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Summary. To study the local immunological effects of 
intravesical bacillus Calmette-Guérin (BCG) therapy in 
superficial bladder cancer patients, the production of inter- 
leukin-1 (IL-l), IL-2, IL-6, tumour necrosis factor c~ 
(TNFo0, and interferon y (IFNy) was investigated in the 
urine. Urine specimens were collected during the six 
weekly BCG instillations, before instillation, and 2, 4, 6, 8, 
and 24 h thereafter. Results were standardized to urine 
creatinine. In general, the concentration of IL-1 increased 
markedly during the first three BCG instillations, reaching 
a plateau from instillations 3 to 6. IL-2 was not detected 
after the first BCG instillation, but from the second instilla- 
tion onwards the mean IL-2 concentration increased rapid- 
ly. With respect to IL-6, patients had relatively high levels 
in the urine after the first BCG instillation. A relatively 
moderate increase of the IL-6 concentration was observed 
during the following weeks. Like IL-2, TNFo~ was only 
detected after repeated BCG instillations. Generally the 
highest TNF levels were found after BCG instillation 5. 
The presence of IFNy could not be demonstrated. With 
respect to the occurrence of the cytokines during the first 
24 h after the BCG instillation, TNF, IL-2, and IL-6 were 
detectable 2 h after the instillation. In contrast, IL-1 
seemed to appear later, i.e. from 4 h onwards. TNF 
decreased most rapidly; it was nearly absent in 6-h 
samples. Generally IL-2 was not detectable in the 8-h 
samples, whereas IL- 1 and IL-6 were present up to 8 h after 
instillation of BCG. The presence of TNF was found less 
frequently than the presence of IL-l ,  1L-2, and IL-6. 
Neutralization experiments indicated that most of the IL- 1 
present in the urine after BCG treatment was IL- la .  In 
conclusion, activation of BCG-specific T cells was indi- 
cated by the detection of IL-2. The presence of IL-1, IL-6, 
and TNFo~ might suggest activation of macrophages by 
intravesically administered BCG, although production by 
other cell types cannot be excluded. It is suggested that 
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these cytokines, in combination with the leucocytes that 
are known to be recruited to the bladder in reaction to the 
BCG treatment, may play an important role in the anti- 
tumour activity of BCG against bladder cancer. For moni- 
toring purposes, collection of urine might be performed 
during the first 6 h after BCG instillations 4 -6 .  A correla- 
tion between the presence of cytokines in the urine and the 
clinical response has yet to be evaluated. 

Key words: BCG vaccine - Immunotherapy - Bladder 
neoplasms - Interleukin-1 - lnterleukin-2 - Interleukin-6 - 
Tumour necrosis factor 

Introduction 

Superficial transitional cell carcinoma of the bladder 
urothelium has a high recurrence rate of 50%-70% after 
transurethral tumour resection. It is well established that 
bacillus Calmette-Guérin (BCG), an attenuated Mycobac- 
terium bovis strain commonly used for vaccination against 
tuberculosis, is one of the most effective intravesically 
applied agents to reduce the recurrence rate [25, 40]. 
Moreover, BCG has been found highly effective for cure of 
carcinoma in situ of the bladder urothelium. 

The mode of action of BCG is probably based on a local 
stimulation of the immune system, and has been reported 
to be T-cell-dependent [19, 29]. However, the actual anti- 
tumour effector mechanism is still unclear. To gain further 
insight we have been studying the immunological reactions 
induced by intravesical BCG administration. In the urine of 
patients a cellular reaction, consisting of a marked increase 
of the number of leucocytes, has been observed. These 
leucocytes consist of granulocytes, which are abundantly 
present, and mononuclear cells. The mononuclear cells 
have been flow-cytometrically identified as being largely 
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Fig. 1. Highest cytokine levels in urine dtuing six consecutive bacillus 
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monocy tes /macrophages  (CD14 +) and T lymphocytes  
(CD3 +) [6, 7]. Fur thermore  we  have found T lymphocytes  
to be the cell  type  p redominan t ly  present  in B C G - i n d u c e d  
b ladder  wall  infi l trates in the guinea  pig  [9]. This correlates  
wi th  data repor ted  on b ladder  wal l  b iops ies  f rom patients  
after B C G  therapy [ 1, 12]. Demons t ra t ion  of  the express ion  
of  in ter leukin-2 receptors  and H L A - D R  antigens has also 
suggested activation o f  T cells by  intravesical  therapy with 
B C G  [1, 7, 9, 12]. 

In the present  study we have  inves t iga ted  the presence  
o f  cytokines  in the ur ine o f  pat ients  after B C G  treatment.  
This  may  give us more  insight  in whether  local ly  present  
leucocytes  are activated. Inter leukin-2 (II-2) and inter- 
feron "/(IFN?) were  measured,  which  are main ly  p roduced  
by  act ivated T lymphocytes  [37, 46]. Fur thermore  the pres-  
ence of  interleukin-1 ( IL - l ) ,  in ter leukin-6 (IL-6),  and 
tumour  necrosis  factor  o~ (TNFo0 was invest igated.  These  
cytokines  are main ly  p roduced  by  act ivated mono-  
cy tes /macrophages  [10, 23, 34]. The induct ion of  cytokines  
was serial ly measured  within the first 24 h after B C G  in- 
stil lation, during a comple te  t reatment  course of  intravesi-  
cal B C G  inst i l lat ions,  once a week  for 6 consecut ive  

weeks.  Measur ing  the immuno log i ca l  react ion in the blad-  
der  by  the product ion  of  cy tokines  may  prov ide  us with a 
prognost ic  tool  to predic t  c l in ical  response  in future. 

M a t e r i a l s  a n d  m e t h o d s  

Patient treatment. Urine specimens were obtained from seven patients 
with superficial bladder carcinoma (stage pTa, pTl and/or carcinoma in 
situ) who were intravesically treated with bacillus Calmette-Guérin 
(BCG) after transurethral resection of papillary tumour(s). BCG-RIVM 
or BCG-TICE, approximately 5 x 108 culturable particles, was adminis- 
tered in 50 ml 0.9% saline once a week for 6 consecutive weeks [41]. 

Urine specimens. Urine specimens were collected during the six weekly 
BCG instillations, before instillation and 2, 4, 6, 8, and 24 h thereafter. 
The specimens were immediately frozen to -20 ° C. Afterwards speci- 
mens were thawed and centrifuged (300 g) to remove cells and debris. 
Specimens were subsequendy extensively dialysed (Spectrapor 1 dialy- 
sis membrane, molecular mass cut-off 6 -  8 kDa; Spectrum, Los Angeles, 
Calif.) to remove constituents that are inhibitory in the cytokine bioas- 
says, and sterilized (Acrodisc 0.2-~tm filter unit, Gelman Sciences, Ann 
Arbor, USA) [8]. Thereafter, samples were stored (-20 ° C) until determi- 
nation of cytokines. 
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Fig. 2. Cytokine levels in urine of three individual patients during six consecutive BCG instillations once a week. For each patient the highest cytokine 
concentration determined per instillation is presented 

Detection of lL-1, 1L-2, IL-6, and IFNy. IL-I was measured with the 
T cell line D10(N4)M as described by Helle et al. [20]. This assay is 
specific for IL-1 and can detect both IL-la and IL-113. Recombinant 
human IL-113 (rhlL-113; Hoffmann-LaRoche, Nutley, N. J.) was used as a 
standard. The nature of the IL-I in some urine samples was investigated 
by neutralization tests. During the Dl0 assay the biological IL-I activity 
in urine samples, diluted to approximately 10 pg/ml IL-l, was inhibited 
with goat anti-IL-lc~ antibodies, a kind gift of Dr. I. Otterness (Pfizer, 
Groton, Conn., USA), and/of with anti-IL-113 [39], kindly provided by 
Dr. J. Van Damme (Leuven, Belgium). The residual IL-1 activity after 
inhibition was expressed as a percentage of the non-inhibited IL-1 con- 
centration. 

For detection of IL-2 a specific bioassay with the IL-2-dependent 
routine T cell line CTLL-16 was used as previously described [8]. A 
recombinant human IL-2 preparation (rhIL-2) was used as a standard 
(Sanofi, Toulouse, France). IL-2 in urine specimens was expressed in 
units/ml urine; 1 unit was defined as the amount of IL-2 resulting in 50% 
proliferation of CTLL-16 cells using the standard rhIL-2. 

Detection of IL-6 was performed by the use of the hybridoma growth 
factor assay B9 [20], with rhlL-6 as standard [3]. TNFc~ was determined 
using a TNF~-specific enzyme-linked immunosorbent assay, (ELISA), 
described by Van Kooten et al [43]. 

The assay used for detection of IFNy was a commercially available 
ELISA (Holland Biotechnology, Leiden, The Netherlands). 

The detection limits of the various assays were 6 pg IL-l, 0.5 U IL-2, 
2 pg IL-6, 50 pg TNFoq and 1 U IFNT/ml urine. The results were stan- 
dardized to urine creatinine (U/~tmol or pg/~tmol creatinine) so that 
sample data were comparable, regardless of the urine volume. Urine 
creatinine was photometrically (500 nm) determined with a Cobas-Bio 
centrifugal analyser (Hoffmann-La Roche Ltd., Basle, Switzerland), us- 
ing alkaline picrate as a reagent. The mean creatinine concentration for 
all samples was 7.9 +4.1 ~mol/ml urine (n = 207). 

Results 

Occurrence o f  IL-l ,  IL-2, IL-6, and  TNF during B C G  
instillations 1 - 6 

Figure 1 shows the highest concentrations of IL- l ,  IL-2, 
IL-6, TNFcq and IFN 7 in the urine of superficial bladder 
cancer patients during a 6-week BCG treatment course. In 
pretreatment specimens, i.e. samples collected before the 
first BCG instillation, considerable levels were occasion- 
ally observed for IL- /  and IL-6. General ly the cytokine 
concentrations in pretreatment samples were low or zero, 
which was also observed for the other pre-insti l lat ion 
samples (for instil lations 2 - 6 ,  data not shown). During the 
first three BC G  instil lations the concentrat ion of IL-1 in- 
creased markedly,  reaching a plateau from instil lation 3 to 
6. IL-2 was not detected after the first BCG instillation, but 
from the second insti l lat ion and onwards the mean  IL-2 
concentrat ion increased rapidly. With respect to IL-6, 
patients had relatively high levels in the urine already after 
the first BC G  instillation. A relatively moderate increase of 
the IL-6 concentrat ion was observed during the fol lowing 
weeks. Like IL-2, TNFc~ was only detected after repeated 
BCG instillations. The total number  of samples positive for 
TNF was low. General ly the highest TNF levels were 
found after BCG insti l lat ion 5. In the urine of all of the 
seven patients investigated, positive concentrat ions of 
IL- 1, IL-2, and IL-6 were measured at least once during the 
6 weeks, however for urinary TNF two of the seven 
patients remained negative during the complete 6-week 
instil lation course (data not shown). The presence of IFNy 
could not be demonstrated in any of the specimens during 
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Fig. 3. Mean concentration of cytokines in 
urine during the first 24 h after intravesical 
BCG instillation. Data presented for instilla- 
tions 4 -  6. n = nurnber of  samples investi- 
gated 

any of the 6 weeks of BCG treatment. Overall, Fig. 1 
shows that a considerable difference between individual 
patients was present with respect to the highest cytokine 
levels after each BCG instillation. As an example, the 
course of highest cytokine levels during six weekly BCG 
instillations is shown for three individual patients in Fig. 2. 
In the urine of patient A, relatively high cytokine levels 
were measured; cytokine concentrations were more or less 
intermediate for patient B, whereas for patient C relatively 
low cytokine concentrations were found. 

We also determined after which of the six BCG instilla- 
tions the highest level of IL- 1, IL-2, IL-6, and TNFa (cy- 
tokine peaks) occurred in the urine. For most of the patients 
the cytokine peak occurred after instillations 4, 5 and 6 
(data not shown). 

Occurrence of IL-l, IL-2, IL-6, and TNF during the first 
24 h after the BCG instillation 

In Fig. 3 the concentrations of IL-I, IL-2, IL-6, and TNFo~ 
in urine samples collected at regular intervals during the 
first 24 h after the BCG instillation are presented. For this, 
data of instillations 4 - 6  are shown, as the highest cytokine 
concentrations occurred during these instillations (see 
above). TNF, IL-2, and IL-6 were clearly detectable within 
2 h after the instillation. In contrast, IL-1 seemed to occur 
later, i.e. from 4 h onwards. TNF decreased most rapidly; 
it was nearly abseht in 6 h samples. Generally, IL-2 was no 

longer detectable in 8-h samples, whereas IL-1 and IL-6 
were present up to 8 h after instillation of BCG. 

In addition, we evaluated at which hour the highest 
cytokine concentrations (cytokine peaks) after BCG instil- 
lation occurred. For IL-2 it was noticed that concentration 
peaks were scarcely present at t = 6 h (data not shown), 
although at this time point the mean IL-2 concentration 
was still considerable (cf. Fig. 3). Likewise, peaks of IL-1 
were relatively infrequent in 8-h specimens (data not 
shown), although the mean concentration was still consid- 
erable at this time (cf. Fig. 3). Overall it is concluded that, 
for the four cytokines together, the highest concentrations 
occurred within the first 6 h after BCG instillations 4-6 .  
Thus, to obtain an indication on the amount of IL- 1, IL-2, 
IL-6, and TNFo~ produced, urine should be collected 
during these first 6 h. 

The bioassay used to measure IL-1 in the urine did not 
discriminate between IL-I(x and IL-I~. By neutralization 
of the biological IL- 1 activity with anti-IL- 1(~ or anti-IL- 1 
antibodies the nature of the IL-I in the urine after BCG 
treatment was investigated. For this, from each of the seven 
patients investigated the specimen with the highest IL-1 
activity during the six BCG instillations was investigated. 
Figure 4 shows that inhibition of the biological IL-1 
activity was mainly exerted by the anti-IL-lc~ mAb in 
each patient sample, as the residual IL-1 activity was 
10%-32% of the non-inhibited activity. In contrast, after 
inhibition with anti-IL-l~ mAb most (72%-98%) of 
the IL-1 activity remained detectable. Inhibition with a 
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combination of anti-IL-l« and anti-IL-l~ resulted in 
4%-14% IL-1 activity left. With rhIL-lct and rhIL-l~ 
controls, inhibition with anti-IL-1 c~ and anti-IL-113 resulted 
in 26% and 10% residual IL-1 activity, respectively, being 
measured. The observations indicate that most of the IL-1 
induced by the BCG treatment is IL-lcz. 

Cytokine concentrations were also determined in urine 
specimens from two patients intravesically treated with 
mitomycin C, a chemotherapeutic agent. None of these 
specimens, obtained both before and at several times after 
the sixth mitomycin C instillation, was positive (data not 
shown). 

Discussion 

In this paper we have shown the induction of urinary IL-l, 
IL-2, IL-6, and TNFcq indicating immunological stimula- 
tion after intravesical treatment with BCG. In pre-instilla- 
tion urine samples, IL-2 and TNFot were not detected; IL-1 
and IL-6 were either absent or found in low levels. These 
data agree with data reported by other investigators, show- 
ing the occasional presence of IL- 1, IL-2, IL-6, and TNF in 
urine of bladder cancer patients (non-BCG-treated), 
patients with cystitis, febrile patients, or healthy persons, 
the concentrations being relatively low [2, 22, 28, 33, 44]. 

During the course of six weekly BCG instillations, IL-1 
and IL-6 were already present in the urine after the first 
BCG instillation. As monocytes/macrophages can be 
directly stimulated by BCG or mycobacterial antigens re- 
sulting in the release of IL-1 and IL-6 [32, 45], these 
cytokines may be produced by macrophages. The presence 
of macrophages in the normal human bladder has been 
described [11, 17]. However, upon such direct stimulation 
production of TNFct has also been reported [38], which we 
could detect only after repeated BCG instillations. In gen- 
eral, monocytes/macrophages are reported to be the major 
producers of IL-l, IL-6, and TNFcz [10, 23, 34]. Recently 
Van Kooten et al. have demonstrated that T cells, when 
sufficiently stimulated, are also effective producers of 
IL-l, IL-6, and TNFcz [43]. Moreover, the release of IL-l, 
IL-6, and TNFcz has been reported for a number of other 
cell types, such as endothelial cells, fibroblasts, epithelial 

cells or polymorphonuclear granulocytes [10, 23, 34]. 
Thus, the possibility of some production by cell types other 
than monocytes/macrophages cannot be excluded. The 
type of IL-t found in the urine after BCG therapy was 
mainly IL- lct. The detection of IL- lc~ rather than IL- 1 ~ as 
the main type of IL-1 produced is in agreement with our in 
vitro studies on IL-1 production by human monocytes and 
T cells [43] (and unpublished results, L. A. Aarden). 

During the initial BCG instillation(s) immunological 
sensitization to BCG probably occurs. The detection of 
IL-2 in the urine after repeated BCG instillations indicates 
the induction of a T-cell-mediated immune reaction [46], 
which might be comparable to the cutaneous delayed-type 
hypersensitivity (DTH) reaction to tuberculin. For guinea 
pigs Coe and Feldman have demonstrated that the bladder 
is an organ in which a DTH reaction might well be induced 
[5]. A number of cytokines are known to be induced during 
the DTH reaction [18], which agrees with our data. The 
kinetics of IL-2 appearance in the urine confirms previous 
observations made by Ratliff et al. and by our own group 
[8, 28]. Although antigenically activated T cells commonly 
produce IFNy, we were not able to detect this cytokine in 
the urine. IFN7 was possibly not stable in non-dialysed 
urine [27]. 

Several investigators have demonstrated the induction 
of mononuclear cell infiltrates in the bladder wall, some- 
times with granulomatous characteristics, by repeated in- 
travesical BCG administration [2, 9, 12]. The general in- 
crease we observed for the concentration of cytokines 
during the 6-week instillation course may reflect an in- 
crease in the number of leucocytes infiltrating the bladder 
wall. It is not known whether the cytokine secretion of the 
individual cells increases after subsequent BCG instilla- 
tions. Moreover, the permeability of the urothelium may 
influence the detection of cytokines in the urine after BCG 
instillation. TNF effects on epithelial tight junctions, re- 
sulting in an increase of transepithelial permeability, have 
been reported [26]. Indeed our unpublished data on the 
presence of albumin in the urine of the patients show an 
increase of the albumin concentration, after each BCG 
instillation as well as during the 6-week BCG course. This 
might indicate an increased permeability of endothelial 
cells and of the urothelium, which coincides with the cy- 
tokine increase in the urine during BCG treatment. 

We have demonstrated the presence of IL-1, IL-2, IL-6, 
and TNF mostly during the first 8 h, while peak concentra- 
tions mainly occurred during the first 6 h after BCG instil- 
lation. These data on the time during which such sub- 
stances are present are comparable to the results of other 
studies on cytokines in the urine of bladder cancer patients 
after BCG treatment [2, 8, 28, 33]. Furthermore, induction 
of cytokines within several hours after stimulation has been 
reported for serum IL-6 in cancer patients after i. v. admin- 
istration of a muramyltripeptide derivative [ 16]. For serum 
IL-l, IL-6, and TNF in baboons during lethal bacteraemia 
and in cancer patients after i. v. administration of endotoxin 
this rapid production was also found [14, 15]. 

The cytokines found are probably part of an immuno- 
logical cascade, induced by the local presence of BCG in 
the bladder. The rationale of BCG treatment is to activate 
the immune system, eventually producing an immunologi- 
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cal reaction against locally present bladder tumour  cells 
and tumour  cell degradation [30]. With regard to the 
theoretically possible ant i tumour  effector cells, the role of 
the induced IL-2 might be the activation of cytotoxic 
T cells or induction of lymphokine-act ivated killer cells 
[21, 46]. Other mechanisms,  like macrophage- or granulo- 
cyte-mediated cytotoxicity to tumour  cells, may also be 
part of the mode of action of BCG [24, 42]. Augmenta t ion  
of these possible effector mechanisms by IL- l ,  IL-6, and 
TNFcz has been reported [10, 23, 34]. Besides immuno-  
modulat ing properties, the cytokines themselves may have 
direct cytotoxic/cytostatic effects on tumour  cells [4, 13, 
3 l, 35]. 

The treatment of patients with superficial bladder 
cancer would be significantly improved by the availabili ty 
of a prognostic indicator to monitor  whether a sufficient 
number  of BCG instil lations has been given to a patient, 
and to predict the response on therapy. Several parameters, 
including purified protein derivative skin reactivity and the 
presence of  granulomatous reactions in the bladder wall, 
have been evaluated for use as a prognostic tool. However,  
no sufficient correlation with the clinical response has been 
found [36]. Correlation of the IL-2 concentrat ion in urine 
with clinical outcome has also been suggested [28]. Cur- 
rently we are evaluating, for a larger number  of patients, 
the correlation of clinical response to therapy with the 
concentrat ion of IL - l ,  IL-2, IL-6, and TNFc~ in the urine. 
On the basis of data presented in this paper, for moni tor ing  
purposes we suggest the collection of urine during the first 
6 h after BCG instillations 4 - 6 .  

Acknowledgements. We thank Mrs. R. Hoppenbrouwers and Mrs. M. van 
Lankveld for co-operation in collecting of urine specimens, Mrs. A. 
Elgersma for technical assistance, and Dr. J. G. Vos for critically reading 
the manuscript. 

References  

1. Böhle A, Gerdes J, Ulmer AJ, Hofstetter AG, Flad HD (1990) 
Effects of local BCG therapy in patients with bladder carcinoma on 
immunocompetent cells of the bladder wall. J Urol 144:53 

2. Böhle A, Nowc C, Ulmer AJ, Musehold J, Gerdes J, Hofstetter AG, 
Flad HD (1990) Detection of urinary TNF, IL 1, and IL 2 after local 
BCG immunotherapy for bladder carcinoma. Cytokine 2:175 

3. Brakenhoff JPJ, De Groot ER, Evers RF, Pannekoek H, Aarden LA 
(1987) Molecular cloning and expression of hybridoma growth fac- 
tor in E. coli. J Immunol 139:4116 

4. Chen L, Mory Y, Zilberstein A, Revel M (1988) Growth inhibition of 
human breast carcinoma and leukemia/lymphoma cell lines by re- 
combinant interferon-~2. Proc Natl Acad Sci USA 85:8037 

5. Coe JE, Fledman JD (1966) Extracutaneous delayed hypersensitiv- 
ity, particularly in the guinea pig bladder. Immunology 10:127 

6. De Boer EC, De Jong WH, Van Der Meijden APM, Steerenberg PA, 
Witjes JA, Vegt PDJ, Debruyne FMJ, Ruitenberg EJ (1991) Leuko- 
cytes in the urine after intravesical BCG treatment for superficial 
bladder cancer: a flow cytofluorometric analysis. Urol Res 1:45 

7. De Boer EC, De Jong WH, Van Der Meijden APM, Steerenberg PA, 
Witjes JA, Vegt PDJ, Debruyne FMJ, Ruitenberg EJ (1991) Presence 
of activated lymphocytes in the urine of superficial bladder cancer 
patients after intravesical immunotherapy with bacillus Calmette- 
Guérin (BCG). Cancer Immunol Immunother 33:411 

8. De Jong WH, De Boer EC, Van Der Meijden APM, Vegt P, Steer- 
enberg PA, Debruyne FMJ, Ruitenberg EJ (1990) Presence of inter- 
leukin-2 in urine after intravesical treatment of superficial bladder 

cancer patients with bacillus Calmette-Guérin. Cancer Immunol Im- 
munother 31 : 182 

9. De Jong WH, De Boer EC, Van Der Meijden APM, Steerenberg PA, 
Debruyne FMJ (1991) Intravesical BCG administration in the guinea 
pig: II. Immunohistochemical characterization of cellular infiltrate 
after orte or two cycles of intravesical BCG. Virchows Arch [B]: 
61:159 

10. Dinarello CA (1989) Interleukin-1 and its biologically related cy- 
tokines. Adv Immuno144:153 

11. E1-Demiry MIM, Hargreave TB, Busuttil A, James K, Chisohn GD 
(1986) Immunohistochemical identification of lymphocyte subsets 
and macrophages in normal human urothelium using monoclonal 
antibodies. Br J Uro158:436 

12. EI-Demiry MIM, Smith G, Ritchie AWS, James K, Cumming JA, 
Hargreave TB, Chisolm GD (1987) Local immune responses after 
intravesical BCG treatment of carcinoma in situ. Br J Urol 60:543 

13. Endo Y, Matsushima K, Oppenheim JJ (1986) Mechanism of in vitro 
antitumor effects of interleukin 1 (IL 1 ). Immunobiology 172:316 

14. Engelhardt R, Mackensen A, Galanos C, Andreesen R (1990) Bio- 
logical response to intravenously administered endotoxin in patients 
with advanced cancer. J Biol Response Mod 9:480 

15. Fong Y, Tracey KJ, Moldawer LL, Hesse DG, Manogue KB, Ken- 
ney JS, Lee AT, Kuo GC, Allison AC, Lowry SF, Cerami A (1989) 
Antibodies to cachectin/tumor necrosis factor reduce interleukin 113 
and interleukin 6 appearance during lethal bacteremia. J Exp Med 
170:1627 

16. Frost H, Murray JL, Chaudri HA, Van Damme J (1990) Interleukin-6 
induction by a muramyltripeptide defivative in cancer patients. J Biol 
Response Mod 9:160 

17. Gardiner RA, Seymour GJ, Lavin MF, Strutton GM, Gemmel E, 
Hazan G (1986) Irnmunohistochemical analysis of the human blad- 
der. Br J Uro158:19 
Geczy CL (1984) The role of lymphokines in delayed-type hypersen- 
sitivity reactions. Springer Semin Immunopathol 7:321 
Hanna MG Jr, Snodgrass MJ, Zbar B, Rapp HJ (1973) His- 
topathology of tumor regression after intralesional injection of My- 
cobacterium bovis: IV. Development of immunity to tumor cells and 
BCG. J Natl Canc lnst 51:1897 
Helle M, Boeije L, Aarden LA (1988) Functional discrimination 
between interleukin 6 and interleukin l. Eur J Immunol 18:1535 
Herberman RB (1989) Lymphokine-activated killer cell activity. Im- 
munol Today 8:178 
Kimball ES, Pickeral SF, Oppenheim JJ, Rossio JL (1984) Interleu- 
kin 1 activity in normal human urine. J Immunol 133:257 
Kishimoto T (1989) The biology ofinterleukin-6. Blood 74:1 
Kleinerman ES, Herberman RB (1984) Tumoricidal activity of 
human monocytes: evidence for cytolytic function distinct from that 
ofNK cells. J Immunol 133:4 
Morales A (1989) BCG in the treatment of bladder cancer: state of 
the art. Prog Clin Biol Res 310:3 
Mullin JM, Snock KV (1990) Effect of tumor necrosis factor on 
epithelial tight junctions and transepithelial permeability. Cancer Res 
50:2172 
Prescott S, James K, Hargreave TB, Chisholm GD, Smyth JF (1990) 
Radioimmunoassay detection of interferon-gamma in urine after in- 
travesical Evans BCG therapy. J Urol 144:1248 
Ratliff TL, Haaff EO, Catalona WJ (1986) Detection of interleukin 2 
in the urine of patients with superficial bladder tumors after treatment 
with intravesical BCG. Clin Immunol Immunopatho140:375 
Ratliff TL, Gillen D, Catalona WJ (1987) Requirement of a thymus- 
dependent immune response for BCG-mediated antitumor activity. 
J Urol 137:155 
Ratliff TL, (1989) Mechanisms of action of intravesical BCG for 
bladder cancer. Prog Clin Biol Res 310:107 
Ruggiero V, Latham K, Baglioni C (1987) Cytostatic and cytotoxic 
activity of tumor necrosis factor on human cancer cells. J Immunol 
138:2711 
Sancéan J, Falcoff R, Beranger F, Carter DB, Wietzerbin J (1990) 
Secretion of interleukin-6 (IL-6) by human monocytes stimulated by 
muramyl dipeptide and tumour necrosis factor alpha. Immunology 
69:52 

18. 

19. 

20. 

21. 

22. 

23. 
24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 



312 

33. Schamhart DHJ, Kurth K (1990) Detection of urinary IL-6 during 
intravesical BCG therapy (abstract). J Urol 143: 321A 

34. Semenzato G (1990) Tumor necrosis factor: a cytokine with mulfiple 
biological activities. Br J Cancer 61:354 

35. Stötter H, Wiebke EA, Tomita S, Belldegrun A, Topalian S, 
Rosenberg SA, Lotze MT (1989) Cytokines alter target cell suscepti- 
bility to lysis Il. Evaluation of tumor infiltrating lymphocytes. J Im- 
munol 142:1767 

36. Torrence RJ, Kavoussi LR, Catalona WJ, Ratliff TL (1988) Prognos- 
tic fäctors in patients treated with intravesical bacillus Calmette- 
Guérin for superficial bladder cancer. J Urol 139:941 

37. Trinchieri G, Perussia B (1988) Immune interferon: a pleiotropic 
lymphokine with multiple effects. Immunol Today 6:131 

38. Valone SE, Rich EA, Wallis RS, Ellner JJ (1988) Expression of 
tumor necrosis factor in vitro by human mononuclear phagocytes 
stimulated with whole Mycobacterium bovis BCG and mycobacterial 
antigens. Infect Immun 56:3313 

39. Van Damme J, De Ley M, Van Snick J, Dinarello CA, Billiau A 
(1987) The role of interferon-[31 and the 26kDa protein (interferon- 
[~2) as mediators of the antiviral effects of interleukin 1 and tumor 
necrosis factor. J Immunol 139:1867 

40. Van Der Meijden APM, Debruyne FMJ, Steerenberg PA, De Jong 
WH (1989) Aspects of non-specific immunotherapy with BCG in 
superficial bladder cancer: an overview. Prog Clin Biol Res 310:11 

41. Van Der Meijden APM, Debruyne FMJ, Steerenberg PA, De Jong 
WH (1989) BCG-RIVM versus BCG-Tice versus mitomycin-C in 
superficial bladder cancer: rationale and design of the trial of the 
southeast co-operative urological group, The Netherlands. Prog Clin 
Biol Res 310:11 

42. Van Kessel KPM, Verhoef J (1990) A view to a kill: cytotoxic 
mechanisms of human polymorphonuclear leukocytes compared 
with monocytes and natural killer cells. Pathobiology 58:249 

43. Van Kooten C, Rensink I, Pascual-Salcedo D, Van Oers R, Aarden 
LA (1991) Monokine pmduction by human T cells. J Immunol 
146:2654 

44. Van Oers MHJ, Van Der Heijden AAPAM, Aarden LA (1988) 
Interleukin 6 (IL-6) in serum and urine of renal transplant recipients. 
Clin Exp Immuno171:314 

45. Wallis RS, Fujiwara H, Ellner JJ (1986) Direct stimulation of mono- 
cyte release of interleukin 1 by mycobacterial protein antigens. J Im- 
muno1136:193 

46. Watson J, Mochizuki D, Gillis S (1980) T-cell growth factors: inter- 
leukin 2. Immunol Today 1:113 


