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Human bladder cancer invasion model using rat bladder
in vitro and its use to test mechanisms and therapeutic
inhibitors of invasion
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Summary As well as being a passive support, the extracellular matrix also regulates key biological processes such as invasion, differentiation
and angiogenesis. We have therefore developed an in vitro model of bladder cancer invasion using de-epithelialized rat bladder to allow for
tumour cell-extracellular matrix interactions. Onto this we have seeded a panel of human bladder cancer cell lines (RT4, RT112, 253J and
EJ28 (T24)) representing progression from well to poorly differentiated phenotypes and used as models of superficial to invasive bladder
cancer. The better differentiated cell lines RT4 and RT112 reproducibly grew as stratified epithelium, whereas poorly differentiated EJ28 cells
invaded across a broad front. Invasion was not simply related to proliferation rate, measured either as doubling time on plastic (non-invasive
253J and invasive EJ28 having the same doubling time) or by Ki-67 proliferation index within the model. We used the model to test the ability
of 4 compounds that interfere with tumour cell-extracellular matrix interactions (suramin, N-acetylcysteine and the urokinase plasminogen
activator pathway antagonists A5 compound and monoclonal antibody Mab 3936) to inhibit invasion. At non-toxic concentrations, all
significantly inhibited invasion (P < 0.05), although to varying degrees, suramin and A5 almost completely and N-acetylcysteine the least. In
conclusion, this model shows the urokinase system is important for bladder invasion and can be used to investigate other mechanisms of
bladder cancer invasion and also for the testing of intravesical drugs. © 2001 Cancer Research Campaign htt://www.bjcancer.com
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Bladder cancer accounts for approximately 8% and 6% of all newt al, 1997) and tumour angiogenesis (Vladovski et al, 1997).
male cancers and 4% and 3% of male cancer deaths each yeat.ikewise xenograft models are often technically difficult, with
the United Kingdom and the USA respectively (Silverman et almoderate levels of reproducibility and are more difficult to
1999). Three quarters of all cases present as superficial disease aodtrol. Therefore although these models have provided useful
whilst half of these cases are cured by simple treatment, about haifformation (Cook and Hampton, 1997; Miyake et al, 1997) they
will develop recurrences (Gilbert et al, 1978). The field changeare becoming inadequate.
theory of recurrence proposes that each recurrence has arisen d&Ve have developed an in vitro model using de-epithelialized rat
novo from a generalized precancerous urothelium (Raghavan et dladder onto which human bladder cancer cells are seeded, an
1990; Harris and Neal, 1992). The clonal origin of recurrenceanalogous situation to seeding of cells at TURBT, and used this
(Sidransky et al, 1992; Habuchi et al, 1993; Chern et al, 199@nodel to test potential mechanisms and therapeutic inhibitors of
implies that either residual cells have been left at TURBT resultingnvasion.
in tumour recurrence at the original site or that intraluminal shed- The plasminogen activator system regulates extracellular matrix
ding and subsequent seeding occurs at the time of TURBT. Thedegradation and is therefore critical in tumour cell implantation,
are several reports supporting this shedding and seeding hypiowvasion and metastasis (Conese and Blasi, 1995; Hudson and
thesis (Soloway and Masters, 1980; See et al, 1989; Rebel et 8cReynolds, 1997). The most common plasminogen activator,
1994, Fadl-Elmula et al, 1999) and the effect of reduction in recurarokinase plasminogen activator (uPA) functions via its receptor,
rence rate following intravesical instillation of various agents aturokinase plasminogen activator receptor (UPAR). High expres-
the time of TURBT supports this concept (Lamm and Giriffith, sion of both uPA and uPAR has been found to be of prognostic
1992). There is a clear need for models in which to investigate th&gnificance in a number of tumours including bladder (Hasui et al,
process of bladder cancer seeding and invasion and also upt®f94; Pedersen et al, 1994; Dickinson et al, 1995). Using this
which to test potential therapeutic agents. model we have investigated the effects of uPAR antagonists,
The most commonly used models of invasion are the Boydesuramin and N-acetylcysteine. The latter two are compounds that
chamber and some form of matrigel assay. It is now clear that the
extracellular matrix is more than a passive support but interacts
with tumour cells regulating differentiation (Fujiyama et al, 1995;AJ is supported by the Osman Hill research scholarship from the Royal College of
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modify tumour cell-extracellular matrix interactions and thereforeln vitro invasion assay
have clinical potential. .
Suramin is & potent antagonist of the binding of anglogenlécs r:tcr)cr;ltg ic:dot?wgagreeﬁ;\l\efﬁi \r/?(;sretklljastedh afgriﬁ[evses e(il(S er;i?r?::::/se
factors to their receptors (Pesenti et al, 1992) and an antagonist 7 ; P periments.
. - .~ The urinary bladder was removed through a laparotomy incision
UPAR (Behrendt et al, 1993). It has shown anti-tumour activity in ) . . .
; : and transferred to a universal container with sterile culture
prostate cancer, when given systemically, but a narrow therapeutic . ) .
. . e S i medium for washing. Bladders were then cut into halves and
window resulted in dose-limiting toxic side effects (Eisenberger . : . . .
digested with a 1000 units thbacterial neutral protease (Dispase

et al, 1993). There is potential for suramin used intravesicall .
because there should be only limited systemic absorption due to)ift’ Godo-Shusei Co Ltd, Tokyo, Japan) for 2 hours at room temper-

large molecular weight. Therefore high intravesical concentration ?ure. The urothelium was then stripped off with dissecting forceps

may be achievable (Walther et al, 1996). Not only have anti-and the hem|b_|adders were then pl_aged (de-eplthe_llal.lzed surface
angiogenic strategies resulted in reduced tumour growth anfélce up) onto filter paper. The remaining stroma, with intact base-
ment membrane was then divided further to yield typically 3

vascularity in xenografts (Kim et al, 1993; O'Reilly et al, 1997; sections (approximately 0.8 0.5 cm) from each hemibladder

Borgstrom et al, 1998) but interference with angiogenesis has al Bi re 1), Typically experiments wer rformed using 6-8 rat
reduced tumour cell invasion (Brooks et al, 1995; Skobe et al, 199% gure 1). Typically experiments were performed using 6- at
ladders. All explants were then pooled so that when each experi-

The thiol N-acetylcysteine (NAC), interferes with tumour-cell o o
yiey ( ) mental condition was performed in triplicate, each explant was

invasion and metastasis, probably due to inhibition of mam)ﬁikely to originate from different bladders. Whilst this would

metalloproteinases (Albini et al, 1995). Furthermore NAC is an YT T .
L - increase interindividual variation it was felt that such randomiza-
inhibitor of the Ras oncogene (Irani et al, 1997), demonstrated bﬁ/ L .

on would minimize spurious effects from any one bladder.

transfection experiments, to be important in bladder cancer inva- ) ) . .
P P Three 30 mm diameter culture inserts (with aph#pore size

sion (Theodorescu et al, 1990). The EJ cell line has a mutated Ha- L .
Ras oncogene (Parada et al, 1982) and therefore we also tested Qﬁéocell_ulose base — Millicell .CM’ Millipore, Bedford, .MA) were

. R o placed into a 10 cm culture dish. Onto each culture insert, 0.5 ml
ability of NAC to inhibit invasion in our model. ) .

.. of a collagen gel solution was pipetted (1 volume ok b@dncen-
Here we report the development and use of a rat bladder in vitro_. . )
. . . fration RPMI [without NaHC(}, 1 volume of reconstruction

model of bladder cancer invasion, which allows for extracellular

matrix interactions. Using this model the therapeutic potential of puffer [2.2g NaHCQ and 4.77g HEPES in 100ml 0.05M

range of compounds is illustrated. Based on these findings, ailittOHC]; almtciinSCvoll_t:?eos OLty%e ! (;]ollagﬁn ;IOESOP E(Ctlallrr::at\r/:/)(,r
other observations (Pesenti et al, 1992; Behrendt et al, 1993; a el 0 Ltd, Osaka, Japan]). The bladder explants were

Eisenberger et al, 1993: Walther et al, 1996), we have started Hen removed from the filter paper and placed, de-epithelialized

phase | trial of intravesical suramin in patients with bladder cance{sﬁer;aglealéggeirnnlﬁzt’ir?:utg;greggugp;%is:(??n;g i:ilr?ustzrst).tc-)r:‘]if 2:]/25

de-epithelialized stroma on the gel.

MATERIALS AND METHODS After 15-30 minutes, cultured cells to be applied were harvested
in the standard way with the exception that trypsin was neutralized
by mixing with 100% FBS and centrifuging (a process repeated
The established human transitional cell carcinoma (TCC) cell linesvice) to ensure that no traces of trypsin remained. Cells were then
used in this study were RT4, RT112, 253J and EJ28 (gift fromesuspended in medium and the required numbarl(® RT112,
Dr M Knowles, Imperial Cancer Research Fund, Leeds, UK)253J, EJ28 and £ 10° RT4, depending on cell line) was pipetted
These TCC cell lines display phenotypes associated with welin 2 ml of complete medium into each 30 mm culture insert. 6 mi
differentiated, moderately differentiated, and anaplastic, poorlyf complete medium were then placed in the 10 cm culture dish
differentiated TCC cells, respectively. Cell lines of truly super-outside the three 30 mm culture inserts. This protocol (6 ml
ficial bladder cancer do not exist. RT4 and RT112, although origimedium outside three 30 mm culture inserts) was the exact amount
nally from invasive bladder cancers, behave in a superficial patterof medium to create an air—liquid interface within each culture
and are widely used as models of superficial bladder cancénsert at the level of the explant, which appears essential for
(Theodorescu et al, 1990; Redwood et al, 1992; Booth et al, 199@orrect functioning of the assay. At 24 hours the 2 ml of medium in
Davies et al, 1999), 253J and EJ28 are widely used as modelsthe 30 mm culture insert was aspirated and not replaced. The
invasive bladder cancer (Elliot et al, 1974; Redwood et al, 1992medium in the 10 cm culture dish was renewed every 3—4 days,
Theodorescu et al, 1998; Davies et al, 1999). periods longer than this were associated with dehydration of the

Cell lines were cultured in a RPMI (Clare Hall laboratories,explants.
Imperial Cancer Research Fund) supplemented with 10% fetal
bovine serum (FBS), penicilin G (48 ml?Y), streptomycin
(45pg mtY, and kanamycin (90g mt?), at 37°C in a 5% CO
humidified atmosphere. Organ cultures were harvested at 3, 7, 14 and 28 days. Eact
explant was individually cut out of the insert, fixed in 10% neutral-
ized formalin and embedded in paraffin wax, with triplicates
embedded within the same block. Results represent one set of
To examine doubling time of these human bladder cancer celiistopathological sections taken from each explant, sectioned near
lines, 5x 10* cells of each cell line were seeded in 6 well plates,its centre, not multiple sections from different sites within the
and the number of cells in each cell line were counted in triplicatsame explant. Thus repeats are true repeats, representing result
daily over the next 7 days. Doubling time of each cell line wadrom different explants, not just different histopathological
calculated during the exponential growth phase. sections within the same explant. Histopathological sections

Primary culture

Assessment of invasion

Doubling time of human bladder cancer cell lines
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Figure 1  Experimental procedures of in vitro invasion assay. The left side of the figure demonstrates de-epithelialization of rat bladder. The centre of the figure
shows setting up the rat stroma on culture inserts. Human bladder cancer cells are seeded onto this de-epithelialized rat stroma. The right side demonstrates
the assessment of invasion. All cells are counted in 2 mm deep rows, starting from a depth of 2 mm, up to 10 mm (RT = room temperature, H and E =
haematoxylin and eosin). The grid for quantifying depth of invasion is shown schematically at the bottom right of the figure. In this example there would be 26
cells at depth 2—4 mm and 20 cells at depth 8-10 mm in this field

(5 um) were dewaxed and rehydrated through graded alcohols #8BC complex. The peroxidase reaction was developed using
water. For histological evaluation, sections were stained andiaminobenzidine and slides were washed and mounted in
examined as H and E sections. To quantify invasion, sectiorsqueous mountant (Gurr, BDH Lab, Poole, Dorset, UK).

were viewed at high powek (400) under a microscope. A 100,

1 mmx 1 mm, square graticule (Graticules Ltd, Tonbridge, UK)

was placed with the top edge along the upper surface of the explaatidition of inhibitors

at the left hand edge of the section. To exclude false invasio . . .
results due to an undulating upper surface of the rat explant and Itqdacetylcystelne (Sigma-Aldrich, Poole, Dorset, England), A5 a

urokinase receptor antagonist (Angstrom, San Diego, CA, gift of

apcount for varlablg thlck_nesses of the stratified epithelium, Whlcgbr T Jones) and Mab 3936 an inhibitory antibody against urokin-
did not represent invasion, the first 2 rows were not counted:

ase (American Diagnostica, Greenwich, CT) (Hudson and

Thereatfter all cells were counted in 2 mm deep rows, starting fro AN S
a depth of 2 mm to 10 mm. The whole section was counted er{IcReynolds, 1997) were assessed for their ability to inhibit inva-

moving the graticule from left to right. Results for each depth on ion. To examine the direct effect of these reagents on the growth

. . f EJ28 cells in monolayer culture x3LC° cells were seeded onto
each section represent the average of at least 10 graticule coun 596- . - : . o
Results llustrated graphically for each cell line/condition are thed well culture plate in 100l of and'tlonEd medium with 10&
graphicatly EBS. At 24 hours (day 1) the medium was changed to conditioned
mgﬁ?; O;r:_rg r(;eai)treedsg?tlee\g\;te3rz;1.tmee>;plants at each depth. EXperrrlfedium containing inhibitor at multiple increasing concentrations
W P ! ' (from 0—-1 mM for N-acetylcysteine and suramin, from Qb
for A5 and from 0-2Qug mi for Mab 3936). On day 4, cell
viability was measured using an MTT assay kit (Chemicon
International, Temecula, CA) according to the manufacturer’s
The immunoreactivity of antigens masked by the tissue processingstructions and confirmed by examination under microscope.
was restored by 10 minutes of digestion in 0.1% trypsin and Following the results of these MTT assays, the concentrations
microwave boiling. Immunolabelling was performed using anof these inhibitors to be tested in the in vitro assay were chosen as
indirect streptavidin ‘ABC’ immunoperoxidase method (Dako, 1 mM for NAC and suramin and{Bvl for A5 and 20ug mt for
High Wycombe, Bucks, UK). Non-specific background stainingMab 3936. These concentrations were chosen because they were
was blocked by incubation in 10% swine serum. Sections wergon-toxic to our cells in the MTT assay and were able to be well
incubated in primary antibody, against cytokeratin 18 (LP34iolerated clinically when given either intravesically (suramin)
Dako), Ki-67 (MIB-1, Beckman Coulter, High Wycombe, Bucks, (Walther et al, 1996) or systemically at much higher concentration
UK), and laminin (Sigma-Aldrich, Poole, Dorset, UK) and then (140 mg kg* body weight — approximately 0.9 mM )y for
incubated with a biotin-labelled goat anti-mouse secondary antthe treatment of paracetomol (acetaminophen) overdose (N-
body followed by horseradish peroxidase-conjugated streptavidifcetylcysteine) (Yip et al, 1998). These inhibitors were added in

Immunohistochemical staining

British Journal of Cancer (2001) 84(4), 558-564 © 2001 Cancer Research Campaign
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Figure 2 Time course for growth on in vitro model for superficial tumour cell
lines RT4 and RT112 (A—F) and invasive tumour cell lines 253J and EJ28 204
(G-J). Both RT4 and RT112 formed stratified epithelium without invasion on
the de-epithelialized rat bladder mucosa. RT112 also very occasionally
formed a ‘nest’ of cells, seen in the stroma (F). 253J did not invade, but
formed a stratified epithelium (J), whereas EJ28 invaded diffusely into rat 0 '
stroma, starting as early as 3 days (G-I). K demonstrates unstripped rat 2_4mm 4-6mm 6—8mm 810 mm

bladder tissue prior to any experimental procedure. L shows de-epithelialized
cultured rat bladder used as control. Results show representative histological
sections from experiment repeated =5 times with >3 bladder explants per
timepoint. Scale bar: 20 Um. Original magnification X 400. Inset, scale bar: Figure 3  Quantification of invasion. The number of cells counted in the
100 Km. Original magnification X 100 stroma of control stripped rat tissue and RT112 represent background levels
for normal cells, such as fibroblasts and smooth muscle cells. The results for

. : [EJ28 includes these background cells, but the higher counts are due to
0.1 ml of conditioned medium onto the surface of rat explant‘invading bladder cancer cells. Results illustrated from representative

from culture day O and thereafter every 24 hours. Control bladdeexperiment (day 14) are means + S.D. of 10 graticule counts per histological
explants had medium only added. Separate petri dishes were ussection, 6 explants per cell line. Experiment repeated 3 times. (As RT4 and

f h | inhibi id . . . RT112 were both non-invasive, only 1 cell line was counted, but qualitatively
or each control or inhibitor group to avoid cross-contamination irney were the same)
the medium.

Depth of Stroma

Statistical analysis The 2 invasive lines showed disparate behaviour. 253J formed

Statistical analysis was performed using Excel (Microsoft, CA).superficial cell layers and did not invade (Figure 2J) whereas EJ28
Comparisons between groups were made using Student’s unpairedaded diffusely across a broad front. This invasion started as
t-test. early as 3 days (Figure 2G) and increased with time (Figure 2G-I).
In control de-epithelialized bladder explants, i.e. those not
reseeded with human bladder cancer cells, there was negligible
RESULTS regrowth of normal rat urothelium (Figure 2I).

Growth characteristics of cell lines in vitro on Quantification of invasion
monolayer culture

- . . igure 3 quantifies the depth of invasion according to our method.
The 2 superficial cell lines, RT4 and RT112 both had similar bu he number of cells counted in the stroma in control de-epithelial-

slower mean (x S.D) doubling times than the 2 invasive cell lines, B .
253 and EJ28, which were similar to each other (RT4 56 h + éZed bladder explant sections and RT112 sections represents back

- dround levels for staining of normal stromal cells, such as
RTll? 59h£2Vs 253‘].31 h+1, EJ2832h££<0.01n=3, fibroblasts and smooth muscle cells. These are evenly distributed
experiment repeated 3 times).

throughout the stroma. The results for EJ28 include these back-
ground cells, but the higher counts are due to invading bladder
cancer cells, hence the decrease in number the further away fron
the upper surface of the bladder. This was confirmed by staining
with the specific epithelial marker cytokeratin 18 (data not shown).
Organ cultures of rat de-epithelialized stroma have produced

reproducible results and could be kept viable for more than
days, although typically there was little change between 14 and
days. The 2 superficial cell lines reproducibly grew in a superficiaAs demonstrated, the doubling times for 253J and EJ28 were
fashion, forming a stratified epithelium. This pattern was progressimilar in conventional monolayer culture. However, invasion in
sive with time (Figure 2A—C RT4, D-F RT112) and no invasionour in vitro model is unlikely to be simply a manifestation of a
was seen although occasionally (about once in every 10 sectionsjaster proliferation rate, since 253J did not invade into the stroma
‘nest’ of cells was seen within vessels in the stroma in RT112vhereas EJ28 did. Furthermore, in the invasion model RT112 and
cultures (Figure 2F). Whilst interesting, this is probably notEJ28 had similar proliferation rates as evidenced by Ki-67
frequent enough to provide a model for vascular invasion. immunostaining (data not shown).

Growth characteristics in the in vitro invasion
model

2 . . . L
8rollferatlon of cancer cell lines in vitro model

© 2001 Cancer Research Campaign British Journal of Cancer (2001) 84(4), 558-564
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Figure 4  Inhibition of invasion of EJ28 cells in the in vitro model. (A),
control untreated EJ28 cells show characteristic invasion. N-acetylcysteine
(B) and suramin (C) inhibited the invasion of EJ28 cells into the rat stroma
within 7 days. (D) Quantification of invasion. N-acetylcysteine produced the
least, although still significant, reduction in invasion. Suramin caused the
greatest inhibition of invasion of EJ28 into the rat stroma with uPAR antibody
and A5 intermediate. Results illustrated from representative experiment are
means * S.D. of 10 graticule counts per histological section, 4—-6 explants per
inhibitor. Experiment repeated 3 times. Scale bar: 20 Jim. Original

— T N 2 = magpnification X 400. Inset, scale bar: 100 Jm. Original magnification X 100.
EJ28.day 7 - = PN Y e R (*P =0.057, all other depths for all other inhibitors P = <0.05 vs EJ at that
Suramin N LD, e s, SRR level).

The basement membrane for control rat bladder tissue andhibition of components of the plasminogen activator
RT112 sections showed positive staining with laminin but theresystem
was no positive staining in EJ28 sections indicating degradation

fo.. . . .
the basement membrane ?nhlbltlon of the plasminogen activator system blocked EJ28 inva-

sion effectively with A5 and Mab 3936 producing inhibition
equivalent to each other and to suranfn=(0.05 to 0.01 versus
Inhibition of invasion control, but not significantly different from each other, unpaired

The MTT assayr( = 8 per concentration, experiment repeatedt test).

twice) showed no growth inhibition of N-acetylcysteine and

suramin on EJ28 cells up to 1 mM for 4 days and no inhibition b

A5 up to 5uM or by Mab 3936 up to 20g mi. However in the biscussion

in vitro invasion assay the invasion of EJ28 cells into the raOur model, using de-epithelialized rat bladder to expose the under-
stroma was significantly inhibited by suramin and N-acetyl-lying stroma allows for these tumour cell-extracellular matrix
cysteine P < 0.05). Suramin had the greatest effect with almostinteractions and more direct analysis of new drugs or biochemical
complete inhibition of invasion by EJ28 cells (Figure 4), whilst, mechanisms. We studied 4 cell lines that demonstrate phenotypes
the least inhibition was seen with N-acetylcysteine (Figure 4).  associated with well, moderate and poorly differentiated TCC

British Journal of Cancer (2001) 84(4), 558-564 © 2001 Cancer Research Campaign
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cells. RT4 and RT112 have been used as models of superficial NOREFERENCES
invasive tumours and 253) and EJ28 are models of inVaSivelbiniA D’Agostini F, Giunciuglio D, Paglieri I, Balansky R and De Flora S (1995)
bladder cancer (E”IOt et al, 1974; Theodorescu et al, 1990? Inhibition of invasion, gelatinase activity, tumour take and metastasis of
Redwood et al, 1992; Booth et al, 1997; Theodorescu et al, 1998; majignant cells by N-acetylcysteiriat J Canceis: 121-129
Davies et al, 1999). Although reported as invasive, 253J was n@hjour K, Noel A, Gerard RD, Masson V, Brunner N, Holst-Hansen C, Skobe M,
invasive in our model. This probably confirms the importance of Fusenig NE, Carmeliet P, Collen D and Foidart JM (1998) Absence of host
multiple interactions for invasion to take place one or more of plasminogen activator inhibitor 1 prevents cancer invasion and vascularisation.
. L . ’ . Nature Med4: 923-928
which were missing for 253J to invade. In our model since EJ28 ., cnat N, Ronne E and Dano K (1993) Binding of the urokinase-type
invaded, the cell line was used to investigate the effects of various plasminogen activator to its cell surface receptor is inhibited by low doses of
inhibitors. suramin.J Biol Chen268 5985-5989
Urokinase plasminogen activator (uPA) and urokinase p|athat GJ, Gunaje JJ and Idell S (1999) Urokinase-type plasminogen activator induces

. . o o tyrosine phosphorylation of a 78-kDa protein in H-157 calfa.J PhysioR77:
minogen activator receptor (UPAR) correlated with invasion into LyégiTLesggow oryiation ot a & proteinin ¢ ysIo

matrigel by bladder tumour cell lines in a previous study (HUdSORBooth ¢, Harnden P, Trejdosiewicz LK, Scriven S, Selby PJ and Southgate J (1997)
and McReynolds, 1997). Our study differed in that we studied a  Stromal and vascular invasion in an human in vitro bladder cancer rhatel.
complex stroma with viable cells, connective tissue, blood vessels Invest76: 843-857 . _
and analysed other mechanisms for modifying uPA effects. ThE°'gstrom P, Bourdon MA, Hillan KJ, Sriramarao P and Ferrara N (1998)
L . f . . Neutralising anti vascular endothelial growth factor antibody completely
inhibition in our model with Mab 3936 confirmed the importance inhibits angiogenesis and growth of human prostate carcinoma microtumours
of the plasminogen activator system in a realistic model of bladder  in vivo. Prostate3s: 1-10
cancer invasion and pinpoints a potential therapeutic targeirooks PC, Stromblad S, Klemke R, Visscher D, Sarkar FH and Cheresh DA (1995)
(Ossowki et al, 1991). We also tested A5, a small cyclic peptide ':gfg‘tiggg“v& blocks human breast cancer growtiClin Inves6:
Inh_lbltor of UPAR, and found it W_as als_o ajble to block IrWaSIon'Chern H-D, Becich MJ, Persad RA, Romkes M, Smith P, Collins C, Li Y-H and
This shows that uUPA must associate with its cell surface receptor granch RA (1996) Clonal analysis of human recurrent superficial bladder
for bladder tissue invasion and secretion is insufficient. Such strate- cancer by immunohistochemistry of P53 and retinoblastoma praieifs!
gies may be useful after TURBT to prevent displaced cells seeding. 156 1846-1849

A concentration of 1 mM suramin was able to COml:)let"_ﬂyConese M and Blasi F (1995) The urokinase/urokinase-receptor system and cancer
s . . . . : invasion.Bailliéres Clin Haemato8: 365-389
inhibit invasion. This level cannot be achieved SyStemlca”y' but Mook GP and Hampton JA (1997) Effects of ibuprofen on the in vitro invasiveness
a phase 1 trial, it was found pOSSible to achieve this level Safely by of a human transitional cell carcinonfmticancer Re47: 365—368
intravesical instillation. Thus further evaluation is justified. Crew JP, O'Brien T, Bradburn M, Fuggle S, Cranston D and Harris AL (1997)

Booth et al have previously reported an in vitro model using Vasc“'ar_e“d_mhe"a'?'F’"I"Tb': fggtor is acgidim‘; 9;7*6:‘2%519 ggg b

. - progression in superficial bladder can&ancer Re$7: ~
human urinary bladder (B_OOth et a!’ 1997). The latter is an eXceijavies G, Jiang WG and Mason MD (1999) Cell—cell adhesion molecules and their
lent model and human tissue obviously has advantages over rat associated proteins in bladder cancer cells and their role in mitogen induced
tissue when investigating human bladder cancer invasion, cell-cell dissociation and invasioAnticancer Re49: 547-552
although our model also has specific advantages. Firstly, it iBickinson AJ, SavfagelfB’ Newcomb PV, Lozgel R and Sibley GN (199i)bThe
f ; ; expression of urokinase, its receptor and plasminogen activator inhibitor-1 in

harder to maintain a re_gulf':l_r supply of human bladder for experi- bl;jder cancer (abstrachLrol 152 oA p 9
ments. Secondly, the viability of these models depends on dlﬁ"iEisenberger M, Reyno LM, Jodrell DI, Sinibaldi VJ, Tkaczuk KH, Sridhara R,
sion of culture medium and the maintenance of an air-liquid  zuhowski EG, Lowitt MH, Jacobs SC and Egorin MJ (1993) Suramin, an
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