


















































































































































































































TABLE II: IN VITRO INVASION OF TCC CELL LINES 

Cell line E-cadherin1 a-catenin f3-catenin In vitro In vitro Morphology 
expression expression expression confronting confronting Matrigel5 

in vitro in vitro in vitro cultures cultures 

Adherent' Invasive" 

SD Hom. Hom. Hom. 
37/38 0137 TC 
(97%) (0%) Epithelial 

RTU2 Hom. Hom. Hom. 
9/15 3/9 TC 

(60%) (33%) Epithelial 

Htr. 
18/30 16118 

T24 Neg. Cytopl.lcell- Hom. 
(60%) (89%) Fibroblastic 

membr.2 

1207 Htr. Hom. Hom. 
28/45 1l/28 TC 
(62%) (39%) epithelial 

JON Hom. Hom. Hom. 
8/15 0/8 TC 

(53%) (0%) Epithelial 

Htr. 
9117 8/9 

J82 Neg. Cytopl.lcell- Hom. 
(53%) (89%) Fibroblastic 

membr. 
1) Abbreviations .:lS in table I. 
2) = cytoplasm/cell membrane. 
3) Number of adherent! total number of confronted embryonic chicken hc:ut cultures. 
4) Number of invasive ! number of confronted cultures with adhen:nt tumor cells. 
5) I=inv;l$ivc, TC4ight colonies (criteria adapted fTom Vcnnculcnet a!.). 
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In vitro and in vivo e.\jJression ofE-cadherin and u,- and B-catenin 

Data on expression of E-cadherin and u,- and p-catenin on confluent cultures of bladder 

carcinoma cell lines visualized by immunohistochemistry are summarized in Table II. 

Expression patterns of E-cadherin were compared between the in vivo and in vitro assays. 

Cell lines T24 and J82 lacked E-cadherin expression ill vivo ancl ill vitro (Table I & II). The 

cell lines SO and RT112 which display a homogeneous E-cadherin expression in vitro 

displayed a heterogeneous cell membrane immunostaining in vivo both in the subcutaneous 

tumors and in the tumors located in the bladder wall. Regions with normal expression of E­

cadherin were seen in the central areas of these tumors (Fig, 3A). Reduced expression of E­

eadherin was primarily seen in the invasive borders of these tumors (Fig 38), Strikingly, the 

isolated small aggregates of SD and RTll2 hunor cells in lymph vessels had a normal 

expression of E-cadherin (Figure 3C). The expression patterns of either u,- or p-catenin was 

similar to the expression pattem ofE-cadherill in the different hunors, 

c 

Figure 3: £.\pression (~rE-cadherin ill vivo. Normal e.\jJressioll ofE-cadherill ill a SD tumor 
(AJ. Reduced expression 0/ E-cadJrel'in in an invasive region of a subcutaneolls SD tumor (B), 
RTl12 cells in a perivesctllar lymph vessel of the bladder, with normal expression of E­
cadlzerin (C). Scale bar = 25pm. 
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DisclIssion 

The six human bladder carcinoma cell lines studied in this paper display a considerable 

heterogeneity of cell biological characteristics with respect to their invasive potential both in 

vitro and ill vivo. 

SCID mice proved to be a velY suitable host strain allowing successful grafling of all six 

examined human bladder carcinoma cell lines. This was emphasized by xenografting T24 

cells in SCID mice. Tumor take of T24 cells in nude mice is poor or absent both after 

orthotopic and heterotopic inoculation (Masters et ai, 1986; own observations). Strikingly, 

T24 tumor growth, as reflected by tumor size and proliferative activity as well as tumor 

invasiveness, was enhanced by the orthotopic inoculation (Table I). 1207 cells exhibited site­

specific outgrowth, since 1207 tumor take only OCCUlTed after orthotopic transplantation. No 

signs of distant metastases for any of the xenografted TCe cell lines were found. Although 

isolated (RT1l2, SO, T24) hllnor aggregates were found in the perivesicular loose connective 

tissue, no lymph node mctastases were found. The short follow-up period of 2 months may 

account for this. 

\Ve compared the ill vivo invasiveness of the various Tec cell lines with the results of the 

in \'itro assay. The results of the in vitro embryonic chicken heart invasion assay did not 

match the ill \'i\'O invasive behavior of some of the tested TCC cell lines, most notably so. 
The so cell line was not invasive ill vitro, but both after subcutaneous injection and after 

inoculation in the bladder wall SO cells developed muscle invasive hunors. Similar 

discrepancies between the emblyonic chicken heart invasion assay and in vivo invasiveness 

were reported earlier in a study on colorectal carcinoma cell lines (De Vries et ai, 1995; De 

Both et ai, 1999). Our results SUppOlt the view that the microenvironment may regulate 

invasive behavior of bladder carcinoma cells ill Vh'D, for instance by influencing the 

expression ofE-cadherin as suggested by Mareel el a/. (1991), or by induction of synthesis of 

extracellular matrix degrading proteins. 

Vie studied the immunochemical expression of the E-cadherin-catenin complex ill vivo and 

ill I'ilro and its correlation with invasiveness. The obscrved ill vitra expression of the various 

members of the E-eadherin-catcnill complex in the Tee cell lines \vas confirmed by western 

blotting by Giroldi e{ a/. (1999). ill vivo, a heterogeneous E-cadherin and catenin expression 

by so and RTl12 cells \vas observed, in contrast to their homogeneous E-cadhcrin--catenin 

expression in )'itra. Loss or reduced expression of the E-eadherin-catenin complex was 
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primarily seen in the invasive regions of these tumors. These findings as well as the normal E­

cadherin and 0.- and p-catenin expression by small aggregates of SO and RTl12 tumor cells 

in lymph vessels (early sign of metastasis) suggests that the microenvironment may 

transiently reduce the expression of the E-cadherin-catenin complex during formation of 

invasive bladder tumors in SCID mice. Transient downregulation of E-cadherin expression ill 

I'ifro is described previously and could possibly be accomplished through activation of 

exogenous c-jhs (Reichmann et al., 1992), via c-erbB2 (D'Souza and TayJOJ·-Papadimitriou, 

1994) or TGFp (Mietinnen el al., 1994). Furthermore, expression could be regulated by 

methylation of the E-cadherin gene or via tissue-specific responsive elements in the E­

cadherin promoter (Christofori and Semb, 1999). Recent investigations have identified the 

transcription factor Snail, which could bind to E-boxes in the human E-cadherin promoter and 

thereby represses transcription of E-cadherin (Battle eI al., 2000; Cano et al., 2000). 

Furthermore, Keirsebilek et al. described that the ;'1 vivo transient dO\vnregulation of E­

eadheril1 could be caused by instability of the E-cadherin mRNA (Keirsebilck ct ai, 1998). 

Recently, Bringuier el al. showed that abnormal E-cadhcrin immunoreactivity in bladder 

tumors is associated with mRNA-dO\vnregulation or post-transcriptional downregulation of E­

cadherin. In the same series of bladder tumors, no stl1lctural alterations of the E-cadherin gene 

were detected (Bringuier el al., 1999), These findings corroborate with our observations on 

the transient reduction of E-cadherin expression in invasive bladder tumors. 

A strong correlation was found bct\veen the in vilro expression of E-cadherin of bladder 

carcinoma cells and their ability to invade embryonic chicken heart fragments. Similar results 

were reported for cell lines of other origin (Vleminckx et ai, 1991; Behrens et aI, 1993; 

Vermeulen et ai, 1995). The two E-cadherin negative cell lines T24 and J82 were generally 

capable of invasion of the embIyonic chicken heaIt, whereas the (in vitro) homogeneously E­

cadherin positive SO and JON cells showed no invasioll. The epithelial morphology of these 

E-cadherin positive cell lines grown on Matrigel is in accordance with their functionally intact 

membrane bound E-cadherin-catenin complex (Vermeulen et ai, 1995). On the other hand, the 

in vilro invasive cell lines, T24 and J82, had a fibroblastic morphotype when cultured on solid 

Matrigel. This is in accordance \vith the observation that epithelial-to-mesenchymal transition 

is correlated with gain of motility and invasive disease (Hay, 1995). The 1207 cells \vith a 

heterogeneous expression of E-cadherin had a rather limited infiltrative capacity in the 

embIyonic chicken heart invasion assay. Surprisingly, RT 112 cells with in vitro homogeneolls 

E-cadherin and catenin exprcssion \vere also capable of cmbIyonic chicken heart invasion in 
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one third of the samples. Booth et a/. showed that RTl12 cells could invade the subepithelial 

capillary bed after culture 011 urinary tract stroma. In the same paper they shO\ved that these 

RTI12 cells had partially lost their E-cadherin expression (1997). A similar in vitro 

mechanism could have occurred in our embryonic chicken heari invasion assay. 

Tn conclusion, we have studied the invasive propeliies of six bladder carcinoma cell lines, 

with the lise of in vitro and ill vit'v invasion assays. We have shown that the use of SCID mice 

allows a high tumor take for bladder cancer cell lines, including those which proved to be 

poorly if at all tumorigenic in nude mice. On the basis of their site dependent tumor take, 

respectively tumor outgrowth, bladder tUlllor cell lines 1207 and T24 may be considered to 

resemble more closely organ confined human bladder carcinomas with regard to their 

response to growth modulating factors and extracellular matrix proteins. The view that the 

microenvironment influences the induction of bladder tumor invasion is suppOl'ted by the 

observation that the results of the ill vitro invasion assay of E-eadherin positive bladder 

carcinoma cell lines did not correlate well with their invasive proper1ies ill vivo. Transient 

downregulation of the E-cadherin-catenill complex may in part explain the observed invasive 

capacity in vivo of the latter cell lines. 
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Abstl'Oct 

Carcinoma in situ (CIS) of the urinary bladder is a neoplasm with an uncertain clinical 

behavior. It is either detected as an isolated disease or it is found in association with papillmy 

or invasive transitional cell carcinoma (Tee). Results from mapping studies, foUO\v-up 

studies and genetic analyses gave evidence that CIS can be regarded as a precursor lesion for 

invasive bladder carcinoma. Relevant in vitro and in vivo models are needed to identity 

factors that are involved in the growth and progression of CIS. To establish an in vivo model 

of CIS, cells of various Tee cell lines were intraiuminally injected immediately after partial 

denudation of mouse bladders. All cell lines carried a p53 mutation associated with 

immunohistochemical overexpression of p53. The denuded bladders arc rapidly 

reepithelializcd \vith mouse urothclial cells and the injected tumor cells. By this procedure 

CIS lesions were observed with all used TCC cell lines. Cell line 1207 showed the highest 

frequency of CIS formation (70%) in the bladder. Next, the growth of the 1207-derived CIS 

was studied during six months. In this experiment 97% of the mice developed CIS-lesions. 

During the six months period we noted a steadily increase in the growth of the 1207-derived 

CIS, as was confirmed by high proliferation <lnd low apoptosis of thc tumor cells at all time­

points. Furthermore, we could demonstmtc that 1207-derived CIS shows signs of 

intraepithelial pagetoid spread of small clusters or single tUInor cells. Only in h.vo mice, 

besides formation of CIS, (limited) invasion was noted. This demonstrates that progression to 

invasive disease during the 6 months follow-up period is uncommon in this model. 

Importantly, this model provides evidence that an otherwise invasive hunor cell line loses its 

invasive potential as a consequence of implantation on the basement membrane. 

The established in vivo model of 1207-derived CIS in denuded mouse bladder is useful in the 

study of the growth of CIS. The described model can be used to design future intravesical 

chemo-, im1l1uno- or gene-therapies for CIS of the bladder. 
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Introduction 

UrinalY bladder cancer is the Hilh most common malignancy in males in \Vestcrn 

societies. At initial diagnosis, the majority (70-80%) of these bladder tumors concems 

superficial, non-invasive transitional cell carcinomas (TCC). AileI' treatment by transurethral 

resection, the patients presenting with superficial bladder cancer have a high risk of tumor 

recurrence (± 70%), which can ultimately lead to invasive diseasel. Only approximately 20-

30% of the TCC emerges as deeply invasive tumors that penetrate the basement membrane 

and show invasion into the underlying tissue of the bladder wall. Despite radical therapics, 

like cystectomy, the clinical outcome of these invasive tumors is poor2
. 

Many papers repOli that high-grade TCC arc associated with the occun'encc of 

carcinoma in situ (CIS). CIS is characterized by the intraepithclial presence of dysplastic 

celis, without penetration of the underlying basement membrane. The occurrence of CIS in 

the flat urothelium adjacent to tumors is correlated with a higher probability of tumor 

rccurrences and/or invasion]"", The clinical course of CIS without accompanying invasive 

carcinoma is highly variable, but without treatment more than 50% progrcsses to invasive 

tumorsS
, On the other hand, a significant minority of patients with isolated CIS will never 

have progression to invasive discase6
,7. Although this variation in biological behavior of CIS 

clearly exists, CIS is generally regarded as the precursor lesion for invasive carcinoma, First 

evidence for a preexisting CIS phase before the onset of invasive carcinoma came from 

mapping studies of cystectomy specimenso>g and from follow-up studics lO
• Furthermore, 

mutation and loss of heterozygosity (LOH) analyses have shown that CIS displays the same 

genetic alterations as invasive bladder hlmors ll
,12. The above results suggest that CIS is 

indeed the precursor lesion for invasive bladder carcinomas, but additional factors determine 

if progression occurs. To date, several factors are knmvn to be associated with the progression 

of CIS to invasive disease. These include diftllse growth, prostatic involvement, 

overexpression of p53 or proliferation-, surface- or hlluor-associated markers and loss of 

normal urothelial antigells i3
. 

Although CIS is regarded as a precursor for invasive bladder carcinoma relevant in 

vivo and in vitro models of CIS are rarc. Previously, we have established an in vitro model for 

the study of the intraepitheliai expansion of bladder tumor cells l4. \Ve showed that some 

human TCC cell lines were able to expand by replacing the normal urothelium. To develop an 

in vivo model of CIS, we inoculated tumor cells 011 partially denuded mouse bladders. The 
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mouse bladders were denuded to obtain a higher take rate and subsequent growth of 

inoculated bladder tumor cells. The denuded bladders are rapidly repopulated with mouse 

urolhelial cells and the injected human tumor cells. Earlier, Solmvay and Masters have shown 

that cauterization of the bladder wall prior to inscliion of tumor cells resulted in an enhanced 

take rate l5
• In our study, the intraluminal injection of the TCC cell lines in denuded mouse 

bladders resulted in some cases in the developmcnt of lesions within the bladder which have 

the characteristics of CIS. Because TCC cell line 1207 gave the best results with respect to 

tormation of CIS, ,ve further detenllined the growth kinetics of the intraepithelial tumors of 

this 1207 cell line. 

Our in vivo model rcpresents a useful tool for the study of the mechanisms that 

underlie the growth and progression of CIS. Future therapics that prevent the expansion and 

progression of CIS to invasive tumors can also be investigated in the described model. 
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l\'latcrial and Methods 

Cell lilies 

The human bladder cancer cell lines T24, SO, RTI12 wcre kindly provided by Prof. Dr. 

J.A. Sehalken, Urological Research LaboratOly, University Hospital Nij1l1egen, The 

Netherlands. Human bladder carcinoma cell line 1207 was obtained from Dr. W.1. De Boer, 

GETU Service d'Urologie, Paris, France16
• Cells were maintained in Dulbceco's modified 

Eagle's medium (DMEM) supplemented with 10% heat-inactivated fetal calf Sel11111 (FCS), 

100 IU/ml penicillin and 100 ~lg/1l11 streptomycin at 37°C in humidified atmosphere with 5% 

C02. 

Del/llda/ion o..(bladder lll'Othelill11/ and suhsequen! inoculation albladder carcinoma cells 

Six weeks old female SCID mice (B 17/TCR Han Hsd-SCID; Harlan, Zeist, The 

Netherlands) were anaesthetized with avertinc (250 mg/kg body weight). The bladder was 

distended by intravesical injection of200 ~tI PBS via a catheter (0.28111111 inner and 0.61 mm 

outer diameter }lolythene tube; Portex, Hythe, United Kingdom). This overstretching \vas 

maintained for 5 minutes. The presence of blood in the urine was regarded as an indication of 

damage to the urinmy bladder. Immediately after damage, a suspension of bladder tumor cells 

(2 x 106 cells in 100 ~tl Hanks buffered salt solution (HBSS]) was injeetcd into the lumen of 

the bladder via the catheter. Voiding of urine was preventcd for 10 minutes by clamping off 

the external urinaty tract of the mouse. Mice were sacrificed between one and two months 

after the procedure. Thirty minutes before the mice were sacrificed, they received an 

intraperitoneal injcetion of 5~bromo-2'~deoxyuridine (BrdU) (40 lllg/kg body weight) in PBS. 

In the first experiment, comparing four different Tce cell lines, a total body autopsy was 

performcd and organs were fixed in 4% phosphate buffered formalin for 16 hours before 

embedding in paraffin. On basis of the results of the first experiment, the second experiment 

was performed under milder conditions of overstretching follov;red by inoculation of 1207 

cells only. Mice werc sacritlced at various time points aftcr inoculation of the 1207 tumor 

cells. In these experiments, the whole urinary tract including the regional lymph nodes was 

isolatcd. 

The inoculated human bladder tUlllor cells ''lere identified with a human specific 

eytokeratin 19 antibody, which lacks crossreactivity with mouse tissue, In this study, a tumor 

was scored <IS CIS when the tumor cells \'lere confined to the urothelium, ,vithout visual 
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penetration of the basement membrane. 

In an additional experiment, PBS with the addition of Indian ink \Vas used to distend the 

bladder, while omitting the subsequent inoculation of TCC cells. The Indian ink selectively 

attached to areas with total denudation of the urothelium. In this manner, the extent of 

denudation of the bladder urothelium could be visualized, 

Antibodies 

The following antibodies \vere used: mouse monoclonal antibody RCKI 08 directed against 

human eytokeratin 19 (Eurodiagnostica, Arnhem, NL); mouse monoclonal antibody to 

bromodeoxyuridinc (BrdU), clone lIB5 (kindly donated by Dr. B. Schutte, University of 

Maastricht, NL), mouse monoclonal antibody to p53 (DO-7; DAKO, Glostmll. Denmark) and 

rabbit polyclollal antibody to collagen type IV (Eurodiagllostica). 

ImlJ//lllOliislocliemistl)' 

For imlTIul1ohistoehemistly on paraffin embedded tissues, four ~lln thick paraftln sections 

were mounted on 3-amino-propyl-tri-ethoxy-silane (Sigma, Sf. Louis, USA) coated slides and 

dried overnight at 37°C, Sections were deparaffinized, endogenous peroxidase was blocked in 

0.3% H201 in mcthanol (20 minutes) and rinsed in PBS. For antigen retrieval, sections werc 

digested for JO minutes in 0,1% pronase (Sigma) in PBS, After the antigen retrieval 

procedure, BrdU-staining was performed by incubating the slides in 2N HC] for 30 minutes at 

37°C, followed by a two times five minutes incubation with Borax buffer (pH 8.5) and three 

times five minutes wash in PBS 17. In the case of collagen type IV staining antigen retrieval 

consisted of incubation in 0,4% pepsin (Sigma) in PBS for two hours at room temperature. 

Prior to the application of the primary antibodies non-specific binding was blocked with 5% 

non-fat dry milk diluted in PBS containing 5% bovine senllll albumin. Overnight incubation 

at 4°C with the primaty antibody was followed by a biotinylated goat anti-mouse antibody 

(DAKO) and subsequently a horseradish peroxidase-conjugated streptavidin-biotin complex 

or an alkaline phosphatase-conjugated streptavidin-biotin complex (Biogcncx, San Ramon, 

USA), As chromogen \ve used 3,3,-diaminobenzidine tetrahydrochloride (DAB) (Fluka, 

Basel, Switzerland), or New Fuchsin (Sigma). The slides were counterstained with Mayer's 

hematoxylin, dehydrated and mounted. 
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Analysis (~fj)rol~leration and apoptosis 

Sections were double stained with the BrdUIRCKI08 antibodies. The double staining 

procedure consisted of two sequentially performed streptavidin-biotin complex methods as 

described in the inullul1ohistochemistty section. The streptavidin-biotin complex reactive with 

the BrdU antibody was horseradish-peroxidase labeled, whereas the second complex reactive 

with the RCKI08 antibody was alkaline-phosphatase labeled. Proliferative activity of CIS 

(RCK108 positive cells) was determined by counting BrdU positive nuclei in at least 100 

tumor celJs. Proliferation is expressed as the labeling index: Number of BrdU positive nuclei! 

total number of nuclei x 100%. By morphological criteria we determined the number of 

apoptotic nuclei and expressed them as percentage of the total number of nuclei present in the 

CIS lesions (Apoptotic Index). 

Extent of CIS in mice inoculated with cell line 1207 

\Ve semi-quantitatively determined the extent of CIS in mice inoculated with the TCC cell 

line 1207. To this end, the bladders of these mice were sectioned completely. With 20-section 

intervals (80~lm), presence of 1207 cells was examined by cytokeratin 19 staining. 

Approximately 15 to 20 levels per urinmy bladder were examined by this procedure. In these 

sections, we determined the percentage of the basement membrane that was covered with CIS 

(BMC). Fmihermore, we determined the time-course of CIS formation at early time-points 

(14 days to 2 months) by recording the number of cytokeratin 19 positive single cells, groups 

of2-5 cells, 5-10 cells or more than 10 cells. 

P 53 mutation analysis 

From ill vitro cultured TCC cells DNA was isolated lIsing standard phenol-chloroform 

extraction. Exons 5 - 8 from the p53 gene are each amplified with published primers lS
. 

PCR was perfonned \vith J -3 ~tl isolated DNA in a final reaction volume of 15 ~tI containing: 

1.5 mM MgCI" 0.02 mM dATP, 0.2 mM dGTP, dTTP and dCTP each, 0.8 ~ICi «-"PdATP 

(Amersham, Buckinghamshire, UK), 20 pmol of each primer and 0.2 unit Taq polymerase 

(Promega, Madison, \VI, USA). PCR was performed for 35 cycles (denaturing at 95°C for 30 

s, annealing at 55°C for 45 s and extension at 72°C for 1 min) in a Biometra thermocycler. A 

final extension \vas carried out at 72°C for 10 min. PCR products \vere diluted with loading 

bntter (95% fonnamide, 10 nltV! EDTA (pH 8.0), 0.025% bromophenol blue and 0.025% 
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xylene cyanol), denatured at 95°C for 4 min and snap-cooled on ice. For SSCP analysis the 

samples were 11m overnight at 7\V on a non-denaturing 6% polyacrylamide gel containing 

10% glycerol in I x TBE llmning buffer. After electrophoresis, gels were fixed in 10% acetic 

acid, dried on blotting paper on a vacuum gel dlyer and exposed to X-ray tllm overnight at-

70°C, using intensifying scrcens. Films \vere evaluated by visual inspection. 
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Results 

Establishment a/CIS and invasive carcinoma ill denuded mOllse bladder 

Overstretching of the mouse bladder resulted in detachment of urothelial cells with 

focal loss of the total urothelial lining, areas with one epithelial cell layer and areas with no 

detectable loss of urothclium. Collagen type IV staining showed that the basement membrane 

was preserved in the areas where the urothelium had dctached (Figure lA). Earlier 

experiments have shown that within five days after denudation the bladder wall was 

completely reepithelialized 19
• Here we noted attachment ofTCC cells to the damaged areas in 

the urinaIY bladders at one hour after the inoculation (Figure 1 B). 

B 

Figure I: Short-term e/rects (~r overstretching 0/ the mouse bladder and subsequent 
inoculation of TCC cells. A) Partial denudation of mouse bladder urotheliufII one hOllr a.tier 
overstretching without inoculation of TCC cells. Areas with lolal denudatioll 0/ the 
urothelilflJl afe highlighted hy the selective attachment of Indian ink (hlack). Note that the 
basement memhrane as \'isllalized by Collagen type IV (brown) is presen'ed a.tier del/Ill/ation; 
magll(fication IOOx. B) Inoculation (~t TCC cells Oil denuded Madder wall: attachment (~t 
RCK10S-stained 1207 cells (brown) to damaged areas in the urothelium a/ 1 !Jour; 200x. 

Inoculation of TCC cells in partially denuded bladder results in formation of CIS 

and/or invasive tumors in the bladder at 1 to 2 months Cfablc I). Howcver, there was a 

considerable heterogeneity among the various ceillincs in tumor take, growth and localization 

in the urinary tract. Take rate in the bladder varied between 100% (1207) and 63% (R T 112). 

Formation of CIS varied among the diHerent cell lines from 38% to 70%. For RTl12 and 

especially T24 mainly single tumor cells (Figure 2A) or small clusters of hllllor cells ,vere 

present in the urothelium, with a low proliferative activity and high number of tumor cells 

with m0l11hoiogicui signs of apoptosis (data not shown). On the other hand, large areas of 

lining urotheliul11 were replaced by either SD or 1207 cells (Figure 2B-C). Staining with 

collagen type IV antibody confirmed that the CIS areas were really confined to the urotheliulll 

and had 110t penetrated the basement membrane (Figure 2D). 
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Table 1. Take Rate and Growth oflnoculated TCC Cell Lines after Partial Denudation of the Urinary Bladder ofSCID Mice 

Cell line Number of mice Tee implants Bladder Kidney Tee implants in 

in the urinary the ducts of the 

tract Total Invasive CIS 
PN' 

Tumors clitoral gland 

(%) (%) (%) (%) (%) 

SD 7 717 617 217 417 717 617 617 

(86%) (29%) (57%) (86%) (86%) 

T24 7 717 617 117 5/7* 5/7 417 217 

(86%) (14%) (71%) (57%) (29%) 

RTl12 S 7/8 SIS 218 3/8* 6/S 5/S 5/8 

(63%) (25%) (38%) (63%) (63%) 

1207 10 10110 10/10 3IIO 7110 9110 0110 5110 

(100%) (30%) (70%) (0%) (50%) 

1) PN = pyclo~ncfriti$; * - mainly single cells in the urothclium. 

125 



126 

Figure 2: Tumor implants ill the urinm:}' tract of the SCID mouse. A) Single RCK108-]1ositive 
T24 cells (brown) ill the IIro/helium of the mouse; magl1{fication 200x. B) Formatioll (~f' CIS 
aller illoclIlaliall IIt'SD alld C) 1207 cells ill dellllded h/adde/'; 400.\". D) Seclioll 1I'ith 1207-
dcrh'ed CIS double stained with RCK I 08 (red) and Collagen type IV (brown) antibody to 
cOJ!{irm tliat Ihe tumor area r" cOII/illed to the lIro/helium,' 200x. E) Detail of a SD-del'h'ed 
llIuscle invasive tumor in the bladder; 200;'(. F') SD tumor ill the ducls (~f' the clitoral gland; 
50.\". 

Although the SD cell line forms CIS in 57% of the mice, in two mice (29%) highly invasive 

bladder tumors (Figure 2E) \vere found. Also in the case of 1207 superficially invasive 

bladder tumors (30% of the cases) \'lere detected, additional to areas with CIS. 



Strikingly, TCC implants \vere found repeatedly in the ducts of the clitoral glnnd, 

which empty into the urethra (Figure 2F). These implants are probably the result of 

mechanical damage to that area by the catheter. Furthermore, a high percentage of tumor 

involvement in the kidney onen accompanied by pyelo-ncfHtis was noted, which could be the 

result of reflux of urine containing tumor cells at the beginning of the experiment. No distant 

metastases \vere found in any of the mice, but in mice inoculated \vith SD or RT112 cells 

local metastases were found in the regional lymph vessels of the bladder and the kidney. The 

occurrence of these local metastases \vas ahvays accompanied by invasive tumors in either the 

bladder or the kidney. 

From this experiment, we concluded that inoculation of 1207 cells in denuded mouse 

bladder is the most promising model for the shldy of CIS, because it had the highest 

frequency of CIS in the bladder, and long tenn experiments were less likely to be hampered 

by 1ll0l1ality due to tumor spread. 

P53 lIIutation (fIUl~vsis 

Spmck et al. reported that 65% of CIS had a p53 mutation Il. Therefore, \ve perfol111ed 

1'53 mutation analysis on the variolls TCC cell lines to test whether CIS-formation was 

correlated \vith the presence or absence ofp53 mutations in these cell lines (Figure 3). All cell 

lines contain one or more p53 mutations in exon 5 - X, which is in concordnnce with the 

observed p53-overexpression in the CIS-lesions. 

I 2 
Figure 3: PCR-SSCP tp53 exol/ 5 00207. 
In exon 5 (~l the tp53 gene an aberrant SSC? 
patlem (arrows) was seen in the 1207 DNA. 
Lane J DNA Fom cell line J 207, lanc 2 1I0rl1/al 
cOlltrol D}/A. 

Growth and extcnt 0/1207 derived CIS ill the bladder 

To further denne our in vivo model of 1207 derived CIS in the bladder we studied its 

extent during six months after the inoculation of the l207 cells (Table 2). CIS of the urinary 
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bladder was observed in 97% of the cases. The contlnement to the urothelium of all these CIS 

lesions was shown by visualization of the basement membrane by collagen type I V antibody. 

Only in two mice, besides a number of areas ''lith CIS, a separate invasive bladder tumor was 

detected at I months and at 6 months after intraluminal inoculation, 

Table 2. Growth of 1207 Derived CIS in the Mouse Bladder 

14 days I month 2 months 5 months 6 months 

Number of mice 5 to to 5 5 

Tee/mouse 515 tOil 0 8110 4/5 4/5 

CIS vs, Invasive 5 CIS 10 In\'. 9 CIS II In\" ~CIS/OInv. 4CIS/OInv. 4 CIS II Inv, 

PN1/t-,·[ice 2/5 7110 411 0 ND5 ND 

U 2 in CIS (mcon ± SEM) 18,4 ± 6,7 13.~ ± 5.2 t9.3± 5.4 18,6 ± 6.2 29.1 ± 6,3 

AI·1 in CIS (mean ±SEi\·l) 1.0±IA 2.5 ± 0.6 3.7± 1.9 ND ND 

mvlC-4 0.9 1.0 3.2 22.6 44.7 

1) PN - pyelo-ncfritis; 2) LI - labeling index; 3) AI - opoptotic index, 4) mv[C - % basement membrane 
covered by CIS-4, 5) ND = not determincd. 

Probably as a result of the procedure, a high percentage of pye!o-nefritis was detected 

in the mice. In contrast to the first experiment no tumors were found in other parts of the 

urinary tract. 

Subsequently, ''Ie determined the dynamics of the onset of CIS. This was achieved by 

following the clusters of t 207 cells within the urothetiul1l during the early stages of CJS­

formation (Figure 4). The number of aggregates of intraepithcliai confined tumor cells 

increased with time. Beyond two months, large areas of the urothelium arc gradually replaced 

by CIS (Table 2; BMC), reaching an average of 44% at 6 months. The grmvth potential of the 

CIS lesions, was filrther substantiated by the high proliferative activity and low apoptotic 

index in CIS throughout the whole experiment (Table 2). 
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increase ill larger clusters of 1207 
cells in lime. 

Strikingly, the number of Ringle tumor cells within the urotheliu111 was high at 14 days, 

fell at I 1110nth and subsequently rises again at 2 months. Stepwise sectioning and staining 

with RCK108 of bladders obtained at two months uner inoculation revealed that most of these 

single hunor cells and small clusters of tumor cells could be traced back to a nearby located 

area of CIS. This suggests that these single cells can be regarded as the pagetoid spread of a 

nearby CIS. 
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Discussion 

Here \ve describe the development of a new in vivo model of CIS of the urinary 

bladder. \Ve demonstrated that intraluminal injection of established human TCC cell lines in 

denuded mouse bladders consistently resulted in bladder implants. Cell line 1207 generates 

isolated CIS in the urinary bladder in a high frequency, \vhile complications like invasive 

carcinoma and metastatic disease were VClY limited. This makes 1207 the most suitable 

human TCC ceil line to shldy CIS in vivo. 

The growth of the 1207 cell line after inoculation in the urinalY bladder was monitored 

for six months. The extent of the CIS was steadily increasing (Table 2 & Fig. 4). During the 

six months period the areas with CIS were highly viable as reflected by their high 

proliferative activity and their low apoptotic index. Invasion was rarely noted in these 

experiments (Table 2). Strikingly, in a previous experiment, where 1207 cells were injected 

into the submucosa of the bladder, invasive bladder tumors were formed within 2 months, 

with an ulcerated surface (Chapter 5). This lattcr indicates that these same 1207 tUlllor cells 

have the ability to degrade the basement membrane. Inoculation of 1207 cells 011 partially 

stripped urothelium apparently prevents the invasiveness of J207 cells. This could suggest 

that the stromal microenvironment promotes the invasion of 1207 cells, whereas that of the 

urotheliul11 can prevent the invasion of 1207 cells. 

An interesting feature of CIS is the existence of individual or small groups of 

transfollllcd cells in the normal urothelium adjacent to CIS. This pagetoid type of infiltration 

is recognized in a considerable proportion (± 10%) of CIS of the human bladder2o. By 

mapping studies we found out that a substantial part of the detected single tumor cells at 2 

months could be regarded as the pagetoid spread of a nearby located CIS. The ability for 

pagetoid intraepithelial spreading of 1207 cells is in accordance \vith the results of our in vitro 

cocu1tivation model, in ,vhieh 1207 cells infiltrate the surrounding normal urothelium as 

single cells21
• 

It is generally accepted that CIS can be regarded as the precursor lesion for invasive 

bladder carcinoma6
.
12. However, the results from our in vivo model showed that inoculation 

of otherwise highly invasive TCC cell lines could give rise to the formation of CIS. This 

suggests that CIS should not only be regarded as a staliing point for the progression to 

invasive carcinoma, but it can also be the result of an alternative mechanism of tumor spread 
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of high grade invasive carcinoma. 

Furthermore, a proportion of the detected CIS consisted of isolated large intraepithelial 

lesions in the bladder, whieh were covered by large umbrella cells. According to the \VHO 

grading system these lesions which do not replace the full thickness of the urothelium are 

called dysplasia, instead of carcinoma in situ22
. However, the fact that in our model 1207 

tumor cells, originally obtained from a highly invasive tumor, gave rise to such lesions 

suggests that dysplastic lesions can harbor malignant hllllor cells and as such they carry a 

substantial risk of development into an overt carcinoma. This implies that pathologist should 

be aware of this risk whenever they come across a dysplastic lesion in the bladder. 

Previously, other animal models for the generation of CIS of the bladder \vere 

described. Treatment of laboratOly animals with carcinogenic agents like dibutylnitrosamine 

(DEN), N-butyJ-N-(4-hydroxybutyJ)nitrosallline (EEN), N-methyJ-N' -nitrosourea (MNU) N­

(4-(S-nitro-2-fmyJ)-thiazoJyJ forlllalllide (FANFT) and Bracken Fern can induce CIS of the 

bladder2J
.
26

• Major drawbacks of these procedures, like the high incidence of papillmy and 

invasive tumors, a long lag time, toxicity to the animal, possible carcinogenicity to other 

organs, and the often-observed predominance of squamous differentiation, make theIll less 

attractive as a model of CIS. Earlier reports on the xenogratling of established bladder 

carcinoma cell lines in bladders of immunodeficient hosts showed Imv formation of CIS27
-
3o

• 

In these models a high incidence of papillary or invasive bladder tumors is repOlied. 

Furthermore, because the inoculation of bladder hunor cells in intact bladders is largely 

prevented by an intact bladder surface, most of these studies used chemical agents or local 

trauma to promote tumor take!5,31. However, a major limitation of the latter traumatizing 

procedures is the chance of deep penetration of the bladder wall thereby fhcilitating tumor 

invasion27. Obviously, in our model, overstretching of the bladder wall did not result in 

ruphlre of the basement membrane and its underlying tissues. This was shO\vn by the 

preservation of collagen type IV in areas with total loss of the urotheliulll (Figure IB). 

Apparently, this resulted into a high frequency of CIS. In earlier experiments we have shown 

that intra-mllscular inoculation of human TCC, including 1207 led to invasive growth 

(Chapter 5). Therefore it can be argued that preservation of the basement membrane by 

employment of a mild procedure to denude the urothelial mucosa may have led to the 

observed low occurrence of invasive hUllors after inoculation of 1207 cells. 

In conclusion, the 1207-derived CIS of the bladder is a new, promising and 
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reproducible model for the study of the behavior of CIS. Since the 1207-derived bladder 

tUlllors seem to persist as intraepithelial tumors for a long period (up to six months) it makes 

them a highly suitable model for the development and testing of intravesical chemo-, 

immul1o- or gene-therapy. 
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Chapter 7 

GENERAL DISCUSSION 





The major problem in the management of superficial bladder carcinoma is the high 

frequency of recurrences after local resection of the primary tumor. Hypothetically, reseeding 

and/or (subsequent) intraepithelial expansion (lEE), are two obvious mechanisms that could 

explain the high recurrence rate of bladder tumors. To study both mechanisms relevant model 

systems are needed. In tillS thesis we described the development of useful i11 vitro and in vivo 

model systems of lEE. Subsequently, the described model systems were used ill an attempt to 

identify factors that influence lEE. 

In vitro intl'aepithelia/ expansion model 

In our in vitro model, lEE can be considered as the outcome of the balance betwecn the 

expansion and proliferation of the neoplastic ceUs and the potential of the surrounding normal 

urotheliuIll to regenerate. TIils implies that besides the intrinsic characteristics of the tUIllor cells, 

the host environment also influences lEE (Figure 1). In chapter 2, we have shown that we can 

shift the balance towards the normal urothclium by specific stimulation of its regenerative 

capacity by growth factors. 

Figure 1: COIIIl'ol of lEE/lEN. Eslablished und suggesled medialars (a 1/111 g; see lext) iJ( 
lEE/lEN are depicted (U= urothelium; Bl'vi= Basement membrane; black= lEA? 

E-cadheritHuediated cohesiveness is an imp0l1ant intrinsic characteristic (Fig. 1. a), 

which determines the IEE-capacity of TCC cells (Chapter 4). However, E-cad~lerin is not the 

sole mediator of lEE, since the E-cadherin positive cell line JON hardly showed any lEE. TItis 

means that also other, yet unknown factors participate in lEE. For instal.lce integrins-ECM 

interactions will be involved in the reseeding of tumor cells on the basement membrane (Fig. 1 c) 

and will probably also be involved in the latcral spread (Fig. 1 e) along the bascment membrane. 

The importance of the latter is con'oboratcd by Harabayashi et al., who noted in their in vitro 

model that a reduction of integrin p4-expression in tumor cells as well as an enhanced nilgration 

on lal11inin are involved in lEE (Harabayaslil et ai" 1999). Recently, we investigated the 

involvement of ECM-proteins in the lateral spread of ihtraepitheliai bladder hunors. \Ve 
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compared the lEE capacity of the TCC cel1lines with their expansion on collagen type IV-coated 

membranes in the absence sUlTOlll1ding urotheIiu111 (Table 1; unpublished resulls.). 

Table 1: Comparison of lEE (with surrounding lira/helium) and e.\1)(I11Siol1 011 Collagen type 

IV in the absence o[surrounding umlheliulJI. 

lEE Expansion on Call. type IV 

SD ++ ++ 

T24 ++ 

RTI12 + +/-

J82 +/-

1207 + +/-

Jon +/-

Strikingly, we observed that the expansion on collagen type IV not always correlated with the 

lEE, For instance, the observed lEE ofRTl12 was proportionally stronger than its expansion on 

collagen type IV coated membranes in the absence of surrounding urothelium. This suggests that 

the eocultivation ofRTt 12 with non11al urothelial cells facilitate its lEE. We indirectly examined 

whether excretion of a paracrine substance or deposition of a specific component on the culhlre 

substratum stimulates lEE of RTll2 cells, \Ve noted that culhlring on mouse urotheliulll 

deposited eulhlfe substratum but not mouse urothelium conditioned mediulll (Figure 2) 

stimulated the expansion ofRT 112 cells in the absence of surrounding urotheliulll. 

Mouse urathelium deposited substratum consists, besides the already coated human collagen 

type IV, of at least fibronectin, mouse collagen type IV, and laminin (unpublished results). By 

further studies we could demonstrate that fibronectill depositions are probably the most 

impOltant HlCtor, which contributed to the enhanced expansion of RT1l2 (uNpublished results). 

These results gave fillther proof of the involvement of intcgrins-ECM interactions in lEE (Fig, I 

e). 
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Figure 2: b!/luellce (?i'mouse lira/helium conditioned medium (0\1) 01' basement memhrane 

deposited by mouse bladder cultures (Bl\{ l"fBC) all the e.\pan.<:ion of RTl12 cultures in the 

absence afsurrounding norma/ura/helium. (CollIV= collagen IV; SA1= standard medium). 

Cross-sections of the cocultivations revealed that, like the in vi\'o situation, our Tee cell~ 
expand in lEE by undermining (Fig. 1 f) the normal urothelium (Chapter 2). UJtra-struchlral 

analysis showed that ill vitro the normal mouse urotheIiul11 is anchored to the basement 

membrane by hcmideslllosol11CS. Obviously, tumor cells have to dismpt these hemideslllosomes 

before they undenninc the adjacent urotheliul11 (Fig. 1 f), The question remains, how can this be 

accomplished by the tumor cells'! Is mechanical disl1lption sufficient or is targeted disl1lption by 

specialized "invadopodia~like stl1letures" necessary'! These invadopodia are cell membrane 

protl1lsions which exhibit a coordinated expression of integrins/receptors for proteolytic enzymes 

and specific protcolytic enzymes, and they arc 110nnally involved in disruption of ECM proteins 

(Kelly elal., 1994; Salo el al., 1994; Brooks el al., 1996). 

The production of paracrine substances (peptide grO\vth factors, cytokincs, etc.) by the 

nonnal urothelium could influence the behavior of intraepithelial tumor cells and vice versa (Fig. 

1 d), The imporlance of the host environment (Fig, 1 b,d) on lEE was suggestcd by several 

authors (Orozco et al., 1994; Rebel et al., 1995; Chapter 2), Modulation of the sUlTounding 

normalurothcliull1 by growth factors or ECM~proteil1s resulted in an altered lEE of tumor cells 

(Rebel el al., 1995; Chapter 2). Orozco el al. suggested that, based on the discrepancy in 

biological behavior of CIS, some patients possess yet unidentified resistance factors for the 

progression to invasive disease (Orozco el al., 1994), These patients have CIS~lesions, \vhich 
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exclusively grow in an intracpithelial environment and which usually do not even invade when 

the adjacent urothelium is heavily damaged (Orozco et al., Murphy et al., 1994). 

Recently, lavaherian et al. showed that surrounding normal keratinocytes could suppress 

the intraepithelial growth of malignant keratinocytes (lavaherian et al., 1998). They proposed a 

mechanism wherein cell contact with nonnal epithelial cells induces cell cycle arrest and 

tcnninal differentiation of tumor cells. Similarly, one could wonder, what will be the fate of 

single T24 cells (Fig. I g) that infiltrated the normal sUiTounding urothelium'l Could direct 

contact between tumor eells and normal cells prevent the further clonal outgrowth of hllnor 

cells? \Ve shldicd the expression of cell cycle and apoptotic markers in single T24 cells. 

Dispersed T24 cells still have a high proliferative activity (MIB-l, BrdU), and hardly show 

expression of p27 (marker for quiescent cells) (ulljJuh/t:s'/zed results). These preliminmy data 

suggest that the normal urotheliul11 had 110 direct effect on the growth of dispersed T24 cells. 

However, in our ;,/ vivo model of lEN, single T24 cells often had morphological signs of 

apoptosis and were discarded from the urothelium by shedding. The latter suggests that shedding 

of single tUl110r cells could indeed affect the ability ofT24 for lEE (Fig. I g). 

In vivo model (~OI1(raepitheliallleoplasia 

Inoculation of 1207 cells in partially denuded bladders resulted reproducibly in the 

fi'cquent t0n11atiol1 ofIEN. Only in isolated cases, invasive carcinomas of 1207 ceUs were found, 

which were probably due to the disruption of the basement membrane during the overstretching 

of the bladders in our initial experiments (Chapter 6; experimcnt 1). Long term follow-up 

showed that in our model no progression from 1207 derived-lEN to invasive carcinomas 

occun'ed (Chapter 6). Tn contrast, inoculation of 1207 in the submucosa of the bladder gave rise 

to invasive bladder hunors (Chapter 5). There are a few possibilitics to explain this difference in 

behavior of 1207 cells in the two in vivo assays. First, in the case of our ill vivo model of lEN, 

cells could be selected that gave only rise to lEN. Sccond, possibly a longer period of time has to 

pass before the progression to invasive disease evenhmlly will occur. This is however highly 

doubtful, because even after a follow-up period of I year (unpublished results) there arc still no 

signs of progression. Third, the specific microenvironment could either stimulate (submucosa) or 

block (urothelium) the invasive behavior of 1207 bladder tumor cells. The latter would give 

fmiher evidence for the importance of the host environment in lEE (Fig. I b), provided that the 

140 



intraepithelial environment indeed promotes lEN~behavior of the 1207 cells. 

Future research 

Many of the conclusions drawn in this thesis (Chapter 2 & 4) are based on our xenogenic 

cocultivation model. \Ve are well aware that we can not exclude that some of our findings could 

be due to differences bctwcen the two species. To address this problem, future research should 

focus on the development of an allogenic coeultivation model. Problems concerning the 

availability of human biomaterial and the specific labeling of tumor cells have to be solved 

before this approach can be successful. 

To study the role ofintegrins~ECM interactions in lEE, initial shldies should focus on the 

flowcytomctric analysis of intcgrin~expression and study the expansion of the various Tec cell 

lines on mouse urothelium deposited culhlre substrahlln. Investigations, which compare the 

exposure of the cocultivations to various ECM-components, ,viII probably not resolve the issue, 

bccause exposure to ECM-protcins would affcet both tumor cell behavior and composition of the 

Bannai urotheliulll. Con'elation studies behveen the integrin expression and lEE behavior of 

tumor cells hopcfblly will give suggestions of specific integrins that are involved in lEE. Next, 

transfection of TCC cell lines ''lith these specifle integrins or the creation of knockouts, and the 

subsequent testing of these modified cells in our cocuItivation assay could fmiher substantiate 

the role ofintegrins-ECM interactions in TEE. 

We have conducted initial shldies on the £1tC of single cells (T24, etc.). Still marc 

accurate evaluations of the expression of apoptotic and proliferation markers in these dispersed 

cells arc nceded. Fmihermore, fluorescent labeling of TCC cells and the subsequent ex vivo 

shldy, using confocal microscopy, could reveal whether shedding is involved in the elimination 

orlhese cells. 

Confocal microscopy can also be helpful in the study of the presumed targeted 

expression of combinations of integrins and proteolytic enzymcs in "invadopodia-Iike stl1lctures" 

at the fl'ont of undermining bladder tumor cells (Fig. 1 f). 

The described ill vivo model can be used to design therapics that prevent/block the 

growth of intraepithelial neoplasia and its progression to invasive bladder carcinomas, 

Fmihennore, the results of our ill vitro lEE assay can now bc extrapolated to the in vivo lEN 
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model. For instance) T24 cells stably transfcctcd with E-cadherin or TCC cells with modified 

integrin expression can be studied in our in vivo model and this could demonstrate whether these 

molecules stimulate the fonnatioll of lEN in vh'o. 

Finally) if selection of 1207 cells ,vmIld take place in our in vivo model ofIEN) it would 

also be wOlthwhile to characterize these cells and compare them with the native 1207 cell 

population. This could give us fmther insight into the intrinsic features of tumor cells that 

contribute to lEN. 
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Chapter 8 

SUMMARY/SAMENVATTING 





SlIIllnHlry 

Bladder cancer is the fifth most common malignancy in males in the western society. 

At initial presentation, ± 65% of the patients has superficial transitional cell carcinomas. The 

remaining patients have invasive bladder tumors. A big problem in the management of 

superficial bladder cancer is the high frequency of tumor recurrences after local resection. 

Based on the presumed monoelonality of these recurrences, the nYo most obvious 

mechanisms to explain these reculTences are: I) Intraluminal shedding with subsequent 

attachment of tUlllor cells to traumatized or intact areas in the urothelium; 2) Lateral 

(intraepithelial) migration of tumor cells into the normal surrounding urothelium. This thesis 

describes the development of two model systems, which were used to study the role of the 

above mechanisms in bladder hunor recurrences. 

In chapter 2, ,ve describe a new cocultivation model for the study of lateral intraepithelial 

expansion (TEE). In this model, human bladder hllnor cells were seeded on top of traumatized 

confluent organotypie mouse cultures. These tumor cells preferentially attached to the 

traumatized areas in the culhlres. After implantation, hUllor expansion at the expense of the 

normal surrounding urotheliul11 could be accurately monitored. The implantation and 

subsequent lEE of bladder carcinoma eell lines, SD and T24, were studied. SD cells expanded 

into the normal urothelium as a f.:1st growing, sharply demarcated tumor. In comparison, T24 

cells infiltrated the normal urothelium as single cells and displayed a slow, but gradual 

expansion. Next, ,ve shldied \vhether stimulation of the regenerative capacity of the normal 

urotheliulll could alter the implantation and lEE of SD or T24 cells. Addition of EGF 

(epidermal growth factor) stimulated the proliferation of the normal urothclium, and reduced 

the implantation and growth ofT24 cells considerably. The implantation of SO cells was also 

reduced by addition ofEGF, but EGF could not prevent the subsequent expansion of the SD 

cells. Furthermore, we shmvcd that EGF had 110 effect on the proliferation or migration ofT24 

or SD cells. These results suggested that modulation of the host environment (stimulation of 

regenerative capacity of thc normal urothelium by EGF) could reduce implantation to 

,vOllllded urothelium, and in some instances could alter the lEE of tumor cells. 
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The effect of EGF on lEE stimulated us to study the role of the EGF-EGFR family during 

urothelial regeneration in more detail (chapter 3). EGF, TGFa, and to a lesser extent 

amphiregulin stimulated wound regeneration of nonnal human urothelium ill vU1'O. Since these 

growth factor treatments had no general effect 011 urothelial proliferation during wound healing, 

the enhanced regeneration could be primarily attributed to an increase in cellular migration. 

C-erbB2 plays an impOliant coordinator}' role in the function of the EGFR h1mily. Therefore, the 

role of c-erbB2 in urothelial regeneration WflS fmiher investigated with the use of antisense DNA 

specific for c-erbB2. Urothelial rccpithelialization could be delayed up to 50% by antisense c­

erbB2, but not by mismatched or sense c-erbB2-0Iigonuclcotides. The proliferative capacity of 

the urothelial cultures was not altered after treatment with any of the oligonucleotides. This 

suggests that c-erbB2 is a regulator of migration dming urothelial wound healing. 

Using our ill vitro cocultivation flssay, we compflrcd the lEE of a panel of six bladder 

carcinoma cell lines (chapter 4). Tn this way, we hoped to identify factors intrinsic to tumor 

cells that determine rEE. lEE was most pronounced in three (SD, RTI 12, and 1207) of foUl' E­

cadherin positive celllilles. In contrast, the two E-cadherin negative cell lines (T24 and J82) 

were hardly able to expand into the normal urothelium. This suggests that E~cadherin is an 

important mediator of rEE. To further test this assumptioll) we transfected T24 cells with full­

lcngth mouse E-cadherin cDNA. Only T24 clones \vith a high) functional expression of E­

cadherin displayed an enhanced lEE expansion rate. Transfection did not alter their 

proliferative capacity, or their pattern and level of integrin expression) or their ability to 

expand on collagen type IV coated membranes in the absences of urothelium. These data 

suggest that E-cadherin-mediated cohesiveness is un important determinant of TEE of bladder 

carcinoma cells. 

In general, intraepithelial neoplasia (IEN) is considered as an important precursor lesion of 

invasive bladder carcinoma. However, not all observed lEN will ultimately lead to invasive 

disease. Therefore) in chapter 5, we investigated the invasive capacity of the previously used 

bladder carcinoma cell lines. This has further characterized our panel of cell lines) find 

hopefully will contribute to the future understanding of thc paradoxicfll behavior of lEN) like 

CIS. In other organ systems it was demonstrated that the microenvironment has an imp0l1ant 

influence 011 the bclmvior of tumor cells. To investigate the importance of the 
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microenvironment in bladder cancer invasion, bladder carcinoma cell lines were tested in both 

il1 vitro and in vh'o invasion assays. III vitro invasion into emblyonic chicken heart fragments 

was inversely correlated with their E-cadherin expression. However, the results of this ill vitro 

assay could not predict ill vivo invasiveness. The ill vitro non-invasive cell line SD formed 

highly invasive tumors in vivo. This could be ascribed to the observed heterogeneous 

expression of E-cadherin in these SD tumors. In addition, we also observed site-specific 

hllllor take for 1207 and T24 bladder carcinoma cells. These results show that the urinary 

bladder microenvironment indeed plays an important role in tumor growth (1207 and T24) 

and in the induction of the invasive phenotype (SD). 

Taken together, the results described in chapter 4 and 5 suggest that E-cadherin plays a 

paradoxical role in bladder tumorigenesis. On the one hand, E-cadherin promotes the 

expansion of intraepitheli<ll neopi<lsia; on the other hand, its loss correlates with inv<lsive 

behavior of bladder tumors. 

To extrapolate our in vitro findings to the more complex situation of humans, relevant in vivo 

models are needed. To establish an in vivo model of lEN, bladder carcinoma cells were 

intraluminally injected in partially denuded mouse bladders (chapter 6). The denuded bladders 

were rapidly recpithelialized with mouse urothelial cells and the injected tumor cells. Four 

TeC cell lines were compared for their ability to form LEN. All four cell lines showed 

tormation of lEN. However, there were considerable differences in the frequency of lEN 

formation. Furthermore, invasiveness and development of tumors elsewhere in the urinary 

tract were also observed. Cell line 1207 was identified as the most promising and useful 

model of lEN, because this cell line revealed the highest frequency of lEN in the bladder, and 

long-term experiments were less likely to be hampered by invasive carcinoma or metastatic 

spread. In the following time-course experiment, we studied the growth chamcteristics of 

these 1207-derived lEN during six months. In this experiment, 1207 again displayed a 

frequent formation of lEN, and invasion was only found in isolated cases. During the six 

months period, 1207-derived lEN showed signs of gradual intraepithelial expansion. The 

growth of these 1207-dcrived lEN was based on a high proliferation rate <lnd a low apoptotic 

rate. Intraluminal injection of 1207 cells in partinlly denuded bladder results in a highly 

reproducible model for the study of the behavior of lEN. In addition, our model also suggests 
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that formation of lEN can bc the result of an alternative mechanism of tumor spread of high~ 

grade invasive bladder carcinoma. 

Smllenvatting 

Blaaskanker is in de westerse samenleving dc vijfdc meest voorkomende maligniteit. Van de 

patiCntcn met overgangscpithccJ carcinoom van de urineblaas hceft 65% supcrficiclc 

tumorell. De overige patienten hebbcll invasief blaascarcinoom. Een groot probleem in de 

behandcling vall de supertlcieJe tumoren is het hoge reddicf pen:entage en de kans op 

progressie na locale resectie van de primaire tUInOr. Uitgaande van de verondersteldc 

1ll0noc1onaliteit van blaastul11oren, zijn er hvee mechanismcn mogelijk, nl.: I) loslatcn van 

blaastumorcellen van de primairc hnBor, gevolgd door hechting van blaastumorcellen op de 

(verwondde) blaaswHnd; 2) Laterale (intra~cpithclialc) migratie van hlll10rccllcn in het 

norma Ie urotheel. Dit procfsehrifl beschrijft de onhvikkeling van twce model systemcll, die 

gebruikt \verden 0111 de ral van beidc mcchanismen bij de vorming van blaaskanker 

recidieven tc bcshlderen. 

In hoofdstuk 2 wordt een nieuw coeultivatic model beschreven. In dit model, worden 

suspensics van humane blaastumorcellen uitgezaaid op een bcschadigde culture van urothccl 

van de muizenblaas. Na hechting van de tumorcellen in de beschadigdc gebieden, kan de 

expansie van deze tUl110rcellen ten opzichte van het omringende, nOllllale urathcel worden 

onderzoeht. 

Dc hechting en de daaropvolgende intra~cpitheliale expansie van de hvee humane blaaskanker 

cellijnen SD en T24 werden in dit model onderzoeht. Dc SD tumorcellen expandccrden als 

cell snel graeiend, schcrp bcgrensd veld zander infiltratie van het nOl'male urothcel. 

Daarentegen expandeerden T24 tUl110rcellen langzaal11, waarbij individuele T24 tumorcellen 

het Ilormalc urothecl intlltreerden. Vervolgens werd bcshldccrd of stimulatie van de 

rcgencratieve capaciteit van het normanl uratheel, de hechting en intra~cpitheliale expansic 

van T24 of SD cellen kon bei·nvloeden. Epidermale grod factor (EGF) stimulccrde de 

pro1iicratic van het 11onna1e urotheel en zorgde voor een gereduceerde hcehting en groei van 

T24 cellen. De hechting van SD cellen wcrd evencens geredllceerd door toevoeging van EGF. 

Er vond cehter geen remming plaats van de expansieve groei van de SD tlll110rcellen na EGF~ 
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toevoeging. Het veranderd gedrag van beide tumorcellijncn kon niet toegeschreven worden 

aan een door EGF~gei'nduceerde verandering van de proliferatieve of migratoirc activiteit van 

be ide tumorcellijnen. Dit sliggerccrt dat stimulatie van de rcgcncratieve capaciteit van het 

nornwal urothcel kan lei den tot een vermindenle hechting van blaastumorcellen op 

beschadigd urotheel en cveneens in sommige gevallell in een veranderde intra~epitheliale 

expallsie van blaastumorcellen. 

Het effect van EGF op de intra~epitheliale expansie stimuleerde ons om de 1'01 van de 

EGF/EGF~receptor familie tijdcns de regeneratie van bcschadigd urotheel nader te 

olldcrzoeken (hoofdstuk 3). De ill vitro I'cgeneratie van nonllaal humaan matheel \verd 

gestillluleerd door toediening van EOP, TGFa of amphireguline. Dit effect kon voornamelijk 

tocgcschreven worden aan een tocgenolllen migratie van urothce1cellen, die zorgden voor het 

sluiten van de bcschadiging. C-erbB2 fungeert als een bclangrijke coordinator voor de functie 

van de EGF-receptor fhmilie. Daarom werel de rol van c-erbB2 tijdcns de regeneratie verder 

onderzocht door het gebl1lik van een antisense-DNA strategie. Regeneratie van het uratheel 

werd anllzielllijk gcrellld (± 50%) door loediening vnn antisense c-el'bB2, tenvijl negatieve 

controles geen effect licten zicn. Dc proliremtieve capnciteit van de beschadigdc 

urotheelkwekcn werd door geen van deze oligonucleotides veranderd. Dit suggereert dal, 

tijdells de regeneratie, c-crhB2 vooral een belangrijke regulator van urotheelcel-migmtic is. 

In hoofdstuk 4 werd de intra-epilheliale expansic van zes verschillende blaaskankercellijnell 

onderling vergeleken in van het eerder besehreven cocultivntic model. Op deze wijze hoop ten 

we intrinsieke factoren vnn de tumorcellcn te identiflceren, die betrokkcn zijn bij hel proces 

van intra-epithcliale expansie. Bij drie van de vier E-cadhcrine positieve cellijnen (SD, RTl12 

en 1207) werd de grootstc intra-cpitheliale expansie waargenolllen. Dit, terwijl de hvee E­

cadhcrinc negatieve celiijnen, T24 en J82, vrijwel geen illtm-epithelialc cxpansic toonden. Dit 

zou k.'1l1lnen betckcn dat de aanwezigheid van E-cadherine cen belangrijke bijdrage levert aan 

de intra~epithelinle expansic van blaastumoren. Om deze aanname venier te onderzoeken, 

werden T24 cellen met het eDNA van E-cadherine getransfecteerd. T24 kionen met 

verschillende mnte van E-cadherine expressie werden in onze cocultivatie assay getest. AIleen 

T24 klonen met een hoge functionele cxpressie van E-cadherine haddcn cell toegenomen 

intra-epithelia Ie cxpansic. Transfeclie van T24 cellen met E-cadherine had geen effect op de 
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proliferatieve activiteit, noch op het expressicpatroon cq. expressicnivcau van verschillende 

integrines, noeh op de expansiesnelhcid op collageen type IV -gecoate membranen in de 

afwezigheid van omringend urotheel. Hiemit kan gecollcludeerd worden, dat E-cadherine~ 

gemcdiecrde tumor-cohesie een bclangrijke bijdrage levert aan de intra-epitheliale expansie 

van blaastumoren. 

In het algemeen ,vordt intra-epitheliate neoplasie in de blaas beschouwd als een belangrijke 

voorIoper van invasief blaasearcinoom. Eehter niet clkc waargenomen illtnl-epithelialc 

neoplasie zal zich olltwikkclel1 tot een invasief blaascarcinoom. Inmiddels is bekelld dat de 

omgeving een belangrijke invloed heeft 01' het invasieve gedrag van tUlllorcellen. Dc 

invasieve capaeitcit van de door ons eerder gcbruikte cellijnen wcrd onderzocht (hoofdstuk 5) 

zowel in in vitro als in vivo invasie assays om meer inzieht te krijgen in de faeteren, die een 

rol spelen bij de progressie naar invasicf gedrag van intra-epitheliale neoplasie. III vitro 

invasie was sterk gecorrclecrd Han de in vitro expressie van E-cadherine. De resultaten 

verkrcgen lllet deze ill vitro invasie assay kondell eehter het invasieve gedrag in vh'o niet 

altijd voorspellen. Bijvoorbeeld, cellijn SD liet in de ill vitro assay geen invasiviteit zien, 

terwijI in vivo hoogst invasievc hunoren werden gevormd. Dit kan mogelijk vcrklaard wordcn 

door een afhame in E-cadherine exprcssie in deze tumoren. Verder werden er bij andere 

cellijnen blaas-specifieke tumorgroei en invasiviteit waargenomen (l207 en T24). 

Bovengenoemde resuitaten latcn zien dat de omgcving waarin een hUllorcei zich bevindt 

inderdaad cen belangrijke rol speelt in de groei (1207 en T24) en invasivitcit (SD) van 

tumercellen. 

De resultaten uit hoofdstuk 4 en 5 suggcreren een paradoxale roI voor E-cadherine in 

blaaskanker. Enerzijds stimuleclt de aamvezighcid van E-cadherinc the intra-epitheliale 

expansic van blaastul11orcellen, anderzijds is verlies van E-eadherine expressie geeon-eleerd 

aan invasief gedrag. 

De eerder ontwikkcldc cocultivatie assay (hoofdstuk 2) is een zeer stcrke vereenvoudiging 

van de cOl11plexe sihmtie, in het geval van blaaskallker bij de mens, Om een betel' inzicht te 

krijgcn in het proees van intra-epithelia Ie expansie zijn daarom relevante dienllodcllen zeer 

gewenst. Om die reden werd door ons een dienllodc1 voor intra-epithclialc neoplasie 
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ontwikkcld (hoofdstuk 6). In dit model worden humane tumoreellen in het lumen van de 

urineblans van een 111uis gei'njecteerd, waarbij eerder een gedeelte van hun urothccl was 

verwijderd. In deze situatie kan een niemve bekleding van de blaas ontstann, die decls bestant 

uit normnal urotheel, decls uit tumoreellen. Vier blaashul10rceliijnen werden op deze wijze 

vergeleken met betrekking tot de vorming van intra-epithelia Ie neoplasie. Dc injectie met 

celiijn 1207 resulteerde het meest frequent in de vonning van intra-cpitheliaie neoplasie, 

terwijl invasieve tumoren zelden gevonden werden. Daarom wcrd besloten 0111 met deze 

cellijll verdeI' te gaan voor de ontwikkeling van cen diermodel. In de daaropvolgende 

experi111entcn werd de groei van intra-epithelia Ie neoplasie in het 1207-tnodel gedurende zes 

mnanden vervoJgt. Gedurende deze onderzoeksperiode werd een gestage groei waargenomen 

van de 1207 tUl110ren zonder invasieve groci. Dc toename V<Ill deze intra-epitheliaie neopinsie 

was het gevolg van een hoge 111nte van proiiferatic en een lage mate van apoptose. Injectie vnn 

1207 cellen in het lumen van gedceltclijk beschadigde Illuizenblazen is een goed 

reproducccrbaar diermodel, dat bruikbanr is bij de stu(lie nanl' het gedrag van intra-epithelialc 

tUl11oren. Onze resultaten sllggereren bovcndien, dat hooggradig, invnsief blaascarcinoom zich 

elders in de blaas kan manifcsteren als intra-epithelinle l1eoplasie. 
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Dankwoord 

Bij deze wil ik enkele menSCH nocmen, die een rol hebben gespeeld bij het tot stand komen 

van dit proefschrift. 

Marcel, je hebt cell zccr grote roi gespeeid in het uitvoeren van de histologie en dierproeven. 

Tevens had je op elk praktisch probleem wei een goede oplossing. Menig van die oplossingcn 

staan dan ook nu in dit bockje. \Vinand, je hebt je een onbaatzuchtige vervanger van Theo 

getoond tijdens zijn absentie. Gelukkig bleef je ook daarna nog bij het onderzoek betrokken. 

Jou net iets andere kijk op het ondenvcrp heeft menigmaal geresulteerd in het verrichten van 

essentiele experimenten. Theo, naast het reit dat je mijn promoter bent, waardeer ik je 

ongebreidelde stroom aan idecen, enthollsiasll1e en het [eit dat je me zeer vrij hebt gelaten om 

dingen te proberen. 

VerdeI' \viI ik Lab 304 {Ellen, Magda, Karel, Irene, Albert-Jan, Christine, Angela, Maarten, 

Alllold, Bas, Andre en Annie], de leden van de kleine cOlTImissie, Nico de Both, Alex Nigg, 

Pim de Boer, Ton de .long, Rene van den Beemd, Hetty van der Korput, I-Icin Slcddens, Frank 

van del' Panne en alle andere werknemcrs van de afdeling Pathologic bedanken. 
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