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bstract

The Antrodia camphorata crude extract (ACCE), an extract obtained from a precious traditional Chinese folkloric herbal medicine Zhan-Ku (a
amphor tree mushroom) since the 18th century, has showed rather significant inhibitory effects on the growth and proliferation of the transitional cell
arcinomas (TCC) cell lines RT4, TSGH-8301, and T24. On treatment with ACCE at 100 �g/mL, the p53-independent overexpression of p21 with
imultaneous down alteration of pRb was observed in RT4, which was thus speculative of proceeding through a mechanism of replicative senescence.
n the contrary treatment with ACCE, at 50 �g/mL, resulting in simultaneous down-regulations of Cdc2 and Cyclin B1, with suppression of the
bsolute migrating capability of the two cell lines TSGH-8301 and T24, and eventually the cell deaths. We conclude that ACCE can be rather
ffective and beneficial in suppression of both the superficial cancer cell line RT4 and the metastatic cell lines (TSGH-8301 and T24) through
ifferent mechanisms.

2006 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

.1. Bladder cancers

Bladder cancer (BC) is a heterogeneous neoplasm, present-
ng as either primary superficial low grade tumors confined to

he superficial mucosa (80%) or deeply muscle-invasive carci-
omas (20%) (Knowles, 1999). Consisting of a broad spectrum
f tumors including transitional cell carcinoma (TCC), BC has

∗ Corresponding author. Tel.: +886 2 29336876x214; fax: +886 2 29312904.
E-mail addresses: misspeng@ms2.hinet.net, hmhsieh@ntnu.edu.tw

H.M. Hsieh-Li).
1 These authors have contributed equally.

T
s
a
g
T
w
a
w
c

378-8741/$ – see front matter © 2006 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.jep.2006.07.009
een identified to be a neoplastic lesion caused by environmen-
al and/or occupational factors (Doll and Peto, 1981). Recently
t has become the fourth and the eighth most common cancer
n men and women in the United States (Jemal et al., 2003),
s well as the seventh most common cancer in men with rising
ncidence and prevalence in Taiwan. In all genitourinary tumors,
CC is the second most common cause of death. Although of
uperficial low grade, yet with high recurrence rate (Skinner
nd Lieskovsky, 1988), only a small proportion of BC pro-
resses to invasive diseases, while distant invasive metastases
CC only seldom develop, yet has caused the majority of deaths

ith TCC being resistant to chemotherapy. Many molecular

nd genetic changes in TCC of the bladder have exploded,
hich include (1) chromosomal alternations leading to car-

inogenesis, e.g. mutations (point and insertional/deletional),
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et al., 1999). Briefly, the sample obtained was subjected to
4 C.-C. Peng et al. / Journal of Eth

ranslocation, and loss of alleles, each insult may effect the
ranslated protein products; oncogenes such as c-H-ras, c-myc,
nd c-erB-2 are believed to be categorized in this event, (2)
oss of cell cycle regulation accounting for tumor cell prolif-
ration, several tumor suppressor genes (TSGs) acting at the
0/G1 check point of the cell cycle are now recognized, and

heir protein products – p53, pRb, p16 and p14 – are vital for
reventing cell cycle progression in bladder tumors: inactiva-
ion of the Rb gene or increased p53 immunoreactivity has
een found in higher grade and stage bladder cancers, which
s associated with the disease progression, and the overall and
isease-specific survival rates, but these two proteins act in an
ndependent yet synergistic manner in patients with bladder can-
ers, and (3) metastasis guided by events such as angiogenesis
nd loss of cell adhesion (Williams and Stein, 2004). This var-
ed presentation results in widely divergent clinical outcomes.
etailed information, which identifies and characterizes the bio-

ogical potential of various bladder cancers may be employed
o dictate suitable treatments for TCC. One approach to con-
rol bladder cancers is through growth inhibition by which the
isease can be prevented, slowed-down, or reversed substan-
ially. This has been accomplished by the administration of
ne or more non-toxic naturally occurring or synthetic agents
Gee et al., 2002), among which naturally occurring compound
ntrodia camphorata, formerly named as Antrodia cinnamo-
ea Chang & Chou, sp. nov. Polyporaceae, commonly named

Zhan Ku,” or “Zhan Chi”, has come to practical applications
Tsai, 1982).

.2. Origin of the fungus

Antrodia camphorata belongs to the following taxonomy:
ingdom, Mycoteae; Division, Amastigomycota; Subdivi-

ion, Basidiomytina; Class, Hymenomycetes; Order, Aphyl-
ophorales; Family, Polyporaceae; Genus, Taiwanofungus;
pecies, camphorautus (Peng et al., in press).

Taiwanofungus camphoratus Sheng H. Wu, Z.H. Yu, Y.C.
ai & C.H. Su is proposed as a new genus of lignicolous family
olyporaceae (Wu et al., 2004). Originally, Ganoderma com-
horatum M. Zang & CH. Su was once designated as its generic
ype (Zang and Su, 1990), in fact it did not belong to the genus of
anoderma due to a careless misidentification from the contam-

nated specimen of Ganoderma spores, hence later renamed as
ntrodia cinnamomea T.T. Chang & W.N. Chou, sp. nov. Poly-
oraceae (Chang and Chou, 1995). Recently, two new species
f Genus Taiwanofungus have been identified, viz. Taiwanofun-
us camphoratus and Taiwanofungus salmoneus (T.T. Chang &
.N. Chou) Sheng H. Wu, Z.H. Yu, Y.C. Dai & C.H. Su. In

olkloric remedies, it is popularly and commonly called “Zhan
u”, “Zhan Chi”, “niu chang ku” or “jang-jy”, which in Chinese
eans “The mushroom from the camphor tree Cinnamomum

anehirai Hay Lauraceae in Taiwan” (Su, 2002), further re-
amed as Antrodia camphorata (Zang & Su) Sheng H. Wu,

yvarden & T.T. Chang (Wu et al., 1997). Although the latter
as been used for years and recently has been further assigned
ith a novel Latin name Taiwanofungus camphoratus (Wu et al.,
004), still it is not very popular (Peng et al., in press). In this
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anuscript, we are determined to use this traditional old name
ntrodia camphorata in description of such a unique Formosan

Taiwanese) mushroom.

.3. Historical medicinal uses

A. camphorata had long been popularly used as an amaz-
ng folkloric medicine by the Taiwan aborigine long before
773 (Su, 2002) for the treatment of twisted tendon and muscle
amages, terrified mental state, influenza and cold, headache,
ever, and many internally affiliated diseases. In fact, since the
ighteenth century, it has gradually become a more and more
opular folkloric medicine with various effects as a carmina-
ive, a tonic, a laxative, an antidote, an anti-bacterial, a seda-
ive, an analgesic, for the treatment of malignant tumors, viral
nfection, stomachitis, diabetes mellitus, nephritis, proteinuria,
epatoma, influenza, and motion-sickness (Su, 2002). Recently,
t has been further investigated for its apoptotic (Song et al.,
005; Hsu et al., 2005), anti-oxidative (Hsiao et al., 2003),
nd anti-inflammatory (Shen et al., 2004) effects on human
epatocellular carcinomas or leukocytes. Yet, no documented
ffects of A. camphorata in treatment of bladder cancers have
een described. In this study, we try to investigate the effect
f the A. camphorata crude extract (ACCE) on three blad-
er cancer cell lines (RT4, TSGH-8301, and T24), which have
een used as models of non-invasive (RT4), the moderately
nvasive (TSGH-8301), and the invasive (T24) bladder can-
er, respectively. Through such an investigation, much clinical
enefits can be expected in finding the molecular determi-
ants of various bladder tumor cell sensitivity or resistance to
. camphorata.

. Materials and methods

.1. Antrodia camphorata crude extract (ACCE)

The A. camphorata used in this study was supplied by Well-
hine Biotechnology Development Co., Ltd. (Taipei, Taiwan),
hereas ACCE was prepared as previously described (Hsiao et

l., 2003). The ACCE was dissolved in 100% EtOH at a concen-
ration of 80 mg/mL and stored at −20 ◦C. The concentrations
f ACCE used were 10–200 �g/mL, respectively.

.2. Compositional analysis of ACCE

.2.1. Separation of fat fraction and ergosterol
The extraction method for fatty acids was according to Folch

t al. (1957) and the extraction solvent used was a mixture
f methanol and chloroform. Methods described by Pasanen
t al. were followed to isolate ergosterol from the fat frac-
ion of fruiting bodies supplied by Well-Shine Co. (Pasanen
urther GC and GC/MS analysis. The lower layer (i.e. the non-
aponifiable fraction) obtained in the above section after the
rgosterol had been separated was further treated to obtain
he fatty acid fraction, by blowing nitrogen to drive off the
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esidual solvent; the sample obtained was analyzed directly by
C.

.2.2. GC and GC/MS analysis for ergosterol
An HPGC-5890 Plus was used to identify the constituent

rgosterol as directed by the manufacturer HP, Palo-Alto (CA,
SA). An MS: HP MSD-5972A was operated at an electron
ultiplier voltage (EMV) 1343 with a detection mode using a

elective ion monitor and carrier gas helium at a flow rate of
.0 mL/min.

.2.3. GC analysis for fatty acids
An HPGC-5890 Plus was used for identification of the

ethylated fatty acids: an HP-CPWax58 CB capillary column
Chrompack, The Netherlands), a detector FID, and carrier gas
elium at a flow rate of 1.6 mL/min were adopted.

.3. Cell cultures

The human urinary bladder cancer cell lines, RT4, T24 (HTB-
, ATCC) and TSGH-8301, were purchased from the Food
ndustry Research and Development Institute (Hsinchu, Taiwan,
OC). RT4 was established from a well-differentiated papillary

umor of the bladder and has the wt p53 and Rb gene (Rigby
nd Franks, 1970): TSGH-8301 cells, having wt p53 but mutant
b gene, were derived from a well-differentiated human TCC
f the urinary bladder (Yeh et al., 1988), and T24 cells were
erived from an invasive bladder tumor of grade 3, having p53
on-sense mutation at codon 126 (TAC to TAG) (Bubenik et al.,
973). RT4 and T24, and TSGH-8301 were cultured in media
cCoy’s 5A, and RPMI 1640 with glutamine, respectively,

nd all were also supplemented with 10% fetal bovine serum
FBS) (GIBCO, USA). The cell line mouse embryonic fibrob-
ast (MEF) used as normal cell control was kindly provided by
r. Hung Li (Academia Sinica, Taipei, Taiwan) and cultured in
MEM medium (GIBCO, USA) supplemented with 10% FBS.
ll the culture media, after further additions of 100 IU/mL peni-

illin and 100 �g/mL streptomycin (GIBCO, USA), were used
o cultivate cells at 37 ◦C in a humidified atmosphere containing
% CO2 in air.

.4. Cell proliferation assay

Bladder carcinomas cells, RT4 (2 × 104), TSGH-8301
5 × 103) and T24 (5 × 103), were plated onto each well of
4-well culture plates for 24 h and treated with ACCE at con-
entrations of 10, 50, 100, 150 and 200 �g/mL, respectively, or
ith vehicle alone for another 24–72 h. For MTT assay, the pro-

ocol was performed as previously described (Peng et al., 2006).
rom the results of MTT assay, the optimum dosages of ACCE
ere found to be 100, 50, and 50 �g/mL for the cell lines RT4,
SGH-8301, and T24, respectively. Hence these dosages were
dopted to perform cell proliferation assay: thus cells (3 × 105
or cell lines RT4 and TSGH-8301; 1.5 × 105 for T24, respec-
ively) were seeded to 6-cm culture plates then added with ACCE
t doses as indicated and incubated for 24, 48, and 72 h, respec-
ively.

2
w
A
o

armacology 109 (2007) 93–103 95

.5. Flow cytometry analysis

Cell cycle analysis was performed with a flow cytometer
FACS Calibur; BD Biosciences, CA, USA). Cells (2 × 104)
ere cultured in 6-cm culture plates and treated with ACCE at
0 �g/mL for cells TSGH-8301 and T24, and 100 �g/mL for
T4 cell, respectively; or by vehicle alone for another 24–72 h.
he floating and adherent cells post trypsinization were collected
nd washed with ice-cold PBS, fixed and permeabilized with
0% ethanol at −20 ◦C overnight, then incubated with 30 �g/mL
ropidium iodide (PI) and 100 �g/mL RNase for 30 min at room
emperature in the dark after washing with ice-cold PBS on the
ext day. Data acquisition and analysis were performed in the
ow cytometer with the accompanying software (CellQuest; BD
iosciences, USA). Appropriate gating was used to select the
asily distinguished single population. Ten thousand events per
ample were counted and at least triplicate determinations were
erformed to assure each cell cycle distribution. The final per-
entages of cells in each phase were calculated from the triplicate
xperimentations.

.6. Western blot analysis

The cells in 10-cm culture plates were harvested at indicated
ime following 50 �g/mL (T24, TSGH-8301), 100 �g/mL (RT4)
f ACCE treatment or vehicle alone and washed with ice-cold
BS. The cells were incubated in ice-cold RIPA buffer [Tris,
M (pH 7.4), 5 M NaCl, 0.5 M EDTA (pH 8.0), 10% SDS, 10%
OS, 10% NP40] with freshly added protease inhibitor cocktail

ablets (Roche, USA) over ice for 30 min. The cells were scraped
nd the lysate was collected in an Eppendorff tube and cleared by
entrifugation at 13,000 rpm for 30 min at 4 ◦C. The supernatant
as collected, aliquoted, and stored at −70 ◦C. The protein con-

entration in the lysates was measured by BCA protein assay kit
Pierce, USA) by following the manufacturer’s protocol. West-
rn immunoblotting protocol was conducted according to the
rotocol as advised by the manufacturer (Cell Signaling Tech-
ology Inc., USA), using proteins (30 �g) loaded over 5–15%
DS-PAGE gels. Then the proteins were added with the ECL
estern blotting detection reagents (Amersham Biosciences,
SA) and analyzed using the Fuji LAS-3000 imaging system

Japan). The antibodies used in this study included anti-p53 Ab
Santa Cruz, USA), anti-p21 Ab, anti-rabbit IgG HRP-linked
b and anti-mouse IgG, HRP-linked Ab (Cell Signaling, USA),

nti-pRB Ab (BD Pharmingen, USA), anti-Cyclin B1 mAb
Upstate, USA), anti-Cdc2 Ab (Calbiochem, Germany), and
nti-Actin mAb (Chemicon, USA).

.7. Wound scratch assay

Cells (2 × 104) were seeded into six-well tissue culture dishes
nd cultured in medium containing 10% FBS to confluent cell
onolayers, which were then carefully wounded using a sterile
00 �-pipette tip that was also used to remove any cell debris
ith PBS (Liu et al., 2005). The cells were then incubated in
CCE (50 �g/mL to TSGH-8301 and T24; 100 �g/mL to RT4)
r vehicle alone for 24 h and photographed under a phase con-
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Table 1
Fatty acid and ergosterol contents in fruiting bodies of ACCE

Fatty acids (mg/g) Ergosterol (�g/g)

C14:0 1.46 ± 0.39

0.71 ± 0.24

C16:0 14.74 ± 2.76
C17:0 6.20 ± 1.81
C18:0 14.34 ± 3.51
C18:1 10.78 ± 1.14
C18:2 12.69 ± 2.20
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rast microscope. Although the relative cell migration capability
ad been described by Liu et al. (2005), yet it has been modified
n this paper into the absolute migration capability (MCA) as

CA(mm/h) = G0 − Gt

2t
(1)

here G0 is the initial gap for each cell line at 0 h (mm), Gt the
nal gap for each cell line treated with ACCE at certain dose or
ehicle alone for a time period of t (h),and t is the overall time
eriod for incubation (h). Similar experiments were repeated in
riplicates.

.8. Transwell motility assay

Cells were plated at 105 cells/cm2 in the upper compartment
f 8 �m-pore size Transwell migration chamber (Corning Inc.,
SA) and cultured in medium containing 50 �g/mL (for TSGH-
301 and T24) or 100 �g/mL (for RT4) of ACCE or vehicle alone
or 72 h. The cells on the upper surface were then removed by
arefully wiping with a cotton swab and the filter was gently
emoved from the chamber and mounted on glass slides. The
ells that invaded the filter and attached onto the lower surface
f the filter were fixed, stained with hematoxylin, and counted
n 10 randomly selected microscopic fields (400×) per filter.
imilar experiments were repeated in triplicates.

.9. Zymography

MMP activity in conditioned medium was demonstrated by
elatin zymography (7.5% zymogram gelatin gels). Briefly,
amples were diluted in buffer (0.12 M Tris–HCl, 20% glycerol,
.1% bromophenol blue, 10% SDS), and the total proteins (4 �g)
ere electrophoresed through gelatin-impregnated zymogram
els at 125 V for 90 min, which were then incubated at room
emperature in a zymogram renaturing buffer (Invitrogen, CA)
or 30 min and further washed in zymogram developing buffer
Invitrogen, CA) for 30 min. Thereafter, fresh zymogram devel-
ping buffer was added and the gels were incubated overnight
t 37 ◦C. Zymograms were developed by staining with 0.5%
oomassie Blue (Bio-Rad, USA) for 90 min before destaining
ntil clear bands of MMP activity appeared against a blue back-
round.

.10. Statistical analysis

Results were analyzed using a two-tailed Student’s t-test to
ssess statistical significance. Values with p < 0.05 were consid-
red statistically significant.

. Results and discussion

.1. ACCE is enriched in ergosterol and unsaturated fatty
cids
The fatty acid content obtained in the extract of A. cam-
horata fruiting bodies (ACCE) was 1.46, 14.74, 6.20, 14.34,
0.78, and 12.69 mg/g for C14:0, C16:0, C17:0, C18:0, C18:1

w
h
c
5

= 5; data are expressed in mean ± S.D.

nd C18:2, respectively, whereas the ergosterol content was
.71 ± 0.24 �g/g (Table 1).

.2. Cell growth characters affected by ACCE are related
ith the status of the cell differentiation

On addition of ACCE (50 �g/mL) to TSGH-8301 and T24,
espectively, and to RT4, with ACCE at 100 �g/mL, the macro-
copic growth appearances after incubated for 72 h were all
istinctly affected. As can be seen in Fig. 1, for RT4, the
ell shapes were apparently distorted and cell colonies more
ispersed as compared with the appearance of the vehicle con-
rol (Fig. 1A and B); T24 also showed a distinct difference
Fig. 1E and F), although not as similarly dispersed as that
ound in the RT4 cells. For comparison, TSGH-8301 cells
eemed to have behaved in between, the ACCE treated sam-
les showed a less dense character than the control, however
till appeared in clusters (Fig. 1C and D). Such responses can
e attributed to the susceptibility of these three cell lines to
CCE, which revealed a well inversely correlated relation-

hip between the status of cell differentiation and the growth
nhibitory effect of ACCE. However, no similar inhibitory
ffect was observed in MEF cell lines (Fig. 2A; LM photo not
hown).

.3. Cell proliferation patterns affected by ACCE are
epending on differentiation status of the bladder cancer
ell lines

On exposure of the three bladder cancer cell lines to different
evels of ACCE at 10, 50, 100, 150, and 200 �g/mL, respectively
or 72 h, a dose-dependent response was observed, and surpris-
ngly, the dose-responsive curves for both T24 and TSGH-8031
ll showed distinct plateau at dosages over 50–200 �g/mL,
hereas RT4 showed a normal declining proliferation in parallel

o the increasing dosages of ACCE used, with an inflection point
ccurring at 100 �g/mL, implicating a maximum effect in linear-
ty (Fig. 2A), a phenomenon quite similar to the cited response
f bladder cancer cell line SCaBER to CDDP (Kawasaki et
l., 1996). Apparently, the degree and status of differentiation
an significantly influence the drug resistance, such as the case

ith ACCE. Furthermore, the proliferation of RT4 was seen
alted by ACCE at 100 �g/mL in the initial 24 h (Fig. 2B)
omparing to those of the other two treated with ACCE at
0 �g/mL (Fig. 2C and D), hence suspicious of the fact that
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ig. 1. Light microscopic images of the three cell lines. Cells were incubated
SGH-8301 and T24 (D and F), respectively for 72 h. Magnification 100×, sca

he latent period was associated with some growth signaling
ampering by ACCE at least for the initial 24 h in RT4 cell
ines.

The regressed cell proliferation rates were 2.27 × 104,
.06 × 104 and 2.71 × 104 cells/h for the vehicle EtOH con-
rol, compared to the ACCE-treated 1.04 × 104, 1.126 × 104,
nd 1.72 × 104 cells/h, for RT4, TSGH-8301 and T24, respec-
ively (Fig. 2B–D). Correspondingly, ACCE has inhibited the
rowth rates 54.0, 45.0, and 37.0%, respectively for the three
ell lines; the most resistant character was again obviously
videnced for the most poorly differentiated cell line T24, sup-
orting the fact that the inhibitory effect of ACCE can be closely
ependent on the degree of cell differentiation. Deregulation
f cell proliferation has been considered to be a hallmark of
eoplastic transformation. Alteration in growth control path-
ays must translate into changes in the cell cycle regulatory
achinery (Xiong et al., 1993). Alternatively, ACCE may con-
ain various different constituents that could interact with dif-
erent signal pathways associated with the cell differentiation
nd proliferation, a track left to be investigated in our future
ork.

e
(
l

EtOH alone (A, C and E), ACCE at 100 �g/mL to RT4 (B), and 50 �g/mL to
= 0.2 mm.

.4. Cell cycle arrests at G1 in RT4, at G2M in TSGH-8301
nd T24 cell lines

Apparent cell cycle arrests were observed at 72 h post
he treatment of ACCE at 50 �g/mL (TSGH-8301, T24) and
00 �g/mL (RT4). Significant (p < 0.05) arrests were observed
or RT4 at phase G1 (88.3% of the total cells arrested com-
aring to the control 80.4%) (Figs. 3 and 4A). In contrast, in
SGH-8301 (18.6% of total cells arrested compared to the con-

rol 13.1%) (Fig. 4B) and T24 cell lines, arrests were observed at
hase G2M (15.8% of total cell arrested compared to the control
.1%) (Fig. 4C), respectively.

.5. Up-regulation of p21, and down-regulations of ppRB
n RT4, of Cdc2 and Cyclin B1 in T24 and TSGH-8301 cell
ines
ACCE at 100 �g/mL has significantly down-regulated the
xpression of phospho-RB in cell line RT4 at 72 h post treatment
Fig. 5A), RT4 had no p53 gene mutation, the key cell cycle regu-
atory protein p53 showed only faint images, while up-regulation
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Fig. 2. Cell proliferation assay for the three cell lines: MTT assay for RT4, TSGH-8301 and T24 cells. ACCE was added with increasing doses 0, 10, 50, 100, 150
and 200 �g/mL, respectively, and incubated for 72 h (A). Cells were seeded with ACCE 100 �g/mL to RT4 (B), 50 �g/mL to TSGH-8301 (C) and T24 (D, also refer
to Peng et al., 2006) for 24, 48 and 72 h, respectively and incubated at 37 ◦C. n = 3, *p < 0.05.

Fig. 3. Flow cytometric analysis for the phase arrest in the three cell lines on treatment with ACCE. The flow cytometric analysis of RT4, TSGH-8301 and T24 cells
in the presence (100 �g/mL to RT4; 50 �g/mL to TSGH-8301 and T24, respectively) �, or the absence of ACCE for 72 h ( ).
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Fig. 4. Cell cycle distribution identified by flow cytometry. Cells were treated
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the transition of G to M phases (Clemens et al., 2003). Biolog-
ith ACCE for 72 h as indicated. Cell cycle distribution was quantified by
ellQuest software. Results were averaged from triplicate experiments and
xpressed in mean ± S.D. n = 3, *p<0.05.

f p21 was observed beginning at 24 h and proceeding to 48 h

ost treatment with ACCE at 100 �g/mL (Fig. 5A). Results were
losely consistent with Kawasaki et al. (1994). p21 may be a
niversal inhibitor of cyclin kinases and inhibit the activity of

i
p
p
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ach member of the cyclin/CDK family. Overexpression of p21
nhibits the proliferation of mammalian cells (Kawasaki et al.,
996). However, lacking any induction in p53 level (Fig. 5A), the
53-dependent mechanism is obviously unlikely. These results
uggest the interesting possibility that the G1 arrest of RT4 can
e attributed to the so-called replicative senescence (Fang et
l., 1999), an alternative pathway directly initiated by the acti-
ated p21cip1, which in turn inhibited CDK2 with subsequent
own-regulation of ppRB. P53-independent induction of p21
lso occurs under a variety of conditions such as following serum
r cytokine TGF-� stimulation (Datto et al., 1995), in response
o chemicals such as mimosine or okadaic acid induced growth
rrest (Alpan and Pardee, 1996), or in replicative senescence
Fang et al., 1999). Some similar results have been supported
y Chatterjee et al. (2004). Thus, although tumor suppressor
athways involving p53, p21, and pRb overlap, and one deter-
inant influences the others significantly, there are additional

nfluences that alter the function of these proteins. There are two
ajor classes of cell cycle checkpoints: DNA damage check-

oints and dependency checkpoints. DNA damage checkpoints
elay cell cycle transition from G1 to S and from G2 to M,
hereby providing more time for DNA repair. Essential compo-
ents of the G1 checkpoint include ATM, p53, RB, Chk2 and
21WAF1 (Abraham, 2001). DNA damage activates ATM kinase,
hich phosporylates p53 and chk2, leading to the induction and

ctivation of p53. In turn, p53 transactivates p21WAF1, which
nhibits the G1 cyclin-dependent kinases that normally inacti-
ate RB, and thereby represses the E2F transcription factors
hat initiate S phase (Sherr, 1996). Obviously, this was not with
he case of RT4 post ACCE treatment. In human bladder TCC,
lterations in tumor suppressor genes such as p53 and Rb are
nown to be common events and have been reported to be asso-
iated with tumor progression (Chatterjee et al., 2004; Cote et
l., 1998). Clinically, most bladder tumors are superficial (stage
a or T1); among which 70% are papillary non-invasive (stage
a) and the remaining 30% manifest with early stromal invasion
stage T1). Ta and T1 bladder urothelial tumors have important
lterations of the cell cycle regulatory pathways of transition
rom G1 to S phase of the cell cycle (the so-called pRb path-
ay), mainly characterized by overexpression of the upstream

egulators cyclin D3 and cyclin D1, high tumor cell prolifer-
tion, and down-regulation of the CDK inhibitors p21Waf1 and
27Kip1 (Lopez-Beltran et al., 2004). Loss of p21Waf1 expression
s a strong predictor of reduced survival in primary superficial
ladder cancers. The ACCE treated RT4 cells exhibited simul-
aneous up-regulation of p21, evidencing the fact that ACCE
an exhibit a very effective therapeutic effect in treatment of
uperficial bladder cancers.

The simultaneous down-regulations of Cdc2 and Cyclin B1
or both cell lines TSGH-8301 and T24 as affected by ACCE
t 50 �g/mL at 48–72 h (for Cyclin B1) and at 72 h (for Cdc2)
Fig. 5B and C) are speculative of resulting in insufficient amount
f Cdc2–Cyclin B1 complexes that are normally required for
2
cally, an efficient complex is needed for an effective signaling
athway, which in turn can be affected by change in either com-
onent qualitatively and quantitatively. Hence, the results shown
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Fig. 5. Western blot analysis for the three TCC cell lines. ACCE (100 �g/mL added to RT4, 50 �g/mL added to TSGH-8301 and T24, respectively), after incubated
f ng G1
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or 24, 48 and 72 h, respectively, cell lysate proteins were loaded for investigati
o Peng et al., 2006), respectively. EtOH was used as the vehicle control.

n Fig. 5B and C could mean that Cdc2–Cyclin B1 complex had
een significantly diminished, resulting in totally non-signaling,
fact further evidencing in parallel that the status of cell dif-

erentiation is associated with the drug resistance, e.g. a more
ignificant degree of G2M arrest was demonstrated by T24 than
SGH-8301 (Fig. 4B and C).

.6. Migration capability is directly related to the invasive
ower as well as the status of differentiation
In comparison with the absolute migration capability (MCA),
24 always showed the greatest capability. Thus, in plain vehi-
le EtOH, the MCA values were 1.35 × 10−2, 1.25 × 10−2,

c
f
8

phase (for RT-4) (A); or G2M phase TSGH-8301 (B) and T24 (C) (also refer

nd 0.17 × 10−2 mm/h, respectively for cell lines T24, TSGH-
301 and RT4, whereas the values were correspondingly
educed to 1.14 × 10−2, 0.89 × 10−2, and 0.11 × 10−2 mm/h
t ACCE 50 �g/mL; and to 1.01 × 10−2, 0.60 × 10−2, and
.03 × 10−2 mm/h at ACCE 100 �g/mL; respectively (Table 2,
ig. 6). Obviously, ACCE has shown very effective inhibitory
ower on the cell migration. Results again implicate the most
nvasive character of T24 among these three cell lines as often
ited (Memon et al., 2005).
In the transwell assay, taking the vehicle cultivation as the
ontrol, the cell number ratio of ACCE/EtOH after incubated
or 72 h at 50 �g/mL was 0.70 for T24, 0.38 for TSGH-
301 (Fig. 7; quantitative data for RT4 treated with ACCE at
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Fig. 6. Wound scratch assay on the three cell lines. The well surface with confluent cells was scratched by a 200 �-pipette tip, then incubated with EtOH alone or
with ACCE at 100 �g/mL (RT4), or 50 �g/mL (TSGH-8301 and T24) for 24 h (A), magnification 100×, scale bar = 0.2 mm. The migrating distances were measured
and plotted for RT4 (B), TSGH-8301 (C), and T24 (D, also refer to Peng et al., 2006)

Table 2
The absolute migration capability (MCA) determined by the wound scratch test
on different cell lines as affected by the ACCEa

Incubation statusb Absolute migration capability (mm/h)

RT4 TSGH-8301 T24

EtOH control 0.17 × 10−2 1.25 × 10−2 1.35 × 10−2

ACCE, 50 ng/mL 0.11 × 10−2 0.89 × 10−2 1.14 × 10−2

ACCE, 100 ng/mL 0.03 × 10−2 0.60 × 10−2 1.01 × 10−2

1
w
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s
f
i

3

t
r
e
c
t
t
a
d

a
(
p

a MCA: the absolute migration capability (mm/h) calculated by Eq. (1).
b Data obtained at 24 h of incubation.

00 �g/mL not shown, because of lacking motility). Together
ith the results shown in Fig. 6, it is conclusive that ACCE

s an effective anti-migrating agent for cancer cells such as

24 and TSGH-8301, which can be extended to the con-
ideration that the in vitro MCA can be a good measure
or evaluating the metastatic capability of a cancer cell line
n vivo.

c
b
t
(

, respectively. n = 3, *p < 0.05.

.7. Active form of MMP-9 in T24 suppressed by ACCE

The results demonstrated by zymographic analysis revealed
hat ACCE failed to suppress both RT4 and TSGH-8031 with
egard to both enzymes MMP-2 and MMP-9, whereas the
xpression of active MMP-9 (82 kDa) that was found for T24
ell line in the vehicle control was down-regulated at 72 h on
reatment of ACCE (data not shown), implicitly ACCE can be
herapeutically effective for the invasive bladder cancers such
s T24. The pathway in which the active form of MMP-9 was
own-regulated by ACCE remains for our further investigation.

The anti-tumor promoting effect of ACCE that can be
scribed to the enriched content of ergosterol in the ACCE
Table 1). Yazawa et al. (2000) has suggested that ergosterol
resent in aqueous extract of Polyporus could provide signifi-

ant protection against the promotion of bladder tumor induced
y many types of promoters. Recently, similar effect of ergos-
erol on breast cancer was also cited by Subbiah and Abplanalp
2003).
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Fig. 7. Transwell assay on the three cell lines. Cells (105 cells/cm2) were added with ACCE at 100 �g/mL (RT4), or 50 �g/mL (TSGH-8301 and T24, also refer to
P for 7
d shown

4

i
l
l
t
p

a
8
C
b

eng et al., 2006), or with vehicle EtOH alone (A), respectively, and incubated
ividing the cell numbers of ACCE-treated to that treated with EtOH alone are

. Conclusion

In conclusion, ACCE has showed rather different significant
nhibitory effects on the growth and proliferation of TCC cell

ines, RT4, TSGH-8301, and T24. In terms of the cell cycle regu-
atory protein expressions, RT4 proceeds most probably through
he mechanism of replicative senescence, as evidenced by the
53-independent overexpression of p21 with simultaneous down

t
m
o
R

2 h, magnification 400×, scale bar = 0.1 mm. The motility ratios calculated by
for TSGH-8301 (B), and T24 (C), respectively. n = 3, *p < 0.05.

lteration of pRb. On the contrary, growth inhibition of TSGH-
301 and T24 as affected by simultaneous down-regulations of
dc2 and Cyclin B1 were attributed to the insufficient and desta-
ilized Cdc2–Cyclin B1 complex formation. ACCE was shown

o have effectively suppressed the most invasive T24 in terms of

igration capability, an indicator of metastasis in vivo. More-
ver, ACCE is also effective for the superficial TCC cell line
T4.
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