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tissues were collected from 12 patients with bladder cancer. Increased expressions of Ras, RhoA, Akt,
PI-3K were demonstrated in the tumors as compared to adjacent control tissues. To understand the
impact of Ras over-expression on bladder cancer progression, human bladder cancer TSGH 8301 cells
were transfected with Ras DNA. The Ras-transfected cells were then treated with either a PI-3K inhibitor

Iéf;/c‘ﬂ,jirrdz;ncer (wortmannin) or Rho kinase inhibitor (Y-27632) and the expressions of Ras, PI-3K, Akt, NF-kB, and RhoA
Ras were analyzed. Fluorescent phalloidin staining demonstrated more intense F-actin staining in the Ras
RhoA over-expressed cells than in the control cells, and the intensity of F-actin was inhibited by Y-27632. A

gelatin zymography study demonstrated that the MMP-2 and MMP-9 expressions of the Ras-transfected
cells were enhanced, and Y-27632 treatment reduced the levels of MMP-2 and MMP-9. Similarly, a wound
healing assay revealed that the ability of cell migration was markedly increased by Ras transfection and
the healing rate after treatment of Y-27632 was delayed. Our results provide evidence that Ras-induced
RhoA and NF-kB activation was involved in the invasion/migration of bladder cancer. Through Ras and/or

RhoA kinase inhibitor

RhoA inhibition, there might be an opportunity for new therapeutic interventions in bladder cancer.
Crown Copyright © 2009 Published by Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Bladder carcinoma is the most common malignancy of the
urinary tract, and 90% of bladder carcinomas are urothelial cell
carcinomas (UCCs). At the initial diagnosis of bladder cancer, 70%
of cases are diagnosed as non-muscle-invasive disease and 30% as
muscle-invasive disease. The 2004 WHO grading system classifies
papillary urothelial carcinoma into only two grades: (1) low-grade
papillary urothelial carcinoma exhibiting an overall orderly appear-
ance, but with minimal variability in architecture and/or cytologic
features, which are easily recognizable at scanning magnification.
(2) High-grade papillary urothelial carcinomas which are charac-
terized by a disorderly appearance from marked architectural and
cytologic abnormalities, recognizable at low magnification [1]. The
risk factors for bladder cancer include tobacco smoking and occu-
pational exposure which are the most well-established factors [2].
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The substances most commonly involved in occupational exposure
are polycyclic aromatic hydrocarbons and arylamines. Professions
in which this exposure occurs include those that use dyes, rub-
bers, textiles, paints, leathers and chemicals [3]. Other risk factors
include elevated arsenic levels in drinking water [4], phenacetin,
radiation therapy, dietary factors and chronic urinary tract infec-
tions. The cancer prevalence rates in patients with end-stage renal
disease reported by the United States Renal Data System (USRDS,
2005) involves the digestive system (13.6%), reproductive system
(9%), kidneys (4.2%), skeletal cancer (2.7%), skin cancer (2.4%), lym-
phoid tissue (2.1%) and respiratory system (1.7%) [5]. However,
UCC is the most common malignancy found in long-term dialy-
sis patients in Taiwan, and chronic tubulointerstitial nephritis is
the most likely underlying renal disease [6]. UCC is also the most
common type of cancer in kidney transplant recipients in Taiwan,
with an incidence of 4.1% [7] and a high percentage of 43.6 among
all post-transplant cancers [8]. The incidence of UCC in the gen-
eral population was 2.76% according to the 2005 annual report of
the Taiwan cancer registry. The risk factors predisposing to UCC
in Taiwan include being of older age, underground water intake,
being female, compound analgesics use as well as Chinese herbs
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Table 1
Patient demographics.

Patient No. Group Age Sex TMN stage Grade Invasive (I) or non-invasive (NI)
1 General 82 F T1 Low NI
2 General 82 B T1 High NI
3 Dialysis 51 M T1 High NI
4 Transplant 21 M T3 High I
5 Transplant 62 B T2 Low [
6 General 74 F T2 Low |
7 General 77 F T2 High I
8 Dialysis 63 M T1 Low NI
9 General 76 M T1 Low NI

10 Dialysis 77 F T1 Low NI

11 General 70 M T1 Low NI

12 General 78 B T1 Low NI

use [6,7,9,10]. Therefore, in regard to developing chronic tubuloin-
terstitial nephropathy and UCC, chronic usage of analgesics and
Chinese herbs are particular and important risk factors in Taiwan.
Chronic usage of analgesics is associated with those of a lower
social-economic status, and the use of aristolochic acid was not
banned until 2003 in Taiwan.

Although bladder cancer is a chemosensitive neoplasm,
metastatic disease is related with a poor prognosis and short-term
survival. For two decades, the treatment of choice for metastatic
bladder cancer has been cisplatin-based chemotherapy. More
recently, non-platinum regimes have been tested, such as tax-
anes and gemcitabine, which are considered attractive alternatives.
However, owing to treatment-related toxicities and short-response
durations, identification of more molecular prognostic factors and
application of targeted therapies have been sought with consider-
able interest.

Ras oncogenes are considered to play a key role in the car-
cinogenesis and progression in several cancers. Activation of Ras
proteins has been reported to induce the constitutive activation
of downstream kinase cascades, which results in continuous mito-
genic signaling and transformation of immortalized cells in human
bladder cancer [11]. Additionally, Rho is important for the abil-
ity of tumor cells to metastasize [12]. Kamai et al. demonstrated
that RhoA, RhoC, and Rho kinase (ROCK), but not RhoB pro-
tein expressions were greater in bladder tumors [13]. Although
both Ras and RhoA have been reported to be associated with
bladder tumors, to the best of our knowledge, a relationship
between Ras, RhoA signaling and the invasion/migration process
of human bladder cancer has not been described. Thus, the aim of
this study was to clarify the association between Ras and RhoA
and their impact on the invasion/migration of human bladder
cancer.

2. Materials and methods
2.1. Patients

Bladder cancer surgical specimens were obtained between 2004
and 2006 from 12 patients (5 men and 7 women; age 66.3 +16.5
years) including 3 dialysis patients (samples 3, 8, and 10) and 2 kid-
ney transplant recipients (samples 4 and 5) with newly diagnosed
primary UCC of the bladder (Table 1). The patients underwent surgi-
cal intervention before receiving any other therapy. Transurethral
resection was performed for superficial bladder tumors and two
non-tumorous epithelia. The non-tumorous epithelia were at least
5cm apart from the tumor lesions. Similarly, in all the partial or
total cystectomy cases, one tumor site and one portion of adjacent
non-neoplastic bladder tissue, which was also atleast 5 cm from the
tumor, were resected for study. Three patients had metastatic dis-
eases (samples 2, 4 and 5). Each subject provided written informed

consent and the protocol of the study was reviewed and approved
by our Institutional Review Board.

2.2. Chemicals

Tris-base, EDTA, SDS, phenylmethylsulfonyl fluoride, bovine
serum albumin (BSA), leupeptin, Nonidet P-40, deoxycholic acid,
sodium orthovanadate and phalloidin-FITC were purchased from
Sigma-Aldrich (St. Louis, MO). Phosphate buffer solution (PBS),
trypsin-EDTA, and powdered RPMI 1640 medium, fetal bovine
serum, 100 U/ml penicillin G and 100 mg/ml streptomycin were
purchased from Gibco/BRL (Gaithersburg, MD). Antibody against
Akt and MAPK/ERK1/2, phosphorylated proteins were purchased
from Cell Signaling Tech. (Beverly, MA). PI-3K (p85), NF-kB (p65),
Ras, RhoA, and RhoB antibodies were purchased from BD Transduc-
tion Laboratories (San Diego, CA).

2.3. Cell culture and transfection

TSGH 8301 cells, established from a well-differentiated human
UCC of the urinary bladder (grade I, stage A), were cultured in RPMI
1640 medium containing 10% (v/v) fetal bovine serum, 100 U/ml
penicillin G and 100 mg/ml streptomycin at 37°C in a humidi-
fied atmosphere of 5% CO, and 95% air. The medium was changed
twice a week, and the cells were subcultured when confluence
was achieved. Ras DNA was a gift from Dr. J.L. Ko. The cells were
transfected with the Ras DNA using Lipofectamine 2000 (Invitro-
gen)according to the manufacturer’s instructions. When necessary,
an appropriate amount of empty vector was added as the control

group.
2.4. Electrophoresis and immunoblotting

Analysis of Ras, PI-3K, Akt, NF-kB, and RhoA was performed
using SDS-PAGE and immunoblotting. Before the analysis of the
expression of proteins, the Ras DNA was transfected into the TSGH
8301 cells for 12 h. Various durations of transfection were tested,
the best being 12 h (data not shown). The medium was removed
and washed with PBS. Then 0.5ml of cold RIPA buffer (1% NP-
40, 50mM Tris-base, 0.1% SDS, 0.5% deoxycholic acid, 150 mM
NaCl, pH 7.5) with fresh leupeptin (17 .g/ml) and sodium ortho-
vanadate (10 pg/ml) were added. Scraping of cells and transferal
of the lysate into an Eppendorf were performed prior to incu-
bation for 30 min on ice with the addition of 5ul of 10 mg/ml
PMSEF stock. The cell lysate was centrifuged (10,000 x g) for 10 min
at 4°C. Cell lysate (50 g purified protein) was mixed with an
equal volume of electrophoresis sample buffer and then boiled
for 10 min, followed by analysis using SDS-PAGE and transfer of
protein from the gel to nitrocellulose membranes (Millipore, Bed-
ford, MA) using electroblotting apparatus. Nonspecific binding was
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Fig. 1. (A) Levels of Ras, RhoA, PI-3K and Akt proteins in the bladder cancer patients. The proteins of the tumor (T) and normal (N) tissues obtained from the patients were
analyzed by immunoblotting. Actin was the loading control. (B) Expression folds of Ras, RhoA, PI-3K and Akt of the bladder cancer tissues compared with the normal bladder
tissues. Expression folds of Ras (C) and the average of Ras (D) in different patient subgroups were compared. Quantitative assessment of the expression levels of proteins
in the denuded zone is expressed as the mean + SD of three independent experiments. #p <0.01, *p<0.001 and **p <0.0001, compared with the normal tissues. G: general
(n=5); D: dialysis (n=3); T: transplant (n=2); L: low grade (n=6); H: high grade (n=4); I: invasive (n=4); NI: non-invasive (n=6).
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Fig. 2. The expression of signal transduction proteins by the TSGH 8301 cells trans-
fected with Ras DNA. (A) Total cell lysate was extracted and the expression of Ras,
RhoA, PI-3K, NF-kB, and (3-actin were assayed by Western blotting. Actin was the
loading control. (B) The average of three independent expressions + SD. #p <0.0001
compared with the untreated group. **p <0.0001 expression levels of PI-3K, Akt, and
NF-kB of the Y-27632 treatment group compared with the protein levels of the Ras
transfection alone group.

blocked by incubation of the membrane with Tris-buffered saline
(TBS) containing 1% (w/v) nonfat dry milk and 0.1% (v/v) Tween-20
(TBST) for more than 2 h. Membranes were washed with TBST three
times for 10 min and incubated with an appropriate dilution of pri-
mary antibody in TBST for 2 h. Membranes were then extensively
washed with TBST before being incubated with an appropriate
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Fig. 4. Gelatin zymography assay of the TSGH 8301 cells. (A) Ras-transfected cells
were treated with 20 WM Y-27632 or not for 1h. The incubated medium was
removed, then fresh serum free medium added and allowed to incubate for 24 h.
Finally, the conditioned medium was collected and MMP-2/-9 levels were detected
by gelatin zymography. (B) MMP-2/-9 activities were quantified by densitometer
analysis. The densitometric data are expressed as the mean + SD of three indepen-
dent experiments. #¥p<0.0001 compared with the untreated group. **p <0.0001 the
activities of MMP-2/-9 treated with Y-27632 compared with the MMP-2/-9 expres-
sions of the Ras treatment alone group.

amount of horseradish peroxidase-conjugated secondary antibody
for 1 h. After washing the membrane three times for 10 min in TBST,
detection was performed using ECL reagents for 1 min, and exposed
ECL hyperfilm in a darkroom. Protein expression was determined
by quantitative densitometry using Alphalmager Series 2200 soft-
ware.

2.5. Fluorescent phalloidin staining

Phalloidin staining is a useful tool for investigating the distri-
bution of F-actin in cells [14]. Briefly, a 0.2 mg/ml stock solution
of phalloidin-FITC was prepared in methanol. The cells were
washed with PBS, fixed for 1h with 3.7% formaldehyde in PBS,
and washed with PBS again. Next, the cells were dehydrated in
acetone, rendered permeable with 0.1% Triton X-100 in PBS, and

+ +

Fig. 3. The increased phalloidin binding and cellular F-actin levels by over-expression of Ras DNA in the TSGH 8301 cells. The Ras-transfected cells (1 x 10° cells/ml) were
seeded in a six-well plate and treated with 20 wM Y-27632 or not for 1 h. F-actin was stained with rhodamine phalloidin (red). The more intense F-actin staining in the Ras
over-expression groups than control cells and the amount of F-actin was inhibited by the Rho kinase inhibitor.



176 H.-R. Chang et al. / Chemico-Biological Interactions 183 (2010) 172-180

(A)

Ras -
pcDNA —
Y27632

Cell numbers
w
o
‘

20 A

10 4

L1+

*k

pcDNA +

T
Ras - -
Y24632 -

T T
+ +

Fig. 5. Effects of over-expression of Ras DNA on the migration of TSGH 8301 cells. (A) The Ras-transfected cells (1 x 10° cells/ml) were treated with 20 .M Y-27632 or not
for 1 h and migrated cells were analyzed using a modified Boyden chamber. Cells in serum-free RPMI medium were added to the upper chamber and allowed to migrate for
5h through an 8-mm porous membrane toward the lower chamber to conditioned medium. Motility was quantified by counting the number of cells that migrated to the
undersides of the membrane under microscopy (100x ). (B) The results are shown as means + SD of eight independent experiments. *p <0.001 compared with the normal
control. **p <0.0001 migration analysis of the cell numbers compared with the migrated cells of the Ras-transfected alone group.

washed again with PBS. Finally, the cells were stained with a
50 pg/ml fluorescent phalloidin conjugate solution in PBS (con-
taining 1% DMSO from the original stock solution) for 1h at
room temperature. After at least four 1-min washes with PBS
to remove the unbound phalloidin conjugate, the samples were
then mounted in 50% PBS/50% glycerol (v/v) and examined in
an Olympus fluorescence microscope with a 100x oil immersion
objective.

2.6. Determination of MMP-2/-9 by zymography

The levels of MMP-2/-9 released in the cultured medium were
detected by gelatin zymography assays as previously described
[15]. First, serum free conditioned medium was prepared with a 5x
loading buffer containing 0.01% SDS without 3-mercaptoethanol.
The prepared samples were subjected to electrophoresis with 8%
SDS polyacrylamide gels containing 0.1% gelatin. Electrophoresis
was performed at 140V for 3h in an ATTO apparatus. Gels were
washed twice with 50 ml distilled water containing 2% Triton X-
100 on a gyratory shaker for 30 min at room temperature to remove
the SDS after electrophoresis. The gel was then incubated in 50 ml
reaction buffer (40 mM Tris-HCI, pH 8.0, 10 mM CaCl;, 0.02% NaN3)
overnight at 37 °C, stained with Coomassie brilliant blue R-250 and
destained with methanol-acetic acid-water (5%, 7.5%, and 87.5%,
v/v/v).

2.7. Cell migration assays

After transfection, the cells were trypsinized, and the in vitro
migration was tested in a Boyden chamber assay [16]. The Ras-

transfected cells were seeded in the Boyden chamber (Neuro
Probe, Cabin John, MD). In the upper chamber, a density of
1 x 10% cells/well in 50 w1 of serum free medium was incubated
for 5h at 37°C. The bottom chamber also contained standard
medium with 10% FBS. The cells that migrated to the lower sur-
face of the membranes were fixed with methanol and acetate
(3:1), stained with Giemsa and counted under a light micro-
scope.

2.8. Wound healing assay

The TSGH 8301 cells were cultured in one well of a six-well
culture dish. A line was drawn on the underside of the well with
a yellow P200 pipette tip. These lines served as fiducial marks for
the wound areas to be analyzed. The growth medium was replaced
by calcium-free PBS then the PBS was removed and fresh medium
added. The cells were observed using phase contrast microscopy
on an inverted microscope.

2.9. Preparation of nuclear fractions

Harvested cells were lysed with buffer A (10 mM HEPES, 10 mM
KCl, 0.1 mM EDTA, 1.5mM MgCl,, 0.2% NP-40, 1mM DTT and
0.5 mM phenylmethylsulfonyl fluoride), and then centrifuged to
shear the cytoplasmic membranes. Nuclei were pelleted at 800 x g
for30sat4°Cinamicrocentrifuge; nuclear proteins were extracted
with high-salt buffer B (20 mM HEPES, 25% glycerol, 1.5 mM MgCl,,
0.1 mM EDTA, 420 mM NaCl, 1 mM DTT and 0.5 mM phenylmethyl-
sulfonyl fluoride).
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Fig. 6. Wound healing analysis of the TSGH 8301 cells transfected with Ras DNA. (A) The treated cells were cultured in a six-well plate after monolayer wounding with a
yellow P200 pipette tip. The healing ability was observed using phase contrast microscopy on an inverted microscope after 48 h. (B) Quantitative assessment of the average
number of cells in the denuded zone is expressed as the mean + SD of three independent experiments. *p <0.001 compared with the untreated controls.

2.10. Electrophoretic mobility shift assay (EMSA)

AP-1 and NF-kB binding assays in nuclear extracts were
performed with biotin-labeled double-stranded AP-1 or NF-kB
oligonucleotides (Promega, Madison, WI, USA). EMSA was car-
ried out with a LightShift EMSA Optimization and Control Kit
and Chemiluminescent Nucleic Acid Detection Modules (Pierce,
Rockford, IL, USA). Binding reactions containing 10 g of nuclear
protein, 2 ul of 10x binding buffer, 1 pg poly-(dI-dC), 12.5 wg poly-
L-lysine, and 2 pmol of oligonucleotide probe were incubated for
20min at room temperature. Protein DNA complex was sepa-
rated by electrophoresis on a 6% non-denaturing acrylamide gel,
transferred to positively charged nylon membranes, and then cross-
linked in a Stratagene cross-linker. Gel shifts were visualized by
streptavidin-horseradish peroxidase followed by chemilumines-
cent detection.

2.11. Statistics

The results of the cell migration assays and the wound heal-
ing analysis were shown as the mean =+ SD. Statistical comparisons
were performed using Student’s t-tests. p values <0.05 were con-
sidered to be statistically significant.

3. Results

3.1. Increased expressions of Ras, RhoA, PI-3K and Akt in bladder
cancer tissues

Cancer metastasis has been linked to Ras overexpression. The
important role that Ras plays in the regulation of cell growth
and differentiation has been verified by the fact that approxi-
mately 70% of neoplasms display mutations in this gene [17]. We
assayed the expressions of Ras and related protein levels among
the samples from the patients with bladder cancer. The proteins
in tumorous (T) and non-tumorous (N) tissues obtained from the
same patient were analyzed by immunoblotting. The expression
of Ras protein was most marked among the bladder cancer tissues
(Fig. 1A) with a 1.675-fold increase compared with normal tissues
(p<0.0001) (Fig. 1B). In addition, the levels of RhoA (p <0.0001), PI-
3K (p<0.0001) and Akt (p<0.001) were also significantly elevated
in the bladder cancer tissues. These data suggest that the formation
of bladder cancer might be coupled to the Ras pathway.

The patients were divided into subgroups as follows: general
(G), dialysis (D), transplant (T), low grade (L), high grade (H),
invasive (I) and non-invasive (NI). The Ras expression in these sub-
groups was also compared. Fig. 1C shows the average level of Ras
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(1.675-fold, higher compared with normal tissue). The levels of Ras
in the three dialysis patients (1.7-, 1.9-, and 2.0-fold) were all higher
than the average level, but this was not found in other groups. The
average levels of Ras expression in the different subgroups were
then further analyzed (Fig. 1D). The average level of Ras in the dial-
ysis group was significantly increased when compared with the
transplant group, whereas there was no significance when com-
pared with the general group. In addition, there was no statistical
significance between low-grade and high-grade patients, although
Ras over-expression is associated with low-grade lesions rather
than high-grade lesions. The Ras expression of patients with non-
invasive tumor was higher than that of patients with invasive lesion
(p<0.01). Areasonable explanation why our results were different
from previous studies might be the limited number of patients. Col-
lecting a larger and homogenous series of patients to reconfirm the
results should be our next task.

3.2. Over-expression of Ras DNA induced the activation of RhoA
and PI-3K-related proteins

Many Ras effectors are promoted after Ras has been stimulated
[18]. We investigated whether the interaction of Ras affected the
expression of downstream Ras-dependent signaling. As shown in
Fig. 2, the Ras-transfected cells displayed significantly higher PI-3K,
RhoA, Akt, and NF-kB levels than control cells, suggesting that the
over-expression of Ras promoted both the PI-3K and RhoA path-
ways. Moreover, the addition of Y-27632, a Rho kinase inhibitor
caused a significant reduction in the levels of RhoA, PI-3K and PI-
3K-related downstream proteins. This suggests that RhoA might
regulate PI-3K and its related protein expressions.

3.3. Over-expression of Ras DNA stimulated the actin
cytoskeleton organization

RhoA promotion of actin-myosin contractility and actin
cytoskeleton reorganization is required for cell shape modification
and cell migration. We examined the effect on intracellular distri-
bution of F-actin in Ras-transfected cells. The results revealed that
the expression of Ras-induced dense accumulation of cytoskele-
tal filaments along the plasma membrane using phalloidin staining
(Fig. 3). Nevertheless, such dense phalloidin accumulations in Ras-
transfected cells diminished following treatment with Y-27632,
suggesting that the formation of F-actin activated by Ras was via
the RhoA signaling pathway.

3.4. Inhibition of RhoA prevented Ras-induced migration

In addition to facilitating tumor invasion, extracellular products
such as MMPs can modulate migration, cancer cell proliferation
and metastasis [18,19]. We investigated the levels of MMP-2 and
MMP-9 by gelatin zymography. When TSGH cells were transfected
with Ras DNA, the MMP-2 and MMP-9 expressions of the cells were
enhanced (Fig. 4). In contrast, the inhibition of the RhoA expression
by Y-27632 reduced the levels of MMP-2 and MMP-9.

Cancer cell migration can be viewed as a process regulated
by matrix degrading proteinases, integrins, other cell adhesion
molecules and the healing of a wound [20,21]. Thus, the impact
of Ras over-expression on cell migration and wound healing was
studied. The ability of cell migration was markedly increased when
the cells were transfected with Ras DNA (Fig. 5). In addition, the cur-
ing rate after treatment of Y-27632 with Ras-transfected cells was
delayed (Fig. 6). Therefore, we suggest that Rho kinase inhibitors
can hold back cell-cell matrix adhesion and the capability of wound
healing.

Ras +

pcDNA —

Y27632 +
APl —
NF-kB —

Fig. 7. The DNA binding ability of AP-1 and NF-kB. Nuclear extracts were analyzed
for AP-1 and NF-kB DNA binding ability using biotin-labeled AP-1 and NF-kB spe-
cific oligonucleotide by EMSA. Three independent experiments were conducted, all
showing similar patterns of change.

3.5. Rho kinase inhibitor mediated Ras-induced activation of
AP-1 and NF-«B

MMP gene expression is chiefly regulated by transcriptional
factors (for example, NF-kB and AP-1) via the PI-3K/Akt or ERK
pathways [22,23]. Active NF-kB consists of a dimer of a Rel fam-
ily/p65 subunitand a p50 or p52 subunit. NF-kB is maintained in the
cytoplasm through interactions with an inhibitor of NF-kB (IkB),
but upon dissociation, moves into the nucleus and promotes can-
cer cell proliferation, angiogenesis, and metastasis. c-Fos and c-jun
also are important transcription factors and oncogenes, which form
a heterodimer (AP-1 complex). This is associated with the invasion
and metastasis of cancer cells [24].

Over-expression of Ras DNA induced the migration of the TSGH
8301 cells and was associated with increased levels of RhoA/NF-
kB (Fig. 2). Recently we described that AP-1 and NF-«kB mediate
downstream of RhoA activated by the transfection of Ras DNA
[25]. To confirm the DNA binding ability of AP-1 and NF-kB, the
EMSA method was used. Ras expression increased DNA binding,
and thereby, inhibition of RhoA impeded the AP-1 DNA binding
activity (Fig. 7). Similarly, when compared with the Ras-transfected
cells, the DNA binding ability of NF-«kB of the cells treated with Y-
27632 decreased. A proposed model for the Ras and RhoA mediated
invasion/migration of human bladder cancer cells is summarized in
Fig. 8.

4. Discussion

Our results demonstrated that human bladder cancer showed
increased expressions of Ras, RhoA, PI-3K/Akt and NF-kB, and
that over-expression of Ras had an invasion/migration-promoting
effect on the bladder cancer TSGH 8301 cells. Previously, Ras and
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Fig. 8. A proposed model for the Ras and RhoA mediated invasion/migration of
human bladder cancer cells. The dotted arrow represents the pathway which has
been published in the literature and the solid arrows represent the findings in this
present study.

RhoA have been reported to be involved in the carcinogenesis and
progression of bladder cancer individually [13,26]. However, the
linkage and downstream relationship between Ras and RhoA have
not been reported in the literature.

Aristolochic acid-containing Chinese herbs have been known to
be a potential risk factor for development of urothelial carcinoma
[27,28]. Accumulating evidence has demonstrated that the carcino-
genic properties of aristolochic acid are based on the formation of
DNA and mutations in codon 61 of H-ras triggering tumorigene-
sis [29]. A possible inference about aristolochic acid inducing the
activation of the Ras pathway is that the free radicals from the
metabolites of aristolochic acid trigger the Ras signaling. In addi-
tion, oxidative stress and Ras activation result in the production
of reactive oxygen species, which then leads to the tumorigenesis
[30]. Recently we reported that 12-week intragastric feeding with
aristolochic acid induced urothelial proliferation in rats, and that
this phenomenon was through cell cycle progression via activation
of cyclin D1/cdk4 and cyclin E/cdk2 [31]. In addition, exposure to
aristolochic acid has been reported to be associated with urothelial
dysplasia in rats [32], and urothelial carcinoma in humans [33,34].
Because of the high association between H-ras and development of
aristolochic acid-related UCC, we conducted this study to evaluate
the expression of the Ras signaling pathway and the impact of Ras
over-expression on RhoA expression in urothelial cancer cell lines.

The carcinogenesis of human bladder cancer is a multistep pro-
cess. As a result of a better understanding of the molecular biology
of bladder cancers, various signaling pathways are known to be
involved in both carcinogenesis and tumor progression. Among
these, Ras oncogenes are considered to play a key role in the car-
cinogenesis of human bladder cancer [35,36]. Locally advanced,
and/or metastatic bladder cancer is characterized by mutations of
the p53 and retinoblastoma (Rb) genes, which interact with the
Ras-mitogen activated protein kinase (MPAK) transduction path-
way. Activation of the PI-3K pathway is involved in tumor invasion
and inhibition of apoptosis. Over-expression of tyrosine kinase
receptors, including EGFR, VEFGR and HER2/neu, is correlated with
tumor progression [37].

It is not yet clear whether Ras triggers PI-3K/Akt downstream
proteins, even though the role of Ras oncogenes leading to bladder
cancer initiation and progression is well understood. Przybojewska
et al. investigated 19 bladder cancer specimens. H-ras activation
was found in 15 (about 84%) and N-ras gene mutations were
observed in all cases except one in which H-ras gene mutations
were detected. Their results suggest a strong relationship between
H-ras and N-ras gene activation in bladder cancer, while changes

in the K-ras gene in bladder cancers seem to be rare events [38].
Shinohara and Koyanagi reviewed the mechanisms of Ras activa-
tion in human bladder cancer and found the incidence rate of point
mutation of the Ras gene was 6-84%, over-expression of Ras pro-
tein 40-50%, but an unknown incidence of the functional activation
of the Ras signaling pathway [11]. Although the results remain
controversial, activation of the Ras oncogene by point mutation
or over-expression might be important in the carcinogenesis and
progression of human bladder cancer. Surprisingly, recent studies
have confirmed that NF-«kB is mediated by adaptor p62 to pro-
mote lung cancer formation through the Ras/INK pathway [39].
Our recently published results suggested that melanoma metasta-
sis promoted by Ras/PI-3K/Akt/NF-kB activation was inhibited after
treatment with mulberry anthocyanins (MACSs) in vitro and in vivo
[25].In this study, our results demonstrated that bladder cancer tis-
sues had increased expressions of Ras, RhoA, PI-3K/Akt and NF-kB,
and that over-expression of Ras and RhoA had invasion/migration-
promoting effects on the bladder cancer TSGH 8301 cells. Ras
triggers a myriad of signaling pathways and results in different can-
cers, implying the importance of clearing Ras downstream signaling
in cancer therapy.

A specific inhibitor of the Rho kinase, Y-27632 [40,41] has
been reported to block both Rho-mediated activation of acto-
myosin and the invasive activity of cultured rat MM1 hepatoma
cells [42]. Continuous treatment with this inhibitor reduced dis-
semination of MM1 cells implanted into the peritoneal cavity of
syngeneic rats [43]. These reports suggest that Rho kinase inhibi-
tion may represent a way to prevent cancer invasion and metastasis
by inhibiting cell migration and morphological alterations. Our
results also demonstrated that inhibition by Y-27632 prevented
Ras-induced migration and the curing rate was also delayed. There-
fore, we suggest that Rho kinase inhibition could hold back cell-cell
matrix adhesion and the capability of wound healing. These results
may offer hope with regards to the possibility of developing new
treatment strategies.

Because only a minority of patients agreed to provide informed
consent, the limitations of this study are the small patient number
and heterogeneous underlying diseases of the patients. For exam-
ple, two patients were kidney transplant recipients and three were
dialysis patients. A larger and homogenous series of patients would
be better to reconfirm the results.

In summary, our study demonstrated that human bladder
cancer tissue had increased expressions of Ras, PI-3K, Akt, NF-
kB as well as RhoA, and that over-expression of Ras had
an invasion/migration-promoting effect. These results provide
additional evidence that through Ras and/or RhoA inhibition,
opportunities for therapeutic interventions in bladder cancer exist.
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