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Introductio n n 

Introduction n 

Inn The Netherlands each year 2500 new patients are diagnosed for bladder 
cancer.. Approximately 75 % of these patients present themselves with a 
superficiall  form of bladder cancer [1]. Superficial bladder cancer can 
manifestt itself in two forms. The majority are papillary tumors, but in 10 % 
itt consists of carcinoma in situ (CIS), which may be inconspicious at 
cystoscopy.. The initial treatment of these patients aims at complete 
transurethrall  resection (TUR) of papillary tumors. Because of the substantial 
(60-700 %) chance of recurrence, and the inability to cure CIS by endoscopic 
surgery,, (adjuvant) therapies have been introduced [2]. Adjuvant therapies 
encompasss administration into the bladder of chemotherapeutic and 
immunomodifyingg substances, such as the clinically well-explored 
biologicall  response modifier bacillus Calmette-Guérin (BCG) [3]. 

BCGG is an attenuated strain of Mycobacterium bovis that was generated over 
thee period 1908-1921 by Calmette and Guérin, aiming to develop a vaccine 
forr human tuberculosis. Since 1976, it has been used with considerable 
successs as an intravesical therapy for superficial bladder cancer, or for 
prophylaxiss after TUR [4]. In comparative trials, it has been revealed that 
immunotherapyy with BCG is superior to chemotherapy, especially in 
patientss with high risk for progression or recurrence of bladder cancer [5,6]. 
Unfortunately,, intravesical instillation with live BCG has several 
disadvantages,, since it can cause infections, ranging from bothersome 
cystitiss in the majority of patients to sepsis that have lead to death in rare 
casess [7]. 
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Moree than a quarter of a century after its introduction, researchers are still 
tryingg to decipher the exact mechanism of the interaction between BCG and 
thee host, and its association with anti-tumor activity. An improved 
understandingg of the mechanism of BCG action, as an anti-tumor agent, 
shouldd provide a solid base for optimization of BCG treatment schedules 
and/orr dose, prediction of clinical response, and possibly the development of 
novell  biological response modifiers. The latter goal intends to establish 
alternativess for BCG that further reduce the risk of recurrence, provide 
increasedd recurrence free periods, are easier applicable and exhibit less side 
effectss [8]. 

Initiatedd by early histological observations and the experimental 
observationss of Zbar and Ratliff and their associates, research efforts have 
largelyy focused on the BCG-induced, local immune response [9,10]. 
Biopsiess of the bladder wall, retrieved 24 hours after BCG instillation, reveal 
aa strong inflammatory reaction. The submucosa and, to a lesser extend, the 
urotheliumm are infiltrated with mononuclear cells (predominantly T-
lymphocytes)) and polymorphonuclear granulocytes [11]. The local 
inflammatoryy reaction tends to increase, during repeated BCG instillations. 
Histologyy shows infiltration with lymphocytes, plasma cells, histiocytes and 
polymorphonuclearr cells. In a quarter of cases, characteristic granulomas are 
observedd [12]. The importance of local immunostimulation induced by BCG 
iss generally accepted, but no definite conclusion has been reached about the 
naturenature of the immune cells that actually contribute to (selective) tumor cell 
destruction.. A growing body of evidence indicates, however, that a cascade 
off  complex and multifactorial processes leads to antigen-specific activity of 
cytotoxicc T lymphocytes, and/or the innate immune response of natural killer 
(NK)) cells [13]. The abundance of inflammatory cells may well explain the 
characteristic,, rapid and transient increase of an impressive series of urinary 
cytokines,, such as interleukin (IL)-l , IL-2, IL-6, IL-8, IL-12, IL-18, tumor 
necrosiss factor (TNF)-a and interferon (IFN)-y during BCG instillations [8, 
14-19]. . 
Itt has not been fully established whether the BCG-induced local reaction is 
accompaniedd by a systemic immune modulation by e.g. a cross reaction 
againstt similar antigen(s) on the bladder tumor cell and BCG [20, 21]. 
However,, a major causal involvement of a systemic immune reaction 
contradictss the inability to cure upper urinary tract tumors by intravesical 
BCGG instillation [9, 22, 23]. When the anti-tumor effect could be 
accomplishedd solely by a systemic immune reaction, intravesical instillation 
shouldd cure urothelial tumors regardless of their position (bladder, upper 
urinaryy tract) in the urinary tract. 
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Inn addition to the induction of a "classical" immune response, several lines 
off  evidence suggest that BCG might interact directly with bladder (tumor) 
cellss and, that these cells might be of importance for the BCG-mediated anti-
tumorr effect. In vitro experiments with human TCC cell lines have revealed 
thatt BCG possesses cytolytic and anti-proliferative properties [24-26]. 
Inhibitionn of cell proliferation was most pronounced for poorly differentiated 
TCCC cells. Although the direct effects of BCG bacteria may contribute to the 
efficacyy of BCG therapy, they alone are insufficient to explain the working 
mechanismm of BCG. 
Immunocompetencee of the host is required for effective BCG therapy [9]. 
Differentiationn of normal urothelial cells from tumor cells is essential for 
patrollingg immunocompetent cells, such as cytotoxic T-lymphocytes (CTL) 
andd natural killer cells (NK). BCG seems to sensitize bladder tumor cells for 
CD4++ T-helper lymphocytes and the cytotoxic effects of NK-cells and CD8+ 

T-lymphocytes,, but has no influence on normal urothelial cells [27]. So, 
BCGG augments the recognition of surface antigens through induction of the 
antigen-presentingg systems, the major histocompatibility complex (MHC) 
classs I and II, and CD1, and their accessory molecules, such as intercellular 
adhesionn molecule-1 (ICAM-1) and lymphocyte function associated antigen-
33 (LFA-3) [28-31]. As a result, there are several possible pathways for cells 
off  the immune system to attack BCG treated urothelial tumor cells. 
Patrollingg NK-cells may recognize altered antigens presented by MHC class 
II  receptors, e.g. BCG antigens and/or tumor-associated MAGE antigens or 
heatt shock proteins [32-34]. Furthermore, the urothelial cell could cause 
activationn of the immune system by presenting antigens of internalized BCG 
[35].. Either in a MHC class I-restricted, or in a MHC independent CD1-
restrictedd fashion, cell-mediated cytotoxicity may be accomplished by 
cytotoxicc CD8+ T-cells [31]. The relative importance of each pathway 
remainss to be established. 

Activationn of immunopotent cells has been considered an exclusive 
characteristicc of antigen-presenting cells of the immune system itself, like 
dendriticc cells. Interestingly, and in accordance with other nonprofessional 
phagocytes,, it has been suggested that, in the presence of BCG, bladder 
tumorr cells gain the characteristics and functions of antigen-presenting cells 
[29].. These observations challenge the traditional view of the epithelium as a 
relativelyy passive physical barrier to the internal environment and support 
thee concept that epithelial cells play an important role in the regulation of an 
inflammatoryy response [36, 37]. An encounter of airway epithelial or 
urotheliall  cells with micro-organisms, like E. coli or Citrobacter, is 
accompaniedd by the production of a broad range of cytokines and 
chemokiness that may initiate and modulate the inflammatory cascades [38, 
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39,40].. Regarding BCG immunotherapy, it has been shown that BCG 
upregulates,, in in vitro cultured urothelial tumor cells, the synthesis of 
variouss cytokines, additional to a constitutive synthesis [41, 42]. Recent 
studiess suggest that BCG internalization and the induced upregulation of 
cytokinee depend on the degree of dedifferentiation of TCC cells [43]. From 
thesee observations it is tempting to speculate that urothelial (tumor) cells 
playy a role in a cytokine-mediated initiation and/or regulation of the early 
immunee response. Interestingly, the efficacy of BCG as an 
immunotherapeuticc agent, seems to correlate with the relative high rate of 
BCG-inducedd cytokine synthesis in urothelial tumor cells, compared to E. 
coli,coli, S. faecalis or Nocardia rubra cell preparation [41 ]. 

Internalizationn of BCG in (urothelial) cells is probably a key process in the 
mechanismmechanism of action of BCG. Urothelial (tumor) cells are capable of 
internalizationn of BCG [44, 45, 46, 43, 47, 48]. BCG internalization in TCC 
celll  lines is time- and dose-dependent. In vitro studies have revealed that 
normall  urothelial cells are not capable of BCG internalization [48], whereas 
internalizationn is most pronounced in poorly differentiated tumor cells [46]. 
Thesee observations are in accord with the absence of BCG adherence and 
internalizationn in the urothelium of guinea pigs [49]. These data may be 
relatedd to the observed, better clinical response to BCG treatment of high-
gradee compared to low-grade tumors [50]. Profound knowledge about the 
processs of BCG internalization is, however, lacking. An intermediate role of 
fibronectinn (FN) has been suggested, since BCG bacteria possess a receptor 
thatt binds to the collagen domain of FN , the fibronectin attachment protein 
(FAP),, while uroepithelial cells express an integrin (a5[3l receptor) with a 
speciall  affinity for FN [51, 52]. In accordance with the proposed mechanism, 
somee investigators found interference of anti-FN antibodies with BCG 
adherencee and internalization in human bladder cancer cell lines, but others 
weree not able to reproduce these inhibitory effects [52, 46, 53]. Although 
thesee conflicting results may be due to different experimental conditions or 
appliedd techniques, the existence of other nonfibronectin-mediated bacterial 
attachmentt and internalization mechanisms can not be excluded at present 
[54,, 45, 44, 46]. 

Clinicall  as well as experimental observations have been interpreted as 
evidencee for an absolute necessity to treat with live organisms in order to 
provokee a local immune and clinical response [9, 55, 56, 57]. Depending on 
thee state (live or dead) and nature of the antigen (protein or lipid) 
mycobacterialmycobacterial antigens are presented through different pathways, either 
MHCC class I-, class II-, or CD 1-restricted [30, 31]. In this light the clinical 
applicationn of isoniazid (INH), a tuberculostatic drug, to diminish the side 
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effectss of BCG treatment is of interest. INH interferes with bacterial cell 
walll  formation, resulting in BCG cell death during the process of cell 
division.. Non-dividing BCG microorganisms remain metabolically active. A 
differentt immune response towards live or dead mycobacteria implies that 
thee effect of INH on clinical efficacy of BCG should be considered. 
Acceptingg urothelial tumor cells as (non-professional) antigen presenting 
cellss and their importance in the BCG-provoked immune response, Bevers et 
al.al. studied the effects of INH on various characteristics of TCC cells [58]. 
INHH did not interfere with the BCG-induced upregulation of IL-6 and IL-8, 
andd proliferation of the human bladder cancer cell line T24. These 
observationss are in accord with clinical data, indicating an equal BCG-
inducedd immune response and clinical efficacy of BCG without and with 
INHH [59,60]. 

Conclusivee differentiation between the respective roles of cells of the 
immunee system on one hand and of the urothelial cell on the other hand, in 
triggeringg the BCG induced anti-tumor effect will be difficult if not 
impossible:: in the end, both are needed. A thorough knowledge however of 
thee underlying mechanism is crucial for improving the adjuvant treatment of 
superficiall  bladder cancer. 

Itt is well known that a subpopulation of patients fails to develop an immune 
responsee to BCG [61]. Although a considerable number of possible 
explanationss can be put forward, suboptimal clinically effective binding and 
aa limited passage of BCG through the protective glycosaminoglycan (GAG)-
layerr of the bladder have been raised [62-64], Observations of Zbar et al. 
suggestt a direct or close contact between BCG and the target organ to be 
treatedd as crucial for its anti-tumor effect, but profound knowledge about 
bindingg of and passage into the bladder wall is lacking [9]. Taking into 
accountt that both the highly sulphated GAG-layer and BCG cell wall are 
highlyy negatively charged, a physiochemical model of the interaction 
betweenn BCG and the bladder wall has been presented [64]. This model 
describess an accumulation, without adherence, of BCG organisms at a close 
(700 - 100 A) distance, the so-called docking distance, of the bladder wall, the 
(low)) probability of actual adherence and the possible clinical relevant 
manipulationn of BCG adherence by polyelectrolytes. Several aspects of this 
theoreticall  model seems to be in accord with experimental, in vivo findings 
inn animals, including (1) the optimal BCG diluent (pH, saline) [65], (2) the 
apparentlyy low abundance of BCG bacteria adherence to the uninjured 
bladderr wall [49,62,63], and (3) the increased BCG-induced immune 
responsee after pre-instillation with the polyvalent polysaccharide 
pentosanpolysulphatee (PPS) at an certain, predicted concentration [66]. It 
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shouldd be stressed, however, that the adherence of BCG to the bladder wall 
iss not adequately understood and that other, more specific mechanisms are 
involved.. So, a crucial involvement of the interaction of BCG to fibronectin 
inn the bladder mucosa has been postulated, but this is still controversial 
[63,67]. . 

Thee subject of this thesis comprehends several, experimental aspects of the 
earlyy events of the BCG-associated anti-tumor effect, studied in both a in 
vitro,vitro, human cell line model and in vivo, animal model: the encounter of 
BCGG with the GAG-layer of the bladder wall and factors that influence this 
interaction,, and the relation between BCG internalization into uroepithelial 
cellss and cytokine production of uroepithelial cells in the presence of BCG 
andd other microorganisms. 
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Abstract t 

Thee importance of adherence of BCG (Bacillus Calmette-Guérin) to the 
bladderr wall as an initiator of the processes leading to the BCG-induced 
antitumorr activity is still controversial. A study was initiated addressing this 
subjectt by an experimental procedure modulating BCG adherence using pre-
treatmentt with pentosan polysulphate (PPS), a polysulphated polysaccharide 
withh glycosaminoglycan (GAG) like properties and reported bacterial anti-
adherencee properties to the bladder mucosa. Furthermore, PPS is applied as a 
drugg to treat chronic and radiation induced cystitis. It was reasoned that 
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applicationn of PPS during BCG treatment might prevent cystitis, a common 
sidee effect. However, nothing is known about a potential interaction of PPS 
withh the effectiveness of BCG treatment. 
Thee results obtained with guinea pigs receiving prior to each of the 6 weekly 
instillationn with BCG RIVM (1 x 107cfu) an intravesical pre-treatment with 
100 mg PPS in 1 ml for 0.5 hours indicated an enhancement of the PPD skin 
reaction,, inflammatory response and number of iliac lymph node cells after 
instillationn 6 compared to non-pretreated animals. These results, contrary to 
thee expected, were supported by the indication of an increased binding of 
[[  H]uracil-labeled BCG to the bladder after PPS pre-treatment. To explain 
thesee results, the binding of PPS to the bladder wall and BCG were 
quantitatedd spectrophotometrically with DMB (dimethylmethylene blue). 
Afterr administration of 40 pg, 80 ug, and 10 mg in appropriate volumes into 
thee rat guinea pig & human bladder 0.9  0.3, 4.3 1 u.g, and 5.7  1.8 mg 
PPSS (n > 5) were recovered respectively, showing a strong adherence. 
Furthermore,, in contrast to commonly found bacteria associated with 
cystitis,, a significant adherence of PPS to mycobacteria was observed: 1.7, 
3.6,, and 3.1 u.g/mg dry weight of BCG Connaught, RIVM and Pasteur 
respectivelyy and 0.2, 0.3, 0.7, and 0.0 pg/mg dry weight of E. coli. 
StreptococcusStreptococcus faecalis, Klebsiella pneumoniae, and Proteus respectively. 
Inn conclusion, the present results could explain: (a) the inflammatory 
reactionn associated with BCG therapy by a binding of BCG to the GAG-
layerr of the bladder and (b) the increased BCG response in guinea pigs after 
enhancingg this binding by pre-treatment with PPS. It is tempting to speculate 
aboutt the possibility to increase the effectiveness of BCG treatment by PPS. 

Introduction n 

Intravesicall  instillation of BCG (Bacillus Calmette-Guérin) has been 
recognizedd as an effective (adjuvant) therapy for superficial bladder cancer. 
Ass a treatment for residual Ta/Tl, grade 1-3 tumors the overall complete 
responsee rate is approximately 50%, while for Tis tumors this figure 
appearedd to be 55-90% (Herr, et al., 1987; Reitsma, et al., 1989). Although 
repeatedd bladder instillation of BCG is well tolerated, side effects have been 
reported,, including local (90%) and systemic (3%) inflammation (Lamm, et 
al.,, 1986). However, severe complications are rare. 
Thee immunological mechanisms responsible for the effectiveness of BCG 
therapyy in bladder cancer still remain to be established (Ratliff, 1989). 
Occurrencee of (long-term) adherence of BCG to the bladder is controversial, 
althoughh binding to fibronectin of the bladder mucosa has been proposed as 
aa major initial factor (Ratliff, 1989; Steerenberg, et al., 1989). 
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Inn order to study the adherence mechanism of BCG to the bladder wall and 
inn an attempt to reduce adverse effects of BCG, a study was initiated using 
pentosann poly sulphate (PPS). PPS is a polysulphated polysaccharide, which 
havee been reported to protect the bladder wall against bacteria and various 
urinaryy (harmful) chemicals (Parson, et al., 1980; Parson, 1982). Covering 
thee bladder PPS forms a polyanionic layer, resembling the natural GAG-
layerr of the uninjured bladder mucosa (Parson, et al., 1990; Hurst, et al., 
1987).. Currently nothing is known about the interference of PPS with the 
effectivenesss of BCG as an antitumor modality. 
Inn the present study, the interaction of PPS with BCG-associated reactions 
wass investigated in the guinea pig after intravesical PPS treatment prior to 
BCGG instillations. Furthermore, adhesion of PPS to the bladder wall was 
measuredd in the guinea pig, rat and human. Adherence of PPS to bacteria 
wass tested for different BCG-preparations and some commonly found 
bacteriaa associated with cystitis. 

Materialss and methods 

BCG-InducedBCG-Induced Effects in the Guinea Pig 
BCG-RIVMM (RIVM, Bilthoven, The Netherlands) was administrated 
intravesicallyy in female guinea pigs as described previously (van der 
Meijden,, et al., 1989). Briefly, BCG-RIVM, containing 1 x 107 cultivable 
particles/11 ml buffered saline, was instilled for 0.5 hours into the empty 
bladderr in anaesthetized animals. BCG was instilled once weekly for 6 
consecutivee weeks. Control animals were treated similarly with a placebo 
preparation.. In animals, receiving PPS (Fibrezym; Bene, Germany) prior to 
BCG,, the weekly pretreatment consisted of a 10 ug PPS in 1 ml buffered 
salinee instilled into the bladder for 0.5 hours, immediately followed by BCG 
treatment. . 
Thee PPD (purified protein derivate of Mycobacterium tuberculosis) skin 
reactionn was performed by injecting 20 ug PPD-RIVM intradermally. At 24 
hourss after the PPD injection the diameter of the skin reaction was measured. 
Afterr 6 weeks the animals were sacrificed. The bladders were excised, fixed 
andd prepared for histological examination. The number of infiltrates in the 
bladderr wall was noted. The iliac lymph nodes were also resected. They 
weree weighed and the number of cells per 2 iliac lymph nodes was counted 
(vann der Meijden, et al., 1989). 

AdherenceAdherence of PPS to the Bladder 
PPSS was instilled into the bladder at a concentration depending on the 
organism.. After 0.5 hours the bladders of the guinea pigs and rats were 
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emptiedd by gentle pressing on the pubic region. In humans, voided urine was 
collectedd after 0.5 hours. The amount of PPS in the collected urine was 
determined. . 

AdherenceAdherence of PPS to Bacteria 
BCG-RIVM,, BCG-Pasteur, BCG-Connaught, Escherichia coli, 
StreptococcusStreptococcus faecalis, Klebsiella pneumoniae, and Proteus were grown in 
standardd culture media, respectively. At the end of the exponential growth 
phasee the bacteria were centrifuged at 4500 rpm for 5 minutes, washed and 
resuspendedd in appropriate volumes of PBS. After incubation (0.5 hours) 
withh various concentrations PPS the bacterial suspension was centrifuged 
andd the remaining PPS was determined in the supernatant. 

DeterminationDetermination of PPS 
PPSS was determined spectrophotometrically at 525 nm with DMB 
(dimethylmethylenee blue) and PPS as a standard curve, modified after de 
Jongg etal. (1989). 

Results s 

EffectsEffects of PPS on BCG-induced reactions in the guinea pig 
Thee effects of pretreatment with PPS on the BCG-induced reaction in the 
guineaa pig were determined after instillation 6. After this instillation all 
BCG-treatedd animals showed a positive PPD skin reaction and an increased 
numberr of bladder infiltrates and number of iliac lymph node cells compared 
too the placebo group. The data observed for these parameters after 
pretreatmentt with PPS followed by BCG treatment suggest a PPS-induced 
enhancementt of the BCG-associated responses (Table 1). 

Tablee 1. The influence of PPS pretreatment on BCG-induced effects in guinea pigs at 
instillationn 6 

Numberr of animals 
PPDD skin reaction (mm) 
Numberr of infiltrates 
Weightt of 2 iliac lymph nodes (mg) 
Numberr of cells/2 iliac lymph 
nodess {  x 10 6) 
Bindingg of [3H] Uracil labeled BCG 
too the bladder (cpm x 103) 

Placebo o 
5 5 

none e 
none e 
40.00  10.0 

5.6++ 3.4 

37.11 + 14.4 

BCG G 
5 5 

10.00  2.3 
14.44  13 
60.00  10.0 

13.88  11.2 

56.11  20.0 

PPSS + BCG 
5 5 

11.66  1.5 
22.44  4.2 
50.00  20.0 

17.00  9.3 
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AdherenceAdherence ofPPS to the bladder wall and bacteria 
Inn order to explain this unexpected enhancement of BCG-associated 
reactionss by PPS, the adherence of PPS to the bladder wall of the guinea pig 
andd to BCG were determined. In addition, adherence to the bladder of the rat 
andd human were measured. The results, presented in Table 2, showed a 

Tablee 2. Adherence of PPS to the bladder of the guinea pig, rat, and human 
Instilledd Adherence 

Organism m 
Guineaa pig (n=5) 80 ug / 1 ml 76  1 ug 
Ratt (n=7) 40 ug / 1 ml 39  1 ug 

800 ug / 1 ml 40  3 ug 
Humann (n=3) 10 mg /100 ml 4  2 mg 

strongg adherence of PPS to the bladder of the investigated organisms. In 
agreementt with this observation, an increased binding of [3H]uracil-labeled 
BCGG was indicated after pretreatment with PPS compared with BCG 
instillationn alone. As shown in Table 3, the binding of PPS to the three 

Tablee 3. Binding of PPS to various bacteria 
PPSS adherence 

Bacteriumm , , ,  , . r ,-,.. 
(ug/mgg dry weight [n=3]) 

BCG-RIVMM 3.6  0.3 
BCG-Pasteurr 3.1 4 
BCG-Connaughtt 1.7 + 0.1 

Escherichiaa coli 0.2  0.1 
Streptococcuss faecalis 0.3  0.0 
Klebsiellaa pneumoniae 0.7  0.1 
Proteuss _ _ _ 0.0  0-0 

Mycobacteriaa preparations was approximately 2 to 4 fig PPS/mg dry weight 
off  bacteria. In contrast, the investigated bacteria, commonly found in the 
bladder,, did not bind significant amounts of PPS, with the possible exception 
off  K. pneumoniae. 

Discussion n 

Followingg the data reported in literature, characterizing PPS as a bacterial 
anti-adherencee agents (Parson, et al., 1980; Parson, et al., 1990), it was 
reasonedd that PPS may be useful to prevent or at least reduce the side effects 
occurringg during BCG therapy of superficial bladder cancer (Lamm, et al., 
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1986).. However, nothing is known about the potential interference of PPS 
withh BCG therapy. Consequently, the effects of PPS on BCG-associated 
reactionn were studied in an animal model system, the guinea pig (van der 
Meijden,, et al., 1989). Furthermore, prevention/ reduction of the BCG-
inducedd inflammatory reaction by PPS could jeopardize a recently developed 
hypothesiss about the working mechanism of BCG (Schamhart, et al., in press 
1991).. Within this hypothesis, it was suggested that an early, recurrent, 
transientt inflammatory reaction, reflected by elevated IL-6 titers, is an 
obligatee condition that increases the probability of a T-cell mediated or 
delayedd type hypersensitivity (DTH) reaction reflected by urinary IL-2 
levels. . 
Thee observed binding of PPS to the bladder wall by direct measurements is 
inn agreement with the indirect observations of others (Parson, et al., 1990; 
Hurst,, et al., 1987), showing a PPS-related reduction of bacterial adherence 
too the bladder wall. Although at present not statistically significant, an 
unexpectedd finding of this pilot study was the enhancement of BCG-induced 
reactions,, PPD skin test number of infiltrates and iliac lymph node cells. 
Acceptingg the reduction of bacterial adherence to the bladder by PPS, 
diminishedd BCG-induced reactions were expected (Parson, et al., 1980; 
Parson,, 1982). 
However,, determination of PPS adherence to bacteria for the first time 
seemss to explain these conflicting observations. The absence of PPS 
adherencee to gram positive/negative bacteria commonly found during 
cystitiss is in accordance with the reported bacterial anti-adherence properties 
off  PPS. In contrast, the relatively strong binding of PPS to Mycobacteria 
mayy (indirectly) anchor BCG to the bladder wall. This possibly results in an 
enhancementt of BCG-induced reactions. In conclusion, it is tempting to 
speculatee about the possibility to increase the effectiveness of BCG therapy 
byy pretreatment with PPS. 
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Summary y 

Thee study was initiated as an in vitro approach to the situation existing 
duringg intravesical bacillus Calmette-Guérin (BCG) instillation in patients 
withh superficial bladder cancer. Cytokine secretion of a human bladder 
carcinomaa cell line T24 treated with BCG was investigated. A 24-h 
treatmentt of T24 cells with BCG resulted in a tenfold higher secretion of 
interleukin-66 (IL-6) and tumor necrosis factor alpha (TNFa) when compared 
withh T24 cells treated with Escherichia coli, Streptococcus faecalis or a cell 
walll  preparation of Nocardia rubra (N-CWS). No secretion of IL-i p and IL-
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22 was detected. Pre-exposing T24 cells to BCG for various periods of time 
indicatedd that a minimum exposure time of 0.5 - 1 h was required to 
upregulatee IL-6 and TNFa production. Extending the BCG preexposure 
timee to 2 and 3 h further increased the rate of cytokine production. No 
significantt difference was found, however, between the rates of secretion 
initiatedd after a 2-h or 3-h pre-exposure period. The amounts of these 
cytokiness secreted in the presence of BCG-conditioned medium did not 
differr significantly from the constitutively secreted amounts, excluding an 
effectt of products possibly secreted by BCG on the upregulation of IL-6 and 
TNFa.. In addition, upregulation of cytokine production appeared to be 
dependentt on the concentration of BCG. The results suggest that cytokines 
mayy be produced by urothelial tumor cells after intravesical instillation in 
patientss with superficial bladder cancer, which may play a role in the mode 
off  action of BCG. 

Introduction n 

Intravesicall  instillation of bacillus Calmette-Guérin (BCG) has been 
recognizedd as an effective treatment in patients with superficial bladder 
cancerr [10,15]. However, the absence of a clinical response of a 
subpopulationn of patients is not understood, explaining the interest in basic 
researchh concerning BCG-associated anti-tumor activity and the search for 
prognosticc markers. 
Althoughh a great deal of information on the mode of action of BCG as an 
anti-tumorr modality is still lacking, the majority of the available evidence 
indicatess an immune-mediated reaction, associated with local production of 
cytokiness [2-4,9,18,19,23]. Knowledge of the mechanism of interaction of 
BCGG with the bladder wall that initiates the immunological reaction is 
inadequatee [12,22]. Data on a possible direct interaction between BCG and 
normall  urothelium and/or tumor cells are scarce [1,26]. 
Itt is generally assumed that after BCG instillation the major cellular sources 
off  the cytokines detected in urine are macrophages and lymphocytes 
infiltratingg the bladder wall [4], However, cytokine determinations in urine 
reflectt the response of the entire bladder and other cellular sources cannot be 
excluded.. The release of interleukin-1 and -6 (IL-1, IL-6) and tumor necrosis 
factorr alpha (TNFa) has been reported for a number of other cell types, such 
ass polymorphonuclear granulocytes, fibroblasts, and endothelial and 
epitheliall  cells [6,13,25], and in vitro studies with bladder tumor cell lines 
havee shown that these cells are capable of cytokine gene expression. The 
bladderr tumor cell line 5637 synthesizes mRNAs encoding for various 
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cytokiness under steady-state conditions [11]. The constitutive synthesis of B 
celll  growth factor (BCGF), at present known as interleukin-6 (IL-6), has 
beenn observed for T24 cells [20]. In view of these observations, an 
investigationn was initiated to study the possible effects of BCG on bladder 
tumorr cells. 
Thiss report describes the effects on the production of various cytokines by 
T24,, a human bladder carcinoma grown in vitro, of treatment with BCG and 
variouss other bacteria commonly known to induce cystitis. BCG appeared to 
upregulatee the production of IL-6 and TNFa by T24 cells. The consequences 
off  these observations are discussed in relation to the BCG-associated 
inflammatoryy and immune reactions. 

Materialss and methods 

CellsCells and culture conditions 
Stockk cultures of the human bladder carcinoma cell line T24 [5] were 
culturedd as monolayers in standard Dulbecco's modified Eagle's medium 
(DMEM)) supplemented with 10 % fetal calf serum, 100 IU/ml penicillin and 
1000 ug/ml streptomycin. Cells were grown at 37 °C in a humidified 10 % 
CO22 atmosphere at pH 7.4 until subconfluency. Cultures were screened for 
mycoplasma.. For passage and experiments, cells were trypsinized with 0.05 
%% trypsin and 0.02 % EDTA in phosphate-buffered saline (PBS) consisting 
off  8 g NaCl, 0.2 g KC1, 1.16 g Na2HP04 x 2H20 and 0.2 g KH2P04 per liter at 
pHH 7.4. All tissue culture chemicals were obtained from Flow Laboratories 
(Irvine,, UK). Tissue culture plastics were from Costar (Cambridge, Mass.). 

BacterialBacterial preparations 
EscherichiaEscherichia coli and Streptococcus faecalis were grown according to 
standardd microbiological procedures, washed and diluted to appropriate 
concentrationss with DMEM. Freeze-dried BCG, strain Connaught, was 
reconstitutedd in 1.0 ml diluent consisting of 0.85 % NaCl, 0.025 % Tween, 
0.066 % NaH2P04 and 0.25% Na2HP04 and diluted to appropriate 
concentrationss with DMEM. Five hundred micrograms Rubratin (N-CWS), a 
lyophilizedd cell wall skeleton preparation of Nocardia rubra with reported 
immunomodulatingg activity [7], was reconstituted in 1.0 ml saline and 
dilutedd with DMEM. For determination of the effects of the various bacteria 
andd N-CWS on cytokine secretion, the bacteria or N-CWS were added to 
T244 cultures for various periods of time. Subsequently, the medium was 
collected,, centrifuged and stored at -20 °C. The amounts of the various 
cytokiness were determined within 2 months of collection. 

23 3 



StudyStudy design 
AA total of 3 x 10 T24 cells (2 crrf; 1 ml medium) were treated according to 
thee following protocols: 

1.. Cells were incubated continuously for 24 h with BCG as well as with 
severall  other bacteria at various concentrations. At the end of the 24-h 
periodd medium was collected for cytokine determinations. 

2.. Cells were pre-exposed to BCG (2x10 cfu) for time intervals ranging 
fromm 0.25 to 3 h, washed 3 times with DMEM and fresh culture 
mediumm added. Subsequently samples of medium were taken regularly 
overr a period of 8-12 h for cytokine determinations. 

DeterminationDetermination of IL-6, IL-1/3, IL-2 and TNFa 
IL-lp ,, IL-2, IL-6, and TNFa were quantified with a human-specific, 
oligoclonall  enzyme-linked immunosorbent assay (ELISA) obtained from 
Medgenixx (Fleurus, Belgium). We recently demonstrated a significant 
relationn between the Medgenix ELISA and the bioassay utilizing a variant 
(subclonee 9.9) of the original IL-6 dependent hybridoma cell line B 13.29 as 
describedd by van Oers et al. [17,23], 

DeterminationDetermination of total protein and the rate of protein synthesis 
Proliferationn of T24 cells during the experiments was determined by 
measuringg total cellular protein [16,21]. Labeling and measurement of the 
ratee of protein synthesis were performed as described by Schamhart et al. 
[241. . 

StatisticalStatistical analysis 
Too test for differences between groups, series of one-way analyses of 
variancee of equal or unequal size were used. When significant (P< 0.05) 
differencess were found by analysis of variance, Duncan's multiple range test 
[8]]  or, in the case of an unequal number of replications, Duncan's multiple 
rangee test as adjusted by Kramer, was performed (P = 0.05) [14]. 

Results s 

Bacteria-inducedBacteria-induced cytokine secretion by T24 cells 
Initially ,, secretion of IL-6 and TNFa by T 24 cells was determined after a 
24-hh exposure to BCG Connaught, N-CWS, E. coli and S. faecalis at various 
concentrationss (Table 1). The results showed a strong enhancement of IL-6 
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Tablee 1. IL-6 and TNFa secretion of T24 cells after 24 h of incubation with different bacteria 
andd bacterial cell walls'1 

Incubatedd with 

Organismm or bacterial 
celll  wall 

None e 

BCGG Connaught 

EscherichiaEscherichia coli 

StreptococcusStreptococcus faei 

N-CWS S 

^alis ^alis 

Quantity y 

2xx 105cfu 
2xx 106cfu 
22 x 107 cfu 

11 x lO^cfu 
11 x 107cfu 
11 x 109cfu 

2xx 105cfu 
2xx 105cfu 
2xx 105cfu 

0.66 ug 
6.00 ug 

60.00 ug 

IL-66 (ng) 

1.0 0 

2.1 1 
37.8 8 
22.9 9 

0.4 4 
2.0 0 
4.1 1 

0.5 5 
0.4 4 
1.8 8 

( ( 
( ( 

 0.6 (6)b 

 0.8 (4) 
 1.6(4)° 
 1.0 (3)c 

 0.1 (3) 
 0.3 (3)c 

 0.0 (3)c 

 0.0(3) 
 0.0(3) 
 0.5 (3) 

).4 4 
17 7 
?.3 3 

TN N 

9.5 5 

23.2 2 
136.0 0 
94.7 7 

9.9 9 
9.8 8 
7.6 6 

1.0 0 
1.0 0 
1.0 0 

F(pg) ) 

 3.0 (6)b 

 3.6 Of 

 63 Of 
 1.0 (3 f 

 2.8(3) 
 0.1 (3) 
 11.6(3) 

 0.6(3) 
 0.1 (3) 
 1.5(3) 

--

IL-66 = Interleukin-6; TNF = tumor necrosis factor; - - not determined 
aa 3x10" T24 cells were incubated for 24 h in the presence of the indicated number of 

bacteriaa or bacterial cell walls (N-CWS) 
bb Mean  SD (number of replications) 
cc P < 0.05 compared with constitutive secretion ("None") 

andd TNFa secretion in the presence of BCG compared with the amounts 
producedd constitutively or in the presence of the other bacteria investigated. 
Thee highest BCG-induced IL-6 and TNFa secretion was about 10 times 
higherr than that induced by E. coli, S. faecalis or N-CWS. In addition, the 
inductionn of IL-6 and TNFa appeared to be concentration dependent. No 
proliferationn or lysis of T24 cells was observed during the time course of the 
experiments. . 
Underr these conditions no bacteria-induced IL-i p or IL-2 was detected. 
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ProductionProduction of IL-6 and TNFa after BCG pre-exposure for various periods of 
time time 
Inn a next series of experiments the effects of pre-exposure of T 24 cells to 
BCGG (2 x 106 cfu) for 0, 0.25, 0.5, 1, 2, and 3 h on IL-6 and TNFa 
productionn were studied (Fig. 1). Subsequent monitoring over a period of at 

1000 0 

00 4 8 12 0 4 8 

Timee after BCG pre-incubation (h) 

Figuree 1 A, B. Secretion of interleukin-6 (IL-6) and tumor necrosis factor alpha (TNFa) by 
T244 cells after pre-exposure to BCG. T24 cells (3 x 105) in 1 ml Dulbecco's modified Eagle's 
mediumm were exposed to BCG (2 x 106 cfu) for 0 (+-+). 0.25 (D-D), 0.5 (,-,), I (0-0), 2 (x-x) 
orr 3 (A-A) h. After removal of BCG by washing, fresh medium (1 ml) was added and IL-6 (A) 
andd TNFa (B) were determined during the indicated time intervals. Cytokine secretion after 
"exposuree for 0 h" represents the constitutively secreted amounts of IL-6 or TNFa. The 
effectss of BCG-conditioned medium on IL-6 and TNFa were determined after incubating T24 
withh 4-h (o-o) or 24-h (x-x) BCG-conditioned medium. Error bars (  SD) are indicated. 

leastt 8 h after pre-exposure indicated that a minimum pre-exposure period of 
0.55 - 1 h was required to upregulate cytokine production to a significant (P< 
0.05)) degree. Increasing the pre-exposure time to 2 or 3 h resulted in an 
increasee of the initial rate of IL-6 and TNFa production by a factor 2.9  0.7 
andd 4.8  2.0 respectively compared with a 1-h pre-exposure period. No 
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significantt (P< 0.05) differences between 2-h and 3-h pre-exposures to BCG 
weree found in the kinetics of IL-6 or TNFa production. 
Determinationn of the total rate of protein synthesis of T24 cells pre-exposed 
too BCG for 3 h showed that BCG did not affect the total rate of protein 
synthesiss compared with that in untreated T24 cells (results not shown). 
Thesee results establish that the upregulation of IL-6 and TNFa production by 
BCGG did not result from an increase in the rate of total protein synthesis. 

Bacteria-secretedBacteria-secreted products and T24~cytokine secretion 
Inn order to investigate whether the observed cytokine secretion resulted from 
productss secreted by the bacteria, T24 cells were incubated with BCG-
conditionedd (4 and 24 h) medium and the secretion of IL-6 and TNFa 
monitoredd over a period of 12 and 8 h, respectively (Fig. 1). No significant 
(P(P > 0.05) differences in cytokine secretion were found compared with their 
constitutivee production. In contrast, incubating T 24 cells with E. coli-
conditionedd medium for 24 h resulted in an IL-6 production (4.1  0.1 pg) 
identicall  to that during incubation with 1 x 109 cfu E. coli (4.1  0.0 pg), 
indicatingg the involvement of products secreted by E. coli in the (slight) 
upregulationn of IL-6. 

Discussion n 

Thiss study has demonstrated that, in contrast to various other bacteria, 
bacilluss Calmette-Guérin upregulates the production of IL-6 and TNFa, but 
nott of IL-1P or IL-2, by the human bladder carcinoma cell line T24. The 
upregulationn appeared to depend on both the concentration of BCG and the 
pre-exposuree time to BCG. It should be noted that extrapolation of the data 
onn cytokine production after pre-exposing T24 cells for 2 or 3 h to BCG 
resultss in a theoretical amount of approximately 2 ng IL-6 and 250 pg TNFa 
overr a period of 24 h (Fig. 1), whereas after continuous incubation for 24 h 
withh BCG total amounts of 37 ng IL-6 and 136 pg TNFa were observed 
(Tablee 1). Although not the immediate subject of this paper, the discrepancy 
betweenn these figures, in particular of IL-6 production, may most probably 
bee explained by a progressive increase in the rate of IL-6 synthesis during 
continuouss incubation with BCG. 
Thee pre-exposure period to BCG of 2-3 h required to obtain appreciable 
secretionn of IL-6 and TNFa seems to agree with the reported time-dependent 
internalizationn of BCG by the bladder tumor cell lines T24 and MBT-2, 
whichh show a maximum at 3 h [1]. However, the current data do not exclude 
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BCG-inducedd upregulation of IL-6 and TNFa production by other, as yet 
unidentifiedd mechanism(s) not related to internalization of BCG. Of these 
alternativee mechanisms, upregulation of IL-6 by product(s) secreted by BCG 
intoo the medium has been excluded in the present study. Additional studies, 
includingg inhibition of the phagocytic process and the use of non-
phagocytosingg bladder (tumor) cell lines, are in progress to determine 
whetherr or not internalization is a prerequisite for upregulation of cytokine 
production.. The absence of an effect of BCG on the rate of total protein 
synthesiss and cell lysis and the absence of proliferation of T24 cells during 
thee course of the experiments suggest a specific upregulation of de novo IL-
66 and TNFa synthesis. As currently understood, BCG-mediated anti-tumor 
activityy in humans results from stimulation of local immunological reactions 
[2,4,6,9,18,19,23,26]]  initiated by the attachment of BCG to the bladder. 
However,, no conclusive data are available on this latter event [12,19,22]. 
Becichh et al. [1] have suggested a potential active role of transitional 
epitheliall  cells (after BCG internalization) in the anti-tumor process. The 
presentt data, showing both a concentration dependency and the requirement 
forr an exposure period of at least 2 h to obtain significant cytokine secretion 
byy T24 cells, correlate with clinical observations and animal studies on BCG 
concentrationn dependency and the general clinical practice of retaining BCG 
inn the bladder for 2 h. Furthermore, the specificity of BCG, compared with 
thatt of several other bacteria, in upregulating cytokine production by T24 
cellss seems to agree with clinical observations showing an increase in 
urinaryy cytokines after BCG instillation [3,23] and no significant increase in 
urinaryy cytokines in patients with urinary tract infections [4,9,un-published 
observations]. . 
Itt is generally assumed that urinary cytokines found after intravesical BCG 
instillationn are produced by leukocytes. From the present data it is tempting 
too speculate that cytokines may also be produced by tumor cells and/or 
normall  urothelial cells as a result of their interaction with BCG. This 
phenomenonn may be of additional importance in the BCG-associated 
immunee response. However, further studies, including experiments using 
additionall  bladder cell lines with a different degree of differentiation, are 
neededd to verify this hypothesis. 
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Abstract t 

Thiss study describes a new flow cytometric method for assessment of 
phagocytosiss of specific bacteria (bacillus Calmette-Guérin (BCG) and 
EscherichiaEscherichia coli) by bladder epithelial cells. The internalization assay 
consistedd of labeling bacteria chemically with fluorescein isothiocyanate 
(FITC).. Subsequent to incubation of fluoresceinated bacteria with 
internalizingg cells, adherent nonphagocytosed bacteria were marked by two-
stepp labeling using specific antibodies and phycoerythrin (PE)-conjugated 
antibodies.. Double fluorescent FACS analysis differentiated between 
bacteriall  phagocytosis and adherence. The validity of the method was shown 
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byy inhibition of BCG phagocytosis at 4 °C, by cytochalasin B, by removal of 
excesss free bacteria, and by anti-BCG antibodies. BCG-phagocytosing and -
nonphagocytosingg cell lines were discriminated by applying this technique to 
aa series of bladder carcinoma cell lines. There seemed to be a relationship 
betweenn phagocytic capacity and grade of differentiation in these cell lines, 
whichh may have implications for topical BCG immunotherapy in superficial 
bladderr cancer. In conclusion, a new, reliable, rapid, and relatively simple 
doublee fluorescent method is described for quantification of specific 
bacteriall  internalization by large numbers of (bladder) epithelial cells. This 
methodd should be generally applicable to the study of in vitro interaction 
betweenn bacteria and different types of host cells. 

Introduction n 

Bindingg and internalization of bacteria by so-called nonphagocytic cells, 
suchh as epithelial, endothelial, and microglial cells and fibroblasts, are 
importantt yet largely undiscovered aspects of the pathway in bacterial 
infectionn (10). Binding and internalization of bacillus Calmette-Guérin 
(BCG)) by bladder (cancer) epithelial cells may be the initial events in the 
immunologicall  cascade resulting in eradication of tumor cells in topical 
BCGG immunotherapy of superficial bladder cancer (1,13,15). In vitro 
studiess of this kind of bacterial interaction with host (epithelial) cells require 
aa method to differentiate between bacterial binding and internalization. 
Variouss techniques have been employed to study phagocytosis (10). 
Transmissionn electron microscopy has been used to confirm the intracellular 
positionn of phagocytosed bacteria, but it is an elaborate and expensive 
method.. Confocal scanning fluorescence microscopy, fluorescence 
microscopyy using fluorescent bacteria together with a quenching agent, and 
immunofluorescencee microscopy are other techniques that have been 
described.. These methods allow differentiation between adherent and 
phagocytosedd bacteria. However, the major drawbacks of microscopic-
techniquess are the subjective nature of measurement and the considerable 
timee required for handling large-scale sampling. In contrast, flow cytometry 
hass the advantage that great numbers of cells and of samples can be 
examined.. Previously described flow cytometric methods that distinguished 
ingestedd from attached fluoresceinated particles involved quenching with 
crystall  violet (7), trypan blue (8), or tannic acid (6); the fluorescence 
wavelengthh shift from green to red with ethidium bromide (3,5); or the 
enzymaticc elimination of noningested bacteria (4,9). However, 
disadvantagess of these methods are the necessity of using heat-killed 
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organisms,, the requirement of acidic conditions that may interfere with 
receptor-ligandd interactions, and the interference involved in the detection of 
attachedd bacteria with rapid ethidium bromide staining of the phagocyte 
itself. . 
Thiss study presents a new and reliable flow cytometric method that 
distinguishess adherence from phagocytosis and permits the quantification of 
phagocytosiss of bacteria by "nonprofessional" phagocytic cells. The method 
iss based on ingestion of fluorescein-conjugated bacteria by epithelial cells 
andd subsequent labeling of bacteria adherent to the external surface of the 
celll  membrane with phycoerythrin (PE)-conjugated antibodies, followed by 
doublee fluorescent flow cytometry. Internalization of BCG in a series of 
humann bladder carcinoma cell lines with different degrees of differentiation 
wass studied by means of this method in order to gain insight into the 
occurrencee of this phenomenon among bladder cancer cell lines and thus into 
thee implications for BCG therapy in bladder cancer. 

Materialss and methods 

CellCell Lines 
Thee BCG-internalizing human bladder carcinoma cell line T24 was used as 
wee have previously described (15). Other human bladder carcinoma cell 
liness tested for their phagocytosing capacity were TCC-SUP, J82, and RT4 
(kindlyy provided by Dr. T. Otto, Department of Urology, university Clinic 
Essen,, Essen, Germany) and BT-B, SBC2, and SBC7 (kindly provided by 
Dr.. A. Böhle, Department of Urology, Medical University, Liibeck, Liibeck, 
Germany).. All cell lines were cultured as monolayers in standard Dulbecco's 
modifiedd Eagle's medium (DMEM), supplemented with 50 U/ml penicillin, 
500 U/ml streptomycin, 1 % L-glutamine, and 10 % FCS, at 37 °C in a 
humidifiedd 5 % COT atmosphere, at pH 7.2. Cultures were negative for 
mycoplasma.. Tissue culture media were obtained from Flow Laboratories 
(Irvine,, Scotland), and tissue culture plastics were from Costar (Cambridge, 
MA) . . 

Bacteria Bacteria 
Inn most experiments, Mycobacterium bovis BCG from a commercial 
lyophilizedd preparation (Connaught, North York, Ontario, Canada; applied 
inn intravesical therapy of superficial bladder cancer) was used for 
internalizationn experiments. A vial containing 3.2 x 108 colony forming units 
(cfu)) BCG was reconstituted in 10 ml DMEM without supplements. To 
eliminatee large clumps of bacteria, the suspension was centrifuged at 300 g 
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forr 3 min (1). The top 5 ml was used for fluoresceination. The concentration 
off  cfu was set by measuring the absorbance at a wavelength of 440 nm and 
calculatingg the amount of cfu according to the following formula: 
absorbancee at 440 nm of 0.20 is equivalent to 3 x 106 cfu/ml. The cfu of 
BCGG bacteria was determined by plating out 100 \i\ portions of  l()log 
dilutionss on 7H10 agar (kindly performed by Dr. J.D.A. van Embden, 
Nationall  Institute of Public Health and Environmental Protection, Bilthoven, 
Thee Netherlands). 
Besidess BCG from the commercial lyophilized preparation, freshly cultured 
BCGG bacteria were used for some internalization experiments in order to 
ensuree a suspension free of dead bacteria and debris. BCG-Connaught was 
inoculatedd in 10 ml Middlebrook 7H9 supplemented with 0.5 % glycerol and 
ADCC (albumin, dextrose, and catalase; Difco Laboratories, Detroit, MI) in a 
200 ml flask. The flask was incubated at 37 °C for 3 d, and the bacteria were 
transferredd to a 0.5 liter bottle with 300 ml culture medium. After 10 d of 
incubation,, the absorbance at 420 nm of the bacterial suspension was 
measuredd and the amount of bacteria calculated according to the following 
formula:: absorbance at 420 nm of 0.15 is equivalent to 108 mycobacteria, as 
describedd by Scheming et al. (14; kindly performed by Dr. A.HJ. Kolk, Royal 
Tropicall  Institute, Amsterdam, The Netherlands). In addition, freshly 
culturedd Escherichia coli, isolated from a patient's urine and cultured under 
thee same conditions as described above for 1 d only, was used in 
experiments. . 

FluoresceinationFluoresceination of bacteria 
Bacteriaa (3 x 108 cfu) were incubated with 1 mg fluorescein isothiocyanate 
(FITC;; Merck, Darmstadt, Germany) for 30 min at 20 °C in 1 ml buffer 
containingg 50 mM Na2C03, and 100 mM NaCl at pH 9.2, as described by 
Catanzaroo et al. (2). After washing with PBS three times and centrifuging for 
100 min at 15,000 rpm (Eppendorff centrifuge), FITC-labeled bacteria were 
resuspendedd in prewarmed culture medium. The supernatant of the last 
centrifugationn contained no free fluorescent dye. 

InternalizationInternalization assay 
Subconfluentt bladder carcinoma cell monolayers were harvested 
nonenzymaticallyy with cell dissociation solution (CDS; Sigma, St. Louis, 
MO)) 1 d prior to the experiment and seeded in 24 well plates at a 
concentrationn of 3 x 10 cells/well. For experiments, the medium was 
removedd and 1 ml FITC-labeled bacteria were added at indicated 
concentrationss during varying periods of time (0-24 h). At the end of the 
incubationn time, excess bacteria were gently washed away with prewarmed 
DMEM.. Cell monolayers were harvested with cold CDS to obtain a single 
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celll  suspension, cooled, and washed in PBS (pH 7.2) containing 0.2 % 
albuminn (Boehringer Mannheim, Mannheim, Germany), 0.02 % K-EDTA 
(Merck),, and 0.01 % NaN3 (Merck) for antibody labeling, all at a 
temperaturee of 4 °C. In order to recognize nonphagocytosed cell associated 
bacteria,, cells were incubated for 30 min with polyclonal rabbit anti-BCG 
antibodiess (1:100; Dakopatts, Copenhagen, Denmark) or with polyclonal 
rabbitt anti-£". coli antibodies (1:100; Dakopatts), depending on the bacterial 
speciess used. After a wash, the cells were incubated with PE-conjugated 
goatt anti-rabbit antibodies for 30 min (1:25; Sigma). Subsequently, after 
anotherr wash, the cells were fixed in 300 jul paraformaldehyde solution (0.5 
%% in PBS). A fluorescence-activated cell sorter (FACScan, Becton 
Dickinsonn Immunocytometry Systems, Mountain View, CA) was used to 
measuree individual cells for green fluorescence (FL1), due to intracellular 
and/orr extracellular FITC-labeled bacteria, as well as for red fluorescence 
(FL2),, due to extracellular PE-labeled bacteria. In each sample, 104 cells 
weree measured. Gates were set on bladder carcinoma cells during 
measurementt to exclude debris and noncell-associated bacteria (Fig. la). 
Thresholdss to identify fluorescence positive cells were set by using negative 
controls;; i.e., T24 cells incubated with BCG-FITC were subsequently PE-
labeledd with anti-BCG antibodies omitted, or T24 cells incubated with non-
FITC-labeledd BCG subsequently PE-labeled with anti-BCG antibodies 
omittedd (Fig. lc,d, respectively). Tests were performed in duplicate. 
Statisticall  analyses were performed using Student's t test for independent 
sampless (SPSS 6.1 for Microsoft Windows software). 

InhibitionInhibition and control studies 
Phagocytosiss was inhibited by adding different concentrations (0, 1.1, 3.3, 
10,, 30 ug/ml) of cytochalasin B (CytB; Sigma) to T24 cells 1 h before and 
duringg the assay. In addition, phagocytosis was blocked by adding precooled 
BCG-FITCC to T24 cells and by performing the internalization assay at 4 °C. 
Too study the effect of removal of excess BCG-FITC T24 cells were 
incubatedd with BCG-FITC for 4 h, washed three times with prewarmed 
DMEM,, and subsequently incubated with culture medium until harvesting. 
Internalizationn was measured at 4, 6, 8, and 24 h and compared to the results 
withoutt washing. To inhibit attachment and internalization of BCG, rabbit 
polyclonall  anti-BCG antibodies (1:25 and 1:100; Dakopatts) were added to 
thee BCG-FITC suspension 30 min prior to the internalization assay. 
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Results s 

InternalizationInternalization by T24 bladder carcinoma cells 
AHH bacteria from the lyophilized commercial BCG preparation and the 
freshlyy grown BCG and E. coli cultures showed bright green (Fl 1) and red 
(FLL 2) fluorescence signals in the FACS after the labeling procedure (data 
nott shown). Incubation of T24 cells with fluoresceinated BCG (BCG-FITC) 
fromm the commercial preparation for a duration of 4 h with a concentration 
off  10 cfu BCG per T24 cell and subsequent antibody-PE labeling resulted in 
thee FL 1/ FL 2 scattergram of T24 cells shown in Figure lb after gating on 
T244 cells in the FSC/SSC diagram (Fig. la). T24 cells became green 
fluorescentt (FL1+; quadrants 3 and 4) due to cell-associated BCG-FITC, 
eitherr internalized or bound. For the majority of green fluorescent cells, the 
factt that they lacked red fluorescence (FL1 + / FL2 ; quadrant 4) excluded the 
possibilityy that they were green fluorescent due to mere binding of BCG 
insteadd of internalization. Thus, the percentage of FL1+ / FL2" cells was 
consideredd to give the number of internalizing T24 cells. In addition, cells 
withh red fluorescence due to antibody PE-labeled adherent BCG-FITC could 
bee recognized (FL1+ / FL2+; quadrant 3). However, in addition to BCG 
binding,, BCG internalization by (some of) these FL1 + / FL2+ cells could not 
bee excluded based on the present data. As a result, the percentage of FL1 + / 
FL22 cells may be an underestimation of the real percentage of internalizing 
cells.. Quadrant 2 was empty, as expected, because there were no non-FITC 
labeledd BCG bacteria, either labeled or not labeled with PE. T24 cells 
incubatedd with BCG-FITC and subsequently PE-labeled with anti-BCG 
antibodiess omitted resulted in FL1 + / FL2 cells (quadrant 4) only (Fig. lc). 
T244 cells incubated with non-FITC-labeled BCG and subsequently PE-
labeledd with anti-BCG antibodies omitted resulted in FL1" / FL2" cells 
(quadrantt 1; Fig. Id). 
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Figuree 1. Scattergrams of FSC vs. SSC and green (FL1, X-axis) vs. red (FL2, Y-axis) 
fluorescence,, showing BCG internalization and binding by T24 bladder carcinoma cells. 
a:: A gate was set on bladder carcinoma cells to exclude debris and noncell-associated 
bacteria,, b: Incubation of T24 cells with fluoresceinated BCG (10 cfu BCG/cell) for a 
durationn of 4 h and subsequent labeling with anti-BCG and PE-conjugated second antibody: 
FL11 + /FL2- cells (quadrant 4) represent BCG-internalizing cells, FL1+/FL2+ cells 
(quadrantt 3) represent BCG-binding cells. 
c:: Control incubation with fluoresceinated BCG and PE-conjugated second antibody only. 
d:: Control incubation with nonfluoresceinated BCG and PE-conjugated second antibody only 
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Thee kinetics of BCG internalization by T24 cells were investigated by 
incubationn for a duration of 2, 4, 6, 8, and 24 h with 10 cfu BCG/cell (Fig. 
2).. The percentage of BCG-internalizing (FL1+ / FL2") cells proportionally 
increasedd during the first 24 h, from 11 % at 2 h to 67% at 24 h (p=0.002). 
Thee percentage of cells with extracellular BCG (FL1+/ FL2+) increased to a 
lesserr extent, from 11 % at 2 h to 20 % at 24 h (p = 0.008). 
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Figuree 2. Kinetics of BCG internalization and binding by T24 cells. 
T244 cells were incubated for 24 h with BCG (10 cfu/cell). At different time points, the 
percentagess of BCG-internalizing (FL1 + / FL2-) cells (solid bars) and BCG-binding (FL1+ / 
FL22 +) cells (hatched bars) were determined with FACS analysis. Each value represents the 
meann of duplicate cultures: the SD is less than 10 %. Differences between percentages of 
positivee cells at 2 h and at all other time points investigated were statistically significant (P 
betweenn 0.037 and 0.002) 

Dosee response curves of BCG internalization during 24 h with 2, 10, and 50 
cfuu BCG/cell are shown in figure 3. With 2 cfu BCG/cell, the percentage of 
BCG-internalizingg (FL1+/ FL2") cells was lower than with 10 cfu/cell for all 
incubationss (e.g., at 4 h, p=0.004), which indicates that 2 cfu/cell is a 
suboptimall  dose. Incubation of T24 cells with the high dose of 50 cfu 
BCG/celll  did not result in a higher percentage of BCG-internalizing cells 
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Figuree 3. Dose response curves of BCG internalization by T24 cells. 
T244 cells were incubated for 24 h with BCG 2 cfu/cell (squares), 10 cfu/cells (circles) or 50 
cfu/celll  (triangles). Percentages of BCG internalizing (FL1+ /FL2- ) cells were determined at 
differentt time points with FACS analysis. Each value represents the mean of duplicate 
cultures:: the SD is less than 10 %. Significant differences were observed between values for 2 
cfu/celll  and 10 cfu/cell at all time points (P between 0.030 and 0.011), and between 10 
cfu/celll  and 50 cfu/cell at 24 h (P = 0.031). 

comparedd to 10 cfu BCG/cell. Rather, it resulted in a decreased percentage 
off  internalizing cells at 24 h (p=0.031), indicating an optimal internalization 
att 10 cfu BCG/cell. Based on this, subsequent experiments were usually 
performedd for 4 h with 10 cfu BCG/cell, resulting in 45 %  13 % 
internalizingg cells [95 % confidence interval (CI) for mean 36-54 %; n = 10] 
andd 12 % + 7 % cells with extracellular BCG (95% CI for mean 7-17 %; n = 
10). . 
Thee commercial lyophilized BCG preparation is known to contain a 
substantiall  amount of dead BCG bacteria and debris in addition to live BCG 
bacteria.. Although most debris had been washed away prior to addition of 
thee preparation to T24 cells, we also investigated internalization of live BCG 
bacteriaa from fresh cultures. Furthermore, we tested whether phagocytosis of 
freshlyy cultured E. coli bacteria by T24 cells could be demonstrated with the 
presentt method. After incubation of T24 cells for a duration of 6 h, 
internalizationn of both bacterial species was found. The percentage of cells 
internalizingg BCG was 56 %; the percentage of E. coli phagocytosing cells 
wass 41 %. 
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InhibitionInhibition and control studies 
Too verify the observed internalization with the present method, several 
inhibitionn and control experiments were performed. CytB, a microfilament-
perturbantt drug used to inhibit phagocytosis, prevents cellular movements 
throughh the polymerization of actin filaments. As is depicted in Figure 4, 
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Figuree 4. Effect of cytochalasin B on BCG internalization and binding by T24 cells. 
T244 cells were incubated for 4 h with BCG (10 cfu/cell). Subsequently, percentages of BCG-
internalizingg (FL1+ /FL2-) cells (solid bars) and BCG4oinding (FL1+ / FL2+) cells (hatched 
bars)) were determined with FACS analysis. Each value represents the mean of duplicate 
cultures:: the SD is less than 10 %. Significant differences were observed between percentages 
off  internalizing cells and percentages of cells with adherent BCG for the control (no CytB) 
andd for the CytB treatment with concentrations of 3,3 ug /ml or higher (P between 0.030 and 
0.002,, and between 0.036 and 0.010, respectively) 

treatmentt of T24 cells with CytB resulted in decreased percentages of BCG-
internalizingg (FL1 + / FL2") cells when CytB was used in a concentration of 
3.33 ug/ml (p - 0.030) or higher. Notably, CytB treatment seemed to increase 
thee percentages of cells with adherent BCG (FL1+ / FL2+), especially in 
intermediatee concentrations (3.3 ug/ml; p=0.010). CytB did not influence 
viabilityy of T24 cells, as indicated by trypan blue exclusion. 
Performancee of internalization at 4 °C has been described to block 
phagocytosiss while leaving attachment intact (1). At 4 °C neither T24 cells 
showingg internalization nor cells with adherent BCG were observed after 
incubationn for 4 or 6 h with 10 cfu BCG/cell (data not shown). This may 
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indicatee that BCG found attached to cells with the present method is 
evidencee of partial phagocytosis rather than of mere adherence. 
Thee effect of excess BCG-FITC removal followed by incubation in the 
absencee of free BCG is shown in Figure 5. Removal of free BCG at 4 h 
resultedd in a diminished percentage of ingesting cells at 24 h (p= 0.010). 
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Figuree 5. Effect of the removal of excess BCG on internalization by T24 cells. 
T244 cells were incubated for 24 h with BCG (10 cfu/cell). After 4 h of incubation, excess free 
BCGG was pipetted off and T24 cells were washed (arrow). At different time points, the 
percentagess of BCG - internalizing (FL1+ /F12-) cells were determined with FACS analysis 
(solidd line) and compared to the results without BCG removal (dotted line). Each value 
representss the mean of duplicate cultures: the SD is less than 10 %. A significant difference 
wass observed at 24 h (P = 0.010). 

Still,, an increase in phagocytosing cells was observed up until 8 h. From 8 h 
too 24 h, the percentage of ingesting cells no longer increased. Notably, the 
increasee in internalizing cells as observed after washing (14% from 4 to 8 h) 
approximatess the percentage of cells with adherent BCG at 4 h (15 %; see 
Fig.. 2), which suggests that the adherent BCG was not washed away and was 
subsequentlyy internalized. 
Ass a last step, the effect of anti-BCG antibodies on internalization was 
tested.. These antibodies were previously found to inhibit both BCG 
ingestionn and attachment to T24 (Kuroda et al., 11). Figure 6 indicates that 
anti-BCGG antibodies decreased the percentages of T24 cells with cell-
associatedd BCG (FLl+) in a dose-dependent manner (1:100, p=0.045; 1:25, 
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p=0.003).. No differentiation between FL1+ / FL2" and FL1+ / FL2+ cells 
couldd be made due to high FL2 intensity; this suggests (nonspecific) binding 
off  antibodies by T24 cells during 4 h of incubation at 37 °C. Notably, these 
antibodiess were not bound by T24 cells during 0.5 h of incubation at 4 °C, as 
assessedd in regular control labeling experiments. 

anti-BC G G 

Figuree 6. Dose dependent inhibition by anti-BCG antibodies of BCG internalization and/or 
bindingg by T24 cells. 
T244 cells were incubated for 4 h with BCG (10 cfu/cell) without anti-BCG antibodies and 
withh anti-BCG antibodies in two concentrations. Subsequently, percentages of T24 cells with 
cell-associatedd BCG (FL1+) were determined with FACS analysis. Each value represents the 
meann of duplicate cultures: the SD is less than 10 %. Significant differences between the 
controll  and the test conditions with anti-BCG antibodies added in concentrations of 1:100 and 
1:255 were observed (P= 0.045 and P = 0.003. respectively). 

InternalizationInternalization by a series of bladder carcinoma cell lines 
Byy using the described method, we observed different degrees of BCG 
internalizationn by human bladder carcinoma cell lines, ranging from 0 % to 
688 % phagocytosing (FL1 + / FL2") cells, after 4 h of incubation with 10 cfu 
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T24 4 
J82 2 
TCC-SUP P 
BT-B B 
SBC2 2 
SBC7 7 
RT4 4 

Poorly y 
Poorly y 
Poorly y 
Poorly y 
Well l 
Well l 
Well l 

BCG/celll  (Table 1). Notably, the ability to internalize was found in cell lines 
originatingg from poorly differentiated bladder tumors (T24, J82, and TCC-
SUP),, whereas well-differentiated cell lines (SBC7, SBC2, and RT4) seemed 
too lack this capacity. 

Tablee 1. Internalization of BCG by a series of human bladder tumor cell lines varying in 
differentiationn grade a 

Celll  line Differentiation grade BCG internalization (%) 

68 8 
51 1 
34 4 
0 0 
0 0 
2 2 
0 0 

aa Internalization was expressed as percentage of internalizing cells (Fl 1+ / Fl 2-) after 4 h of 
incubationn with BCG and subsequent FACS analysis 

Discussion n 

Inn this study, internalization of FITC-conjugated bacteria by bladder 
epitheliall  cells resulted in a readily detectable green fluorescence (FL1) 
signall  for flow cytometry. With the present method, green fluorescence of 
epitheliall  cells as a result of internalized FITC-labeled bacteria could be 
distinguishedd from green fluorescence due to adherent, noninternalized 
FITC-labeledd bacteria. The latter cell population acquired red fluorescence 
(FL2)) after labeling with PE-conjugated antibodies against the specific 
bacteriall  species, whereas the former did not. Phagocytosis was inhibited at 
44 °C or by CytB, intermittent removal of excess bacteria, or by anti-BCG 
antibodies,, thus showing the validity of this method. 
Thee method presented appears to provide the possibility to study 
phagocytosiss of living organisms from different bacterial species by 
"nonprofessional""  phagocytic cells such as epithelial, endothelial, and 
microgliall  cells and fibroblasts. It seems likely, however, that the present 
methodd is not well suited for phagocytes such as polymorphonuclear 
neutrophilss and macrophages because these cells generally express Fc 
receptorss on their outer membranes, causing nonspecific binding of 
antibodiess directed to bacteria. This could possibly be circumvented by the 
usee of F(ab)2 fragments. 
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AA possible drawback of the present method is that the fraction of bacteria-
internalizingg cells (FLI+ / FL2) might be an underestimation of the real 
percentagee of cells showing phagocytic capacity. The cells with adherent 
bacteriaa (FL1+ / FL2+), or part of them, could also be ingesting cells. 
However,, epithelial cells within the FL1 + / FL2+ population that have indeed 
internalizedd cannot be differentiated because the amount of cell-associated 
bacteriaa is unknown. 
Thee present study shows a steady increase in the percentage of 
phagocytosingg T24 cells during the first 8 h of the assay, up to 45 %, and 
thatt this rate of increase diminished up to 24 h (67% phagocytosing cells). 
Thee percentage of T24 cells showing phagocytosis at 24 h is in agreement 
withh previous findings from electron microscopy (15). Becich et al. (1), 
usingg light microscopic histochemical staining of acid-fast bacilli and 
electronn microscopy reported 50-70 % BCG-internalizing T24 cells that 
agreee with our data. In contrast, they observed maximum ingestion after 3 h. 
Inn a later study from the same group (11), using a double 
immunofluorescencee microscopy assay, approximately 10 % internalizing 
cellss after 3 h of incubation was reported. 

Inn the present study, relatively high concentrations of CytB (30 }ig/ml) were 
requiredd to obtain a distinct inhibition of phagocytosis by T24 cells, 
comparedd to studies using T24 (10 jig/ml) (1) or other phagocytic cells 
(usuallyy 5or 10 ug/ml) (5,6). Interestingly, however, with suboptimal 
concentrationss of CytB, we observed increased percentages of cells with 
adherentt BCG bacteria. It can be speculated that, during suboptimal 
inhibitionn of cellular movements with CytB, the initial protrusion of the cell 
iss not inhibited, whereas larger movements required for subsequent 
processess in phagocytosis are inhibited. This could then result in larger 
numberss of cells showing partial ingestion. In this latter situation, cell-
associatedd bacteria would be detectable by antibody labeling as being non-
internalizedd (FL2+). From internalization experiments performed at 4 °C, we 
alreadyy obtained the indication that, with the method described herein, 
extracellularr (attached) bacteria are partially phagocytosed rather than 
adherent. . 
Thiss flow cytometric technique has been shown to discriminate between 
BCG-phagocytosingg and nonphagocytosing bladder carcinoma cell lines. In 
studyingg a series of bladder carcinoma cell lines, there seemed to be a 
relationshipp between phagocytic capacity and grade of differentiation (Table 
1).. These data suggest that poorly differentiated bladder carcinoma cells 
wouldd be the better BCG-internalizing cells when applied in BCG therapy 
forr superficial bladder cancer. This is in accordance with the observation that 
high-gradee bladder tumors (G3) show better response to BCG therapy than 
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tumorss of lower grades (12). Recently, Schneider and coworkers (13) found 
aa higher adherence of BCG bacteria to poorly differentiated bladder cancer 
celll  lines than to well differentiated cell lines. 
Inn conclusion, we have described a new double fluorescent method for 
quantificationn of specific bacterial internalization by (bladder) epithelial 
cells.. This method should be generally applicable to study in vitro 
interactionn of bacteria and different types of "nonprofessional" phagocytic 
cells s 
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Abstract t 

Purpose.Purpose. Several lines of evidence suggest a functional role of urothelial 
(tumor)) cells in the bacillus Calmette-Guérin (BCG) immunotherapy for 
superficiall  bladder cancer. In this study the interaction between BCG 
organismss and a series of human transitional bladder cancer (TCC) cell lines 
wass addressed, focusing on the role of cell-associated fibronectin (FN) in 
BCGG internalization. 
MaterialsMaterials and Methods. FN expression, and BCG attachment and 
internalizationn were evaluated in a series of human TCC cell lines. Effects of 
anti-FNN antibodies (aFN) on cell-associated BCG were studied in the human 
TCCC cell line T24. 
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Results.Results. In contrast to the well-differentiated cell lines RT-4, SBC-2 and 
SBC-7,, fibronectin expression was high in the poorly differentiated cell lines 
T24,, TCC-SUP and J82. 
AA correlation between FN expression and the capacity to internalize BCG 
wass observed. The possibility of causal relationship between FN expression 
andd BCG internalization was studied in detail with T24 cells. The results 
showedd that pre-incubation of T24 cells with aFN did not prevent the 
internalizationn of BCG. 
Conclusions.Conclusions. Cell membrane-expressed fibronectin does not seem to be 
cruciallyy involved in the internalization of BCG by TCC cells. A correlation 
betweenn cellular fibronectin expression and the ability of TCC cells to 
internalizee BCG may be considered as a fortuitous coincidence. 

Introduction n 

Locall  immunotherapy with BCG has been shown in numerous studies to be 
superiorr to surgery alone and is the most successfully applied modality in the 
superficiall  bladder carcinoma prophylaxis and treatment of carcinoma in situ 
[1-3].. Accumulating evidence indicates that BCG-mediated antitumor 
activityy underlies an immune response against both BCG and the tumor [4] 
althoughh the exact mechanism remains to be established [4,5]. For clinical 
efficacyy several initial steps comprehending the first interaction of BCG with 
thee bladder wall, prior to initiation of the local immune response, could be 
cruciallyy involved. These primary, possibly initiating and/or modulating 
reactions,, may be BCG internalization by bladder (carcinoma) cells followed 
byy an upregulation of the synthesis of certain cytokines and BCG antigen 
presentationn [4,6]. Attachment and internalization of BCG by bladder tumor 
cellss have been reported [6-8]. Ingestion of mycobacteria both in vitro and in 
vivoo by other non-professional phagocytic cells has also been reported [9]. 
Althoughh an essential role of FN in the attachment and internalization of 
BCGG by urothelial cells has been noted by Kuroda et al. [10], several studies 
suggestt a FN-independent binding of BCG [6,8,11]. 

Increasee of cytokines in the urine of patients during intravesical BCG 
treatmentt has been reported extensively [12-17], but the cellular source of 
severall  of these cytokines is not conclusively determined. Epithelial cells 
includingg urothelial cells possess the capacity to synthesize cytokines [6,18-
21]]  and BCG organisms appear to upregulate cytokine synthesis of tumor 
urotheliall  cells grown in vitro, such as IL-6 and others [6,18,19]. In patients 
IL-66 (and other cytokine) levels in urine following BCG instillation appeared 
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too be related to the onset of the BCG response and/or the clinical BCG 
antitumorr response [14,15]. 

Inn this study, using a series of TCC cell lines, the hypothesis was tested that 
celll  surface-associated FN expression of bladder tumor cells is a causal 
factorr for BCG internalization. 

Materiall  and method 

UrothelialUrothelial tumor cells, culture conditions and BCG preparation 
Stockk cultures of a series of cell lines derived from human bladder 
carcinomass with a different degree of differentiation, RT-4, SBC-2 and 
SBC-77 (grade 1), and T24, TCC-SUP and J82 (grade 3) were cultured as 
describedd previously [6]. For BCG attachment and internalization 
experimentss the cells were incubated with BCG Connaught (Pasteur Mérieux 
Connaught,, North York, Ontario, Canada). Prior to incubation, large clumps 
off  bacteria were eliminated by reconstitution of freeze-dried BCG (3.2 x 10 
CFUU per vial) in 10 ml pre-warmed DMEM, followed by centrifugation (300 
g;; 3 min). The bacteria remaining in the top 5 ml were used for experiments 
[6]. . 

AssayAssay of cell surface-associated -fibronectin expression 
Cellss were harvested from culture flasks with cell dissociation solution 
(Sigma,, St Louis, MO), washed and incubated with 1:100 dilution of rabbit 
polyclonall  anti-human fibronectin antibodies (aFN) (Dako Corp., Santa 
Barbara,, CA). Subsequently, cells were stained with phycoerythrin (PE) 
conjugatedd goat anti-rabbit antibodies (1:25, Sigma, St Louis, MO). FN 
expressionn was expressed as the median fluorescence intensity, analyzing 
1044 cells (Fl/104 cells) by a fluorescence activated cell sorter (FACScan, 
Bectonn Dickinson Immunocytometry Systems, Mountain View, CA). 

BCGBCG attachment / internalization assay 
BCGG attachment and internalization in the TCC cell lines were determined 
byy double fluorescent flow cytometry as described previously [22]. The 
methodd consisted of labeling BCG bacteria chemically with fluorescein 
isothiocyanatee (FITC). Subsequent to incubation of TCC cells with 
fluoresceinatedd BCG bacteria, cell surface attached BCG bacteria were 
markedd by two-step labeling with polyclonal rabbit anti-BCG antibodies 
(aBCG)) (1: 100; Dakopatts, Denmark) and phycoerythrin (PE) conjugated 
goatt anti-rabbit antibodies (1: 25). Double fluorescent flow cytometry 
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(FACScan)) differentiated between FITC "stained" cells (FITC+), due to 
extra-- and/or intracellular FITC-labeled BCG organisms, as well as PE 
"stained""  cells (PE+), due to extracellular PE-labeled organisms. FITC7PE 
cellss were considered as cells containing intracellular or internalized (but no 
extracellular)) BCG organisms. 

InhibitionInhibition studies of BCG internalization 
Rabbitt polyclonal anti-human fibronectin antibodies (aFN) (Dako Corp., 
Santaa Barbara, CA) were added to the urothelial tumor cells 30 min prior to 
thee BCG internalization assay. To exclude an effect of possible aspecific 
attachmentt of BCG to the Fc portion of aFN, inhibition experiments were 
alsoo performed with goat anti-human FN F(ab)2 fragments (Organon 
Teknika,, West Chester, PA). 

Results s 

BCGBCG internalization and fibronectin expression afbladder cancer cell lines. 
Previouslyy it was shown that, for T24 cells, BCG internalization was both 
dose-- and time-dependent [22]. Based on these data, experiments in the 
presentt study were performed under conditions of a 4-h incubation period 
withh 10 CFU BCG/cell. As depicted in Fig. 1, the capability of BCG 
internalizationn in a series of human TCC cells appeared to be cell line- and 
gradee dependent. In the well-differentiated cell lines RT-4, SBC-2 and SBC-
7,, the proportion of cells containing internalized BCG varied from 0 to 2 %, 
whereass in the poorly differentiated cells T24, TCC-SUP and J82, the 
percentagee of cells containing internalized BCG ranged from 34 to 68 %. 
Comparingg the level of cell surface-expressed FN with BCG internalizing 
capabilityy indicated a correlation between FN expression and internalization 
off  BCG. A virtual absence of FN expression (less than 5 Fl/104 cells) was 
foundd in the well differentiated, BCG non-internalizing cell lines, whereas 
thee poorly differentiated, BCG internalizing cell lines expressed FN to a 
considerablee extent (30 to 60 Fl/104 cells) (Fig. 1). 

RelationshipRelationship between fibronectin expression and BCG internalization 
Inn a subsequent series of experiments the possibility of a causal role of cell 
surface-expressedd FN and BCG internalization was studied by incubating 
TCCC cells in the presence of rabbit polyclonal anti-human fibronectin 
antibodiess (aFN). Pre-incubation of T24 cells, which exhibit a high 
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Fibronectinn expression BCG attachment/internalization 
(FI/1044 cells) (% of cells) 

Figuree 1. Fibronectin, and BCG attachment and internalization by a series of well and poorly 
differentiatedd human bladder cancer cell lines. Cell surface-expressed FN was expressed as 
fluorescencee per 104 cells (Fl/104 cells) (left panel). The percentage of BCG internalizing 
cellss (right panel) was determined after a 4-h incubation with (FITC-labeled) BCG (10 
CFU/cell)) [22], Each value represents the mean of duplicate cultures; the SD is less than 10%. 
RT-4,, SBC-2 and SBC-7 are well differentiated, grade 1 cell lines, while T24, TCC-SUP and 
J822 are poorly differentiated, grade 3 cell lines. 

capabilityy to internalize BCG, with aFN for 30 min prior to BCG addition 
didd not reveal a decrease of the proportion of cells associated with BCG, 
attachedd and/or internalized, FITC+ cells (Fig. 2). Binding of aFN to T24 
cellss under this condition was confirmed by FACS analysis (data not 
shown).. Also, no inhibitory effect on the proportion of BCG-associated cells 
wass found after pre-incubation (30 min) of T24 cells with aFN F(ab)2 

fragmentss prior to BCG addition. The latter observation indicated that the 
absencee of an effect of the polyclonal aFN was not due to aspecific binding 
off  the Fc portions of aFN. In contrast, addition of BCG, pre-incubated with 
rabbitt polyclonal aBCG antibodies for 30 min, resulted in a significant 
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Figuree 2. Effect of rabbit polyclonal anti-human fibronectin antibodies (aFN) and goat anti-
humann FN F(ab)2 fragments on BCG internalization and/or attachment by T24 cells. Prior to 
incubationn of T24 cells with BCG-F1TC (10 CFU/cell) for 4 h, the epithelial cells were pre-
incubatedd with aFN or aFN F(ab)2 fragments at two concentrations. Subsequently, the 
proportionn of T24 cells with cell-associated BCG (FITC+) was determined with FACS 
analysis.. It should be noted that the BCG attachment/internalization assay and the particularly 
appliedd aFN do not allow differentiation between cells with internalized BCG (FITC7PE) 
andd cells associated with BCG (attached and/or internalized) (FITC7PE-). 

inhibitionn of the percentage of T24 cells with attached and/or internalized 
BCGG (1:100, 78%, p=0.045, 1:25, 30%, p = 0.003). These results indicate 
thatt fibronectin expressed on the cell membrane of urothelial tumor cells 
doess not attribute to BCG internalization. 

Discussion n 

Currentt insights suggest the response of epithelial cells, such as upregulation 
off  cytokine production, to a microbial challenge as an integral property of 
thee immune reaction [20,21]. Recently we showed that upregulation of 

52 2 



cytokinee (IL-6) synthesis by TCC cells grown in vitro in the presence of 
BCGG depends on the capability to internalize BCG [6]. It is tempting to 
speculatee that internalization of BCG, followed by an upregulation of the 
synthesiss of certain cytokines by TCC cells, may play an initiating or 
modulatingg role in the therapeutic and prophylactic action of BCG [5, 6 18]. 
Acceptingg such a hypothesis implies that studies addressing the mechanism 
off  BCG attachment and internalization could be of clinical relevance. 

Thee present study provides evidence that BCG internalization is specifically 
associatedd with high grade or poorly differentiated TCC cell lines grown in 
vitro.. This observation agrees with the results reported by Schneider et al. 
[8],, although these investigators did not clearly discriminate between cell 
surface-attachedd BCG and internalized BCG. Along with the previously 
reportedd BCG-induced upregulation of cytokine production of cells grown in 
vitroo [6], these data support the hypothesis that (tumor) urothelial cells may 
bee a significant source of (BCG-induced) urinary cytokines, additional to 
majorr cellular sources, such as macrophages and lymphocytes infiltrating the 
bladderr wall. Furthermore, clinically these data may be related to 
observationss showing a better response to BCG treatment of high-grade 
tumorss compared to lower grade tumors [23]. 

Thee correlation between the level of cell surface-expressed FN and BCG 
internalization,, as observed by comparing a series of TCC cell lines suggests 
ann involvement of FN in the internalization of BCG and seems to be in 
agreementt with observations described by Kuroda et al. [10]. These 
investigatorss suggested that BCG internalization depends on fibronectin and 
cann be inhibited by aFN. However, in contrast to Kuroda et al., using a 
differentt BCG internalization assay, but identical polyclonal FN antibodies, 
wee were not able to detect an inhibitory effect of aFN on BCG 
internalizationn by T24 cells. An absence of an inhibiting effect of aFN on 
BCGG attachment/ internalization by TCC cells has been reported by other 
investigatorss too [8,11]. All together, the current available data suggest no 
mandatoryy role of FN in BCG attachment and subsequent internalization by 
bladderr carcinoma cells grown in vitro. It can be speculated that BCG 
internalizationn depends on yet unknown molecules co-expressed with 
fibronectin. . 

Inn conclusion, the data reported herein show an enhanced, not fibronectin-
mediatedd internalization of BCG by poorly differentiated, high-grade tumor 
cellss in vitro. BCG internalization by (tumor) urothelial cells may be part of 
thee mode of action of intravesical BCG immunotherapy for superficial 
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bladderr cancer, although the role of this phenomenon in vivo remains to be 
established. . 
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bladderr  cancer  cell lines 
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Thee Netherlands 

Abstract t 

Intravesicall  bacillus Calmette-Guérin (BCG) is a successful therapy for 
superficiall  bladder cancer. However, the working mechanism of BCG after 
intravesicall  instillation is not completely understood. A functional role of 
urotheliall  (tumor) cells in the initiation of the BCG-induced immune 
reactionn should be considered. Here, the possibility of a causal relationship 
betweenn BCG-induced interleukin-6 (IL-6) synthesis and BCG 
internalizationn by urothelial tumor cells was examined in a series of human 
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transitionall  bladder cancer (TCC) cell lines with different degrees of 
differentiation. . 
Thee results showed that the well differentiated TCC cell lines, RT4, SBC-2, 
andd SBC-7, did not possess the capacity to internalize BCG, which was 
associatedd with an inability to upregulate IL-6 synthesis when stimulated 
withh BCG. Moreover, these cell lines expressed a low level of constitutive 
IL-66 synthesis. In contrast, the poorly differentiated TCC cells T-24, TCC-
SUPP and J-82 were able to internalize BCG. In T24 and J82, but not in TCC-
SUPP cells, BCG internalization appeared to result in an upregulation of IL-6 
synthesis.. Constitutive IL-6 synthesis of the high-grade cell lines was found 
too be cell line-dependent: both TCC-SUP and J82 cells exhibited a high level 
off  constitutive IL-6 synthesis, whereas T24 cells exhibited a low level. 
Thee possible relationship between BCG internalization and IL-6 
upregulationn was studied in detail with the T24 cell line, which exhibited a 
loww constitutive and high BCG-inducible IL-6 synthesis, using anti-BCG 
antibodiess (aBCG) and Cytochalasin B as internalization inhibitors. 
Upregulationn of IL-6 synthesis was significantly inhibited by aBCG or 
Cytochalasinn B, indicating that internalization is a prerequisite for BCG-
inducedd upregulation of IL-6 synthesis. 
Inn conclusion, upregulation of IL-6 production due to BCG internalization 
byy poorly differentiated bladder carcinoma cells may be part of the mode of 
actionn of intravesical BCG therapy. 

Introduction n 

Intravesicall  BCG therapy has been successfully used for the treatment of 
superficiall  bladder cancer [1, 2]. For BCG therapy to be effective, the 
developmentt of an immune response seems to be important, although the 
exactt mechanism remains to be established [3]. For the initiation of the 
immunee reaction, several steps during the first interaction of BCG with the 
bladderr wall have been suggested to be involved. These initial reactions may 
includee BCG adherence and internalization, cytokine production and BCG 
antigenn presentation by bladder (carcinoma) cells. 
Thee immediate fate of BCG after intravesical instillation is not known. 
Severall  lines of evidence suggest internalization of BCG by urothelial cells 
inn the initiation of the BCG-induced immune reaction and/or anti-tumor 
effect.. Attachment and internalization of BCG by bladder tumor cells have 
beenn reported [4, 5]. Ingestion of mycobacteria both in vitro and in vivo by 
otherr non-professional phagocytic cells has also been reported [6J. The 
naturenature of the attachment as well as the number of bacteria attached to the 
bladderr wall and/or urothelial cells are matters of controversy [7-11]. 
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Ass a reaction to BCG therapy, urothelial cells are able to express several 
moleculess such as MHC class II and ICAM-1 antigens on their cell wall [12, 
13].. These molecules are fundamental to many immune functions including 
antigenn presentation and cell-mediated cytotoxicity. BCG-antigen 
presentationn to murine T-lymphocytes by urothelial cells has been reported 
[13].. In addition, intravesical BCG instillation is associated with an 
increasedd level of urinary cytokines [14-16]. The source of some of these 
cytokiness has not been conclusively determined, but epithelial cells, 
includingg urothelial cells, do express the capacity to synthesize cytokines 
[17,, 18]. Recently, accumulating data have shown that BCG is capable of 
upregulatingg cytokine synthesis such as IL-6 by tumor urothelial cells grown 
inin vitro [19, 20]. In patients, IL-6 levels in urine following BCG instillation 
aree reported to be related to the clinical BCG anti-tumor response [20]. 
Inn this study the hypothesis that BCG internalization depends on the degree 
off  differentiation of TCC cells and is a prerequisite for upregulation of IL-6 
productionn by bladder tumor cells was tested. 

Methods s 

CellsCells and culture conditions. 
Stockk cultures of a series of cell lines derived from human bladder 
carcinomass consisting of the well differentiated cell lines RT-4 (grade 1), 
SBC-22 (grade 1), SBC-7 (grade 1), and the poorly differentiated cell lines 
T244 (grade 3), TCC-SUP (grade 3) and J82 (grade 3) [21-23], were cultured 
ass monolayers in standard Dulbecco's modified Eagle's medium (DMEM) 
supplementedd with 10% fetal calf serum, 1% L-glutamine, 100 U/ml 
penicillinn and 100 ug/ml streptomycin. Cells were grown at 37° C in a 
humidifiedd 5% C02 atmosphere at pH 7.2 until subconfluency. Cultures 
weree routinely screened for mycoplasma. 
Forr passage, cells were trypsinized with 0.05% trypsin and 0.02% EDTA in 
phosphatee buffered saline (PBS). All tissue culture chemicals were obtained 
fromm Flow Laboratories (Irvine, Scotland). Tissue culture plastics were from 
Costarr (Cambridge, Mass., USA). 

BCGBCG preparation. 
Freeze-driedd BCG, Connaught strain (3.2 x 108 CFU per vial), was 
reconstitutedd in 10 ml prewarmed DMEM. To eliminate large clumps of 
bacteria,, the suspension was centrifuged at 300 g for 3 min and the top 5 ml 
wass used [5]. The concentration of CFU was set by measuring the 
absorbancee at a wavelength of 440 nm, compared to a standard curve 
relatingg the CFU count to optical density. 
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FluorescenceFluorescence activated cell sorter (FACS) analysis of BCG internalization 
byby bladder cancer cell lines. 
Attachmentt and internalization of BCG were quantitated as described 
previouslyy [11]. Briefly, cells (3 x 105/24-well) were cultured overnight, and 
BCGG (Connaught) labeled with fluorescein isothiocyanate (FITC) was 
added.. Cells were incubated with BCG-FITC for 4 hours, followed by 
washing,, and harvesting, with cell dissociation solution (CDS) obtained from 
Sigmaa (St Louis, MO, USA). This procedure resulted in cells containing 
bothh attached and internalized BCG-FITC. To exclusively stain the fraction 
off  extracellular or attached BCG, cells were subsequently pre-incubated with 
polyclonall  rabbit anti-BCG antibodies (aBCG) (1:100; Dakopatts, Denmark) 
followedd by incubation with phycoerythrin (PE) conjugated goat anti-rabbit 
antibodiess (1:25; Sigma, St Louis, MO, USA). 
Cellss (104) were measured with a fluorescence-activated cell sorter 
(FACScan,, Becton Dickinson Immunocytometry Systems, Mountain View, 
CA,, USA), to determine the fraction of cells "stained" with FITC (Fl,+; intra-
andd extracellular BCG) and PE (Fl2

+; extracellular BCG). The percentage of 
Flj77 Fl2

+- cells was taken as the percentage BCG-ingesting cells. 

InhibitionInhibition studies of BCG phagocytosis. 
Inhibitionn of internalization of BCG was studied using aBCG (1:100-1:25) 
andd rabbit polyclonal anti-FN antibodies (aFN) (1:100-1:25; Dako Corp., 
Santaa Barbara, CA), added 30 min prior to the FACS internalization assay of 
BCG.. To eliminate the effect of possible aspecific binding of the Fc portion 
off  aFN to BCG, inhibition experiments were also performed with goat anti-
humann FN F(ab)2 fragments (1:100-1:25; Organon Teknika, West Chester, 
PA).. For inhibition studies with Cytochalasin B (CytB) (Sigma, St Louis, 
MO,, USA), CytB at the indicated concentrations was added to the cells 1 
hourr before and during the incubation with BCG. 

DeterminationDetermination and inhibition of constitutive and BCG-induced upregulation 
ofIL-6ofIL-6 production. 
Cellss (3 x 105 cells) were continuously incubated with BCG at the indicated 
concentrations.. At the indicated time intervals, medium was collected for 
cytokinee determinations. IL-6 was quantified with a human specific, 
oligoclonall  ELISA obtained from Medgenix (Fleurus, Belgium) [24]. 
Conditionss for inhibition of IL-6 production by aBCG, aFN and CytB were 
similarr as those described for the inhibitory studies of BCG internalization. 

StatisticalStatistical analysis. 
Alll  experiments were performed at least twice. FACS analysis 
measurementss represent the mean of duplicate cultures; SD was less than 
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10%.. All experiments concerning IL-6 measurements were performed in 
triplicate.. For comparison between groups the Mann-Whitney test or 
Student'ss t test for independent samples were used (SPSS 6.1 for Microsoft 
Windowss software). 

Results s 

InternalizationInternalization ofBCG. 
Thee kinetics of BCG internalization in T24 cells has been reported in a 
previouss study [11]. The percentage of cells internalizing BCG appeared to 
bee proportionally related to the time of incubation. As presented in Figure 1, 

O O 
O O 
m m 

80 0 

i  60 

O O 
TO TO 
~~ 40 

"03 3 
O O 

20 0 

Figuree 1. Internalization of BCG by a series of well and poorly differentiated human bladder 
cancer.. Following incubation of 3 x 105 cells for 4 hours with FITC-labeled BCG, staining of 
extracellularr BCG was performed with PE-labeled antibodies in harvested cells. 
Internalizationn was expressed as the percentage of cells showing internalization of BCG (Fl ,+ 
// Fl  2- cells) measured in 104 cells using FACS. RT-4, SBC-2 and SBC-7 are well 
differentiated,, grade 1 cell lines, while T24, TCC-SUP and J82 are poorly differentiated, 
gradee 3 cell lines. 

thee capacity for BCG internalization in a series of human bladder cancer cell 
liness appeared to be cell-line dependent. The maximum number of cells 
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internalizingg BCG during a period of 24 hours varied from 0-2 % for the 
welll  differentiated cell lines (RT-4, SBC-2 and SBC-7), to 34-68 % for the 
poorlyy differentiated cell lines (T-24, TCC-SUP and J-82). These data 
suggestt a relationship between the capacity to internalize BCG and the 
differentiationn grade of TCC cells. Only poorly differentiated tumor cell 
liness internalized BCG. 

BCG-inducedBCG-induced and constitutive IL-6 synthesis. 
Too study BCG internalization as a necessary initial step of BCG-induced 
upregulationn of IL-6, initially both the constitutive and BCG-induced 
upregulationn of IL-6 were determined in a series of well and poorly 
differentiatedd cell lines. As illustrated in Figure 2 constitutive and BCG-
mediatedd upregulation of IL-6 appeared to be cell line-dependent. 

Figuree 2. Constitutive and BCG-induced IL-6 production in a series of well and poorly 
differentiatedd human bladder cancer cell lines. IL-6 production of 3 x 10' cells, in the absence 
off  BCG (black) and in the presence of 5 x 106 CFU/ml BCG (shaded) was determined after a 
77 hours incubation. Bars represent mean  SD. 

Determinedd after a 7 hours incubation period, the well differentiated, non-
phagocyticc cell lines (SBC-2 and SBC-7) exhibited low (0.4 to 0.5 ng / 3 x 
1055 cells) constitutive IL-6 synthesis, which appeared not to be upregulated 
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inn the presence of BCG (0.5 ng / 3 x 10 cells). Of the poorly differentiated, 
BCGG internalizing cell lines, the constitutive IL-6 synthesis was found to be 
highh for TCC-SUP (1.1  0.1 ng / 3 x 10s cells) and J82 (1.7  0.4 ng / 3 x 
1055 cells) cells, but was low (0.1  0.0 ng / 3 x 105 cells) for T24 cells. 
Stimulationn with BCG did not significantly (p = 0.095) upregulate IL-6 
synthesiss in TCC-SUP cells. In contrast, both the J82 and T24 exhibited a 
significantt (p < 0.005) upregulation of IL-6 production when stimulated with 
BCG.. This BCG-induced upregulation was most pronounced in T24 cells, 
resultingg in an IL-6 production of 2.6  0.1 ng/ml compared to the 
constitutivee synthesis of 0.1  0.0 ng per 3 x 105 cells over a period of 7 
hours.. This upregulation of IL-6 production was BCG concentration-and 
time-dependentt (Figure 3). So, the poorly differentiated TCC cell lines 

Timee (h) 

Figuree 3. Kinetics of constitutive (without BCG) and BCG-induced IL-6 production of 3 x 
1055 T24 cells during continuous incubation with BCG at several concentrations: • : 107 CFU 
BCG;; o: 5 x 106 CFU BCG; •: 2 x 106 CFU BCG; n: 2 x 105 CFU BCG; A: without BCG. 
Curvess were fitted exponentially. Bars represent mean  SD. 

showed,, in addition to the capacity to internalize BCG, either a high 
constitutivee (TCC-SUP and J82) and/or a high BCG-inducible production of 
IL-66 (T24 and J82). 
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RelationRelation between BCG phagocytosis and IL-6 production. 
Thee results outlined above suggest the possibility of a causal relationship 
betweenn BCG internalization and IL-6 upregulation, which is especially 
illustratedd in T24 cells. In a subsequent series of experiments, the possibility 
off  BCG internalization as a prerequisite to BCG-induced IL-6 production 
wass studied in detail. These experiments were performed with T24 cells, 
sincee the characteristics of this cell line, namely the low constitutive IL-6 
synthesiss associated with a high degree of BCG-induced upregulation of IL-
66 synthesis, seemed to be well suited for this purpose. Incubation with BCG, 
pretreatedd with aBCG, decreased the percentage of T24 cells associated with 
BCGG to 34% (1: 100 aBCG) and 12% (1: 25 aBCG) compared to 38% in the 
absencee of aBCG (data not shown). As illustrated in Figure 4, under similar 
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Figuree 4. Effect of addition of aBCG and aFN on IL-6 production. aBCG was added 30 min 
beforee and during incubation of 3 x 105 T24 cells with 5 x 106 CFU/ml BCG. IL-6 in the 
mediumm was determined after 7 hours. Bars represent mean  SD. 

conditionss a significant (p = 0.028) inhibition of BCG-induced upregulation 
off  IL-6 synthesis occurred in the presence of aBCG at a concentration of 
1:25.. A condition previously found to reduce the internalization of BCG by 
T244 cells specifically [11], namely incubation with CytB, was subsequently 
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testedd for its ability to prevent IL-6 upregulation. Under conditions where 
CytBB reduced BCG internalization by T24 cells to 46%, Cyt B inhibited 
BCG-inducedd IL-6 production, which was significantly stronger than the 
inhibitionn of the constitutive IL-6 synthesis (Table 1). 

Tablee 1. Constitutive and BCG-induced synthesis of IL-6 in T24 bladder tumor cells in vitro, 

inn the presence of Cytochalasin B a 

CytBB IL-6 production Mann Whitney test 
ug/mll  (in %  SD) b p value 

Constitutivee BCG - induced 

00 100  8.3c 100  13.1 

0.255 66.8  7.1 70.0  14.2 NS 

2.55 57.3 9 30.1  7.0 p = 0.016 

10.00 68.5 4 35.0  3.9 p = 0.004 

aa As previously observed [11] internalization of BCG was significantly inhibited by CytB at 
concentrationss of 3.3 ug/ml or higher. At a concentration of 10 ug/ml, an inhibition of 
internalizationn of 45% was observed. 

bb IL-6, expressed as % of synthesis in the absence of Cytochalasin B, was measured in 
mediumm containing 3 x 105 T24 cells, incubated for 7 hours with or without 5 x 106 

CFU/mll  BCG. Cytochalasin B at the indicated concentrations was added 1 hour prior to 
BCGG addition. 

cc Mean  SD. The values of 100% correspond to 0.1 and 1.5 ng IL-6 /ml for the constitutive 
andd BCG-induced IL-6 synthesis in the absence of Cytochalasin B, respectively. 

Kurodaa et al. [4] suggest that BCG internalization is associated with 
fibronectinn and can be inhibited by aFN. Using identical antibodies the 
effectt of aFN on BCG-induced upregulation of IL-6 synthesis was studied. 
Thee results, presented in Figure 4, show that addition of aFN to T24 cells 
andd subsequent incubation with BCG did not inhibit BCG-induced IL-6 
upregulationn (2.3  0.1 versus 2.2  0.2 ng/ml per 3 x 105 cells in the 
absencee of aFN; p = 0.272). Since this observation contradicted our 
expectations,, the effect of aFN on BCG internalization was determined. The 
resultss indicated that aFN, added at concentrations ranging from 1:100 to 
1:25,, did not inhibit BCG internalization (data not shown). So, these results 
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seemedd to be in agreement with the absence of an effect of aFN on the 
inductionn of IL-6 synthesis by BCG. 

Overall,, the data suggest that in T24 cells, internalization of BCG is a 
prerequisitee for BCG-induced IL-6 production. 

Discussion n 

Variouss cytokines can be detected in the urine of patients treated with BCG 
intravesicallyy [14, 15, 25]. Internalization of BCG by urothelial cells in vivo 
hass been reported [5]. This implies that the present study concerning BCG 
internalizationn and cytokine production of urothelial cells in vitro may be of 
clinicall  relevance. 
Inn this study, the phagocytic capacity and high levels of IL-6 production, 
eitherr constitutive or BCG-induced or both, seemed to be restricted to cell 
liness with a poor degree of differentiation (T24, TCC-SUP and J82, grade 3). 
Tumorr grade dependency has already been reported with regard to adherence 
off  BCG to bladder tumor cell lines [26], and (BCG-induced) IL-6 production 
byy bladder tumor cell lines [20]. In addition, the present results suggested a 
relationshipp between BCG-internalization and IL-6 production. Experiments 
withh Cytochalasin B, a molecule that specifically blocks phagocytosis [11], 
showedd internalization of BCG to be a prerequisite for the BCG-induced IL-
66 production in T24 tumor cells. Accepting the hypothesis that BCG 
internalizationn and (BCG-induced) cytokine production of (tumor) urothelial 
cellss may play a central role in the mechanism of action of BCG, these 
findingss are in accordance with clinical observations that high grade tumors 
showw a better response to BCG treatment than lower grade tumors [27]. 

Thee observed capacity of high-grade TCC tumor cells to produce IL-6, either 
constitutivelyy and/or during stimulation with BCG, may reflect the clinical 
situation.. Following installations with BCG, various cytokines can be 
detectedd in the urine of patients [14,15,25]. These observations suggest that, 
duringg intravesical BCG instillation, urothelial (tumor) cells may be a 
significantt source of urinary cytokines, additional to the major cellular 
sources,, such as macrophages and lymphocytes infiltrating the bladder wall. 
Itt has been speculated that a BCG-induced upregulation of cytokines in 
urothelialurothelial (tumor) cells of the bladder could be of functional significance in 
vivo,vivo, initiating and/or modulating the BCG-induced immune response [24, 
25,, 28]. It should be noted that upregulation of the cytokine synthesis of 
urotheliall  tumor cells by microorganisms seems to be a characteristic most 
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extensivelyy expressed in the presence of BCG. It has been shown that the 
upregulationn of IL-6 and TNF-a synthesis in T24 cells by BCG is at least 10 
timess higher compared to the upregulation by E. Coli or S.faecalis [19]. 

Ass indicated for T24 cells, upregulation of IL-6 production appeared to be 
relatedd to the dose of BCG. An optimal dose in vitro was not established 
withh the concentration range used. In patients however, the dose may be 
limitedd by the adverse side effects of BCG [29]. 

Inn order to inhibit BCG internalization by T24 cells, we used, in addition to 
Cytochalasinn B, polyclonal aBCG and aFN as described by Kuroda et al [4]. 
Inn accordance with these investigators, we observed a decreased 
internalizationn due to aBCG, suggesting a specific interaction between BCG 
andd the T24 cellular membrane. This condition also reduced the BCG-
inducedd IL-6 upregulation by T24, which further consolidated the findings 
withh Cytochalasin B. In contrast to Kuroda et al. we could not detect an 
inhibitingg effect of aFN on BCG phagocytosis. This discrepancy cannot be 
explainedd by the use of different sources of antibodies. Furthermore, 
differencess in BCG strains do not seem likely since thus far all strains have 
shownn to be comparable with regard to clinical efficacy against superficial 
bladderr tumors. Absence of an inhibiting effect of aFN for BCG 
phagocytosisphagocytosis by bladder carcinoma cell lines has been reported by other 
investigatorss too [26,30]. These observations do not favor the previously 
suggestedd (opsonizing) role of FN in BCG internalization by bladder tumor 
cellss [4]. However, there may be a difference between the proposed role of 
FNN in mediating BCG binding to the injured bladder wall, initiation of an 
immunee response and the associated antitumor activity in a mouse bladder 
tumorr model [10] and the possible role of FN in the internalization of BCG 
inin vitro systems. 

Inn this study, aBCG inhibited in vitro internalization of BCG in T24 cells, 
andd IL-6 production. Anti-BCG antibodies (IgG and IgA) have been shown 
too be present in serum and urine of patients following BCG installations [9] 
upp to 12 months after BCG therapy, possibly interfering with the 
effectivenesss of subsequent BCG installations. Whether the level of anti-
BCGG antibodies in patients correlates with the antitumor effect or not, and 
whatt the implications are for the efficacy of (maintenance) installations with 
BCG,, remains to be established in further studies. 

Inn conclusion, a high constitutive IL-6 production or IL-6 upregulation, 
initiatedd by BCG internalization seems to be related to the degree of 
differentiationn of the bladder cancer cell lines. These observations suggest 
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thatt constitutive IL-6 production and/or BCG-mediated (after internalization) 
upregulationn of IL-6 production by poorly differentiated bladder carcinoma 
cellss may be part of the mode of action of intravesical BCG therapy. The 
rolee of this phenomenon in vivo, however, remains to be established. 
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Abstract t 

ObjectiveObjective To determine the effects of isoniazid (isonicotinic acid 
hydrazide),, used to reduce the serious side-effects of immunotherapy of 
superficiall  bladder cancer with bacille Calmette-Guérin (BCG), on the 
proliferationn and constitutive BCG-induced synthesis of interleukins 6 (IL6) 
andd 8 (IL8) in human bladder cancer cells cultured in vitro. 
MaterialsMaterials and methods Three poorly differentiated human cell lines, T24, 
TCC-SUPP and BT-B, were used to study the effect of isoniazid on cell 
proliferation.. Cells were inoculated in tissue culture plates and various 
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concentrationss of isoniazid added to the medium. Cell density was then 
monitoredd for up to 6 days using a colorimetric assay. To determine the 
effectss of isoniazid on constitutive and BCG-induced cytokine synthesis, 
cellss were cultured in medium containing no additions, BCG, isoniazid or 
BCGG with isoniazid. at various concentrations. Samples of medium were 
collectedd regularly for 6 h and the cytokine content (IL6 and IL8) 
determinedd using enzyme-linked immunosorbent assays. 
ResultsResults Continuous incubation of proliferating T24, TCC-SUP and BT-B 
cellss with isoniazid at concentrations of 0-100 jig/mL did not affect the rate 
off  proliferation. Unlike TCC-SUP and BT-B cells, T24 cells released more 
IL66 and IL8 during incubation with BCG. At 6 h after the addition of BCG, 
thee cumulative mean (SD) IL6and IL8 production of T24 cells was 2.6 (0.1) 
andd 2.3 (0.4) ng per 3 x 10 cells, compared with a constitutive level of 0.1 
(0.0)) and 1.3 (0.2) ng, respectively. There was no significant effect of 
isoniazidd (1-100 pg/mL) on either the constitutive or BCG-induced synthesis 
off  IL6 and IL8 in T24 cells. 
ConclusionConclusion Assuming an essential role of (tumor) epithelial cells in the 
locall  immune response induced by BCG, these in vitro results suggest that 
thee administration of isoniazid does not interfere with this part of the 
mechanismm by which BCG operates. 

Introduction n 

Intravesicall  therapy with BCG against superficial bladder cancer recurrences 
andd carcinoma in situ has been shown to be highly effective in many clinical 
trialss [1,2]. Although being an attenuated strain of Mycobacterium bovis 
withoutt virulence, about 5% of patients present with moderate to severe 
locall  or systemic adverse effects after treatment with BCG, necessitating 
treatmentt with the tuberculostatic agent isoniazid [3]. The prophylactic 
administrationn of isoniazid, initiated before BCG instillation has been 
consideredd to diminish these side effects and currently the prophylactic use 
off  isoniazid is being investigated in a clinical trial [4]. However, the 
prophylacticc application of isoniazid assumes that it does not adversely 
affectt the BCG-induced activity against the tumor. Data on potentially 
interferingg effects of isoniazid on the successive steps involved in the 
processs of BCG-induced antitumor activity are scarce or lacking. Conflicting 
resultss about the effect of isoniazid on the BCG-associated immune reaction 
havee been reported: animal studies indicated either an impairment of BCG-
inducedd reactions or absence of an isoniazid-associated effect [5-8]. No 
impairmentt by isoniazid of the local immunological stimulation after BCG 
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instillationn has been reported in man, suggesting that isoniazid does not 
affectt the antitumor efficacy of BCG [9]. BCG-mediated antitumor activity 
iss probably associated with local immunological phenomena [10], but the 
detailedd mode of action is not clearly understood [11]. When used 
prophylactically,, isoniazid may interfere at all levels within the complex host 
responsee to BCG, in addition to its direct antitubercular properties on BCG 
viabilityy [12]. The present study addresses the direct and indirect effects of 
isoniazidd associated with BCG on urothelial tumor cell lines, modeling the 
possiblee interference of isoniazid with the initial interaction between BCG 
andd urothelial cells. Presuming that urothelial cells contribute significantly 
ass participants in the locally induced immune response [11,13], the influence 
off  isoniazid on cell proliferation and gene expression was determined in 
severall  human bladder tumor cell lines. 

Materiall  and methods 

Threee poorly differentiated human cell lines, T24, TCC-SUP and BT-B, 
weree used; detailed information (e.g. origin, stage and grade) about the T24 
andd TCC-SUP cell lines was reported previously [14,15]. The BT-B cell line 
(kindlyy provided by Dr A. Böhle, Department of Urology, Medical 
Universityy Liibeck, Liibeck, Germany) was directly established in vitro from 
aa poorly differentiated (grade 3) surgical specimen (personal 
communication,, Dr A. Böhle and [16]). Stock cultures of the cells were 
maintainedd as monolayers in RPMI-1640 medium with 1 % glutamine, 
supplementedd with 10 % fetal calf serum, 100 IU/mL penicillin and 100 
ug/mLL streptomycin. Cells were grown at 37° C in a humidified 10 % C02 

atmospheree at pH 7.4 until subconfluency. For passage and experiments, 
cellss were trypsinized with 0.05 % trypsin and 0.02 % EDTA in PBS (8 g of 
NaCl,, 0.2 g of KC1, 1.16 g of Na2HPO4.2H20 and 0.2 g of KH2P04 per liter at 
pHH 7.4). Cultures were screened routinely for mycoplasma. All tissue culture 
chemicalss were obtained from Flow Laboratories (Irvine, Scotland). Tissue 
culturee plastics were from Costar (Cambridge, MA, USA). A vial 
lyophilizedd BCG, strain Connaught (Connaught Laboratories, North York, 
Canada)) containing 1.9 x 108 c.f.u. of BCG per vial was reconstituted in 
prewarmedd culture medium to the appropriate concentration for experiments. 
Too determine the effect of isoniazid on bladder tumor cell proliferation, 2.5 x 
10""  cells were inoculated in 96-well flat-bottom tissue culture plates 
containingg 100 u,L medium. After 24 h the cells were refreshed with RPMI-
16400 (100 uL) without or with various concentrations (1-100 ug/mL) of 
isoniazidd (Sigma, St.Louis, MI, USA). Cell density was monitored for up to 
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66 days using a colorimetric assay measuring the formation of a formazan 
dye,, soluble in aqueous solutions, from XTT (sodium 3'-[l-
(phenylaminocarbonyl)-3,4-tetrazolium]-biss (4-methoxy-6-nitro) benzene 
sulphonicc acid hydrate) [17]. Briefly, 50 uL XTT solution, containing 1 mg 
XTTT per 1 mL RPMI-1640 and 0.383 mg N-methyl dibenzopyrazine methyl 
sulphatee (Sigma) per 1 mL PBS, was added to the cultures. After incubation 
forr 3 h at 37° C, the optical density was read at 490 nm and 650 nm as a 
referencee wavelength using a microplate reader (Thermomax, Molecular 
Devices,, Sopachem, Lunteren, The Netherlands). The spectrophotometer 
wass blanked on the first column of control wells containing medium 
(withoutt cells) and XTT solution; isoniazid did not interfere with the assay. 
Inn some experiments, data obtained with the XTT assay were verified by cell 
countingg with a Coulter counter and/or a haemocytometer. 
Too determine the effects of isoniazid on constitutive and BCG-induced 
cytokinee synthesis, cells (3 x 105) were cultured for 24 h in 24-well plates 
containingg 1 mL medium/well. Subsequently, the medium was replaced with 
mediumm containing (i) no additions, (ii)  BCG (1 or 5 x 10 c.f.u.), (Hi) 
isoniazidd (100 ug/mL) or (iv) BCG and isoniazid at these concentrations. 
Mediumm was collected at regular intervals for 6 h, centrifuged and stored at 
-20°° C before cytokine content was determined. IL6 was quantified as 
describedd previously, using a human specific, oligoclonal ELISA 
(Medgenix,, Fleurus, Belgium) [13]. IL8 was determined with an ELISA 
developedd by CLB (Amsterdam, The Netherlands) [18]; the detection limits 
off  the two assays were 3 pg/mL IL6 and 5 pg/mL IL8. 
Too test for differences between groups, a series of one-way ANOVAs with 
equall  or unequal size was used. When significant differences (P < 0.05) were 
foundd by analysis of variance, Duncan's multiple-range test [19], or for 
unequall  numbers of replications Duncan's multiple-range test adjusted by 
Kramer,, was applied (P = 0.05) [20]. For differences between groups, paired 
comparisonss were assessed using Student's t-test. 

Results s 

Additionn of isoniazid at concentrations of 1-100 ug/mL at 24 h after 
inoculationn appeared to have no effect on the proliferation of T24, TCC-SUP 
andd BT-A cells (Fig. 1). Initially, the constitutive and BCG-induced 
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Figure.. 1. Proliferation of the bladder carcinoma cell lines: a. BT-B, b. TCC-SUP and c. T24, 
inn the presence of various concentrations of isoniazid. At 24 h after inoculation the cell 
culturess were refreshed with medium containing 0 (x crosses), 1 (• closed squares), 10 (T 
downn triangles), 50 (A up triangles) or 100 (D open squares) ug/ml isoniazid. The number of 
cellss was determined using the XTT assay and expressed as the optical density at 490 nm. 
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upregulationn of IL6 and IL8 of the three bladder cancer cell lines was 
determined.. BCG was applied as an inducer, as a BCG-associated 
upregulationn of the synthesis of various cytokines has been reported in the 
T244 bladder cancer cell line in vitro [13]. The present results indicated that 
BCGG upregulated the synthesis of both IL6 and IL8 in T24 cells, but not in 
TCC-SUPP or BT-A cells (Table 1). Moreover, T24 cells showed a profound 

Tablee 1. Cumulative production of IL-6 and IL-8 in the medium of BT-B. TCC-SUP and T24 
cellss during 6 h incubation in the absence and presence of BCG 

Meann (SD) concentration <ng / 3 x lO'"1 cells) 

IL-66 IL-8 

-- BCG 

++ BCG 

TCC-SUP P 

-- BCG 

++ BCG 

T24 4 

-- BCG 

++ BCG 

0.33 (0.0) 

0.44 (0.0) 

1.11 (0.1) 

1.0(0.1) ) 

0.11 (0.0) 

2.66 (0.1)2 

':: « indicates an IL-8 concentration of <10 pg/mL. 
":: p < 0.01 compared to cytokine accumulation in the absence of BCG. 

constitutivee synthesis of IL8 compared with BT-B and TCC-SUP cells. 
Becausee both IL6 and IL8 synthesis were upregulated by BCG in T24 cells, 
thee effect of 1-100 u.g/mL isoniazid on the constitutive and BCG-induced 
synthesiss of IL6 and IL8 was determined in this cell line. However, a control 
experimentt was performed to determine whether the penicillin and 
streptomycinn in the culture medium interfered with the capacity of BCG to 
inducee cytokine synthesis in T24 cells. The BCG-associated upregulation of 
IL66 and IL8 in the presence and absence of penicillin and streptomycin was 
similar,, suggesting that there was no interference with the BCG-induced 
upregulationn of the cytokines within the duration of the experiments. The 
presencee of isoniazid did not interfere with the observed continuous, linear 
increasee of either constitutive or BCG-induced production of IL6 and IL8 
(Tablee 2). In addition, there was no effect of isoniazid on the relatively high 
constitutivee synthesis of IL6 in TCC-SUP cells (results not shown). 
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Tablee 2. Cumulative production of constitutive and BCG-induced IL 6 and IL8 in the medium 
off  T24 cells during 6 h h in the absence and presence of isoniazid 

Meann (SD) concentration (ng / ml) 

Isoniazidd (p-g/ml) IL  6 IL  8 

-BCG G 
0 0 
1 1 

10 0 
100 0 
n n 

0 0 
1 1 

10 0 
100 0 

0.33 (0.0) 
0.3(0.1) ) 
0.33 (0.2) 
0.3(0.1) ) 

2.33 (0.4) 
2.11 (0.2) 
2.22 (0.0) 
2.33 (0.2) 

1.11 (0.0) 
1.3(0.3) ) 
0.99 (0.2) 
0.99 (0.0) 

2.2(0.9) ) 
2.00 (0.4) 
1.7(0.0) ) 
1.7(0.2) ) 

Discussion n 

Severall  lines of evidence indicate that (specialized) epithelial cells, such as 
maturemature pulmonary epithelial cells, may contribute to the host defense system 
throughh interactions with inflammatory cells [21]. It has been suggested that 
uroepitheliall  cells are part of a mucosal cytokine network, depending on 
microbiall  stimulation of epithelial cells, as is the case in urinary tract 
infectionss [22]. During intravesical therapy of superficial bladder cancer 
withh BCG, urothelial (tumor) cells are exposed to BCG mycobacteria. In 
vitro,vitro, this situation has been shown to upregulate cytokine synthesis by 
humann bladder tumor cells [13,18]; some of these in vitro observations seem 
too be analogous to observations in vivo [11,18,23] supporting the notion that 
urotheliall  cells may contribute to the modulation of the BCG-induced 
immunee reaction that is probably important for antitumor activity. 
Isoniazidd is one of the most widely used antituberculosis drugs, although its 
precisee target of action on mycobacteria is unknown [24,25]. In addition, 
adversee effects on eukaryotic cells, such as chromosomal aberrations, have 
beenn noted by some but not by others [24,26]. The latter report suggests a 
possiblee direct effect of isoniazid on urothelial cells during BCG therapy of 
superficiall  bladder cancer. The present results indicate no effect, stimulatory 
orr inhibitory, of isoniazid on cell proliferation and cytokine (IL6 and IL8) 
synthesis,, either constitutive or BCG-induced, of bladder cancer cell lines in 
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vitro.vitro. These results were obtained at isoniazid concentrations comparable to 
thosee found in the urine (38.0, SD 60.9, mg/ml urine) of patients treated with 
isoniazidd (300 mg) orally the day before, 2 h before and the day after BCG 
instillationn [9]. This protocol of isoniazid administration is currently under 
investigationn in man (EORTC protocol 30911) [4]. 
Inn conclusion, the present results suggest that the administration of isoniazid 
doess not interfere with the postulated, modulating role of cytokine-producing 
urothelialurothelial cells after intravesical BCG installations. However, these results 
doo not exclude possible interference of isoniazid with additional steps of the 
BCG-inducedd cascade. 
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Introduction n 

Bladderr cancer is detected in 75% of patients at an early, superficial stage. 
Thee majority of the superficial urothelial cell carcinomas (TCC) consists of 
papillaryy bladder carcinomas (Fig. 1A), while the remaining (10 %) are high 
gradee mucosal lesions called carcinoma-in-situ (CIS), characterized by their 
diffusee surface-spreading behavior [1]. The standard treatment of papillary 
TCCC is trans urethral resection (TUR) followed by intravesical instillation 
withh adjuvant, chemo- or immunotherapeutic drugs [2,3]. For treatment of 
thee surgically non-accessible CIS these latter modalities are the only bladder 
sparingg options available. Although the therapeutic efficacy is well 
recognized,, a high recurrence rate of 60-70 % and a progression rate of 15 % 
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Figuree 1. Simplified scheme of supposed mechanism of action of BCG in tumor cell 
eradication.. After its instillation in the bladder (A), BCG (B) accumulates near the bladder 
wall,, followed by adherence and passage through the GAG layer of the bladder wall (C). 
BCGG is internalized and processed by professional antigen-presenting cells (APC) and (high 
grade)) tumor cells (D), and BCG antigens are presented to CD4+ T-cells (E). Depending on 
variouss conditions this results in the local synthesis of a particular set of cytokines, known as 
thee Thl-type or cell-mediated immune response (F, G). The Thl cytokine profile enables 
recruitmentt and maturation of cytotoxic effector cells. No definite statements can be made yet 
aboutt the actual effector cell(s), but a key role for NK cells in tumor cell killing have been 
proposedd (H). 

dictatee the need for lifelong follow-up and treatment [4]. 
Applicationn of adjuvant agents after surgery was introduced to reduce the 

riskk for recurrence and progression of TCC. After many years of experience 
withh chemotherapeutic agents, more recent, comparative trials indicate that 
immunotherapyy with Bacillus Calmette-Guérin (BCG) is superior to 
chemotherapyy in patients with intermediate and high risk for recurrence. 
Nowadayss it is generally accepted that prophylactic BCG treatment is the 
preferredd form of treatment for patients with more aggressive high-grade 
disease.. In these patients with a high risk for progression or recurrence the 
benefitss out weight the burden of side effects [2,5,6]. Moreover, BCG seems 
too exert a better anti-tumor effect in CIS and high-grade cancer [2,7]. The 
recentt introduction of an extended BCG treatment protocol, known as 
maintenancee immunotherapy, seems to lead to a further increase of efficacy 
[5,6]. . 
BCG,, an attenuated strain of Mycobacterium bovis (Fig. IB), was 

developedd over the period 1908 - 1921 by Calmette and Guérin with the 
intentionn to generate a vaccine against tuberculosis. Nowadays, several, 
commerciallyy available strains of BCG, such as Connaught, Evans, Glaxo, 
Pasteur,, RIVM, Tice, and Tokyo 172, have been extensively studied for 
(adjuvant)) treatment of TCC. Although these strains are genetically slightly 
different,, the clinical efficacy appears to be comparable [8-10]. 
Unfortunately,, treatment with BCG, installed as a viable, living organism, 
hass some severe disadvantages, since it can cause infections, ranging from 
bothersomee cystitis in the majority of patients, to sepsis eventually leading to 
deathh in rare cases [11]. 
Everr since 1976, when Morales and colleagues first described the use of 

intravesicall  BCG for superficial bladder cancer [12], investigators try to 
understandd the working mechanism of BCG, as an anti-tumor modality. Both 
BCGG treatment regimen and dose are historically determined. Arbitrary, 
BCGG therapy consists of a single course of six weekly intravesical 
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instillationss with commercially available preparations. Despite its success, 
30-500 % of patients either fail to respond or relapse within the first 5 years of 
treatment,, while toxicity associated with BCG remains a serious point of 
concern. . 
Thiss review intends to present an overview of the current state of "BCG 

research".. Special attention will be paid to the interaction between BCG and 
thee bladder wall, including a possible role of the urothelial cells in the 
cascadee of events leading to BCG-associated tumor cell clearance (and side-
effects).. As an underdeveloped field of research, the significance of an 
interactionn between potentially hostile bacteria and epithelial cells is a 
relativelyy unknown aspect of the host immune-defense system. Better 
knowledgee about this interaction might open new avenues for improvement 
off  the BCG immunotherapy and, in addition, might generate important 
clinicallyy applicable information for other fields of medicine. 

Forr an actual overview on the practical, clinical aspects of the 
immunotherapyy for TCC with BCG (and other biological response 
modifiers),, the reader is referred to various, recently published papers 
[2,3,13]. . 

Detailss of the mode of action of BCG 

Nowadays,, it is generally assumed that the BCG-induced anti-tumor activity 
iss critically dominated by the local nonspecific immunological reaction 
reflectingg the activity of immunocompetent cells [14,15]. It should be 
realizedd however that preceding the activation of the local immune system, 
somee possibly rate-limiting events needed to be executed. The sequential 
orderr of these initial events has been addressed only to a limited extent. 

InteractionInteraction of BCG with the bladder wall 

Interactionn of BCG with the luminal surface of the bladder is the first step 
forr BCG to accomplish. Accumulation of BCG near the bladder wall as well 
ass its adherence may be limiting processes for an adequate, clinical response. 
Suboptimall  binding of BCG to the bladder has been raised to explain the 
absencee of clinical response in a subgroup of patients [16-18], In the guinea 
pigg the actual number of BCG organisms found in the bladder wall after 
BCGG instillations represents only a fraction of the number of instilled bacilli 
[17].. Furthermore, experimental modulation of intraluminal BCG attachment 
hass been connected to considerable effects on the anti-tumor efficacy of 
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BCGG or BCG-induced immune response in animal models [19-21]. 
Systematicc analysis of the interaction of BCG with the bladder wall has not 
beenn accomplished, probably due to the poor recognition of various involved 
processes,, biological as well as physicochemical. The process of interaction 
shouldd be divided in non-specific, physicochemical and specific, receptor-
ligandd mediated events. 

PhysicochemicalPhysicochemical interaction 
Thee bladder surface on the luminal side is covered with a layer of 
hydrophilic,, highly sulphated glycosaminoglycans (GAGs), the so-called 
GAG-layerr that protects the bladder from toxic compounds and 
microorganismss [22,23]. Both this GAG-layer and the BCG cell wall are 
highlyy negatively charged (the zeta potentials) [18,24]. As outlined by 
Schamhartt et al. these conditions prescribe that BCG bacteria accumulate or 
dock,, without adherence, at a close (70 - 100 A) distance, the so-called 
dockingg distance, from the bladder wall (Fig. 1C) [18,25]. In addition to this 
non-specific,, reversible adsorption, physicochemical considerations predict a 
loww probability of irreversible adherence of BCG to the bladder wall, due to 
thee high electrostatic, repellent force between the respective surfaces. The 
observed,, in animals, low abundance of BCG adherence to the uninjured 
bladderr wall and the dependency of BCG adherence to diluent properties 
(pH,, salt concentration) seem to be in accord with these theoretical 
considerationss [16,17,26,27]. Damage of the GAG-layer and urothelium may 
lowerr the negative charge of the bladder wall, leading to an increased BCG 
dockingg and adherence, as observed in a murine BCG model after 
electrocauteryy damage of the bladder [16]. Interestingly, the presented 
physicochemicall  analysis provides a solid base for the observation that the 
polyvalentt polysaccharide, pentosanpolysulphate (PPS), enhances the 
bindingg of BCG and BCG-induced immune response in the guinea pig 
bladderr (Fig. 2) [20,21]. 

Specific,Specific, receptor-ligand mediated events 
Inn addition to non-specific interaction, more specific mechanisms seem to be 
involvedd in BCG adherence. A crucial binding of BCG to fibronectin (FN) in 
thee bladder mucosa has been postulated [17,28]. FN is part of the 
extracellularr matrix, is equally distributed on normal and malignant 
urotheliumm and a soluble form can be found in urine [29]. Binding of BCG to 
thee murine bladder was impaired with anti-FN antibodies or addition of 
solublee FN [28]. Furthermore, BCG bacteria possess a receptor with high 
affinityy for the collagen domain of FN, the fibronectin attachment protein 
(FAP).. Intravesical addition of FAP fragments abrogates BCG attachment 
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Figuree 2. The influence of intravesical pentosan polysulphate (PPS) pretreatment on BCG-
inducedd effects in guinea pigs. PPD skin reaction, number of infiltrates in the bladder wall and 
numberr of cells per 2 iliac lymph nodes were determined after intravesical placebo (PBS) and 
BCGG treatment (BCG), and pretreatment with PPS followed by BCG treatment (PPS + BCG) 
[20]. . 

andd abolishes the BCG anti-tumor effect in an orthotopic, murine bladder 
cancerr model [30]. These data and the observation that the clinical effect of 
BCGG therapy is related to the degree of FN expression on normal mucosa 
suggestt a specific FN-mediated adherence of BCG to the bladder wall [31]. 
Followingg TUR, in 70 % of patients the level of urinary FN is high during 2 
weeks,, while BCG instillation induces an additional, strong rise in urinary 
FNN levels within hours. It has been suggested that the high soluble 
fibronectinn level in the urine of patients after TUR and during BCG 
treatmentt is a defense mechanism of the body in order to prevent bacteria 
fromm invading the tissue. The originally bound fibronectin is shed as a result 
off  elastase released by polymorphonuclear leucocytes. Inefficacy of BCG 
instillationss when starting too soon after TUR may result [32,33]. Several 
investigatorss pointed out, however, that the experimental, animal data were 
largelyy obtained with pre-injured bladders, contradictory to the clinical 
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situationn bladders, and suggested a fortuitous relationship between the 
efficacyy of BCG-therapy and fibronectin [17,32]. 

InternalizationInternalization of BCG and phenotypical alterations of 
urothelialurothelial cells 

InternalizationInternalization of BCG in urothelial cells 
Theree are now several reports showing that urothelial cells are capable of 
internalizationn of BCG [34-39]. BCG internalization in vitro is time and dose 
dependentt and can already be shown to occur after a 15-min incubation 
period.. In a spheroid, 3-D model, BCG was found to penetrate and 
internalizedd in cells, 4 cell-layers deep, whereas normal urothelial cells in 
thiss system did not internalize BCG [39]. This latter observation is in accord 
withh studies in guinea pigs showing no BCG in or adherence to normal 
urotheliall  cells [27]. In malignant cells, BCG internalization appeared to be 
celll  differentiation-dependent. Contrary to well-differentiated (Gl) bladder 
tumorr cell lines, poorly differentiated (G3) cell lines exhibit significant 
internalizationn of BCG (Fig. 3) [36]. 
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Figuree 3. Internalization of BCG and BCG-induced IL-6 production in a series of well and 
poorlyy differentiated human bladder cancer cell lines: SBC-2 and SBC-7 (grade 1), 
T24,, TCC-SUP and J82 (grade 3) [37]. 
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Clinically,, these data may be related to observations that show a better 
responsee to BCG treatment of high grade compared to low-grade tumors 
(Tablee 1) [7]. 

Tablee 1. Recurrence rate /TOO patients-months in patients with superficial bladder cancer, 
followingg TUR with and without adjuvant intravesical BCG instillations J. 

Gradee 1 Gradee 2 Gradee 3 

Treatment t 

TUR R 

TURR + BCG 

1.5 5 

ns s 

1,18 8 

3.67 7 

pp < 0.01 

1.02 2 

20.83 3 

pp < 0.002 

1,26 6 

""  Data from Melekos et a!. |7]; ns = not significant 

Knowledgee about the mechanism of BCG internalization is scarce. As for 
thee interaction of BCG with the extracellular matrix, an intermediate role of 
FNN has been put forward. Urothelial cells express an integrin (a5|3l 
receptor)) with affinity for FN [30,40], Pretreatment of T24 cells, a human 
TCCC cell line, with anti-FN or anti-a5|3l -receptor antibodies resulted in an 
impairedd BCG attachment to and internalization in these cells. It has been 
suggestedd that FN acts as a bridging molecule by binding to this urothelial 
celll  and mycobacterial receptors. Interestingly, interleukin (IL)-6, a cytokine 
generallyy found after BCG instillation, upregulates the oc5(3l receptor, and 
therebyy may influence BCG binding [41]. However, other investigators were 
nott able to inhibit BCG internalization with anti-FN antibodies [36,42], 
Althoughh these conflicting results may be due to different experimental 
conditionss or applied techniques, the current available data do not suggest a 
mandatoryy role of FN in BCG internalization. It seems that BCG 
internalizationn is mediated by additional molecule(s), possibly co-expressed 
withh FN, such as heparan sulphate-containing proteoglycans that interact 
withh the mycobacterial heparin-binding hemagglutinin adhesin (HBHA) 
[35,36,42,43].. Regardless the specific, receptor-mediated mechanism(s) of 
internalization,, intracellular BCG is transported within phagosomes to 
becomee fused with lysosomes to form phagolysosomes, although recent 
evidencee shows that intracellular, live, BCG can interfere with the fusion of 
phagosomess with lysosomes [44]. However, the majority of BCG in 
commerciallyy available BCG preparations consists of dead BCG and 
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fragments.. Most BCG particles will thus be degraded and mycobacterial 
glycoproteinss and lipoproteins are transported to the cell surface [45]. 
Patientt studies, analyzing bladder washings after BCG instillations, 

revealedd vigorous phagocytosis of BCG by leukocytes. With respect to 
urinaryy urothelial cells, Becich et al. did, whereas Teppema et al. did not 
findd internalized BCG in urothelial cells [27,34]. Accepting the inability of 
normall  urothelial cells to internalize BCG, these conflicting observations 
mayy be explained by the presence or absence of residual urinary tumor cells 
inn the limited number of patients included in both studies. Some of the BCG 
particless probably escape intracellular degradation. At 6 days after 
instillationn intact BCG organisms were still observed electron 
microscopicallyy [27,34]. Using the polymerase chain reaction methodology 
forr mycobacterial 16S ribosomal DNA, BCG was detected in 32 % of 
bladderr biopsies 1 week after BCG instillation. After one year BCG was still 
detectablee in 4 % of the patients [46]. 
Inn summary, BCG particles can be internalized and processed by residual, 

especiallyy high-grade tumor cells. As a consequence, the possibility that 
BCGG introduces phenotypical alterations of TCC cells that affect tumoricidal 
effectorr mechanisms has been subject of study. Nowadays a multitude of 
effectss ranging from a direct anti-proliferative/cytotoxic effect of BCG, to a 
rolee in the initiation and/or modulation of the host immune response, and to 
ann increase of susceptibility of tumor cells, have been proposed. 

CytotoxicCytotoxic effects of BCG on BCG-internalizing urothelial 
cells cells 

InIn vitro studies with a series of human TCC cell lines show that BCG 
exhibitss direct, dose-dependent cytolytic, anti-proliferative and anti-motility 
effectss [47-52]. In general, the inhibitory effects on cell proliferation were 
mostt pronounced in highly dedifferentiated (grade 3) cell lines. Today, the 
causall  mechanism by which BCG interferes with these phenomena is not 
known.. In bladder tumor cell lines internalized BCG causes an increase of 
intracellular,, cytotoxic nitric oxide (NO), while patients treated with BCG 
showedd a high production of NO in the bladder and an upregulation of 
urothelial-associatedd nitric oxide synthase (NOS) [38,53]. BCG-stimulated 
induciblee NOS and the concomitant NO production, at high concentration, 
mayy cause DNA damage, and cytostatic and cytotoxic effects [54]. Possible 
accumulationn of DNA damage may be related to the observation that, 
contraryy to non-treated patients, urothelial cells of BCG-treated patients 
expresss regulatory genes related to DNA repair, knowingly wild type p53 
andd P21vva Clp [55]. Whether these observations represent an indirect or 
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directt cytotoxic effect of BCG in situ remains unclear, since IFN-y, a well-
knownn modulator of NOS and NO production, is produced in high quantities 
duringg BCG therapy. 

BCG-internalizingBCG-internalizing urothelial cells and the initiation / 
modulationmodulation of the immune response 

Activationn of the host immune system has been considered an exclusive 
characteristicc of professional antigen-presenting cells (APC), like dendritic 
cellss and macrophages. New insights emphasize a possible, additional but 
causall  role of the interaction between epithelial cells and bacteria in the 
(early)) initiation of the immunological cascade [14,56-58]. An encounter 
betweenn airway epithelial cells and microorganisms, like E. coli or 
Citrobacter,Citrobacter, is accompanied by the expression of a broad range of 
immunomodulatingg molecules [59-61 J. These findings challenge the 
traditionall  view of the epithelium as solely a passive physical barrier to the 
externall  environment. Regarding the interaction between BCG and urothelial 
cells,, similar observations have been made. Urothelial tumor cells are now 
consideredd as active participants in the cytokine-mediated initiation and/or 
regulationn of the early immune response during BCG therapy [14]. 
Interactionn of BCG with urothelial cells can be a fruitful model to study this 
neww concept of the bacterial-associated immune response of the host. 

TheThe initial immune response to BCG. 
Thee local immune response to bacteria, including live BCG, is complex, but 
thee presentation of bacterial antigens, peptide fragments, by APC to T-helper 
cellss is the pivotal interaction [14]. Derived from an extensive series of 
papers,, it appears that, after internalization and processing by APC, 
processedd BCG antigen(s) become associated with MHC class II molecules. 
Thee antigen-MHC class II complex is expressed at the cell surface to be 
recognizedd by CD4+ T-helper lymphocytes via the T cell receptor (TCR) 
molecule.. Along with this binding, the interaction between the APC and 
CD4++ T-cell is only fully accomplished by an additional series of co-
stimulatory,, but essential, interacting molecules. Among others, binding of 
CD44 to MHC class II, lymphocyte function associated antigen-3 (LFA-3) to 
intercellularr adhesion molecule-1 (ICAM-1) and CD28 (CD4+ cell) to B7 
enhancee the conjugation of the cells and promote T-cell activation signals. It 
iss of importance to appreciate that generation and "fine-tuning" of both APC 
andd T-cells need additional signals, provided by soluble cytokines, such as 
IL-2,, IL-6 and IFN-y. 
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Dependingg on many nonspecific factors, including antigen dose, type of 
APCC and the expression of the mentioned membrane-bound co-stimulatory 
signalss of the T-helper cells, a so-called Thl-type and, to some degree, a 
Th2-typee response develops during BCG treatment [15]. The Thl or cell-
mediatedd immune response, and the Th2 or humoral immune response, are 
characterizedd by the patterns of cytokines, secreted by the CD4+ T-helper 
cellss following antigen-specific stimulation. As fully established in mouse 
models,, the Thl or Th2 responses are characterized by the accumulation of 
primarilyy IL-2, IL-12, IFN-y and TNF-0 or IL-4, IL-5, IL-6 and IL-10, 
respectively.. The recognition that this description of the two types of 
responsess reflects the human immune response and that they are regulated in 
aa reciprocal fashion, critically regulated by the cytokines, represent a major 
advancee in the field of anti-tumor cytotoxicity mechanisms [62]. 
Thee outlined accumulated information about the APC- T-helper cell 
interactionn and development of the cell-mediated immune (Thl response) 
andd humoral immune (Th2 response) has been used to study the urothelium 
beforee and after BCG therapy and human TCC cell lines to provide insights 
off  a possible role of TCC cells in antigen presentation and initiation of the 
immunee response. 

UroepithelialUroepithelial tumor cells and antigen-presenting properties. 
Immunocompetencee of the host is essential for effective BCG therapy [63]. 
APC,, such as dendritic cells and macrophages, and CD4+ T-lymphocytes 
playy a crucial role in the anti-tumor effect [64-66]. In addition, evidence has 
emergedd indicating an important role of epithelial, TCC cancer cells. Lattime 
andd co-workers were the first to provide evidence that (mouse) bladder 
tumorr cells, MB49, were capable of BCG antigen presentation to CD4+ T-
cells,, via MHC class II molecules [67]. These initial observations were 
extendedd for another murine cell line, MBT-2, and a panel of human cell 
lines.. Beside MHC class II, constitutive and BCG-induced expression of the 
majorr co-stimulatory molecules ICAM-1 and B7-1 were observed in these 
celll  lines. Furthermore, it has been observed that these antigen-presentation 
factorss are enhanced in high grade, but not in low grade, TCC cell lines (Fig. 
ID)) [68-70]. (Quantitative) immunohistochemistry has confirmed the in 
vitrovitro findings. Serial bladder biopsies and urinary cytospins, taken before 
andd after BCG therapy, revealed an upregulation of MHC class II and 
ICAM-11 expression of urothelial tumor cells [71-73]. Compared with normal 
urothelium,, untreated patients with bladder cancer had significantly less 
macrophages,, and less MHC class II expression, fitting in the theory of host 
"immunee escape" [74]. BCG seems to restore the local immune response. In 
additionn to this classical presentation of antigens, recently non-MHC-
encoded,, CD1 restricted presentation of antigens of lipid or glycolipid nature 
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hass been recognized [44]. Although for BCG no data are available, Sieling et 
al.al. observed the presence of CD4+ CD 1-restricted T-cells in patients 
sufferingg from M. leprae [75]. These cells produce IFN-y, but not IL-4. 
BCG-therapyBCG-therapy related research has revealed an increased CD1 expression of 
TCCC cell lines in the presence of live BCG [70] and a virtual absence of 
urinaryy IL-4 during BCG treatment [76]. From these findings it is tempting 
too hypothesize that CD 1-facilitated BCG antigen presentation contributes to 
thee development of BCG immunity. 
Thee outlined results indicate that epithelial TCC cells gain the phenotypical 
characteristicss and functioning of antigen-presenting cells in the presence of 
BCG.. These functions strongly suggest that the BCG-high grade tumor cell 
interactionn act in cohort with the BCG-professional APC interaction (Fig. 
IE).. Clinical observations seem to confirm this conclusion, since BCG 
therapyy seems to exert a better anti-tumor effect in high-grade bladder cancer 
(Tablee 1). 

SecretionSecretion of cytokines by urothelial tumor cells 

Followingg intravesical BCG instillations there is an increase of the urinary 
levell  of more than a dozen cytokines, such as IL-1, IL-2, IL-6, IL-8, IL-12, 
IL-18,, TNF-OL and IFN-y [77-84]. Undoubtedly, the major cell sources are 
thee immunocompetent cells, but urothelial cells seem to contribute to a 
significantt degree. In vitro studies with human TCC cells revealed a BCG-
inducedd upregulation of the cytokine IL-6, IL-8, ILK) , granulocyte-
macrophagee colony-stimulating factor (GM-CSF), TNF-a and IFN-a, but not 
IFN-y,, IL-2, IL-4 and IL-12 (Fig. IF, G) [37,85-88]. Of all cytokines 
producedd by TCC cell lines, the cytokines IL-6 and IL-8 are highly 
prominent.. As a consequence, their role in the induced immune response will 
bee discussed here in some detail. 

Interleukin-6, Interleukin-6, 
Withinn the challenged immune system, several cell types including APC 
producee IL-6. It is a multifunctional cytokine critically involved in the acute 
phasee response, T-cell proliferation B-cell maturation, macrophage 
maturation,, and cytotoxic T-cell differentiation. In combination with IL-1. 
IL-22 and IFN-y, IL-6 induces expression of the IL-2 receptor (IL-2R), 
showingg its role in the activation of resting T-cells [89]. Furthermore. 11-6 
seemss to contribute to MHC-nonrestricted cytotoxic activity by inducing NK 
celll  proliferation. Nowadays, NK cells are considered as essential, cytotoxic 
effectorr cells during BCG therapy (Fig. 1H) [90]. 
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Althoughh the high constitutive and BCG-induced production of IL-6 by 
highh grade TCC cell lines is well recognized, the possible contribution of IL-
66 produced by bladder cancer cells to the BCG-induced immune response 
remainss to be established. In vitro studies revealed that IL-6 mRNA 
upregulationn and IL-6 production depend on the dose, the incubation period, 
thee internalization of BCG and the TCC cell grade (Fig. 3) [37,85,87,91]. 
Enhancementt of the IL-6 synthesis of TCC cells is not absolutely specific for 
BCGG and has been found for Escherichia coli and Citrobacter freundi too 
[61].. However, the relative strong capability of BCG to induce IL-6 in TCC 
celll  lines was indicated after comparison with other bacteria or bacterial cell 
extracts,, like Listeria, E. coli, S. faecalis, and cell (wall) extracts of 
NocardiaNocardia rubra or M. phlei [85,92]. IL-6 production requires a minimal 
BCGG exposure time of 0.5-1 h, while maximum production is reached after 
ann incubation period of 2-3 h. These data seem to be in accordance with 
clinicall  practice. 
IL-66 is considered a major source of early Thl/Th2 control during CD4+ T 

celll  activation as it attributes to the promotion of the Th2 response and 
simultaneouslyy inhibition of Thl polarization (Fig. 1G). As recently shown 
byy Diehl et al. IL-6 activates the production of IL-4 by CD4+ T-cells and 
theirr differentiation into Th2 effector cells. Moreover, it inhibits Thl 
differentiationn by interference with IFN-y signaling and the development of 
Thll  cells [93]. The abundant IL-6 response during BCG therapy and 
virtuallyy absence of urinary IL-4 seem to be however in conflict with the 
recognitionn that the presence of BCG primarily induces a Thl response. The 
absencee of IL-4 and a high production of IFN-y may prevent or contradict 
thee Th2 promoting effect of IL-6 [94,95]. The absence of IL-4 production 
duringg therapy with live BCG suggests an important role of a CD 1 restricted 
presentationn of antigens of lipid or glycolipid nature, since CD4+ CD1-
restrictedd T-cells produce IFN-y, but not IL-4 [70-75]. 

Interleukin-8. Interleukin-8. 
IL-8.. IL-8 is a proinflammatory cytokine with strong chemotactic 
properties,, attracting T lymphocytes and neutrophils. De Boer and associates 
observedd that, compared to urinary IL-2 and IL-6, IL-8 is rapidly, already 
afterr the first instillation, induced during BCG therapy [81]. Dendritic cells, 
macrophagess and a number of other cells, including TCC cell lines [87], 
producee IL-8. The early urinary IL-8 production in vivo may indicate the 
significancee of an interaction of BCG bacilli with (residual) bladder cancer 
cellss in the initiation of the host immune response. 

95 5 



Cell-mediatedCell-mediated anti-tumor effects: the effector cells 

Thee final step in the eradication of tumor cells consists of mobilization, 
activationn and an interaction of cytotoxic effector cells with the tumor cells 
(Fig.. 1H) [63-65,96]. In vitro studies have provided some evidence that 
nonspecificc cytolytic cells (natural killer cells, BCG-activated killer cells, 
lymphokine-activatedd killer cells) are involved. Brandau et al. pointed to a 
keyy role for natural killer (NK) cells [90]. NK cells are a special population 
off  mononuclear cells. They recognize 'self-peptides presented by MHC 
classs 1 molecules on the surface of cells. A cell not displaying these peptides 
inn a correct way is attacked and killed by NK cells [97]. In untreated bladder 
cancerr patients a loss or alteration of MHC class I expression is seen in 
tumorr cells [74]. BCG infected cells present BCG glycoprotein and 
lipoproteinn antigens on their MHC class I molecule. [45] This may be a 
triggerr for NK cells to attack BCG infected urothelial tumor cells. BCG 
therapyy in the murine model, using NK cell deficient mice, is reported to be 
ineffectivee [90]. However, in studies regarding the presence of NK cells after 
BCGG therapy, relatively few NK cells were seen 3 weeks after the last 
instillationn of a six-week course [72,74]. It would be interesting to know if 
NKK cells are more abundant earlier, during the BCG course. Apart from 
thesee cells, in vitro studies have indicated other cell types that may play a 
rolee in the final step of eradication, such as BCG activated killer cells 
(BAK) ,, lymphokine activated killer cells (LAK) , macrophage activated 
killerr cells (MAK) and cytotoxic T-lymphocytes [63,98-106]. However, in 
humanss strong direct evidence about the actual effector cell(s) is lacking. 
Thee recent acknowledgement of effector cells that recognize mycobacterial 
(glyco)lipidd antigens through non-polymorphic MHC molecules, such as 
CD1,, may provide new insights in the true nature of the cytolytic effector 
cellss involved in tumor cell eradication during BCG treatment [44,98]. 

Futuree directions for clinical improvement 

Thiss section considers the currently available knowledge, collected from 
clinicall  as well as experimental studies, about the supposed optimal 
conditionss necessary for BCG therapy to act against bladder cancer cells. 
Actuall  clinical experience, gathered over a period of many years, is 
consideredd as a valuable source for clinically orientated fundamental 
research.. Mutual interaction is an absolute prerequisite to define the 
directionss of research at which potentially fruitful improvements, aiming at 
efficacyy with minimal side effects, can be established. 
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BCGBCG preparation. 
Clinicall  as well as experimental observations have been interpreted as 
evidencee for an absolute necessity to treat with live organisms in order to 
provokee a local immune and clinical response [98,107,108]. Recent, 
experimentall  information challenges however the absolute necessity for 
viablee bacteria during each of the 6 weekly instillations. Compared to the 
standardd regimen, initial instillations (3 times) with viable BCG followed by 
33 instillations with killed BCG resulted in a highly comparable cytokine 
responsee in a mouse model [109]. Provided that the "degree" of BCG-
inducedd immune activity is related to clinical efficacy, such an approach 
mayy reduce toxicity while maintaining anti-tumor activity. 

ModeMode of administration. 
Inn the past various modes of administration have been proposed, but contact 
betweenn BCG and the target organ to be treated was shown to be crucial for 
anti-tumorr effect. Consequently, intravesical administration of BCG is now 
consideredd as the optimal route [3,63]. This condition is convincingly 
underscoredd with upper urinary tract carcinoma that requires, for effective 
treatment,, the introduction of BCG through a nephrostomy catheter or ureter 
catheterr [110,111]. These observations illustrate that the mode of action 
shouldd be considered first of all as a local immune activation, requiring 
intensee contact. Research efforts have been directed to improvement of 
adherencee of BCG to the bladder wall [19,20,25]. Preliminary results suggest 
thatt an improvement can be accomplished by altering the physical-chemical 
conditionss of the diluent or addition of polyvalent polysaccharides. 

DoseDose of BCG. 
Inn an attempt to reduce toxicity BCG dose reduction have been evaluated in 
severall  clinical trials, but no definite conclusions about efficacy as well as 
toxicityy can be made yet. Several randomized, multicenter, prospective trials 
indicatee a decreased incidence of side effects without significant overall 
differencess in recurrence or progression rate after BCG administration at a 
reducedd dose [112-115]. Accepting viability of BCG organism as crucial for 
clinicall  efficacy [107], it is important to realize that the lack of well-defined 
BCGG preparations, in terms of viable BCG content, makes comparisons 
betweenn different studies virtually impossible. The content of viable BCG, 
expressedd as colony-forming units (cfu), may differ from 6xl06 to lxlO12 per 
BCGG ampoule, depending on the strain, lot and period of storage. The 
frequentlyy used characterization by dry weight, largely determined by the 
extremelyy high content of subcellular debris and dead bacilli [116,117], does 
nott represent the content of viable bacilli. 
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TreatmentTreatment schedule. 
Patientss may benefit, with a reduction of recurrence and progression, from 
somee form of maintenance therapy, consisting of repeated courses of BCG 
[5,6,118-120].. Although no definite proof has been presented and the 
optimall  schedule of these intensive treatment protocols is still debated, 
maintenancee schedules are currently used in many centers. Surprisingly and 
inn contrast to the current tendency to increase the number of instillations, 
recent,, preliminary experimental evidence questioned the requirement for a 
totall  of 6 instillations during the BCG induction course. In a mouse model, a 
highlyy comparable degree of immunological activity, reflected by the Thl 
response,, was observed after a total of two intravesical BCG instillations, at 
weekk 1 and week 6. Accepting a causal relation between the BCG-induced 
Thll  immune response and anti-tumor activity, these results suggest that, 
duringg the induction course, the intermediate (weeks 2, 3, 4 and 5) BCG 
instillationss may be omitted without loss of therapeutic efficacy [121]. Based 
onn the lymphoproliferative response of PBMNC by BCG-derived antigens, 
Zlottaa et al. suggested that the number of BCG instillations may be reduced 
inn those patients that are reactive to BCG antigens prior to therapy [122]. To 
whatt extent intermediate instillations can be omitted during maintenance 
therapy,, notable for its side effects, remains to be established. 

TuberculostaticTuberculostatic agent 
Inn order to diminish side effects, specific treatment by isoniazid (INH), a 
tuberculostaticc drug, preceding BCG instillation, has been considered and 
studiedd in a limited number of clinical trials [123,124]. INH interferes with 
thee production of Mycobacterial cell wall-associated saturated fatty acids, 
leadingg to cell lysis if the bacterium is dividing [125]. Application of INH 
assumess however that INH does not affect, at any level, the complex BCG-
inducedd host response. Detailed data on potentially interfering effects of INH 
onn these successive steps are scarce or absent. Bevers et al. [126], accepting 
aa critical role of tumor cells in the BCG-induced cascade of immunological 
events,, studied the affects of INH on various characteristics of human blad-
derr cancer cells, grown in vitro. No effects of INH were found on BCG-
inducedd upregulation of various cytokines in these cells. The results of 
animall  studies were, however, conflicting, revealing either no effects of INH 
orr an impairment of BCG-induced reactions [127-129]. In a study with a 
smalll  number of patients lacking however satisfactory statistical power, no 
impairmentt by INH of the local immune stimulation after BCG instillation 
wass found [130]. Clinical studies indicated no interference with efficacy in 
patientss with intermediate and high-risk bladder cancer [124,131]. However, 
noo reduction of the side effects of BCG with INH was found, while in 
contrastt INH-associated liver function disturbance was encountered. 
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Consequently,, the prophylactic use of INH was considered as impracticable 
[123,124].. Durek and associates determined the effects of modern 
antibacteriall  chemotherapeutics on BCG viability, but the potential effects of 
thesee drugs on the BCG-induced host response are only scarcely addressed 
[132,133]. . 

SubcellularSubcellular fractions of BCG, recombinant BCG and other mycobacteria 
Thee need of viable BCG for a highly effective initiation of a local immune 
responsee and anti-tumor activity has been generally accepted [63,134]. 
However,, the potential use of non-viable, killed BCG, subcellular BCG 
fractions,, modified BCG and non-BCG approaches have retained interest 
overr the years to reduce side effects. 

Non-viableNon-viable Mycobacteria. Recent studies explored the cytotoxic effect of 
moree or less defined components of BCG and other mycobacterial species. 
Investigationss with human mononuclear cells in vitro showed that several 
subcellularr fractions of BCG are capable to induce the production of 
cytokines,, like IL-12 and IFN-y and enhance non-MHC-restricted 
cytotoxicityy against T24 bladder tumor cells. [135,136]. The therapeutic 
efficacyy of these BCG-derived fractions has not been addressed yet. 
Interestingly,, a cell wall-DNA complex (MCC) of another Mycobacterium, 
M.M. phlei, appears to induce apoptosis in human TCC cell lines, while 
intravesicallyy administrated MCC provoked an inflammatory response and 
anti-tumorr action in the orthotopic MBT-2 mouse model, although it was 
lesss than that of BCG [92,137]. In patients with carcinoma in situ, a 60 % 
successs rate at 12 weeks was reported after instillations with these cell wall-
DNAA complexes, suspended in mineral oil droplets [138]. 

ModificationModification of BCG. An interesting new approach comprehends the 
introductionn of genetically engineered BCG, capable of secreting relevant 
cytokines,, such as human interferon-alpha 2B, 1L-2 or IL-18 [15,139-141]. 
Providedd the establishment of an improved contribution to 
immunotherapeuticc protocols, dose reduction of recombinant BCG may be 
consideredd to diminish side effects. 

Non-BCGNon-BCG approaches. Research is ongoing for new immunomodulators 
withh anti-tumor activity for superficial bladder cancer [2,142]. A whole 
spectrumm of immunomodulating agents has been proposed. These so-called 
biologicall  response modifiers range from the noted MCC to Nocardia rubra 
cell-walll  skeletons, Allium sativum (garlic), Lactobacillus species, Keyhole 
Limpett Hemocyanin and recombinant cytokines [48,143-151]. The 
promisingg results of some of these agents justify randomized trials, which 
shouldd compare clinical efficacy and toxicity of these substances with BCG. 
Amongg others and despite the existence of contrary data, some studies 
suggestt the clinical feasibility (without attending major side effects) of 
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simultaneouss intravesical instillation of IFN-cc and low dose BCG, or 
recombinantt human IL-2 alone [148,149]. To date, however, the clinical 
feasibility,, efficacy and toxicity, as either a single or additional treatment, 
remainss a challenge. 

PrognosticPrognostic markers. 
Non-invasive,, urinary markers that predict immediate and long-term 
responsee to BCG would provide, among others, an efficient tool to monitor 
attemptss to optimize BCG treatment. Several independent research groups 
foundd an association between BCG-induced urinary cytokine production, 
suchh as IL-2, IL-8 and IL-18, and the clinical response in patients and 
evidencee has been presented that urinary cytokine production during BCG 
therapyy can predict the clinical response [82,83,151]. On the other hand. 
Jacksonn et al. were neither able to identify a prognostic value of any 
cytokinee [94]. As noted by these latter authors, these conflicting results may 
bee due to differences in methodology, indicating the urgent necessity of a 
"consensuss method" with regard to sampling (time and period), pre-
analyticall  work-up, assay method and inter-laboratory standards [82]. 

Summaryy and conclusions 

Illustratedd in Fig. 1, the current insight of the mode of action of BCG, 
rangingg from its introduction into the bladder towards killing of residual 
tumorr cells, has revealed a complex sequence of processes. BCG 
accumulatess near the bladder wall, followed by adherence and passage 
throughh the protecting outer GAG layer. Subsequently BCG is internalized 
andd processed by professional antigen-presenting cells (APC) and tumor 
cells.. These processes alter the gene expression of these cells, accumulating 
inn the presentation of BCG antigens, and secretion of particular cytokines 
(alsoo termed interleukins). BCG antigens are presented via MHC class II 
moleculess to CD4+ T-cells and via MHC class I molecules to CD8+ T-cells. 
Lipidd and glycolipid BCG antigens can be presented to CD4+ and CD8+ T-
cellss in a non MHC-restricted, CD1 restricted fashion. Production of 
chemokines,, such as IL-8, secreted partly by BCG-internalized tumor cells, 
contributess to the local activation of the immune system and invasion of 
activatedd leukocytes and mononuclear cells into the bladder wall. These 
developmentss provide the condition for a Thl or cell-mediated immune 
response,, associated with a series of particular cytokines, such as interferon 
[IFN]-y,, IL-2, IL-12 and tumor necrosis factor [TNFJ-0. This specific 
cytokinee profile promotes delayed-type-hypersensitivity (DTH) response, 
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cytotoxicc cell response, and macrophage activation or cellular immune 
inflammatoryy reaction. Since the ultimate effects of bacteria are not always 
predictablee and depend on both constitutive and induced bacterial and host 
components,, an upregulation of the humoral immune response or Th2 
response,, noted by the cytokines IL-6, and IL-10, may occur to some degree 
andd adversely affects the functioning of the cell-mediated immune response. 
Thee Thl cytokine profile enables recruitment and maturation of cytotoxic 
effectorr cells. No definite statements can be made yet about the actual 
effectorr cell(s), but a crucial, cytotoxic role of NK cells has been proposed. 
Inn addition, some of the cytokines, and BCG itself may exhibit a direct 
cytotoxicc effect on tumor cells. 

Inn 27 years of major research efforts, understanding of the mode of action 
underlyingg BCG therapy for bladder carcinoma is obviously much improved. 
Yett the jigsaw is not complete and many details wait unraveling 
[14,15,96,142].. For example, to what extent, if any, acute inflammation 
resultingg in cystitis and a humoral response contribute to the anti-tumor 
effectt of BCG has not been fully established, illustrating the lack of 
completee understanding. However, if successful, the reward might be a 
better,, evidence-based BCG immunotherapy with optimal clinical efficacy 
andand minimal occurrence of side effects in the form of an optimal BCG dose 
andd treatment schedule, genetically engineered BCG, or particular antigenic 
molecule(s)) that trigger immunological anti-tumor activity in a well-
controlledd manner. 
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Summaryy and conclusions 

ChapterChapter 1: Introduction 
Eachh year the diagnosis bladder cancer is made in approximately 2500 
peoplee in The Netherlands. Mostly, it concerns superficial bladder 
cancerr treated by trans urethral resection alone. Because of the 
substantiall  risk for recurrence (60-70%) adjuvant treatment is given, 
consistingg of intravesical bladder instillations with chemo- or 
immunotherapeutics.. The majority of studies indicates that 
immunotherapyy with life bacillus Calmette-Guérin (BCG) is more 
effectivee than other adjuvant treatment modalities. BCG is an attenuated 
strainn of Mycobacterium bovis, originally developed as a vaccine against 
tuberculosis.. However, in clinical practice the potential risks of the 
treatmentt of superficial bladder cancer, associated with the introduction 
off  a life microorganism, cannot be ignored. Since its first therapeutic 
applicationn in 1976, major research efforts have been directed to 
decipherr the exact mechanism of action of the BCG-associated anti-
tumorr effect. BCG causes an extensive local inflammatory reaction in 
thee bladder wall. Of this reaction, the massive appearance of cytokines 
inn the urine of BCG-treated patients stands out. Activated lymphocytes 
andd macrophages are the most likely sources of these cytokines, but at 
presentt other cellular sources, such as urothelial tumor cells cannot be 
ruledd out. 
Thiss thesis is devoted to the role of the urothelial cell in the mechanism 
off  BCG action. In the chapters 2 to 7, questions concerning the 
interactionn between BGC, bladder wall and urothelial cells are dealt 
with.. In chapter 8, a review is presented treating the contemporary 
knowledgee of the mechanism of action of BCG. 

9 9 
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ChapterChapter 2 
Urotheliall  cells are covered with a protective layer that mainly consists 
off  proteoglycans or proteins with associated glycosaminoglycans 
(GAG).. Intending to reduce side effects of BCG treatment, addition of 
pentosann poly sulphate (PPS), a substance resembling GAG and applied 
too treat interstitial cystitis, was hypothesized. However, the effects of 
PPSS on the BCG induced (immune) reactions were unknown. 
Interferencee of PPS, having a strong affinity for the bladder wall, with 
thee binding of BCG to the bladder wall could result in a reduced immune 
reaction. . 
Thee effects of PPS were studied in a guinea pig model. Contrary to 
expectations,, a PPS concentration dependent enhancement of BCG 
effectss was found in guinea pigs, reflected by the number of bladder wall 
infiltrates,, weight of iliac lymph nodes and skin reaction to PPD (a 
proteinn derived of M. tuberculosis). Moreover, PPS possessed a high 
affinityy for BCG, but not for other tested microorganisms (Klebsiella 
pneumonia,pneumonia, S. faecal is, E.Coli en Proteus). 
Itt was concluded that PPS might provide an anchoring function between 
BCGG and the bladder wall that results in an enhanced stimulation of the 
immunee response towards BCG. 

ChapterChapter 3 
Thee anti-tumor effect of BCG appears to be founded on an immune 
system-mediatedd reaction induced after intravesical BCG instillation. A 
seriesseries of cytokines are found in the urine of patients treated with BCG, 
suchh as interleukin (IL)-l , IL-2, IL-6, IL-8, tumor necrosis factor (TNF)-
aa and interferon (IFN)-y. Presumably the major cellular sources of these 
cytokiness are lymphocytes as well as macrophages infiltrating the 
bladderr wall, but other cellular sources cannot be excluded yet. 
Inn this study cytokine synthesis of an urothelial cancer cell line (T24), 
grownn in vitro, was determined. T24 cells possess a constitutive 
synthesiss of TNF-a and IL-6 that can be induced by BCG. Upregulation 
off  cytokine synthesis requires a minimum time period of 0.5-1 hour. 
Thiss period of time equals more or less the clinical practice of a 1 to 2-
hourr intravesical instillation. Interestingly the induction of cytokine 
synthesiss seems to be a unique property of (live) BCG, since neither 
BCG-conditionedd culture medium, other bacteria (E.coli en S. faecalis) 
norr a cell wall preparation of N. rubra did induce the IL-6 or TNF-a 
synthesiss of T24 cells. 
Inn conclusion, the BCG-induced upregulation of cytokine synthesis of 
bladderr tumor cells may contribute to the BCG-induced immune 
responsee in bladder cancer patients. 
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ChapterChapter 4 
Itt has been assumed that alteration of gene expression of urothelial cells 
requiress internalization of BCG into these cells. Several techniques are 
availablee to study internalization of bacteria in eukaryotic cells. 
However,, in order to study BCG internalization in detail and in large 
quantitiess of (urothelial) cells a new method is needed. 
Thiss study reports a new, reliable, rapid and relatively easy technique to 
differentiatee between adhered and internalized microorganism in (non-
professional)) phagocytosing cells. Cultured eukaryotic cells are 
incubatedd with fluorescein isothiocyanate (FITC)-labeled bacteria, 
followedd by washing of the cultured cells, leaving only adhered and/or 
internalizedd bacteria. Using a two-step technique, non-phagocytosed 
bacteriaa are stained with a specific antibody followed by a phycoerythrin 
(PE)-conjugated,, second antibody. Double fluorescence FACS analysis 
distinguishess adhered bacteria from internalized bacteria. This method 
wass used to study internalization of BCG bacteria in a series of human 
bladderr cancer cell lines. Conditions that inhibit (4 °C, cytochalasin B) 
orr block (anti-BCG antibodies) phagocytosis were used as controls. It 
wass observed that, contrary to well differentiated cells, poorly 
differentiatedd cell lines are capable of internalization of BCG. 
Thee newly developed method is highly suitable for studying 
internalizationn in large quantities of eukaryotic cells in vitro. 

ChapterChapter 5 
Althoughh fibronectin (FN) is reported to play an important role in 
adherencee and internalization of BCG in bladder cancer cells, the results 
off  several research groups have been conflicting. 
Heree we present the results on FN expression and the capacity to 
internalizee BCG, determined by a newly developed technique, in a series 
off  human bladder carcinoma cell lines. Well-differentiated cell lines 
(RT-4,, SBC-2, SBC-7) neither express cell membrane-associated FN nor 
doo they internalize BCG. In contrast, poorly differentiated cell lines 
(T24,, TCC-SUP, J82) express FN on their cell surface and internalize 
BCG.. Blocking experiments with anti-FN antibodies or F(ab)2 

fragmentss of anti-FN antibodies are not able to prevent BCG 
internalization. . 
Thesee in vitro experiments suggest that BCG internalization is a non-FN 
dependentt process and is mediated by (additional) molecule(s), possibly 
co-expressedd with FN. 

ChapterChapter 6 
IL-66 is found in the urine of bladder carcinoma patients treated with 
BCG.. It has been shown that BCG mediates an upregulation of IL-6 
synthesiss in in vitro cultured human bladder carcinoma (TCC) cell lines. 
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Thiss report relates IL-6 synthesis of a series of TCC cell lines to their 
degreee of differentiation and ability to internalize BCG. Well-
differentiatedd cell lines (RT-4, SBC-2, SBC-7) do not internalize BCG, 
andd BCG does not affect their 11-6 synthesis. Cell lines (T24, TCC-SUP, 
J82)) with a high degree of dedifferentiation possess the ability to 
internalizee BCG. In T24 and J82 cells BCG upregulates IL-6 synthesis, 
whilee in TCC-SUP cells no upregulation is seen, possible related to the 
highh constitutive level of IL-6 synthesis. Detailed experiments with T24 
cellss show that BCG-induced IL-6 synthesis depends on the BCG 
incubationn period and concentration. Cytochalasin B, a drug inhibiting 
phagocytosis,, or anti-BCG antibodies have a negative affect on the 
BCG-inducedd upregulation of IL-6 synthesis. Contrary to the proposed 
rolee of fibronectin for internalization of BCG, anti-fibronectin antibodies 
doo not reduce IL-6 upregulation. 
Internalizationn of BCG, as shown for poorly differentiated bladder tumor 
celll  lines, and BCG-induced upregulation of IL-6 synthesis may 
contributee to the action of BCG in the induction of the immune response 
andd eradication of tumor cells. This hypothesis is in accord with clinical 
observationss that BCG is more effective in patients with high-grade 
bladderr tumors. 

ChapterChapter 7 
BCGG treatment can introduce bothersome to severe side effects and 
effortss to diminish these side effects have been subject of study. 
Isoniazidd (INH) is a tuberculostatic drug that is investigated in clinical 
trialss in order to achieve fewer side effects. It is assumed that INH does 
nott interfere with the BCG-induced activity against tumor cells. 
However,, conflicting results concerning this issue have been presented. 
Inn this report we studied the effects of INH on the proliferation and the 
BCG-inducedd upregulation of IL-6 and IL-8 of a series of human 
bladderr cancer cell lines. INH at increasing, physiological concentrations 
doess not affect cell proliferation of the cell lines T24, TCC-SUP and BT-
B.. Also, both the constitutive and BCG-induced synthesis of IL-6 and 
IL-88 appear insensitive to the presence of INH. 
Presumingg that the interaction between BCG and urothelial tumor cells 
iss causally involved in the BCG-induced immune response, this study 
indicatess that, at this level, INH does not interfere with clinical efficacy. 

ChapterChapter 8 
Severall  years of research have improved the knowledge about the 
interactionn of BCG and host that results in an anti-tumor effect, although 
ourr understanding is not yet complete. In a detailed review the current 
insightt in the complex working mechanism of BCG is presented. 
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Intravesicall  instillation of BCG in the human bladder initiates a 
sequencee of processes. BCG bacteria accumulate near the bladder wall, 
followedd by adherence and passage through the GAG-layer of the 
bladderr wall. BCG is internalized and processed by urothelial tumor 
cellss and professional antigen-presenting cells (APC). BCG antigens of 
peptidee nature are presented via MHC class II molecules to CD4+ T-cells 
andd via MHC class I to CD8+ T-cells. Lipid and glycolipid BCG 
antigenss can be presented to CD4+ and CD8+ T-cells in a non MHC-
restricted,, CD1 restricted fashion. Internalized BCG initiates an 
alterationn of gene expression and secretion of particular cytokines (also 
termedd interleukins). Chemokines like IL-8, partly produced by BCG-
internalizedd tumor cells, contribute to the local activation of the immune 
systemm and attract leukocytes and mononuclear cells into the bladder 
wall.. A Thl or cell-mediated immune response develops, characterized 
byy a particular set of cytokines, such as IFN-y, IL-2, IL-12 and TNF-p. 
Thee Thl response promotes the delayed-type-hypersensitivity (DTH) 
reaction,, and cytotoxic cell response. A Th2 response or humoral 
immunee response, noted by among others IL-6 and IL-10, may occur to 
somee degree. The Thl and Th2 responses affect each other and the final 
balancee depends on both constitutive and induced bacterial and host 
componentss and is not always predictable. As a result of the Thl 
response,, cytotoxic effector cells are recruited and matured. Natural 
killerr cells are proposed as the actual effector cells of BCG therapy. 
However,, a definite conclusion concerning the most important effector 
celll  is not yet possible, as several other cell types are identified in in 
vitrovitro research. 
Thee anti-tumor effect of BCG largely results from activated effector 
cellss killing BCG infected urothelial tumor cells, although to some 
extentt some of the cytokines and BCG itself may directly contribute to 
thee cytotoxic effect. 
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Samenvattingg en conclusies 

HoofdstukHoofdstuk 1: Introductie. 
Inn Nederland wordt elk jaar bij 2500 patiënten de diagnose blaastumor 
gesteld.. Veelal betreft het een oppervlakkige vorm van blaaskanker, die 
mett locale resectie (TUR) kan worden behandeld. Omdat patiënten met 
oppervlakkigee blaastumoren een hoge recidief kans (60-70 %) hebben, 
wordtt na een TUR vaak een nabehandeling gegeven. Deze 
nabehandelingg bestaat uit blaasspoelingen met chemotherapeutica dan 
well  immunomodulatoren. Van deze stoffen is bacillus Calmette-Guérin 
(BCG)) in het merendeel van de uitgevoerde klinisch studies het meest 
effectieff  gebleken. BCG is een verzwakte runder tuberculose bacterie, 
diee oorspronkelijk als vaccin tegen tuberculose werd ontwikkeld. De 
toepassingg van een levende bacterie in de blaas kan echter ook tot 
bijwerkingenn en hiermee geassocieerde risico's leiden. Deze 
bijwerkingenn kunnen variëren van een frequent voorkomende, 
hinderlijkee cystitis tot zeldzame, maar levensbedreigende, aandoeningen 
zoalss een BCG sepsis. 
Sindss BCG in 1976 voor het eerst klinisch werd toegepast tegen 
oppervlakkigee blaastumoren is er veel onderzoek naar 
werkingsmechanismee van de anti-tumor activiteit van BCG verricht. Het 
preciezee werkingsmechanisme van BCG, als immunotherapie, is 
evenwell  nog niet ontrafeld, al worden de contouren van deze puzzel wel 
steedss duidelijker. Bekend is dat BCG een immuunreactie oproept, die 
onderr andere tot uiting komt in een lymfocytair infiltraat in de 
blaaswand.. In de urine van met BCG behandelde patiënten wordt een 
indrukwekkendd aantal cytokinen aangetroffen, zoals interleukine (IL)-l , 
IL-2,, IL-6, IL-8, IL-12, IL-18, tumor necrosis factor (TNF)-a and 
interferonn (IFN)-y. Naar alle waarschijnlijkheid vormen lymfocyten en 
macrofagenn de belangrijkste bron van deze cytokinen, maar vooralsnog 
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kunnenn andere celtypen, zoals urotheliale tumor cellen, niet worden 
uitgesloten. . 
Inn dit proefschrift worden een aantal vragen gesteld aangaande het 
werkingsmechanismee van BCG en de rol die blaastumorcellen hierin 
spelen.. In de hoofdstukken 2 tot en met 7 wordt de interactie tussen 
BCGG bacteriën, de blaaswand en urotheliale tumorcellen behandeld. In 
hoofdstukk 8 wordt een synthese gemaakt van de kennis over het 
werkingsmechanismee van BCG, ruim 25 jaar na de eerste klinische 
toepassing. . 

HoofdstukHoofdstuk 2 
Dee blaas is aan de binnenkant bekleed met een laag proteoglycanen. 
eiwittenn met glycosaminoglycanen (GAG) als zijketens, die het 
oppervlakk van de blaas beschermen. Met als doel de bijwerkingen van 
BCGG te reduceren, werd toevoeging van pentosan polysulfaat (PPS), een 
opp GAG lijkende polyelektrolyt die wordt toegepast bij de behandeling 
vann interstitiele cystitis, bij BCG therapie overwogen. Over de invloed 
vann PPS op de effectiviteit van de BCG behandeling bestaat evenwel 
geenn kennis. 
Hett effect van PPS op de BCG-geïnduceerde immuunrepons wordt 
bestudeerdd bij cavia's. In tegenstelling tot de verwachting leidt 
toevoegingg van PPS, in het diermodel, tot een versterking van de BCG-
geïnduceerdee effecten. Na intravesicale instillatie van PPS wordt in 
reactiee op BCG een toename van het aantal blaaswandinfiltraten, het 
gewichtt van de iliacale lymfklieren en een versterkte huidreactie op 
tuberculinee (PPD) waargenomen. Nader onderzoek toont dat PPS sterk 
bindtt aan de blaaswand en een opvallende adherentie vertoont voor 
BCG.. Bij andere micro-organismen, Klebsiella pneumonia, S. faecal is, 
E.ColiE.Coli en Proteus, is een dergelijke adherentie niet waargenomen. 
Geconcludeerdd wordt dat PPS mogelijk als brug kan functioneren tussen 
BCGG en de blaaswand, resulterend in toename van de binding van BCG 
enn een versterkte stimulatie van de immuunreactie. 

HoofdstukHoofdstuk 3 
Hett wordt algemeen geaccepteerd dat het antitumor effect van BCG 
grotendeelss is gebaseerd op een door BCG opgeroepen immuunreactie. 
Ditt gaat gepaard met de locale productie en uitscheiding van een groot 
aantall  cytokinen, zoals IL-1, IL-2, IL-6, IL-8 en TNF-a en IFN-y. Als 
cellulairee bron van deze cytokinen komen waarschijnlijk lymfocyten en 
macrofagenn in aanmerking, die in de blaaswand infiltreren. Momenteel 
kunnenn evenwel andere cellen niet worden uitgesloten. 
Inn deze studie wordt onderzocht of in vitro gecultiveerde 
blaastumorcellenn cytokinen produceren. De onderzochte 
blaastumorcellijnn T24 blijkt zowel TNFa als IL-6 constitutief te 
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synthetiseren.. In aanwezigheid van BCG wordt de cytokine synthese 
sterkk gestimuleerd. Voor deze upregulatie is een minimum BCG 
incubatietijdd vereist van 0,5-1 uur, overeenkomend met een in de 
klinischee situatie toegepaste instillatieduur van 1-2 uur. Stimulatie van 
dee cytokine synthese van T24 cellen lijk t een unieke eigenschap van 
(levend)) BCG, daar zowel BCG-geconditioneerd medium, als andere 
bacteriën,, zoals E. coli en S. faecalis, noch een celwandprepraat van N. 
rubrarubra een effect hebben op de cytokine synthese van T24 cellen. 
Dee toename van de cytokine synthese van blaastumorcellen onder 
invloedd van BCG kan een bijdrage leveren in de geïnduceerde 
immuunresponss van met BCG behandelde patiënten. 

HoofdstukHoofdstuk 4 
Hett wordt verondersteld dat voor een verandering van de genexpressie 
vann urotheliale tumorcellen internalisatie van BCG een voorwaarde is. 
Teneindee de interactie tussen BCG bacteriën en blaastumorcellen beter 
tee kunnen bestuderen moeten BCG binding en fagocytose kunnen 
wordenn onderscheiden. Hiervoor zijn diverse technieken bekend, maar er 
bestaatt behoefte aan een methodiek die voor grote aantallen cellen 
toepasbaar. . 
Inn dit onderzoek wordt een nieuwe, algemeen toepasbare, relatief 
eenvoudigee methode beschreven waarmee een onderscheid kan worden 
gemaaktt tussen adherentie en opname van bacteriën door (niet-
professionele)) fagocyterende cellen. Na incubatie van in vitro 
gecultiveerdee eukaryotische cellen met, met fluorescein isothiocyanate 
(FITC),, gelabelde bacteriën worden de niet gebonden bacteriën 
weggewassen.. Vervolgens wordt een twee-stappen kleuring uitgevoerd, 
mett eerst de voor de bacterie specifieke antilichamen en vervolgens met 
phycoerythrinn (PE)- geconjugeerde antilichamen. Dubbelfluorescentie 
FACSS analyse maakt nu onderscheid tussen geïnternaliseerde en slechts 
gebondenn bacteriën. De methode is toegepast om de internalisatie van 
BCGG door humane blaastumorcellijnen met een verschillende graad van 
differentiatiee te bestuderen. Condities die fagocytose remmen (4 °C, 
cytochalasinn B) dan wel blokkeren (anti-BCG antilichamen) dienen als 
controle.. Er wordt waargenomen dat, in tegenstelling tot goed 
gedifferentieerdee cellijnen, uitsluitend de slecht gedifferentieerde TCC 
cellijnenn BCG internaliseren. 
Dee nieuw ontwikkelde methode blijkt uitermate geschikt om 
internalisatiee van bacteriën in grote aantallen levende eukaryotische 
cellenn te bestuderen. 
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HoofdstukHoofdstuk 5 
Err bestaat geen eenduidige consensus over de rol van fibronectine (FN) 
inn de hechting van BCG aan en fagocytose van BCG door 
blaastumorcellen. . 
Dee relatie tussen FN expressie en het vermogen van urotheliale 
tumorcellenn BCG te fagocyteren is onderzocht in een aantal 
blaastumorcellijnen.. Goed gedifferentieerde cellijnen (RT-4, SBC-2, 
SBC-7)) vertonen noch celmembraan geassocieerde FN expressie noch 
fagocytosee van BCG. Daarentegen tonen slecht gedifferentieerde 
cellijnenn (T24, TCC-SUP, J82) een FN expressie op de celmembraan èn 
internalisatiee van BCG. In blokkade experimenten blijkt echter 
toevoeging,, van zowel anti-FN antilichamen als F(ab): fragmenten van 
anti-FNN antilichamen, de BCG opname niet te voorkomen. Internalisatie 
vann BCG is echter wel te remmen met anti-BCG antilichamen. 
Dezee bevindingen bij in vitro gecultiveerde humane blaastumorcellijnen 
suggererenn dat, BCG opname in slecht gedifferentieerde 
blaastumorcellenn niet afhankelijk is FN en hoogstwaarschijnlijk wordt 
verzorgdd door (additionele) mechanismen die samen met FN aanwezig 
zijn. . 

HoofdstukHoofdstuk 6 
IL-66 wordt, naast diverse andere cytokinen, in de urine van met BCG 
behandeldee blaastumor patiënten gevonden. Het is aangetoond dat de 
constitutievee IL-6 synthese van blaastumorcellen in vitro door BCG 
aanzienlijkk wordt gestimuleerd. 
Dezee studie relateert de IL-6 synthese van zes blaastumorcellijnen aan 
dee graad van differentiatie en aan het vermogen om BCG intracellulair 
opp te nemen. Goed gedifferentieerde cellijnen (RT-4, SBC-2, SBC-7) 
blijkenn vrijwel geen BCG te fagocyteren en de IL-6 synthese van deze 
cellijnenn wordt niet beïnvloed door de aanwezigheid van BCG. Cellijnen 
mett een hoge graad van dedifferentiatie (T24, TCC-SUP, J82) tonen in 
belangrijkee mate de capaciteit tot BCG fagocytose. In twee van deze drie 
cellijnenn (T24, J82) stimuleert BCG de IL-6 synthese aanzienlijk. De IL-
66 productie in TCC-SUP wordt niet verder gestimuleerd door BCG, 
mogelijkk omdat deze cellijn al een constitutief hoge IL-6 productie kent. 
Uitt gedetailleerde experimenten met T24 cellen blijkt dat de BCG-
geïnduceerdee IL-6 synthese afhankelijk is van de BCG concentratie en 
dee incubatietijd. Cytochalasine B, een fagocytose remmer, kan evenals 
anti-BCGG antilichamen de BCG-gestimuleerde IL-6 synthese remmen. 
Inn tegenspraak met de eerder voorgestelde functie van fibronectine (FN) 
kunnenn anti-FN antilichamen de BCG-geïnduceerde IL-6 synthese niet 
remmen. . 
Dee klinische observatie dat slecht gedifferentieerde blaastumoren 
effectieverr reageren op BCG therapie geeft ruimte voor de hypothese dat 
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dee intracellulaire opname van BCG door slecht gedifferentieerde 
blaastumorcellenn en de hierdoor gestimuleerde IL-6 synthese van deze 
cellenn een oorzakelijk onderdeel zijn van de anti-tumor werking van 
BCG. . 

HoofdstukHoofdstuk 7 
Dee BCG behandeling kent een aantal bijwerkingen, variërend van lichte 
cystitis-klachtenn tot ernstige BCG sepsis. Orale toediening van het 
tuberculostaticumm isoniazide (INH), om bijwerkingen te verminderen, 
aann patiënten die met BCG worden behandeld, is momenteel het 
onderwerpp van klinische studies. Aangenomen wordt dat INH niet 
interfereertt met het anti-tumor effect van BCG, maar de beschikbare 
gegevenss hierover zijn niet eenduidig. 
Inn deze studie worden het effect van INH op tumorcel proliferatie en 
BCG-geïnduceerdee IL-6 en IL-8 synthese van een serie humane 
blaastumorcellijnenn bestudeerd. INH in toenemende, fysiologische 
concentratiee interfereert niet met de proliferatie van de cellijnen T24, 
TCC-SUPP en BT-B. Tevens wordt de constitutieve en BCG-
geïnduceerdee synthese van IL-6 en IL-8 in T24 cellen door INH niet 
beïnvloed. . 
Alss blaastumorcellen een belangrijke, oorzakelijke rol spelen in de door 
BCGG opgewekte immuunrespons, wijzen deze in vitro resultaten erop 
dat,, op dit niveau, INH niet interfereert met het werkingsmechanisme 
vann BCG en de klinische effectiviteit. 

HoofdstukHoofdstuk 8 
Jarenlangg onderzoek heeft geresulteerd in een redelijk kennis over het 
werkingsmechanismee van BCG bij oppervlakkige blaastumoren, al 
blijvenn er nog vele vragen onbeantwoord. Deze review geeft een 
overzichtt van de huidige kennis. 
Naa instillatie van BCG in de blaas dragen de fysisch-chemische 
eigenschappenn van de blaaswand en BCG organismen er toe bij dat BCG 
bacteriënn zich dichtbij de blaaswand verzamelen. Een geringe fractie van 
dee geïnstilleerde BCG bacteriën hecht aan, en passeert vervolgens de 
glycosaminoglycann (GAG) laag van de blaaswand. BCG wordt zowel 
doorr blaastumorcellen als door professionele antigeen-presenterende 
cellenn (APC) gefagocyteerd. Na verwerking van BCG in de cel worden 
antigenenn gepresenteerd via MHC klasse II moleculen aan CD4+ T-
cellenn en aan CD8+ T-cellen via MHC klasse I moleculen. Antigenen in 
dee vorm van lipiden en glycolipiden kunnen, zonder gebruik te maken 
vann de MHC klasse I en II route, worden gepresenteerd aan CD4+ and 
CD8++ T-cellen via CD1. Intracellulair BCG resulteert in een veranderde 
gen-expressiee en in secretie van bepaalde cytokinen (ook bekend als 
interleukinen).. Chemokines zoals IL-8, deels afkomstig van tumorcellen 
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diee BCG hebben opgenomen, dragen bij aan de locale immuunreactie en 
dirigerenn leukocyten en mononucleaire cellen naar de blaaswand. 
Hierdoorr ontstaat in de blaaswand de voorwaarden voor het ontstaan van 
eenn Th 1 reactie of cel-bemiddelde immuunreactie, met de kenmerkende 
expressiee van diverse cytokinen, zoals interferon [IFN]-y, IL-2, IL-12 
andd tumor necrose factor [TNF]-p. Deze Thl reactie resulteert in een 
"delayedd type hypersensitivity" (DTH) allergische reactie en cel-
bemiddeldee cytotoxisch effecten. Afhankelijk van diverse factoren kan 
err ook, zij het in geringe mate, een Th2 reactie worden geactiveerd, 
geassocieerdd met de productie van U-6 en IL-10. Hierdoor kan de Thl 
reactiee negatief worden beïnvloed. 
Doorr de Thl reactie worden cytotoxische cellen gerekruteerd en 
geactiveerd.. De natural killer (NK) cel lijk t de cruciale rol van 
cytotoxischee effector cel te vervullen, maar momenteel kunnen andere, 
cytotoxischee cellen niet worden uitgesloten. Het anti-tumor effect van 
BCGG berust waarschijnlijk voor een groot deel op deze geactiveerde 
effectorr cellen die BCG-opgenomen tumorcellen aanvallen en doden. 
Daarnaastt kunnen directe effecten van de diverse cytokinen en het BCG 
zelff  een rol spelen. 
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Stellingen n 

11 Het antitumor effect van BCG-blaasspoelingen tegen oppervlakkige 
blaastumorenn kan gezien worden als een anti-BCG effect van het lichaam tegen 
mett BCG, of delen hiervan, geïnfecteerde blaastumorcellen (dit proefschrift). 

22 Adherentie en opname van BCG in blaastumorcellen is niet afhankelijk van 
fibronectinefibronectine (dit proefschrift). 

33 Opname van BCG in blaastumorcellen treedt met name in slecht 
gedifferentieerdee cellen op (dit proefschrift). 

44 Het tuberculostaticum isoniazide heeft geen invloed op de door BCG 
gestimuleerdee IL-6 productie van blaastumorcellen (dit proefschrift). 

55 De gouden standaard voor nefrectomie bij een niet-maligne aandoening is de 
laparoscopischee nefrectomie. 

66 Ziekenhuizen, die nieuwe en kostbare technieken toepassen - waardoor patiënten 
snellerr herstellen - snijden in eigen vlees, zolang gezondheidszorg, 
arbeidsongeschiktheidd en ziekteverzuim uit aparte bronnen worden gefinancierd. 

77 Hyperbare zuurstof behandeling heeft nut bij ernstige haemorrhagische 
radiatiecystitiss (Bevers et al. Lancet 346: 803-805, 1995). 

88 Patiënten met klachten ten gevolge van een syringocele (ductectasie van de 
glandulaa urethralis Cowper) dienen transurethraal behandeld te worden (Bevers et 
al.al. JUrol 163:782-4,2000). 

99 Gezien de grote sociale gevolgen is het onjuist om absences als 'petit mal' te 
zien. . 

100 Door tastend op te treden bij scrotale zwellingen is echografisch onderzoek veelal 
overbodig. . 

111 De behoefte aan een second opinion is vaak terug te voeren op communicatieve 
problemenn bij het eerste arts - patiënt contact. 

122 De wet van Moore heeft fysieke grenzen. 

133 Wangedrag van politici is de media niet te verwijten (ubi pus, ibi evacua). 

Stellingenn behorende bij het proefschrift "Interactions of BCG with urothelial tumor cells 
inin immunotherapy for superficial bladder cancer". 

Amsterdam,, 14 april 2004 R.F.M.. Bevers 
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