





























































































































































































































































































































In vitro and in vivo expression of E-cadherin and o- and B-catenin

Data on expression of E-cadherin and ¢~ and P-catenin on confluent cultures of bladder
carcinoma cell lines visualized by immunchistochemistry are summarized in Table II
Expression patterns of E-cadherin were compared between the in vivo and in witro assays.
Cell lines T24 and J82 lacked E-cadherin expression ix vive and in vifro (Table T & II). The
cell lines SD and RTI112 which display a homogencous E-cadherin expression in vifro
displayed a heterogeneous cell membrane immunostaining i vive 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 arcas of these tumors (Fig. 3A). Reduced expression of E-
cadherin was primarily scen in the invasive borders of these tumors (Fig 3B). Strikingly, the
isolated small aggregates of SD and RT112 tumor cells in [ymph vessels had a normal

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

similar to the expression pattern of E-cadherin in the different fumors,

Figure 3: Expression of E-cadherin in vivo, Normal expression of E-cadherin in a 8D tumor
(4). Reduced expression af E-cadhierin in an invasive region of a subcutaneous SD fumor (B),
RTI112 cells in a perivescular [ymph vessel of the bladder, with normal expression of E-
cadherin (C). Scale bar = 25um.
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Discussion

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
vitre and in vivo.

SCID mice proved to be a very suitable host strain allowing successful grafting of all six
examined human bladder carcinoma cell lines. This was emphasized by xenografiing 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 al, 1936; 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 occwmred after orthotopic transplantation. No
signs of dislant metastases for any of the xenografted TCC cell lines were found. Althongh
isolated {RT112, SD, T24) tumor aggregates were found in the perivesicular loose connective
tissue, no l[ymph node metastases were found. The short follow-up pertod of 2 months may
account for this.

We compared the inr vivo invasiveness of the various TCC cell lines with the resulis of the
in vitro assay. The results of the in vitro embryonic chicken heart invasion assay did not
match the in vive invasive behavior of some of the tested TCC cell lines, most notably SD.
The SD cell line was not invasive in vifre, but both after subcutancous injection and after
inoculation in the bladder wall SD cells developed muscle invasive tumors, Similar
discrepancies between the embryonic chicken heart invasion assay and in wive invasiveness
were reported earlier in a study on colorectal carcinoma cell lines {De Vries et al, 1995; De
Both et al, 1999). Our results support the view that the microenvironment may regulate
invasive behavior of bladder carcinoma cells in vivo, for instance by influencing the
expression of E-cadherin as suggested by Mareel ef al. (1991), or by induction of synthesis of
extracellular matrix degrading proteins.

We studied the immunochemical expression of the E-cadherin-catenin complex in vive and
in vitro and its correlation with invasiveness. The observed in vitro cxpression of the various
members of the E-cadherin-catenin complex in the TCC cell lines was confirmed by western
blotting by Giroldi er af. (1999). fn vive, a heterogeneous E-cadherin and catenin expression
by SD and RT112 cells was observed, in contrast to their homogeneous E-cadherin-catenin

expression i vitro, Loss or reduced expression of the E-cadherin-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 ¢~ and f-catenin expression by small aggregates of SD and RT112 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 in
vitro is described previously and could possibly be accomplished through activation of
exogenous ¢-fos (Reichmann ef ol., 1992), via c-crbB2 (D’Souza and Taylor-Papadimitriou,
1994) or TGFB (Mictinnen ef af., 1994). Purthermore, expression could be regulated by
methylation of the E-cadherin gene or via lissue-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 ¢f al, 2000; Cano e/ al, 2000).
Furthermore, Keirsebilck e/ al. described that the in vive transient downregulation of -
cadherin could be caused by instability of the E-cadherin mRNA (Keirsebilck et al, 1998).
Recently, Bringuier ef o/ showed that abnormal E-cadherin immunoreactivity in biadder
tumors is associated with mRNA-downregulation or post-transcriptional downregulation of E-
cadherin. In the same series of bladder tumors, no structural alterations of the E-cadherin gene
were detected (Bringuier ef 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 between the /n vitre expression of E-cadherin of bladder
carcinoma cells and their ability to invade embryenic chicken heart fragments, Similar resulis
were reported for cell lines of other origin (Vieminckx et al, 1991; Behrens et al, 1993;
Vermeulen et al, 1995). The two E-cadherin negative ccll lines T24 and J82 were generally
capable of invasion of the embryonic chicken heart, whereas the {in vitro) homogencously E-
cadherin positive SD and JON cells showed no invasion. The cpithchial morphology of these
E-cadherin positive cell lincs grown on Matrigel is in accordance with their functionally intact
membrane bound E-cadherin-catenin complex {Vermeulen et al, 1995). On the other hand, the
in vitro invasive cell lines, T24 and J82, had a fibroblastic morphotype when cultured on solid
Matrigel. This is in accordance with the observation that epithelial-to-mesenchymal transition
is correlated with gain of motility and invasive disease (Hay, 1995). The 1207 cells with a
heterogeneous expression of E-cadherin had a rather limited infiltrative capacity in the
embryonic chicken heart invasion assay. Surprisingly, RT 12 cells with in vitro homogeneous
E-cadherin and catenin expression were also capable of emibryonic chicken heart invasion in
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one third of the samples. Booth ef al. showed that RT 12 cells could invade the subepithelial
capillary bed after culture on wrinary tract stroma. In the same paper they showed thal these
RT112 cells had partially lost their E-cadherin cxpression (1997). A similar in vitro
mechanism could have occurred in our embryonic chicken heart invasion assay.

In conclusion, we have studied the invasive properties of six bladder carcinoma cell lines,
with the use of in vitro and in vive 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 tumor cell lines 1207 and T24 may be considered to
resemble more closely organ confined human bladder carcinomas with regard to their
response fo growth modulating factors and extracellular matrix proteins. The view that the
microchvironment influences the induction of bladder tumor invasion is supported by the
observation that the results of the in vitro invasion assay of E-cadherin positive bladder
carcintoma cell lines did not correlate well with their invasive properties in vive. Transient
downregulation of the E-cadherin-catenin complex may in part explain the observed invasive

capacity in vivo of the latter cell lines,
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Abstract

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 papillary
or invasive transitional cell carcinoma (TCC). Results from mapping studies, follow-up
studies and genetic analyses gave evidence that CIS can be rcgarded as a precursor lesion for
invasive bladder carcinoma. Relevant in vitro and in vivo models are necded to identify
factors that are involved in the growth and progression of CIS. To establish an in vivo model
of CIS, celis of various TCC cell lines were infralmninally injected immediately after partial
denudation of mouse bladders. Al cell lines caried a pS5S3 mwutation associated with
imnvmohistochemical  overexpression of p53, The denuded bladders are rapidly
reepithelialized with mouse urothelial cells and the injected tumor cells. By this proceduie
CIS lesions were observed with all used TCC cell lines. Cell line 1207 showed the highest
frequency of CIS formation (70%) in the biadder. 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 and low apoptosis of the tumor cells at all time-
points. Furthermore, we could demonstrate that [207-derived CIS shows signs of
intraepithelial pagetoid spread of small clusters or single tumor cells. Only in two 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 tumor eell line loses its
invasive potential as a consequence of implantation on the bascment membrane.

The established in vivo model of 1207-derived CIS in demuded mouse bladder is useful in the
study of the growth of CIS. The described model can be used to design future intravesical

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

Urinary bladder cancer is the fifth most common malignancy in males in Western
socicties, At initial diagnosis, the majority (70-80%) of these bladder tumors concerns
superficial, non-invasive transitional ccll carcinomas (TCC). Afier treatment by transurethral
reseetion, the patients presenting with superficial bladder cancer have a high risk of tumor
recurrence (+ 70%), which can ultimately lead to invasive disease’, Only approximately 20-
30% of the TCC emerges as deeply invasive tumors that penetrate the basement membrane
and show invasien into the underlying tissue of the bladder wall. Despite radical therapics,
like cystectomy, the clinical outcome of these invasive tumors is poor®.

Many papers report that high-grade TCC are associated with the occurrence of
carcinoma in situ (CIS). CIS is characterized by the intraepithelial presence of dysplastic
cells, without penetration of the underlying basement membrane. The occurrence of CIS in
the flat wrothelium adjacent to tumors is correlated with a higher probability of tumor
recurrences and/or invasion™. The clinical course of CIS without accompanying invasive
carcinoma is highly variable, but without treatment more than 50% progresses to invasive
tumers®, On the other hand, a significant minority of patients with isolated CIS will never
have progression to invasive discase®’. 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 specimens™ and from follow-up studies'®. Furthermore,
mutation and loss of heterozygosity (LOH) analyses have shown that CIS displays the same
genetic alterations as invasive bladder tumors'"'™®. 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 known to be associated with the progression
of CIS to invasive diseasec. These include ditfuse growth, prostatic involvement,
overexpression of p53 or proliferation-, surface- or tumor-associated markers and loss of
normat urothelial antigens®.

Although CIS is regarded as a precursor for invasive bladder carcinoma relevant in
vivo and in vitro models of CIS are rare. Previously, we have established an in vitro model for
the study of the intracpithelial cxpansion of bladder tumor cells', We showed that some
human FTCC cell lines were able to expand by replacing the normal urothelium. To develop an

in vivo model of CIS, we inoculated tumor cells on 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
urothelial cells and the injected human tumor cells, Earlier, Soloway and Masters have shown
that cauterization of the bladder wall prior to insertion of tumor cells resulted in an enhanced
take rate", In our study, the intraluminal injection of the TCC cell lines in denuded mouse
bladders resulted in some cases in the development of lesions within the bladder which have
the characteristics of CIS, Because TCC cell line 1207 gave the best results with respect to
formation of CIS, we further determined the growth kinetics of the intraepithelial tumors of
this [207 cell line.

Our in vivo model represents a useful tool for the study of the mechanisms that
underlic the growth and progression of CIS, Future therapies that prevent the expansion and

progression of CTS to invasive tumors can also be investigated in the described model.
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Material and Methods

Cell lines

The human bladder cancer cell lines T24, SD, RT112 were kindly provided by Prof, Dr.
LA, Schalken, Urological Research Laboratory, University Hospital Nijmegen, The
Netherlands, Human bladder carcinoma cell fing 1207 was obtained from Dr. W.I, De Boer,
GETU Service d'Urologie, Paris, France'®. Cells were maintained in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% heat-inactivated fetal calf serum (FCS),
100 TU/ml penicillin and 100 pg/ml streptomycin at 37°C in humidified atmosphere with 5%

COy.

Denudation of bladder wrotheliun and subsequent inoculation of bladder carcinoma cells

Six weeks old female SCID mice (BI7Z/ICR Han Hsd-SCID; Harlan, Zeist, The
Netherlands) were anaesthetized with avertine (250 mg/kg body weight). The bladder was
distended by intravesical injection of 200 pi PBS via a catheter (0.28 mm inner and 0,61 mim
outer diameter polythene tube; Portex, Hythe, United Kingdom). This overstretching was
maintained for 5 minutes. The presence of blood in the urine was regarded as an indication of
damage to the urinary bladder. Immediately after damage, a suspension of bladder tumor cells
(2 x 10% cells in 100 ul Hanks buffered salt solution [HBSS]) was injected into the lumen of
the bladder via the catheter, Voiding of urine was prevented for [0 minutes by clamping off
the external urinary tract of the mousce. Mice were sacrificed between one and (wo months
after the procedure. Thirty minutes before the mice were sacrificed, they received an
intraperitoneal injection of 5-bromo-2"-deoxyuridine (BrdU) (40 mg/kg body weight) in PBS.
In the first experiment, comparing four different TCC cell lines, a total body autopsy was
performed and organs were fixed in 4% phosphate buftered formalin for 16 hours before
embedding in paraffin. On basis of the results of (he first experiment, the second experiment
was performed under milder conditions of overstreiching followed by inoculation of 1207
cells only, Mice were sacrificed at various time points after inoculation of the 1207 tumor
cells. In these experiments, the whole urinary (ract including the regional lymph nodes was
isolated.

The inoculated human bladder tumor cells were identitied with a human specific
cytokeratin 19 antibody, which lacks crossreactivity with mouse tissue. [n this study, a tumor

was scored as CIS when the tumor cells were confined to the urothelium, without visual
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penetration of the basement membrane,

In an additional experiment, PBS with the addition of Indian ink was used to distend the
bladder, while omitling the subsequent inoculation of TCC cells, The Indian ink selectively
attached to arcas with total denudation of the wrothelium. In this manner, the extent of

denudation of the bladder urothelium could be visualized,

Antibodies

The following antibodies were used: mouse monocienal antibody RCK 108 directed against
human cytokeratin 19 (Eurodiagnostica, Arnhem, NL); mouse monoglonal antibody to
bromodeoxyuridine (BrdU), clone 1IBS (kindly donated by Dr. B. Schutte, University of
Maastricht, NL), mouse monoclonal antibody to p53 (DO-7; DAKO, Glostrup, Denmark) and
rabbit potyclonal antibody to collagen type TV (Eurodiagnostica).

Immunohistochemistry

For immunchistochemistry on paraffin embedded tissues, four pun thick paraftin sections
were mounted on 3-amino-propyl-tri-ethoxy-silane (Sigma, St. Louis, USA) coated slides and
dried overnight at 37°C. Sections were deparaffinized, endogenous peroxidase was blocked in
0.3% H:0, in methanol (20 minutes) and rinsed in PBS. For antigen retrieval, sections were
digested for 10 minutes in 0.1% pronasc (Sigma) in PBS, Afier the antigen retrieval
procedure, BrdU-staining was performed by incubating the slides in 2N HCI for 30 minutcs 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". In the casc of collagen type IV staining antigen retrievat
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 serum atbumin. Overnight incubation
at 4°C with the primary antibody was followed by a biotinylated goat anti-mouse antibody
{DAKQ) and subsequently a horseradish peroxidasc-conjugated streptavidin-biotin complex
or an alkaline phosphatasc-conjugated streptavidin-biotin complex (Biogenex, San Ramon,
USA). As chromogen we used 3,3,-diaminobenzidine tetrahydrochloride (DAB) (Fluka,
Bascel, Switzerland), or New Fuchsin (Sigma). The slides were counterstained with Mayer's

hematoxylin, dehydrated and mounted,
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Analysiy of profiferation and apoplosis

Sections were double stained with the BrdU/RCK108 antibodies. The double staining
procedure consisted of two sequentially performed streptavidin-biotin complex methods as
described in the innmunohistochemistry section, The streptavidin-biotin complex reactive with
the BrdU antibody was horseradish-peroxidase labeled, whereas the second complex reactive
with the RCK108 antibody was alkaline-phosphatase labeled. Proliferative activity of CIS
{RCK 108 positive cells) was determined by counting BrdU positive nuclei in at least 100
tumor cells. 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

We semi-quantitatively determined the extent of CIS in mice inoculated with the TCC cell
ling 1207. To this end, the bladders of these mice were sectioned completely, With 20-section
intervals {80um), presence of 1207 cells was examined by cylokeratin 19 staining.
Approximately 15 to 20 levels per urinary bladder were examined by this procedure. In these
sections, we determined the percentage of the basement membrane that was covered with CIS
(BMC). Furtherinore, we determined the time-course of CIS formation at carly time-points
(14 days to 2 months) by recording the munber of cytokeratin [9 positive single cells, groups

of 2-5 cells, 5-10 cells or more than 10 cells.

P53 mutation analysis

From in vitro cultured TCC cells DNA was isolated using standard phenol-chloroform
extraction, Exons 5 — 8 from the pS3 gene are each amplified with published primers'®,
PCR was performed with 1-3 pl isolated DNA in a final reaction volume of 15 pl containing;
£.5 mM MgCly, 0.02 mM dATP, 0.2 mM dGTP, dTTP and dCTP each, 0.8 uCi ¢-"*PdATP
{Amersham, Buckinghamshire, UK), 20 pmel of each primer and 0.2 unit Tag polymerase
(Promega, Madison, WI, USA). PCR was performed for 35 cycles (denaturing at 95°C for 30
s, anncaling at 55°C for 45 s and extension at 72°C for 1 nin} in a Biontetra thermocycler. A
final extension was carried out at 72°C for 10 min, PCR products were diluted with toading

bufter (95% formamide, 10 mM 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 run overnight at 7W on a non—denaturing 6% polyacrylamide gel containing
[0% glycerol in 1 x TBE running buffer. After electrophoresis, gels were fixed in 10% acetic
acid, dricd on blotting paper on a vacuum gel dryer and exposed to X-ray film overnight at —

70°C, using intensifying screens, Films were evaluated by visual inspection,
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Results

Establistunent of CIS and invasive carcinoma in denuded mouse 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 urothelium. Collagen type IV staining showed that the basement membrane
was prescrved in the areas where the urothelium had detached (Figure 1AY. Earlier
experimenls have shown that within five days after denudation the bladder wall was
completely reepithelialized'®, Here we noted attachment of TCC cells to the damaged arcas in

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

Figure I: Short-term effects of overstretching of the mouse bladder and subsequent
inoculation of TCC cells. A) Partial denudation of mouse bladder urothelivm one hour after
overstretching without oculation of TCC cells. Aveas with total denudation of the
wrothelium are highlighted by the selective attachment of Indian ink (black). Note that the
basement membrane as visualized by Collagen type IV (brown) is preserved after denudation;
magnification 100y, B) Inoculation of TCC cells on dennded bladder wall: attachment of
RCK108-stained 1207 cells (hrown) to damaged aveas in the wrothelium at 1 hour; 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 {Table 1), However, there was a
considerable heterogencity among the various cell lines in tumor take, growth and localization
in the urinary tract. Take rate in the bladder varied between [00% (1207) and 63% (RT112).
Formation of CIS varied among the different ccll lines from 38% to 70%. For RT112 and
especially T24 mainly single tumor cells (Figure 2A) or small clusters of tumor cells were
present in the urotheljum, with a Jow proliferative activity and high number of tumor cells
with morphological signs of apoptosis (data not shown). On the other hand, large areas of
lining urothelium were replaced by either SD or 1207 cells (Figure 2B-C). Staining with
collagen type IV antibody confirmed that the CIS arcas were really confined to the urothelium

and had not penetrated the basement membrane (Figure 2D).
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Table 1. Take Rate and Growth of Inoculated TCC Cell Lines after Partial Denudation of the Urinary Bladder of SCID Mice

Cell line Number of mice  TCC implants Bladder Kidney TCC implants in
1 the urinary the ducts of the
tract Total Invasive CIS PN Tumors clitoral gland
(%) (%) (%) (%) (%)
SD 7 e 617 27 447 w7 67 6/7
(86%) {29%) (57%) (86%) (86%)
T24 7 7 67 1/ S/7* 577 447 27
(86%) (149%) (71%) (57%) (29%)
RTII2 8 78 5/8 23 Y3 6/ 58 518
(63%) 25%) (38%) (63%) (63%)
1267 1¢ 10710 10/10 3/10 7710 9710 /10 5/10
(100%) (30%) {(70%) (0%) (50%)

1) PN = pyclo-nefritis; * = mainly single cells in the urothelium.
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Figure 2: Tumor fmplants in the urinary tract of the SCID mouse, A) Single RCK108-positive
T24 cells (brawn) in the urothelium of the mouse; magnification 200x. B) Formation of CIS
after inoculation of SD and C) 1207 cells in denuded bladder; 400x. D} Section with 1207-
derived CIS double stained with RCK108 (red) and Collagen type IV (brown) antibody (o
confirm that the tumor area is confined o the urothelivm; 200x. E) Detail of a SD-derived
muscle invasive fumor in the bladder; 200x, F) 8D tumor in the ducts of the clitoral gland;
Sy,

Although the SD cell line forms CIS in 57% of the mice, in two mice (29%) highty invasive
bladder tumors (Figure 2E) were found. Also in the case of 1207 superficially invasive

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



Strikingly, TCC implants were found repeatedly in the ducts of the clitoral gland,
which empty into the uretlwa (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 often accompanied by pyelo-nefritis was noted, which could be the
result of reflux of urine containing tumor cells at the beginning of the cxperiment. No distant
metastases were found in any of the mice, but in mice inoculated with 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 was always 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 study of CIS, because it had the highest
frequency of CIS in the bladder, and long term experiments were less likely to be hampered

by mortality due to tumor spread,

P33 mutation analysis

Spruck et al. reported that 65% of CIS had a p53 mutation’'. Thercfore, we performed
P53 mutation analysis on the various TCC celf lines to test whether CiS-formation was
correlated with the presence or absence of p53 mutations in these cell lines {Figure 3). All cell
lines contain one or more p53 mutations in exon 5 — 8, which is in concordance with the

observed p53-overexpression in the CIS-lesions.

I 2

Figure 3: PCR-SSCP (p53 exon 5 of 1207,

In exon 3 of the 1p53 gene an abervant SSCP
pattern (arrows) was seen in the 1207 DNA.

Lane 1 DNA from cell line 1207, lane 2 normal
control DNA.

Growth and extent of 1207 devived CIS in the bladder
To further define our in vivo model of 1207 derived CIS in the bladder we studicd its
extent during six months after the inoculation of the 1207 cells (Table 2). CIS of the urinary
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bladder was observed in 97% of the cases. The confinement to the urothelium of a1l these CIS

lesions was shown by visualization of the basement membrane by collagen type 1V antibody.

Ounly in two mice, besides a number of areas with CIS, a separate invasive bladder tumor was

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

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

14 days i month 2 menths 5 months 6 months
Numiber of mice 5 10 16 5 5
TCC/mouse 515 10/10 8/10 4/5 4/5
CIS vs. Invasive S5CIS/ 0 Inv. 9IS/ 1 Inv. 8 CIS/0 Inwe. 4CIS/0 Inv. 4CIS/ | Inv,
PN'/Mice 215 710 410 ND* ND
LI? in CIS (ncan + SEM) [8467 [3.8+35.2 193+£54 18.6+£6.2 29,1163
AI* in CIS (mean £SEM) 1.0+1.4 2,54 0.6 37£19 ND ND
BMC? 0.9 L0 32 226 44.7

1) PN = pyelo-nefritis; 2) LI = labeling index; 3) Al = apoptotic index, 4) BMC = % basement ntembrane

covered by CIs?, 5} ND = not determined.

Probably as a result of the procedure, a high percentage of pyelo-nefritis was detected

in the mice. In contrast to the first experiment o tumors were found in other parts of the

urinary tract.

Subsequently, we determined the dynamics of the onset of CIS, This was achicved by

Tollowing the clusters of 1207 cells within the urothelium during the early stages of CIS-

formation (Figure 4). The number of aggrepates of intraepithelial confined tumor cells

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

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

CIS lesions, was further substantiated by the high proliferative activity and fow apoptotic

index in CIS throughout the whole experiment (Table 2).
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Strikingly, the number of single tumor cells within the urothelium was high at 14 days,

felb at 1 month and subsequently riscs again at 2 months. Stepwise scctioning and staining

with RCK 1608 of bladders obtained at two months after inoculation revealed that most of these

single fumor 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 reparded as the pagetoid spread of a

nearby CIS.
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Discussion

Here we describe the devclopment of a new in vivo model of CIS of the urinary
bladder, We demonstrated that intraluminal injection of established human FCC cell lines in
denuded mouse bladders consistently resulted in bladder implaats. Cell line 1207 gencrates
isolated CIS in the wrinary bladder in a high frequency, while complications like invasive
carcinoma and metastatic disease were very limited. This makes [207 the most suitable
human TCC cell line to study CIS in vivo.

The growth of the 1207 cell tine after inoculation in the urinary 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 cetls were injected
into the submucosa of the bladder, invasive bladder tumors were formed within 2 months,
with an ulcerated surface (Chapter 5). This latter indicates that these same 1207 tumor cells
lave the ability to degrade the basement membrane. Inoculation of 1207 cells on partially
stripped urothelium apparently prevents the invasiveness of 1207 cells. This could suggest
that the stromal microenvironment promotes the invasion of 1207 cells, whereas that of the
urothelium can prevent the invasion of 1207 cells.

An inleresting feature of CIS is the existence of individual or small groups of
ransformed cells in the normal urothelium adjacent to CIS, This pagetoid type of infiltration
is recognized in a considerable proportion (x 10%) of CIS of the human bladder®. 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 infragpithelial spreading of 1207 cells is in accordance with the results of our in vitro
cocultivation model, in which 1207 cells infiltrate the surrounding normal urothelium as
single cells™,

It is generally accepted that CIS can be regarded as (he precursor lesion for invasive
bladder carcinoma®'%, However, the results from owr in vive 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 starting point for the progression to

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

130



of high grade invasive carcinoma.

Furthermore, a proportion of the detected CIS consisted of isolated large intraepithelial
lesions In the bladder, which were covered by large umbrella cells. According to the WHO
grading system these lesions which do not replace the full thickness of the urothelium are
called dysplasia, instead of carcinoma in situ®. 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 tumer cells and as such they carry a
substantial risk of developiment inte an overt carcinoma. This implics 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 were
described. Treatment of laboratory animals with carcinogenic agents like dibutylnitrosamine
(DBN), N-butyl-N-(4-hydroxybutyl)nitrosamine (BBN), N-methyl-N’-nitrosourea {MNU) N-
(4-(5-nitro-2-furyl)-thiazoly! formamide {FANFT) and Bracken Fern can induce CIS of the
bladder®?", Major drawbacks of these procedures, like the high incidence of papillary 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 them less
attractive as a model of CIS. Eatlier reports on the xenografting of cstablished bladder
carcinoma cell lines in bladders of immunodeficient hosts showed low formation of CIS ",
In these models a high incidence of papillary or invasive bladder tumors is reported.
Furthermore, because the inoculation of bladder tumor 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'>*'. However, a major limitation of the latter traumatizing
procedures is the chance of deep penetration of the bladder wall thereby facilitating tumor
invasion?. Obviously, in our model, overstretehing of the bladder wall did not result in
rupture of the basement membrane and its underlying tissues. This was shown by the
preservation of collagen type IV in areas with total loss of the urothelium (Figure 1B).
Apparently, this resuited into a high frequency of CIS, In earlier experiments we have shown
that intra-muscular inoculation of human TCC, including 1207 led to invasive growth
{Chapter 5), Therefore it can be argued that prescrvation of the basement membranc by
employment of a mild procedure to denude the urothelial mucosa may have led to the
abserved low occurrence of invasive fumors 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
fumors seem fo 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-,

immuno- or gene-therapy.

132



12,

13.
4.

16,

17.

I8.

References

Kurth XH, Schrider FH, Debruyne F, Senge T, Pavone-Macaluso M, de Pauw M, ten

Kate F, Sylvester R, membeis of the EORTC Genitourinary tract cancer Cooperative

Group: Long-term follow-up in superficial transitional cell carcinoma of the bladder:

Prognostic factors for first time recurrence, recwrence rate, and survival, Prog Clin

Biol Res 1989,303: 481-490

Raghavan D, Shipley WU, Garnick MB, Russell PJ, Richie JP: Biology and

management of bladder cancer. New Engl T Med 1990, 322: 1129-1138

Althausen AF, Prout GR, Daly JI: Non-invasive papillary carcinoma of the bladder

associated with carcinoma in situ. J Urol 1976, [16; 575-579

Weinstein RS, Coon JS, Schwartz D, Miller AW, Pauli BU: Pathology of superticial

bladder cancer with emphasis on carcinoma in sifu, Urclogy 1985, 26: 2-10

Lamm DL; Carcinoma in sitit. Urol Clin N Amer 1992, 19: 499-5086

Farrow GM, Utz DC, Rife CC: Morphological and clinical observations of patients

with early bladder cancer treated with total cystectomy. Cancer Res 1976, 36: 2495-

2504

Riddle PR, Chisholm GD, Trolt PA, Pugh RC: Flat carcinoma in situ of the bladder.

Br I Urol 1975, 47: 829-833

Koss LG, Nakanishi |, Freed SZ: Nonpapillary carcinoma in situ and atypical

hyperplasia in cancerous bladders: further studies of surgically removed bladders by

mapping. Urology 1977, 9: 442-455

Kakizoe T, Matsumoto K, Nishio Y, Kishi K: Analysis of 90 step-sectioned

cystectomized specimens of bladder cancer. J Urol 1984, 131 467-472

Farrow GM, Utz DC, Rife CC, Greenc LF: Clinical observations on sixty-nine cases

of carcinoma of the urinary bladder. Cancer Res 1977, 37: 2794-2798

Spruck CH, Ohneseit PF, Gonzalez-Zulueta M, Fsrig T3, Miyao N, Tsai YC, Lerner

SP, Schmiitte C, Yang AS, Cote R, Dubeaun L, Nichols PW, Hermann GG, Steven K,

Horn T, Skinner DG, Jones PA: Two molecular pathways to transitional cell

carcinoma of the bladder. Cancer Res 1994, 54: 784-788

Rosin MP, Caimns P, Epstein H, Schoenberg MP, Sidransky D: Partial allefotype of

carcinoma in site of the human bladder. Cancer Res 1995, 55: 5213-5216

Hudson M, Herr HW: Carcinoma in situ of the bladder. J Urol 1995, 153: 564-572

Bindels EMJ, Vermey M, Rebel JMJ, Zwarthoft EC, Van Der Kwast TH: In vitro

modulation of implantation and intraepithelial cxpansion of bladder tumor cells by

cpidermal growth factor, Exp Cell Res 1997, 235: 395-402

Soloway MS, Masters S Urothelial susceptibility to tumor cell implantation. Cancer

1980, 46; 1158-1163

D¢ Boer WI, Houtsmuller AB, Izidifar V, Muscatelli-Groux B, Van Der Kwast TH,

Chopin DK: Expression and functions of EGF, FGF and TGFbeta-growth-factor

family members and their receptors in invasive human iransitional-cell-carcinoma

cells. Int J Cancer 1997, 71: 284-291

Schutte B, Reynders MMJ, Van Assche CLMV], Hupperets PSGI, Bosman FT,

Blijham GH: An improved method for the immunocytochemical detection of

bromodeoxyuridine labeled nuclei using flow cytometry. Cytometry 1987, 8: 372-376

Bot Fl, Steddens HFBM, Dinjens WNM: Molecular assessment of clonality leads to

the identification of a new germi line (p53 mutation associated with malignant

cystosarcoma phyllodes and soft tissue sarcoma, Diagn Mol Pathol 1998, 7: 255-301
133



20,

21.

22.

23,

24,

25.

26.

27,

28.

29.

30.

3L

134

De Boer W1, Schuller AGP, Vermey M, Van Der Kwast TH: Expression of growth
factors and receptors during specific phases in regenerating urothetium after acute
injury in vivo. Am J Path [994, 145: 1199-1207

Orozco RE, Van der Zwaag R, Murphy WM: The pageioid variant of urothelial
carcinoma in situ, Human Patho! 1993, 24: 1199-1202

Bindels EMJ, Vermey M, van den Beemd R, Dinjens WNM, van der Kwast TH: E-
cadherin promotes intraepithelial expansion of bladder carcinoma cells in an in vitro
modet of carcinoma in situ, Cancer Res 2000, 60: 177-183

Epstein JI, Amin MB, Reuter VR, Mostofi FK, and the Bladder Consensus Conference
Commnittee: The World Health Organization/International Society of Urological
Pathology consensus classification of wrothelial (transitional cell) neoplasms of the
urinary bladder. Am I Surg Pathol 1998, 22: 1435-1448

Ito N, Hiasa Y, Tamai A, Okajima E, Kitamura H: Histogenesis of urinary bladder
tumors induced by N-butyl-N-(4-hydroxybutylnitrosamine in rats. Gann 1969, 60
4061-410

Hicks RM, Wakefield JST}: Rapid induction of bladder cancer in rats with N-metyl-N-
nitrosourea. Chem Biol Interactions 1972, 5: 139-152

Etturk E, Price IM, Morris JE, Cohen S, Leith RS, Von Esch A, Crovetti Al: The
production of carcinoma of the urinary bladder in rats by feeding N-(4-(5-nitro-2-
furyl)-2-thiazolyl)formamide, Cancer Res 1967, 27; 1998-2002

Bringuier P, Piaton E, Berger N, Debruyne F, Pervin P, Schalken J, Devonec M:
Bracken Fern induced bladder tumors in guinea pigs, Am J Path 1995, [47: 858-868
Ahlering TE, Dubean L, Jones PA: A new in vivo mode] 1o study invasion and
metastasis of huntan bladder carcinoma. Cancer Res 1987, 47: 6660-6665

Harabayashi T, Kanai Y, Yamada T, Sakamoto M, Ochiai A, Kakizoe T, Koyanagi T,
Hirohashi S: Reduction of integrin P4 and enhanced migration on laminin in
association with intraepithelial spreading of urinary bladder carcinomas. J Urol 1999,
161: 1364-1371

Samma S, Homma Y, Oyasu R; Rat urinary bladder dennded of urothelium. An in
vivo model for the epithelial-stromal interactions in carcinogenesis. Am J Path 1987,
128: 328-337

Oshinsky GS, Chen Y, Jarrett T, Anderson AE, Weiss GH: A model of bladder tumor
xenografts in the nude rat. J Urol 1995, 154: 1925-1929

See WA, Chapman PH: Heparin prevention of tumor cell adherence and implantation
on injured urothehial surfaces. J Urol 1987, 138: 182-186



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) intracpithelial expansion (IEE), are two obvious mechanisms that could
explain the high recurrence rate of bladder tumors. To study both mechmu's:hs relevant model
systems are needed. In this thesis we described the development of useful in vitro and in vivo
model systems of IEE, Subsequently, the described model systems were used in an attempt to

identify factors that influence TEE,
In vitro intracpithelial expansion model

In our in vitro model, IEE can be considered as the outcome of the balance between the
expansion and proliferation of the neoplastic cells and the potential of the surrounding nermnial
urotheliun to regenerate. This implies that besides the infrinsic characteristics of the tumor cells,
the host environment also influences IEE (Figure 1). In chapter 2, we have shown that we can
shift the balance towards the normal urothelium by specific stimulation of its regenerative

capacity by growtl: factors.

Figure 1. Comtrol of IEE/IEN, Established and suggested mediators (@ t/m g; see fext) of
TEF/IEN are depicted. (U= urothelin; BM= Basement membrane; black= IEN).

E-cadherin-mediated cohesiveness is an important intrinsic characteristic (Fig. 1. a),
which determines the IEE-capacity of TCC cells (Chapter 4). However, E-cadherin is not the
sole mediator of 1EE, since the E-cadherin positive cell ling JON hardly showed any IEE, This
means that also other, yet unknown factors participate in IEE. For instance integrins-ECM
interactions will be involved in the reseeding of tumor cells on the basement membrane (Fig. 1 ¢)
and will probably also be involved in the lateral spread (Fig. 1 ¢) along the basement membrane,
The importance of the latter is corroborated by Harabayashi ef o, who noted in their in vitro
model that a reduction of integrin f4-expression in tumor cells as well as an enhanced migration
on laminin are involved in IEE (Harabayashi ef «f, 1999). Recently, we investigated the

involvement of ECM-proteins in the lateral spread of intraepithelial bladder tumors. We

137



compared the 1EE capacity of the TCC cell lines with their expansion on collagen type 1V -coated

membranes in the absence surrounding urothelium (Table 1; unpublished results.),

Tuble I Comparison of IEE (with surrounding urothelium) and expansion on Collagen (ype
IV in the absence of survounding urothelivm,
IEE Expansion on Coll. type IV

SD ++ ++
T24 - +H
RTI112 + +-
182 - +-
1207 + +-
Jon - +/-

Strikingly, we observed that the expansion on collagen type IV not always correlated with the
IEE. For instance, the observed IEE of RT112 was proportionally sironger than its expansion on
collagen type 1V coated membranes in the absence of surrounding urotheliwn. This suggests that
the cocultivation of RT 112 with normal urotheliaf cells facilitate its IEE. We indirectly examined
whether excretion of a paracrine substance or deposition of & specific component on the culture
substratum stimulates 1EE of RT112 cells, We noted that culiuring on mouse urothelium
deposited culture substratum but not mouse urothelium conditioned medivm (Figure 2)
stimulated the expansion of RT112 cells in the absence of surrounding urothelivm.

Mouse urothelivm deposited substratum consists, besides the already coated human collagen
type IV, of at least fibronectin, mouse collagen type TV, and laminin (unpublished resulis). By
further studies we could demonstrate that fibronectin depositions are probably the most
important factor, which contributed to the enhanced expansion of RT 112 (unpublished results).

These results gave further proof of the involvement of integrins-ECM interactions in IEE (Fig. 1

e}

138



120 e Gl + SM

100 g Coll IV + CM

—4— BMMBG + SM
80 -
—3¢ BMMBG+CM

60

Area (mm2}

40
20

0 — —
0 2 4 8 8 10 12 14

Days
Figure 2: Influence of mouse wrothelium conditioned medivm (CM) or basement membrane
deposited by mouse bladder cultures (BM MBC) on the expansion of RT112 cultures in the

absence af surrounding normal wrothelium, (Coll 1V= collagen IV; SM= staidard medium).

Cross-scctions of the cocultivations revealed that, like the in vivo situation, our TCC cells
expand in IEE by undermining (Fig. | ) the normal urothelium (Chapter 2). Ulira-structural
analysis showed that in vifro the normal mouse wrothelium is anchiored to the basement
membrane by hemidesmosomes. Obviously, tumor celfs have to disrupt these hemidesmosomes
before they undermine the adjacent wiothetium (Fig. 1 f), The question remains, how can this be
accomplished by the tumor cells? Is mechanical distuption sulficient or is targeted disruption by
specialized “invadepodia-like structures” necessary? These invadopodia are cell membrane
protrusions which exhibit a coordinated expression of integrins/receptors for proteolytic enzymes
and specific proteolytic enzymes, and they are nonnally involved in distuption of ECM proteins
{Kelly et al., 1994; Sato er af., 1994; Brooks ef a/., 1996).

The production of paracrine substances (peptide growth factors, cytokines, etc.) by the
normal urothelium could influence the behavior of inlragpithelial tumor cells and vice versa (Fig.
1 ). The hmportance of the host environment (Fig. 1 bd) on IEE was suggested by several
authors {Orozeco et al., 1994; Rebel ef af, 1995; Chapter 2). Modulation of the surrounding
normal urothelium by growth factors or ECM-proteins resulted in an altered 1EE of tumor cells
{Rebel ef «f, 1995; Chapter 2). Orozco et al. suggested that, based on the discrepancy in
biclogical behavior of CIS, some patients possess vet unidentified resistance factors for the
progression lo invasive disease (Qrozco et al., 1994), These patienis have CIS-lesions, which
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exclusively grow in an intracpithelial environrment and which usuaily do not even invade when
the adjacent urothetium is heavily damaged (Orozco ef af., Murphy et al,, 1994),

Recently, Javaherian ef al. showed that sutrounding normal keratinocytes could suppress
the intraepithelial growth of malignant keratinocytes (Javahetian ef al., 1998). They proposed a
mechanism whercin cell contact with nommal epithetial cells induces cell cycle arrest and
terminal differentiation of tumor cells. Similarly, one could wonder, what will be the fate of
single T24 cells (Fig. 1 g) that infiltrated the normal surrounding urothelium? Could direct
contact between tumor cells and normal cells prevent the further clonal outgrowth of tumor
cells? We studied the expression of cell cycle and apoptotic markers in single T24 cells,
Dispersed T24 celts still have a high proliferative activity (MIB-1, BrdU), and hardly show
expression of p27 (marker for quiescent cells) (unpublished resuits). These preliminary data
sugpest that the normal urothelivin had no direct effect on the growth of dispersed T24 cells,
However, in our in vive model of IEN, single T24 cells often had morphological signs of
apoptosis and were discarded from the urothelium by shedding. The latter suggests that shedding

of single tumor cells could indeed affect the ability of T24 for IEE (Fig. 1 g).
In vivo model of intraepithelial neoplasia

Inoculation of 1207 cells in partially denuded bladders resulted reproducibly in the
frequent formation of 1IEN. Only in isolated cases, invasive carcinomas of 1207 cells 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; experiment 1). Long term follow-up
showed that in our model no progression from 1207 derived-IEN to invasive carcinomas
occurred {Chapter 6). In contrast, inoculation of 1207 in the submucosa of the bladder gave rise
{0 invasive bladder tumors {(Chapter 5). There are a few possibilities to explain this difference in
behavior of [207 cells in the two fn vive assays. First, in the case of our in vivo model of 1EN,
cells could be selected that gave only rise to [EN. Second, possibly a longer period of tinre has to
pass before the progression to invasive discase eventually will occur, This is however highty
doubtful, because even after a follow-up period of | year (unpublished resulis) there are still no
signs of progression, Third, the specific microenvironment could either stimulate (submncosa) or
block (urothelium) the invasive behavior of 1207 bladder tumor cells. The latter would give

further evidence for the importance of the host environment in IEE (Fig. 1 b}, provided that the
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intraepithelial environment indeed promotes IEN-behavior of the 1207 celis,
Futine research

Many of the conclusions drawn in this thesis (Chapter 2 & 4) are based on our xenogenic
cocultivation model. We are well aware that we can not exclude that some of our findings could
be due to differences between the two species. To address this problem, future rescarch should
focus en the development of an ailogenic cocultivation 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 of integrins-ECM interactions in IEFE, initial studics should focus on the
floweytometric analysis of integrin-expression and study the expansion of the various TCC cell
fines on mouse urothelium deposited culture substratum. Investigations, which compare the
exposure of the cocultivations to vatious ECM-components, will probably not resolve the issue,
becanse exposure to ECM-proteins would affect both tumor cell behavior and compeosition of the
normal urothelium. Correlation studies between the integrin expression and IEE behavier of
tumor cells hopefully will give suggestions of specific integrins that are involved in IEE. Next,
transfection of TCC cell lines with these specific integrins or the creation of knockouts, and the
subsequent iesting of these modified cells in our cocultivation assay could further substantiate
the role of integrins-ECM interactions in TEE.

We have conducted initial studies on the fate of single cells {T24, etc.). Still more
accurate evaluations of the expression of apoptotic and proliferation markers in these dispersed
cells are needed, Furthermore, fluorescent labeling of TCC cells and the subsequent ex vive
study, using confocal microscopy, could reveal whether shedding is involved in the elimination
of these celis.

Confocal microscopy can alse be helpful in the study of the presumed targeted
expression of combinations of integrins and proteolytic enzymes in “invadopodia-like structures”

at the front of undermining bladder tumor cells (Fig. 1 1),

The described in vive model can be used fo design therapies that prevent/block the
growth of intraepithelial neoplasin and its progression fo invasive bladder carcinomas.
Furihermore, the results of our in vifro 1EE assay can now be extrapolated to the in vivo 1EN
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meodel, For instance, T24 cells stably transfected with E-cadherin or TCC cells with modified
integrin expression can be studied in our in vive model and this could demonstrate whether these
molecules stimulate the formation of IEN iu vive,

Finally, if selection of 1207 cells would take place in our in vive model of IEN, it would
also be worthwhile to characterize these cells and compare themy with the native 1207 cell
population. This could give us farther insight into the intrinsic features of tumor cells that

contribute to 1EN.
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Chapter 8

SUMMARY/SAMENVATTING






Summary

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 afier focal resection.
Based on the presumed monoclonality of these recurrences, the two most obvious
mechanisms to explain these recurrences are: [} Intraluminal shedding with subsequent
attachment of tumor cells to traumatized or intact areas in the urothelimm; 2) Lateral
(intraepitheliat) 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 fumor recurrences,

In chapter 2, we describe a new cocultivation model for the study of lateral intraepithelial
expansion (IEE). In this model, human bladder tumor cells were seeded on top of traumatized
confluent organotypic mouse cultures. These tumor cells preferentially attached to the
traumatized areas in the cultures. After implantation, tumor cxpansion at the expense of the
nermal surrounding urothelium could be accuralely monitored. The implantation and
subsequent 1EE of bladder carcinoma cell lines, SD and T24, were studied. SD cells expanded
into the normal wrothelium as a fast growing, sharply demarcated turnor. In comparison, T24
cells infiltrated the normal wrothelium as single cells and displayed a slow, but gradual
expansion. Next, we studied whether stimulation of the regenerative capacity of the normal
urothelium could alter the implantation and 1EE of SD or T24 cells. Addition of EGF
(cpidermal growth factor) stimulated the proliferation of the normal urothelium, and reduced
the implantation and growth of T24 cells considerably. The implantation of 8D cells was also
reduced by addition of EGF, but EGF could not prevent the subsequent expansion of the SD
cells. Furthermore, we showed that EGF had no effect on the proliferation or migration of T24
or SD cells. These results suggested that modulation of the host environment (stimulation of
regencrative capacity of the normal urothelium by EGF) could reduce implantation to

wounded urothelium, and in some instances could alter the IEE of tumor cells,
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The effect of EGF on IEE stimulated us to study the role of the EGF-EGFR family during
urothelial regeneration in more detail {(chapter 3). EGF, TGFu, and to a lesser extent
amphiregulin stimulated wound regeneration of normal human urothelium in vifro. Since these
growth factor treatments had no general effect on urothclial proliferation during wound healing,
the enhanced regeneration could be primarily attributed to an increase in cellular migration.

C-erbB2 plays an important coordinatory role in the function of the EGFR family, Therefore, the
1ole of c-ctbB2 in urothelial regeneration was further investigated with the use of antisense DNA
specific for c-erbB2. Urothelial reepithelialization could be delayed up to 50% by antisensc c-
crbB2, but not by mismatched or sense c-erbB2-oligonucleotides. The proliferative capacity of
the wrothelial cultures was not altered afler freatment with any of the eligonucleotides. This

suggests that c-erbB?2 is a regulator of migration during urothelial wound healing.

Using our in vitro cocultivation assay, we compared the IEE of a panel of six bladder
carcinoma cell lines (chapter 4). In this way, we hoped to identify factors intrinsic to tamor
cells that determine TEE. 1EE was most pronounced in three (SD, RT112, and 1207) of four E-
cadherin positive cell lines. In contrast, the two E-cadherin negative cell lines (T24 and J82)
were hardly able {0 expand into the normal urothelinm, This suggests that E-cadherin is an
important mediator of IEE. To further test this assumption, we transfected T24 cells with full-
length mouse E-cadherin ¢DNA. Only T24 clones with a high, functional expression of E-
cadherin displayed an enhanced IEE expansion rate. Transfection did not alter their
profiferative capacity, or their pattern and level of integrin expression, or their ability to
cxpand on collagen type IV coated membranes in the absences of urothelium, These data
suggest that E-cadherin-mediated cohesiveness is an important determinant of TEE of biadder

carcinoma cells.

In general, infracpithelial neoplasia (IEN) is considered as an important precursor lesion of
invasive bladder carcinoma. However, not all observed IEN will ultimately lead to invasive
diseasc. 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 lings, and
hopefully will contribute to the fulure understanding of the puradoxical behavior of [EN, Hke
CIS. In other organ systems it was demonstrated that the microcnvironment has an important

influence on the behavior of tumor cells. To investigate the importance of the
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microenvironment in bladder cancer invasion, bladder earcinoma cell lines were tested in both
in vitra and in vivo invasion assays. In vifre invasion into embryonic chicken heart fragments
was inversely correlated with their E-cadherin expression. However, the results of this in vitro
assay could not predict in vive invasiveness. The i vifro non-invasive cell line SD formed
highly invasive tumors in vive. This could be ascribed to the observed heterogeneous
expression of E-cadherin in these SD tumors. In addition, we also observed site-specific
tumor 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 deseribed in chapter 4 and 5 suggest that E-cadherin plays a
paradoxical role in bladder tumorigenesis. On the one hand, E-cadherin promotes the
cxpansion of intraepithelial neoplasia; on the other hand, its loss correlates with invasive

behavior of bladder tumors.

To extrapolate our in vitre findings to the more complex situation of humans, relevant in vive
models are needed. To establish an i vive model of IEN, bladder carcinoma cells were
intraluminally injected in partially denuded mouse bladders (chapter 6). The denuded bladders
were rapidly recpithelialized with mouse urothetial cells and the injected mmor cells. Four
TCC cell lines were compared for their ability to form IEN. All four cell lines showed
formation of IEN. However, there were considerable differences in the frequency of 1EN
formation. Furthermore, invasiveness and development of tumeors elsewhere in the urinary
tract were also observed. Cell linc 1207 was identified as the most promising and useful
model of IEN, because this cell line revealed the highest frequency of IEN in the bladder, and
long-term experiments were less fikely to be hampered by invasive carcinoma or metastatic
spread. In the following time-course experiment, we studied the growth characteristics of
these 1207-derived TEN during six months. In this experiment, 1207 again displayed a
frequent formation of IEN, and invasion was only found in isolated cases. During the six
months period, 1207-derived IEN showed signs of gradual intraepithelial cxpansion. The
growth of these 1207-derived TEN was based on a high proliteration rate and a low apaptotic
rate. Tntraluminal infection of 1207 cells in partialty denuded bladder results in a highly
reproducible model for the study of the behavior of IEN. In addition, our model also suggests
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that formation of IEN can be the result of an alternative mechanism of tumor spread of high-

grade invasive bladder carcinoma,
Samenvatting

Blaaskanker is in de westerse samenleving de vijfde meest voorkomende maligniteit. Van de
patiénten met overgangscpitheel carcincom van. de urineblaas heeft 65% superficiéle
tumoren. De overige patiénten hebben invasict blaascarcinoom. Een groot probleem in de
behandeling van de superfici€le tumoren is het hoge recidiet percentage en de kans op
progressie na locale resectie van de primaire tumor. Uitgaande van de veronderstelde
monoclonaliteit van blaastumoren, zifn er twee mechanismen mogelijk, nl.: 1} loslaten van
blaastumorcelten van de primaire tumor, gevolgd door hechting van blaastumoreellen op de
(verwondde) blasswand; 2} Laterale (intra-cpitheliale) migratie van tomorcellen in het
normale urotheel, Dit proefschrift beschrijft de ontwikkeling van twee model systemen, dic
gebruikt werden om de rel van beide mcchanismen bij de vorming van blaaskanker

recidieven te bestuderen.

In hoofdstuk 2 wordt een nieuw cocultivatic model beschreven. In dit model, worden
suspensies van humane blaastumorcellen vitgezaaid op een beschadigde culture van urotheel
van de muizenblaas. Na hechting van de tumorcellen in de beschadigde gebieden, kan de
expansie van deze tumorcellen ten opzichte van het omringende, normale urotheel worden
onderzocht.

De hechting en de daaropvolgende intra-cpitheliale expansie van de twee humane blaaskanker
cellijnen S en T24 werden in dit model onderzocht. De SD tumorcellen expandeerden als
cen snel groelend, scherp begrensd veld zonder infiltratic van hiet normale urotheel.
BPaarentegen expandeerden T24 tumorcellen langzamn, waarbij individuele T24 tumorcellen
het normale urotheel infiltreerden. Vervolgens werd bestudeerd of stimulatie van de
regeneratieve capaciteit van het normaal urotheel, de hechting en intra-cpithelinle expansie
van T24 of SD cellen kon beinvioeden. Epidermale groei factor (EGF) stimulecrde de
prodiferatic van het normale urotheel en zorgde voor een gereduceerde heehting en groefl van
T24 cellen. De hechting van SD cellen werd eveneens gereduceerd door toevoeging van EGF.

Er vond cchter geen remming plaats van de expansieve groei van de SD tumorcellen na EGF-
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toevoeging. Het veranderd gedrag van beide tumorcellijnen kon niet toegeschreven worden
aan een door EGF-geinduceerde verandering van de proliferatieve of migratoire activiteit van
beide tumorcellijnen. Dit suggercert dat stimulatie van de regencratieve capaciteit van het
normaal urotheel kan leiden tot een verminderde hechting van blaastumorcellen op
beschadigd urotheel en evencens in sommige gevallen in cen veranderde infra-epitheliale

expansie van blaastumorcellen.

Het effect van EGF op de intra-epitheliale expansie stimuleerde ons om de rol van de
EGF/EGF-receptor familic tijdens de regeneratie van beschadigd urotheel nader te
onderzocken (hoofdstuk 3). De /n vitre regeneratie van normaal humaan urotheel werd
gestimuleerd door toediening van EGF, TGFa of amphireguline. Dit effect kon voornamelijk
toegeschreven worden aan cen toegenomen migratie van urotheeleellen, die zorgden voor het
sluiten van de beschadiging. C-erbB2 fungeert als een belangrijke codrdinator voor de functie
van de EGF-receptor familic. Daarom werd de rol van c-erbB2 tijdens de regeneratie verder
onderzacht door het gebruik van een antisense-DNA strategie. Regeneratic van het urotheel
werd aanzienlijk geremd (£ 50%) door toediening van antiscnse c-erbB2, terwifl negatieve
controles geen effect lieten zien. De proliferatieve capaciteit van de beschadigde
urotheelkweken werd door geen van deze oligonuclcotides veranderd. Dit suggereert dal,

tijdens de regeneratie, c-crvB2 vooral een belangrijke regulator van urotheelcel-migratie is.

In hoofdstuk 4 werd de intra-epitheliale expansic van zes verschillende blaaskankercellijnen
onderling vergeleken in van het cerder beschreven cocultivatie modef. Op deze wijze hoopten
we intrinsieke factoren van de tumorcellen te identificeren, die betrokken zijn bij het proces
van intra-epitheliale expansie. Bij drie van de vier E-cadherine positieve cellijnen (8D, RT112
en 1207} werd de grootste intra-cpitheliale expansie waargenomen. Dit, terwijl de twee E-
cadherine negatieve cellijnen, T24 en I82, vrijwel geen intra-epitheliale expansic toonden. Dit
zou kunnen beteken dat de sanwezigheid van E-cadherine cen belangrijke bijdrage levert aan
de intra-epitheliale expansie van blaastumoren. Om deze aanname verder te onderzocken,
werden T24 cellen met het ¢DNA wvan E-cadherine getransfecteerd. T24 klonen met
verschillende mate van E-cadhierine expressie werden in onze cocultivatie assay getest, Allcen
T24 klonen met een hoge functionele expressic van E-cadherine hadden cen toegenomen
intra-epitheliale expansie. Transfectie van T24 cellen met E-cadherine had geen effect op de
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proliferatieve activiteit, noch op het expressiepatroon ¢q. expressicniveau van verschillende
integrines, noch op de expansiesnelhicid op collageen type IV-gecoate membranen in de
afivezigheid van omringend urotheel. Hieruit kan geconcludeerd worden, dat E-cadherine-
gemedietrde tumor-cohesie een belangrijke bijdrage levert aan de intra-epitheliale expansie

van blaastumoren,

In het algemeen wordt intra-gpitheliale neoplasic in de blaas beschouwd als een belangrijke
voorloper van invasief blaascarcinoom. Echter niet elke waargenomen intra-epitheliale
neoplasie zal zich ontwikkelen tot een invasief blaascarcinoom, Inmiddels is bekend dat de
omgeving een belangrijke invioed heeft op het invasieve gedrag van tumorcellen. De
invasieve capaciteit van de door ons eerder gebruikte cellijnen werd onderzocht (hoofdstuk 5)
zowel in fr vifre als in vivo invasic assays om meer inzicht te krijgen in de factoren, die een
rol spelen bij de progressie naar invasiel’ gedrag van intra-cpitheliale neoplasic. fn vifro
invasie was sterk gecorrcleerd aan de in vitro expressie van E-cadherine. De resultaten
verkregen met deze fn vitro invasie assay konden echter het invasieve gedrag in vive nict
altijd voorspellen. Bijvoorbeeld, cellijn SD lict in de in vitro assay geen invasiviteit zien,
terwijl in vivo hoogst invasieve tumoren werden gevormd. Dit kan mogelijk verklaard worden
door een afname in E-cadherine expressic in deze tumoren. Verder werden er bij andere
cellijnen blaas-specificke tumorgroei en invasiviteit swaargenomen (1207 en T24).
Bovengenoemde resultaten laten zien dat de omgeving waarin een tumorcel zich bevindt
inderdaad cen belangrijke rol speelt in de groei (1207 en T24) en invasiviteit (SD) van

tumorcellen,

De resultaten uit hoofdstuk 4 en 5 suggereren een paradoxale rol voor E-cadherine in
blaaskanker, Enerzijds stimulcert de aanwezigheid van E-cadherine the intra-epitheliale
expansic van blaastumorcellen, anderzijds is verlies van E-cadherine expressie gecorreleerd

aan invasief gedrag,

De eerder ontwikkelde cocultivatie assay (hoofidstuk 2) is een zeer sterke vereenvoudiging
van de complexe situatie, In het geval van blaaskanker bij de mens. Om cen beter inzicht te
krijgen in het proces van intra-epitheliale expansie zijn daarom relevante diermodellen zeer

gewenst. Om die reden werd door ons een diermodel voor intra-epitheliale neoplasie
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ontwikkeld (hoofdstuk 6). In dit model worden humane tumorcellen in het lumen van de
wringbfaas van een muis geinjecteerd, waarbij eerder cen pedeelte van hun urotheel was
verwijderd. In deze situatie kan een nieuwe bekleding van de blaas ontstaan, die deels bestaat
uit normaal urotheel, deels vit fumorcellen. Vier blaastumorcellijnen werden op deze wijze
vergelcken met betrekking tot de vorming van intra-epitheliale ncoplasie. De injectie met
cellijn 1207 resulteerde het meest frequent in de vorming van intra-epitheliale neoplasie,
terwijl invasieve tumoren zelden gevonden werden. Daarom werd besloten om met deze
cellijn verder te gaan voor de ontwikkeling van ecen diermodel. In de daaropvolgende
experimenten werd de groei van intra-epitheliale neoplasie in het 1207-model gedurende zes
maanden vervolgt. Gedurende deze onderzocksperiode werd een gestage groei waargenomen
van de 1207 tumoren zonder invasieve groei. De toename van deze intra-epitheliale neoplasic
was het gevolg van een hoge mate van proliferatic en cen lage mate van apoptose. Injeclie van
1207 cellen in het lumen van gedecltelijk beschadigde muizenblazen is een goed
reproduceerbaar diermodel, dat bruikbaar is bij de studie naar het gedrag van intra-cpitheliale
tumoren, Onze resultaten suggereren bovendien, dat hooggradig, invasief blaascarcinoom zich

elders in de blaas kan manifesteren als intra-cpitheliale neoplasie.
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