcinoma and a
metastatic adenocarcinoma respectively. MCF-7 and T-47D are ER-positive
metastatic adenocarcinoma and ductal carcinoma cells respectively. The cell
lines were maintained in a humidified incubator at 37°C and in 5% CO,
atmosphere. RPMI medium 1640, supplemented with 10% fetal bovine
serum (FBS, Invitrogen GIBCO), 100 units/ml penicillin and 100 pg/ml
streptomycin  (Invitrogen GIBCO), was used for cell cultures of
MDA-MB-231 and T-47D. MEM medium, supplemented with 10% FBS,
100 units/ml penicillin, 100 pg/ml streptomycin and 1 mM sodium pyruvate,
was used as the culture medium of BT-20 and MCF-7 cells. After being
trypsinized and harvested from culture flasks, the cells were counted using a
hemocytometer and cell viability was determined by trypan blue exclusion.
For BT-20, 104 cells from log phase cultures were seeded in 100 ul of MEM
medium supplemented with 20% FBS per well of 96-well flat-bottom
Costar culture plates (Corning Inc., MA, U.S.A.); while for the other three
cell lines, 5 x 103 cells were seeded in 100 ul of culture medium supple-
mented with 20% FBS per well. One hundred microlitre of solutions con-
taining 2X final concentrations of the CV extract in plain culture medium
were added per well. Control wells were added with 100 pl of plain culture
medium alone. A chemotherapeutic anti-tumor drug, mitomycin C (MMC,
Sigma Chemical Co., MO, U.S.A.) at a final concentration of 20 pg/ml was
added as the positive control. Cells were then incubated with the CV extract
for a defined time (see below). Proliferative response and cell death of the
CV extract-treated cells were determined using MTT cytotoxicity assay and
cell death detection ELISA, respectively.

MTT cytotoxicity assay. The procedure of MTT assay had been
described previously.?’ Briefly, after incubation of cells with the CV extract
for 48 h (BT-20, MDA-MB-231 and MCE-7) or 72 h (T-47D) as mentioned
before, 30 ul of 5 mg/ml MTT in phosphate buffered saline (PBS,
Invitrogen GIBCO) was added to each well and the plate was incubated at
37°C for 2 h. The plate was then centrifuged followed by removal of super-
natant. One hundred microliter of dimethylsulfoxide (DMSO, Sigma) was
then added to each well. Absorbance of the dissolved solution was detected
at 540 nm by a Benchmark microtiter plate reader (Bio-Rad Laboratories,
CA, U.S.A.). The absorbance of untreated cells was considered as 100%.

Cell viability assay. To evaluate the effect of the CV extract on cell via-
bility, cells were exposed to the CV extract at concentrations producing 50%
growth inhibition (IC) for the tumor cell lines (as determined by MTT
assay) for 16, 24 and 48 h. The viable cells were counted by trypan blue
exclusion test. The percentage of dead cells was calculated from the ratio of
dead cells to total number of cells x 100%.

Apoptosis assay. Cell Death Detection ELISAPYS (Roche Applied
Science, Basel, Switzerland) was used to quantify histone-complexed DNA
fragments (nucleosomes) in cytoplasm of the apoptotic cells after induction
of apoptosis. The assay is based on a one-step sandwich enzyme-linked
immunoassay principle as described elsewhere.?>%” Briefly, after incubation
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Figure 1. Anti-proliferative effects of CV extract on four human breast cancer
cell lines. Cells were incubated with increasing concentrations (12.5-800 ug/ml
with 2fold increase) of the CV extract in culture medium for 48 h (except
T-47D for 72 h) and the proliferative response was assessed by MTT assay.
Results are expressed as the mean% MTT absorbance (ratio of absorbance
in extractHreated well to that of control well x 100%) = SD of three independent
experiments with six wells each.

Table T Concentrations producing 50% growth inhibition
(IC5,) of CV extract and comparison of growth
suppression between CV extract (800 j1ig/ml)
and mitomycin C (MMC, 20 ug/ml) on four
breast cancer cell lines

Cell lines 1C;, (ng/ml)® % Growth suppression
CV extract? Mmc
BT-20 >800 10.6 £ 3.2 92.8+0.8
MDA-MB-231 514.0 £ 42.0 822 +56 85.1 £ 5.1
MCF-7 271.7 +£20.5 91.5+6.3 97.4+0.7
T-47D 233.3 £ 21.9 93.0+2.3 945+ 1.3

Results are expressed as the mean = SD of three independent experiments with six wells each. °IC;,
values were determined from the results of MTT assay of three independent experiments. ®Maximal %
growth suppression (100%—% MTT absorbance from ratio of absorbance in extract-treated and control
wells) on the cell lines by CV extract (800 g/ml), as calculated from the results of MTT assay.

with the CV extract (at concentrations determined by MTT assay) for 16,
24 and 48 h, the cells were pelleted and lysed. The remaining steps were
referred to the instructions supplied by the manufacturer. The resulting
color development, which was proportional to the amount of nucleosomes
captured in the antibody sandwich, was measured at 405 nm (with reference
wavelength at 490 nm) using a Benchmark microtiter plate reader
(Bio-Rad). Results were expressed as the apoptotic index which was calcu-
lated from the ratio of absorbance of treated (apoptotic) sample to that of
the untreated (control) sample.
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ELISA of p53 protein. For detecting the expression of p53 protein in the
breast cancer cell lines, p53 pan ELISA kit (Roche Applied Science) was
used. Briefly, cells were treated with or without the CV extract (at the same
concentrations in apoptosis assay) for 16, 24 and 48 h, the samples to be
assayed (the lysate collected from approximately 10¢ cells) were placed
(triplicated) in a streptavidin-coated 96-well microtitre plate precoated with
biotinylated mouse monoclonal antibody specific for both wild and mutant
human p53 protein. After incubation with horseradish peroxidase-conjugated
sheep polyclonal detector antibody for 2 h at room temperature, the
unbound materials were removed by several washings. Finally, a chromogenic
substrate (tetramethylbenzidine, TMB) was added and enzymatically
converted to a colored solution with intensity proportional to the amount
of p53 protein in the sample. The absorbance was measured at 450 nm (with
reference wavelength at 690 nm), and p53 concentration was determined by
interpolating from the standard curve obtained with known concentrations
of p53 protein. Relative expression of p53 protein was calculated from the
ratio of absorbance of test sample to that of control.

ELISA of Bcl-2 protein. Bcl-2 ELISA kit (Bender MedSystems GmbH,
Vienna, Austria) was used to evaluate the expression of Bcl-2 protein in the
breast cancer cell lines. Briefly, cells were treated with or without the CV
extract (at the same concentrations in apoptosis assay) for 16, 24 and 48 h,
the samples to be assayed (the lysate collected from approximately 5 x 10°
cells) and the biotinylated specific detector antibody (mouse monoclonal)
were placed (triplicated) in a 96-well microtitre plate coated with mouse
monoclonal antibody specific for human Bcl-2, and were incubated for 2 h
at room temperature. After removing the unbound materials by several
washings, horseradish peroxidase-conjugated streptavidin was added to bind
to the antibodies, which catalysed the conversion of a chromogenic substrate
(TMB) to a colored solution with intensity proportional to the amount of
Bcl-2 protein in the sample. The absorbance was measured at 450 nm (with
reference wavelength at 620 nm), and Bcl-2 concentration was determined
by interpolating from the standard curve obtained with known concentrations
of Bcl-2 standards. Relative expression of Bcl-2 protein was calculated from
the ratio of absorbance of test sample to that of control.

Statistical analysis. Results were expressed as the mean + standard deviation
(SD). Statistical differences were assessed by the Student’s unpaired t-test,
with p<0.05 as significant. All analyses were performed using the SigmaStat
for Windows, version 3.0.1 (SPSS Inc., IL, USA).

RESULTS

Anti-tumor activities of CV extract on breast cancer cells. The CV
extract could significantly inhibit the proliferation of ER-negative MDA-
MB-231 (at 200 to 800 pg/ml) and, ER-positive MCF-7 and T-47D cells
(at 50 to 800 pg/ml) in a dose-dependent manner, but no significant growth
suppression on the ER-negative BT-20 cells (Fig. 1). Table 1 shows the ICy
values of the CV extract on the tested cell lines. Proliferation of ER-positive
MCEF-7 and T-47D cells were significantly inhibited by the CV extract from
50 pg/ml, with low ICy values (271.7 + 20.5 ug/ml and 233.3 + 21.9 pg/ml
respectively). The CV extract only at concentrations higher than 200 pug/ml
could suppress the cell growth of ER-negative MDA-MB-231, resulting in
higher ICy value (514.0 + 42.0 pg/ml). The CV extract exerted no significant
growth inhibition on BT-20 cells with ICy value greater than 800 pg/ml.
MDA-MB-231, MCF-7 and T-47D cells were similarly susceptible to the
cytotoxic effect of both CV extract and MMC with more than 80% growth
suppression. However, much lower inhibition by the CV extract was
observed in BT-20 cells when compared with MMC.

Apoptosis-inducing effects of CV extract on breast cancer cells. Based
on the IC, values ranging from 400 to 600 pg/ml as determined by MTT
assay, 400 and 600 ng/ml of the CV extract were chosen and incubated with
each of the three cell lines (MDA-MB-231, MCF-7, and T-47D). The cell
viability was first evaluated (Fig. 2A). The proportion of dead MDA-
MB-231 cells increased sharply (from 2.8 + 2.2% to 9.5 = 2.4%) upon 48
h incubation with the CV extract at 600 [g/ml when compared with 16 and
24 h. Meanwhile, the percentage of death of MCF-7 (13.5 + 9.2%) and
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T-47D cells (9.0 £ 1.0%) peaked
at 24 and 48 h, respectively, when
incubated with the CV extract of
same concentration (600 pg/ml).
These results implicated that the
apoptotic induction of these cell
lines should be evaluated at different
time points. Figure 2B showed that
using cell death detection ELISA,
an increase in nucleosome produc-
tion (apoptotic index, Al) greater
than or equal to two-fold was
considered significant when com-
pared with the untreated control L
(Al = 1). There was no significant
production of nucleosomes in all
the three cell lines treated with the 0
CV extract for 16 h. However,
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after 24 h, the CV extract at both 16h 24h 48h
400 and 600 pg/ml significantly
induced apoptosis of MDA- MDA-MB-231

MB-231 cells in a dose-dependent

16h 24h 48h

T6h 24h 48h

MCF-T T-4TD

manner (Al = 2.5 + 0.2 and 4.5 + B 14 ¢
0.2 respectively). After 48 h, signif-

icant apoptosis could only be 12 |
induced at 600 pg/ml of the CV
extract (Al = 3.3 + 0.7). The nucle-
osome production was found to
slightly decline with increasing
period of incubation with the CV
extract. For the ER-positive breast
tumor cell lines, MCF-7 underwent
a sharp increase in apoptosis after
24 h incubation with the CV
extract (Al = 4.0 + 2.1 for 400
pg/ml and 7.3 + 0.6 for 600 5
pg/ml), which was higher than
those of 48 h incubation.
Meanwhile, apoptosis of T-47D 0

cells was significantly induced by

Apaptotic index

160 24h 48h

the CV extract only at 600 pg/ml
after 48 h (Al = 8.6 + 3.9), with

highest increase in nucleosome

MDA-MB-231

16h 24h 48h 18h 24h 48h

MCF-7 T-470

release when compared with the
other two breast tumor cell lines.

Effects of CV extract on
expression of p53 protein. In the
study of p53 protein expression,
p53“idnegative MDA-MB-231
and p53“id-positive MCE-7 and
T-47D were treated with 400 or
600 pg/ml of the CV extract. Our
results indicated that the relative
expression of p53 (mostly mutant)
in MDA-MB-231 cells was signifi-
cantly downregulated only after 24 and 48 h of incubation with 600 pg/ml
of the CV extract, but no obvious change was found in other conditions
(Fig. 3A). For MCEF-7 cells, the expression of p53 protein was markedly and
transiently enhanced by 3.6-fold only after 16 h of incubation with 400
pg/ml, but not 600 pg/ml, of the CV extract. There was no prominent
alteration in p53 expression for 24 h of incubation, but with a significant
downregulation for both 400 and 600 pig/ml of the CV extract after 48 h of
incubation. On the contrary, the p53 expression in T-47D was significantly
increased by a factor of 2.3 with 600 pg/ml of the extract at 24 h, and a fac-
tor of 2.3 and 2.8 with 400 and 600 pg/ml at 48 h respectively, reflecting a
dose- and time-dependent upregulation of p53 protein.
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Figure 2. Induction of cell death by CV extract in three breast cancer cell lines. Cells were incubated with the CV
extract in culture medium at concentrations derived from IC5,, 400 pug/ml (gray bar) and 600 pg/ml (black bar), or
culture medium alone (white bar) for 16, 24 and 48 h. (A) Results are expressed as the mean percentage of dead
cells = SD in duplicate experiments with three wells each. Percentage of dead cells was calculated from the ratio of
dead cells to total number of cells using trypan blue exclusion test. (B) The induced apoptosis (i.e., internucleosomal
DNA fragmentation) was then assessed by cell death defection ELISA. Results are expressed as the apoptotic index
(Al, mean = SD), which was calculated from the ratio of absorbance reading in CV extracttreated well to that of
control well in duplicate experiments with three wells each. Al greater than or equal to two (dashed line) was considered
significant when compared with the untreated control.

Effects of CV extract on expression of Bcl-2 protein. Regarding the
expression of Bcl-2 protein, the present results demonstrated that there was
no significant alteration in the relative Bcl-2 expression of MDA-MB-231
cells, except with a slight upregulation only after 48 h of incubation with
600 pg/ml of the CV extract (1.15-fold, Fig. 3B). For MCF-7 cells, the
Bcl-2 protein expression was significantly lowered by 400 pg/ml of the CV
extract after 16 h (0.76-fold). There were also 0.77- and 0.73-fold reductions
in Bcl-2 level for 400 pg/ml of the extract after 24 h and 48 h respectively,
despite the lack of statistical significance. However, the level of Bcl-2 protein
was significantly downregulated by 0.42- and 0.46-fold for 600 pg/ml of the
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lymphoma cells, and
immunomodulating
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'E a5 7 e spleen lymphocytes.27-34
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| g extract significantly sup-
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E 0.5 proliferative activity of
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MDA-MB-231 MCF-7 T-47D suppression in BT-20
cells treated with the CV
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16 ¢ .
B ER-negative breast tumor
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I - 8 susceptible (e.g., MDA-
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g EEes Fellle I . Ir L | At e with MCF-7 and T-47D)
= to the antitumor effect
'E 08 ¢ k¥ S of CV extract. MDA-
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& L - most malignant among
bl R the four chosen cell lines
.E in terms of autocrine
B O0E p growth factor production
§ (e.g., fibroblast growth
a.0 factor).3536 Therefore,
16 h 24 R a8 h 16 h 24 h 43 h 16 R 24 R 4E h discrepancy between the
antiproliferative effects
M DA-MB-231 MCF-T T-470D of the CV extract and

Figure 3. Effects of the CV extract on (A) p53 and (B) Bcl-2 expressions in three breast cancer cell lines. Cells were incubated
with the CV extract in culture medium at concentrations derived from IC5, 400 ug/ml (gray bar) and 600 pg/ml (black bar),
or culture medium alone (white bar) for 16, 24 and 48 h. The levels of p53 and Bcl-2 protein were measured by p53 pan
ELISA and Bcl-2 ELISA kits respectively. Results were expressed as the mean + SD in duplicate experiments with three wells
each, which was calculated from the ratio of absorbance reading in CV extracttreated well to that of control well. Differences
between the treated and control wells were determined by Student’s unpaired tfest. *p<0.05, **p<0.01.

CV extract after 24 and 48 h respectively, but not after 16 h of incubation.
Expression of Bcl-2 protein in T-47D cells was significantly suppressed by
the CV extract after 24 and 48 h (400 pg/ml at 24 h: 0.82-fold; 400 pg/ml
at 48 h: 0.76-fold; 600 pg/ml at 24 h: 0.42-fold; 600 pg/ml at 48 h: 0.33-fold),
in a dose- and time-dependent manner. Surprisingly, however, the Bcl-2
expression was prominently upregulated with 400 pg/ml at 16 h.

DISCUSSION

Our previous studies have reported that an ethanol-water extract
of a widely used Chinese medicinal herb, Coriolus versicolor in its
natural form possess cytotoxic effects on human leukemia and

el5 Cancer Biology & Therapy

the malignancy of
BT-20 and MDA-MB-
231 cells might be linked
to the estrogen-inde-
pendent signaling of
proliferation (e.g.,
autocrine loop of growth
factor stimulation).
Comparing with the commonly used chemotherapeutic anti-tumor
drug such as MMC, the CV extract (albeit at higher concentration)
induced comparable anti-tumor activity on MDA-MB-231, MCE-7
and T-47D cells (Table 1).

Apoptosis is known as an important type of cell death in response
to cytotoxic treatment. The administration of many natural com-
pounds with anti-cancer effect has been shown to be capable of
inducing the apoptotic death of cancer cells. Our results illustrated
that the CV extract dose-dependently induced apoptosis in
MDA-MB-231 cells, MCF-7 cells and T-47D cells in terms of
nucleosome production (Fig. 2B). These suggested that the extract
exerted its anti-tumor effect on the three breast tumor cells possibly
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via an apoptotic mechanism. To our knowledge, there was no previous
detailed mechanistic study on apoptosis induction of Yunzhi extract,
PSP or PSK against breast cancer cells. The present findings showed
that maximal increase in nucleosome production detected by cell
death ELISA was observed earlier than MTT-based cytotoxicity in
the three breast tumor cell lines. In addition, the results of induced
apoptosis were found to be paralleled with those of MTT assays in
a descending order (T-47D > MCF-7 > MDA-MB-231).

Genetic alterations resulting in loss of apoptosis or disturbance of
apoptosis-signalling pathways are likely to be the crucial components
of carcinogenesis. Apoptosis is well known to be modulated by
anti-apoptotic and pro-apoptotic effectors, which involve a large
number of proteins that act as a rheostat in regulating programmed
cell death and as a target of anti-cancer therapy.?”-38 The pivotal role
played by aberrant expression of p53 protein in human breast cancers
is well studied.?! About 30-50% of these tumors have a mutant p53
gene, and others have additional alterations in cellular localization of
p53 protein.”3! MDA-MB-231 is a more malignant breast carcinoma
cell line in terms of autocrine growth factor production and consti-
tutive activation of signalling pathways for survival factors. For
MDA-MB-231 cells harboring a mutant, non-functional p53 protein,
the CV extract suppressed the cell growth by inducing apoptosis,
indicating that the growth inhibitory effect was not directly mediated
by p53 (Fig. 3A). It is possible that the apoptosis of MDA-MB-231
cells induced by the CV extract was mediated by other pro-apoptotic
molecules in a p53-independent manner. On the other hand, ER-
positive MCF-7 cells are known to express functional p53 protein. 0
The present findings demonstrated that the CV extract augmented
the p53 expression in MCF-7 cells at 16 h, but followed by a signif-
icant reduction at 48 h (Fig. 3A). Such transient increase in p53
expression at 16 h might precedently initiate the downstream
apoptotic events including DNA fragmentation at 24 and 48 h (Fig.
2B), suggesting that the apoptosis of MCE-7 cells induced by the
CV extract might only be partly or transiently regulated by functional
p53 protein. On the contrary, the CV extract was found to signifi-
cantly upregulate the expression of p53 in T-47D cells in a dose- and
time-dependent fashion (Fig. 3A), resulting in the maximal apoptosis
at 48 h (Fig. 2B). Interestingly, it seems likely that the apoptosis of
early-phase breast tumor cell harbouring wild-type p53 (MCE-7,
T-47D) was, at least partly, p53-dependent; meanwhile, the apoptosis
of late-phase breast tumor cell (MDA-MB-231) was independent of
p53 expression. These findings implicated that, as induced by the
CV extract, the p53 protein might differentially act as a major
upstream transcriptional activator for promoting apoptosis in different
types of breast cancer cells.4!

Bcl-2 is overexpressed in a high percentage of human breast
cancer cells.3342 A number of molecular studies have found no
structural abnormalities of the Bcl-2 locus in breast cancers.4344
Therefore, the elevated expression of Bcl-2 protein in breast cancers
is probably not the result of a chromosomal translocation or ampli-
fication of the gene. Noninvasive or early-stage (mostly ER-positive)
breast cancer cells usually have high Bcl-2 expression, while invasive
or metastatic (mostly ER-negative) breast cancers often have lower
expression of Bcl-2 protein.®>4¢ In the present study, the lack of
Bcl-2 suppression implicated that the apoptosis of MDA-MB-231
cells induced by the CV extract was probably mediated via a Bcl-2-
independent pathway (Fig. 3B). On the other hand, the expressions
of Bcl-2 protein in both ER-positive MCF-7 and T-47D cells were
significantly suppressed by the CV extract after 24 and 48 h of incu-
bation, which preceded the induction of DNA fragmentation,
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suggesting that the downregulation of Bcl-2 in turn facilitated the
apoptosis induced by the CV extract in vitro. It is well known that
p53 acts as a negative transcriptional regulator of Bcl-2 gene in vitro
and in vivo.3!4! Taken together, our results demonstrated that the
CV extract might inhibit the growth of ER-negative MDA-MB-231
cells via induction of apoptosis, which was independent of p53 or
Bcl-2 status. On the other hand, the CV extract triggered apoptosis
of ER-positive MCF-7 and T-47D cells in a p53-dependent manner
(partly for MCE-7), followed by a significant downregulation of
Bcl-2 protein leading to final cell death.

In conclusion, the present results have suggested that the in vitro
anti-proliferative effects of the CV extract on MDA-MB-231,
MCEF-7 and T-47D cells are mediated through apoptosis induction,
which in turn is differentially regulated depending on p53 and Bcl-2
expression. Our findings have implied that CV extract has potential
therapeutic value for treatment of breast cancer. In the future, it is
worth evaluating the relationships between hormone receptor
expression and apoptotic pathways of the breast cancer cells. Since
p53 is known to regulate cell cycle arrest, mechanistic studies on cell
cycle phase distribution and expressions of cyclins and cyclin-
dependent kinases (CDK) and CDK inhibitors (e.g., p21/WAF1)
will be conducted to delineate the anti-tumor mechanisms of the CV
extract.
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