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Abstract Direct inhibitory effects of bacillus Calmette-
Guérin (BCG) and interferon o.2b (IFNo 2b) on six human
bladder carcinoma cell lines, UCRU-BL-13, UCRU-BL-17,
UCRU-BL-28, 5637, T24 and J82, were studied using an in
vitro proliferation assay. Effects on proliferation following
exposure to BCG or IFNo.2b were analysed by [3H]thymi-
dine incorporation over 7 days. BCG had an antiprolifera-
tive effect on all bladder lines, while sensitivity to IFNo.2b
varied greatly, being as remarkably low as 1 U/ml for some
lines. The antiproliferative effect was greatest when cells
were exposed continuously to either agent, but was still
evident with a limited exposure. When clinical concentra-
tions were simulated in vitro, BCG+IFNo2b was more
effective than BCG alone and as effective as a double BCG
concentration. We conclude that, in addition to their im-
munomodulatory effects, BCG and IFNo2b directly inhibit
the proliferation of human bladder cancer cells, and often at
extremely low concentrations.
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Introduction

Bacillus Calmette-Guérin (BCG) immunotherapy has been
successfully used for the treatment and prophylaxis of
transitional cell carcinoma (TCC) of the bladder since
1976 [1]. The mechanism of action is not fully understood
but seems to involve both direct effects and indirect
immune effects. Despite the serious side-effects that occur
in 5% of patients, it is an established agent for bladder
cancer [2].

Since an intact thymus-dependent immune response was
shown to be necessary for BCG-mediated antitumour ac-
tivity [3], much in vitro research on BCG has focussed on
its effect on immune cells [4]. Although it has been reported
that BCG is not cytotoxic toward TCC cell lines [4],
internalised and degraded BCG has been identified in
urothelial cells both in vitro and in vivo [5]. When BCG
is infused directly into the bladder cavity, attachment of
viable BCG to tumour cells is an essential first step in the
BCG-mediated antitumour process [6]. In T24 cells, attach-
ment and ingestion of BCG are partly mediated by the
o5B1 integrin receptor and are enhanced by fibronectin [7].
BCG is internalised and processed by tumour cells and
BCG antigens are then presented to T lymphocytes [8].

The use of intravesical interferon o.2b (IFNa2b) for the
treatment of low-grade superficial bladder cancer was first
reported in 1988 [9]. IFNo2b is an effective treatment for
some patients and is associated with minimal local and
systemic toxicity. IFNo2b has antiproliferative activity
against human bladder carcinoma cells in vitro [10] and
has antiproliferative, surface-membrane, antiviral and im-
munomodulatory activities in vivo [11]. When IFNs bind to
their receptors various signal-transduction pathways are
activated, which then activate different sets of genes [12,
13]. The action of IFNa2b in cell growth is thought to be
based on IFN-induced alterations in the level of gene
expression. However, variant cell lines exist in which IFN
activate only some of the genes they activate in the wild-
type line. There are more than 30 IFN-inducibie proteins
that have levels that increase to different degrees after IFN
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treatment. The functions of many [FN-induced proteins are
unknown, and many relevant genes, and the proteins they
encode, are not yet identified.

As BCG is more effective than most chemotherapeutic
agents in the prophylaxis and treatment of superficial
bladder tumours [2], it may be beneficial to combine a
reduced dose of BCG with an antiproliferative agent such
as IFNo2b, which has mimimal side-effects [11]. Our
previous studies showed that BCG has a direct effect on
bladder tumour cells in the absence of any immune cells
[14]. This study suggests that this may be due to direct
antiproliferative activities of BCG and IFNa 2b.

Materials and methods

Target cells

The UCRU-BL-13 [15] and UCRU-BL-17 [16] cell lines were estab-
lished from xenografted human primary bladder carcinomas and
UCRU-BL-28 [17] was established from a relapsed, cisplatin-resistant
human TCC. The 5637, T24 and J82 cell lines were obtained from the
American Type Culture Collection (ATCC, Bethesda, Md., USA).
Normal growth medium was RPMI-1640 (Gibco Laboratories, N.Y.,
USA) with 10% fetal bovine serum (FBS) (P. A. Biologicals Co,
Sydney, Australia), 25 mM HEPES [Commonwealth Serum Laborato-
ries (CSL) Victoria, Australia] and 4 mM glutamine (CSL). All
cultures tested negative for Mycoplasma (Gen-probe Inc., Calif., USA).

BCG and cytokines

BCG, living organisms of an attenuated strain of Mycobacterium
tuberculosis (Pasteur strain, 7 X 106—15 x 106 colony-forming units/
mg), was obtained from CSL. Human recombinant IFNa2b was
obtained from Schering Corporation, N.J., USA.

Proliferation assay

The proliferation assay was adapted from that described by Hawkyard
et al. [18]. The cells were plated at (0.2—1) x 104 cells/ml in 96-well
flat-bottomed tissue-culture plates (Corning, N. Y., USA) for 48 h at
37 °C. The medium was aspirated and replaced with medium contain-
ing BCG (0-2260 mg/ml) and/or IFNa.2b (0-1 x 107 U/ml). The
simulated clinical concentrations of BCG and BCG/IFNo.2b were
those calculated to be equivalent to intravesical therapeutic doses of
60 mg and 120 mg BCG, or 60 mg BCG in combination with 10 x 106,
30 x 106, 60 x 106 or 100 x 10¢ international units (IU) of IFNo.2b. In
some experiments BCG and IFNo2b were added to selected wells for
2, 4 or 8 h only, then replaced with normal growth medium to compare
the proliferation with that of cells continuously exposed for 7 days.
Each treatment was added to quadruplicate wells for the six cell lines.
Fresh BCG- or IFNo.2b-supplemented medium was added to the plates
every 2-3 days. Replicate wells were pulsed with 0.5 pCi/well
[*H]thymidine (specific activity 5.0 Ci/mmol, Amersham, IIl., USA)
for 18 h then harvested, each day for 7 consecutive days. The plates
were then washed twice with phosphate-buffered saline (PBS) and cells
detached with trypsin/ethylenediaminetetraacetic acid [trypsin/EDTA,;
0.5% trypsin, 5.3 mM NasEDTA (10 x); MultiCel, Cytosystems,
Australia]. The cells were harvested with an Inotech automated cell
harvester and counted in Ready Safe scintillation fluid (Beckman
Instruments Inc., Calif., USA) on a Tri-Carb 1500 lignid scintillation
analyser (Packard, Groningen, The Netherlands).

Percentage inhibition was calculated as follows:

3H ¢
Tnhibition (%) — 11 — [ =% Y15 100
3H control

where 3H radioactivity was measured as dpm.

Cell counts

To determine their effect on cell number, BCG or I[FNot2b was added
to cells that had been plated for 24 h. Fresh BCG- or IFNo.2b-
supplemented medium was added on day 4. The cells were counted
on days 3, 5 and 7. Cells were washed twice with PBS, detached with
trypsin/EDTA and counted by 0.04% trypan blue (Flow Laboratories,
Irvine, Scotland) exclusion using a Neubauer haemocytometer.

Statistical methods

The results were expressed as the mean * SD and the data were
analysed using the Mann-Whitney U-test. Each figure shows a repre-
sentative experiment with four replicate wells per treatment/mean. All
experiments were repeated at least once for each of the six cell lines,
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Fig. 1 Effect of a 7-day continuous exposure to interferon o2b
(IFNwo2b) on proliferation of UCRU-BL-13 and J82 cell lines. This
figure shows the most sensitive and most resistant cell lines to IFNa 2b
of the six cell lines tested. The log-transformed correlation coefficients
for increasing IFNo2b concentration with UCRU-BL-13 cells were
statistically significant (+2 = 0.75, P <0.05 on day 7). The results show
a representative experiment with four replicate wells per mean & SD.
* Sigpificant inhibition (P <0.05) of proliferation over 7 days for
IEN@.2b-treated cells versus untreated cells
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Fig. 2 Effect of a 7-day continuous exposure to bacillus Calmette-
Guérin (BCG) on the proliferation of UCRU-BL-28 and UCRU-BL-17
cells, This figure shows the most sensitive and most resistant cell lines
to BCG of the six cell lines tested. The correlation coefficients for
increasing BCG concentration were statistically significant for both
lines at day 7 (for UCRU-BL-28 r2 = 0.598, P = 0.024; for UCRU-BL-
17 r2=0.691, P =0.011). The results show a representative experiment
with four replicate wells per mean + SD. * Significant inhibition
(P <0.05) of proliferation over 7 days for BCG-treated cells versus
untreated cells

except those involving high-dose IFNo.2b, which were only done for
the IFNo 2b-resistant 5637, T24 and J82 lines. Regression analyses
were performed for data that concerned a dose/response effect. For
logarithmic increases in BCG or IFNa 2b dose, the raw data were log-
transformed before regression analyses were performed.

Results
Effect of IFNo 2b

The influence of IFNa2b on the proliferation of six tumour
cell lines was investigated. UCRU-BL-13 cells were ex-
tremely sensitive to IFNo2b, being 12% inhibited by as
little as 1 U/ml IFNo2b, and significantly inhibited
(P <0.05) by 10 U/ml (55% inhibited) and 50 U/ml
(91% inhibited) on day 7 (Fig. 1). The other UCRU lines
were very sensitive to IFNa2b, while the 5637 and T24
lines were more resistant (data not shown). The J82 line
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Fig. 3 Effect of a 7-day continuous exposure to IFNo.2b + BCG on
UCRU-BL-28 and J82 cells. This figure compares BCG-sensitive,
IFNo.2b-sensitive  and BCG-sensitive, IFNo2b-resistant  cell
lines + IFNo.2b = BCG out of six cell lines tested. The log-
transformed correlation coefficients were significant (P <0.05) for
the UCRU-BL-28 cell line with IFNa2b alone (r2 = 0.941) and in
combination with BCG 5 pg/m! (2 = 0.96) and BCG 50 pg/ml
(r2 = 0.966). The results show a representative experiment with four
replicate wells per mean * SD. * Significant inhibition (P <0.05) of
proliferation over 7 days of cells grown in the presence of
BCG + IFNa2b compared with IFNo2b alone

demonstrated extreme resistance to high-dose IFNa2b
(inhibition on day 7 was 31% for 1 x 104 U/ml, 35% for
1 x 106 U/ml and 37% for 1 x 107 U/ml) (Fig. 1).

Effect of BCG

The influence of BCG on the proliferation of six tumour
cell lines was investigated. The antiproliferative responses
to BCG occurred over a much narrower dose range than the
responses to IFNo.2b (Fig. 2). When BCG-treated UCRU-
BL-28 cells were compared with controls over 7 days,
proliferation decreased with increasing BCG dosage and
was reflected by decreasing P values (250 pg/ml, P=0.087;
500 pg/ml, P = 0.028; 1000 ug/ml, P = 0.001). Although
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Fig. 4 Comparison of a 2-h, 4-h, 8-h and continuous exposure to
TFNo.2b of UCRU-BL-13 cells and a 2-h, 4-h and continuous exposure
to BCG of J82 cells on day 7. This figure shows cell lines sensitive to
[FN@.2b and BCG. A regression analysis of the log-transformed data
showed a more significant dose response with increased exposure to
IFENa2b of UCRU-BL-13 and to BCG of J82. The results show a
representative experiment with four replicate wells per mean + SD.
# Significant inhibition (P <0.05) of proliferation of cells due to
increasing dose; * significant difference (P <0.05) between continu-
ous exposure and short exposures; @ significant correlation coefficient
(P <0.05) for dose response for a given time of exposure (all statistical
comparisons on day 7)

decreased proliferation also occurred with increasing BCG
dosage for UCRU-BL-17 cells (50 pug/ml, P = 0.655;
1000 pg/ml, P = 0.025; 2260 pg/ml, P = 0.004) (Fig. 2),
some proliferation occurred in the presence of 2260 pg/ml
BCG, a simulated clinical concentration of 120 mg.
Although J82 cells were extremely resistant to IFNo2b
(Fig. 1), they had similar sensitivity to BCG as UCRU-BL-
28, and the results of the other lines were between those of
UCRU-BL-28 and UCRU-BL-~17 (data not shown).

Combination of BCG and IFNo.2b
The effect of a combination of BCG and IFNo2b on the

proliferation of six tumour cell lines was investigated. The
proliferation of UCRU-BL-28 cells was inhibited by low
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Fig. 5 Thymidine uptake measured daily for 7 days after a 2-h, 4-h,
8-h and continuous exposure of UCRU-BL-13 cells to IFNo.2b and
after a 2-h, 4-h and continuous exposure of J82 cells to BCG. This
figure shows cell lines sensitive to BCG and IFN@.2b. The results show
a representative experiment with four replicate wells per mean + SD

doses of both BCG and IFNa2b (Fig. 3). On day 7 UCRU-
BL-28 cells were significantly inhibited (P <0.05) by
1000 U/ml IFNo 2b alone (95% inhibition), and in combi-
nation with 5 yg/ml and 50 pg/ml BCG (97% and 98%
inhibition respectively). When the three groups were com-
pared, there was a significant difference (P <0.05) between
IFNo.2b and IFNo.2b + BCG 50 pg/ml only. The addition
of BCG to IFNa.2b-resistant J82 cells (Fig. 3) caused a
significant difference (P <0.05) in proliferation between
the three groups IFNa2b, IFNa2b + BCG 250 pg/ml and
IFNo.2b + BCG 500 pg/ml.

Short exposures of cells to BCG or IFNo2b

Clinically BCG or IFNa.2b is administered for short peri-
ods only, so we compared short exposures with continuous
exposure of six tumour cell lines to BCG or [FN¢.2b. When
cells were sensitive to BCG or IFNa2b, an antiproliferative
effect could be seen as long as 7 days after a 2-, 4- or 8-h
exposure to these agents (Fig. 4). On day 7, UCRU-BL-13
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Fig. 6 Effects of simulated clinical concentrations of BCG * IFNa.2b
applied continuously or for 2 h only to 5637 cells. This figure shows
cells that bave intermediate sensitivity to high-dose IFNo2b. The
results show a representative experiment with four replicate wells
per mean * SD. * Significant inhibition (P <0.05) of proliferation
over 6 days of 5637 cells grown continuously in the presence of 60 mg
BCG + IFNa2b or 120 mg BCG alone compared with untreated
controls

cells showed significantly decreased proliferation
(P <0.05) in response to increased time of exposure to
IFNa2b and increased IFNo2b concentration (Fig. 4).
Likewise J82 cells significantly decreased proliferation
(P <0.05) in response to increased exposure to BCG and
increased BCG concentration (Fig. 4). UCRU-BL-13 cells
exposed to IFNa.2b for short periods returned to a prolif-
erative state more quickly than J82 cells exposed to BCG
for a short period (Fig. 5).

Simulated clinical doses of BCG and BCG + IFNo2b

In order to reproduce doses used in the clinical setting, we
exposed 5637 cells, which had intermediate sensitivity to
BCG and IFNo.2b, to simulated clinical concentrations of
BCG and BCG+IFNa.2b either continuously for 6 days, or
for 2 h only on day 1, followed by normal growth medium
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Fig. 7 Effects of BCG and IFNo2b on the re-establishment of
proliferation of UCRU-BL-28 and 5637 cells, which were growth-
arrested in limiting serum (0.1% fetal bovine serum) for 72 h. This
figure shows cells with high and intermediate sensitivity to BCG and
IFNa2b out of six cell lines tested. The results show a representative
experiment with four replicate wells per mean = SD. The decreases in
proliferation shown were not ‘statistically significant

(Fig. 6). The simulated clinical concentrations we used
were equivalent to the concentration of reconstituted
doses of 60 mg and 120 mg BCG alone, and 60 mg BCG
in combination with 10 x 106, 30 x 106, 60 x 106 or
100 x 106 IU IFNa2b. When compared with controls,
both 60 mg and 120 mg BCG caused a significant anti-
proliferative effect (P <0.05), but a dose of 60 mg BCG
was not significantly different from 120 mg BCG or from
60 mg BCG combined with any dose of IFNo.2b. However,
when compared with controls, a combination of 60 mg
BCG and IFNo2b was as effective as 120 mg BCG alone
(P <0.05). Antiproliferative effects on 5637 cells were also
evident 6 days after a 2-h exposure to BCG or a combina-
tion of BCG and IFNa2b, but these were not significant
(Fig. 6). Similar results were obtained with the T24 and J§2
cell lines (data not shown).
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Fig. 8 Effects of BCG and IFNa.2b on UCRU-BL-13 and J82 cell
number. This figure shows the most sensitive and the most resistant
cell lines to IFNa2b of the six cell lines tested. The resuits show a
representative experiment with three replicate wells per mean * SD.
* Significant correlation coefficients (P <0.05) for a regression
analysis of cell number data and proliferation data on day 7

Re-establishment of proliferation after incubation
in limiting serum

We investigated whether the presence of BCG or IFNo.2b
in normal growth medium would deter viable, non-prolif-
erating cells from re-establishing proliferation. After the six
cell lines were growth-arrested in limiting serum
(0.1%—-1% FBS) for 3-5 days, normal growth medium
(10% FBS) was re-introduced with or without BCG or
JFNa2b (Fig. 7). The limiting concentration of serum
needed to stop proliferation was 1% for UCRU-BL-13,
5637 and T24 and 0.1% for UCRU-BL-17, UCRU-BL-28
and J82. Growth-arrested bladder cells returned to normal
growth medium with BCG or IFNo2b showed decreased
proliferation compared to controls, but this was not statis-
tically significant.

Cell counts

Counts of viable cells were made to compare with the
results obtained using the proliferation assay. A decrease in
cell counts occurred with similar BCG or IFNa2b concen-
trations to those producing a decrease in proliferation
(Fig. 8). When a regression analysis of cell counts versus
proliferation at day 7 was done for the six cell lines, the
correlation coefficients were significant (P <0.05) for
UCRU-BL-13 and JI82 cells exposed to BCG.

Discussion

We have observed a cell line, UCRU-BL-13, which is
exquisitely sensitive to IFNo2b (Fig. 1). Such sensitivities
to IFN have previously only been demonstrated with IFNy
[19]. The six bladder tumour lines we studied showed
remarkably different responses to IFNo2b, ranging from
UCRU-BL-13 cells which stopped proliferating in response
to the very low dose of 50 U/ml, to J82 cells which
proliferated in the presence of 1 x 107 U/ml. In vitro growth
inhibition of five bladder lines has been observed at final
IFN concentrations of 50—-1000 U/ml [10], while doses of
up to 1000 x 106 IU have been used clinically [9].

The antiproliferative effects of IFN are thought to relate
to target cell receptor number or binding affinity [19-21].
However an IFNa2c-resistant cell line had more IFN
receptors per cell than two IFNa 2c-sensitive lines, while
the IFN affinity was similar for all three lines [20]. Like-
wise the more IFNy-sensitive of two lines tested had a
lower density of receptors, while the affinity of the receptor
for its ligand was similar for both lines [19]. Differences in
receptor numbers may not reflect response to IENy, or
whether cells respond with HLA-DR expression and/or
proliferation inhibition [21]. However, results obtained
with different cell lines and IFNs may not predict the
outcome of receptor studies using IFNo.2b with our cell
[ines.

The antiproliferative effect of IFNYy has been studied, as
this cytokine is present in the urine of patients after
intravesical BCG therapy [22]. The onset and magnitude
of inhibition of proliferation by IFNYy varied between three
human TCC lines, RT4 (grade I), RT112 (grade II) and
MGHUI1 (grade III), and high-grade tumour cells have been
reported to be the least sensitive to IFNy [18]. Our IFNo 2b-
sensitive TCC cell lines were grade II (UCRU-BL-13,
UCRU-BL-28) and grade III (UCRU-BL-17) [15-17],
while our IFNo2b-resistant lines were grade II (5637,
ATCC), grade III (T24 [23]) and grade III-IV (J82 [24]).
Therefore the response of bladder tumour cells to IFNo.2b
is probably not linked to tumour grade. Our most BCG-
resistant line represented grade III (UCRU-BL-17) and
most sensitive lines represented grade 1I (UCRU-BL-28)
and grade III-IV (J82), indicating that sensitivity to BCG
is also independent of tumour grade.

The cell doubling time also appeared to be unrelated to
sensitivity to either BCG or IFNa2b. IFNo 2b-resistant,



BCG-sensitive J82 cells doubled in 30 h [24], compared
with IFNo 2b-sensitive, BCG-sensitive UCRU-BL-28 cells
(62.4 h) [17], and T24 cells which showed intermediate
sensitivity to both agents (19 h) [23]. Non-cycling tumour
cells are more sensitive targets for IFN, indicating that
intracellular events, together with extracellular IFN con-
centration, determine the magnitude of the antiproliferative
response [25].

Naturally produced IFNa. is stable after 7 days in tissue-
culture medium at 37 °C. Natural IFNo. and four recombi-
nant subtypes have equivalent antiproliferative effects and
inhibitory effects on colony formation [10]. Thus the
response of our cell lines to IFNa2b is probably indepen-
dent of the assay length or IFNa type.

We have found that BCG exerts a direct, antiprolifera-
tive effect on bladder tumour cells in the absence of
immune mechanisms (Fig. 2) {14]. Similar antiproliferative
effects of both heat-killed and viable BCG on a panel of
human bladder transitional-cell carcinoma lines have been
described [26]. These authors postulate that, if the tumour
system does not respond to BCG therapy by secreting
cytokines and expressing ICAM-1, then it may not be
susceptible to cellular effector mechanisms employed by
the immune system [27]. Biochemical pathways activated
after BCG attachment to tumour cells have not been
explored; nor have detrimental effects caused by intracel-
ular accumulation of BCG. Urothelial cells and tumour
cells internalise and present BCG antigens to CD4 cells, via
the MHC class I pathway [28]. Non-immunological me-
chanisms include a direct toxic effect and injury to bladder
tumour cells by products of inflammatory events [8].

We observed additive antiproliferative effects of BCG
and IFNo.2b (Fig. 3), which may indicate similar sites of
action. A combination of BCG and IFNo2b at simulated
clinical concentrations had a similar antiproliferative effect
to a double dose of BCG alone (Fig. 6). This has important
clinical possibilities, as one of the drawbacks of BCG
therapy is the toxic side-effects [2]. Previous data support
the clinical efficacy of combining IFN with cytotoxic
agents such as doxorubicin, as IFN reduces the proliferation
rate rather than causing tumour cell death [29].

In our susceptible lines we measured decreased prolif-
eration 7 days after a 2-, 4- or 8-h exposure to BCG or
IFNo2b (Fig. 4). This agrees with previous findings, which
showed that, although the maximal effect of BCG was
observed after the most prolonged exposure, exposure to
BCG for as little as 1 h significantly decreased the pro-
liferative capabilities of susceptible lines [26]. This may be
clinically relevant, as the bladder cavity receives only short
exposures to BCG or IFNa2b, typically 2 h/week for
6 weeks [1]. For BCG-susceptible J82 cells (Fig. 5), the
antiproliferative effect after a short exposure to BCG was
longer lasting than the antiproliferative effect after short
exposures of IFNw2b-sensitive UCRU-BL-13 cells (Fig. 5)
to IFNo 2b. It remains to be determined whether this results
from cell-line differences or whether BCG has a more

persistant antiproliferative effect on tumour cells. Others

found no significant inhibition of colony formation when
RT112 bladder carcinoma cells were exposed to IFNo for

315

1 h then washed, and greater inhibition occurred when cells
were refed every 4 days with IFN@-containing media than
if they were exposed for 4 days only [10]. We have also
observed that the presence of BCG and IFNo.2b stops
susceptible quiescent cells undergoing maximum prolifera-
tion when favourable conditions for tumour growth arise
(Fig. 7), which is an important consideration for a tumour
with a high recurrence rate.

Our results indicate that BCG and IFNo 2b have a direct,
antiproliferative effect on bladder tumour cells, which
augments their immune effects, and that it may be clinically
beneficial to combine an antiproliferative agent with a
cytotoxic agent to reduce toxic side-effects. Understanding
the reasons for different sensitivities of different tamour
lines to therapeutic agents may help to determine which
agent or combination would give maximum benefit to a
particular patient.

Acknowledgements We are grateful to Schering-Plough Pty Lid.,
Sydney, Australia, for the gift of INTRON A, which allowed us to
Investigate the effects of high dose IFNa2b. We would like to thank
Drs. Peter French, Sam Breit and Tony Kelleher and Lyndee Scurr for
critical reading of the manuscript.

References

1. Morales A, Eidinger D, Bruce AW (1976) Intracavitary bacillus
Calmette-Guérin in the treatment of superficial bladder tumours.
J Urol 116: 180
2. Lamm DL, Van Der Meijden ADPM, Morales A, Brosman SA,
Catalona WIJ, Herr HW, Soloway MS, Steg A, Debruyne
FMJ (1992) Incidence and treatment of complications of bacillus
Calmette-Guérin intravesical therapy in superficial bladder cancer.
J Urol 147: 596
3. Ratliff TL, Gillen D, Catalona WJ (1987) Requirement of a
thymus dependent immune response for BCG-mediated antitu-
mour activity. J Urol 137: 155
4. Bohle A, Thanhauser A, Ulmer AJ, Ernst M, Flad HD, Jocham D
(1993) Dissecting the immunobiological effects of bacillus Cal-
mette-Guérin (BCG) in vitro: evidence of a distinct BCG-activated
killer (BAK) cell phenomenon. J Urol 150: 1932
5. Becich MJ, Carroll S, Ratliff TL (1991) Internalization of bacille
Calmette-Guérin by bladder tumour cells. J Urol 145: 1316
6. Akaza H, Iwasaki A, Ohtani M, Ikeda N, Niijima K, Toida I,
Koiso K (1993) Expression of antitumor response: role of attach-
ment and viability of bacillus Calmette-Guérin to bladder cancer
cells. Cancer 72: 558
7. Kuroda K, Brown EJ, Telle B, Russell DG, Ratliff TL (1993)
Characterization of the internalization of bacillus Calmette-Guérin
by human bladder tumor cells. J Clin Invest 91: 69
8. Ratliff TL (1994) Mechanism of action of intravesical BCG for
superficial bladder cancer: In: BCG immunotherapy in bladder
cancer. Cooperativa Libraria Editrice Universita di Padova, Pa-
dova, p 25
9. Torti FM, Shortliffe LD, Williams RD, Pitts WC, Kempson RL,
Ross JC, Palmer J, Meyers F, Ferrari M, Hannigan J, Spiegel R,
McWhirter K, Fretha F (1988) Alpha-interferon in superficial
bladder cancer: a Northern California Oncology Group study.
J Clin Oncol 6: 476
10. Borden EC, Groveman DS, Nasu T, Renzikoff C, Bryan GT (1984)
Antiproliferative activities of interferons against human bladder
carcinoma cell lines in vitro. J Urol 132: 800
11. Torti FM, Lum BL (1987) Superficial bladder cancer. Risk of
recurrence and potential role for interferon therapy. Cancer 59: 613



316
12.
13.

14.

15.

16.

17.

18.

19.

20.

Sen GC, Lengyel P (1992) Minireview. The interferon system.
J Biol Chem 267: 5017

Shuai K (1994) Interferon-activated signal transduction to the
nucleus. Curr Opin Cell Biol 6: 253

Pryor K, Goddard J, Goldstein D, Stricker P, Russell P,
Golovsky D, Penny R (1993) Bacillus Calmette-Guérin (BCG)
enhances monocyte- and lymphocyte-mediated bladder tumour
cell killing. Br J Cancer 71: 801

Russell PJ, Wass J, Lukeis R, Garson OM, Jelbart M, Wills E,
Philips J, Brown J, Carrington N, Vincent PC, Raghavan D (1989)
Characterization of cell lines derived from a multiply aneuploid
human bladder transitional-cell carcinoma, UCRU-BL-13. Int
J Cancer 44: 276

Russell PJ, Jelbart M, Wills E, Singh S, Wass J, Wotherspoon J,
Raghavan D (1988) Establishment and characterization of a new
human bladder cancer cell line showing features of squamous and
glandular differentiation. Int J Cancer 41: 74

Russell PJ, Palavidis Z, Rozinova E, Philips J, Wills EJ, Lukeis R,
Wass J, Raghavan D (1993) Characterization of a new human
bladder cancer cell line, UCRU-BL-28. J Urol 150: 1038
Hawkyard SJ, Jackson AM, James K, Prescott S, Smyth JF,
Chisholm GH (1992) The inhibitory effects of interferon gamma
on the growth of bladder cancer cells. J Urol 147: 1399

Jakse G, Marth C, Zechner J, Daxenbichler G (1988) Antiproli-
ferative effect of Hu-interferon-gamma in 674V and J82 bladder
carcinoma cell lines. Urol Res 16: 403

Grups JW, Bange F-CH (1990) Interferon receptors on the surface
of interferon-sensitive and interferon-resistant urothelial carcino-
mas. Urol Res 18: 119

22.

23.

24.

25.

26.

27.

29.

. Ucer U, Bartsch H, Scheurich P, Pfizenmaier K (1985) Biological

effects of y-interferon on human tumor cells: quantity and affinity
of cell membrane receptors for +IFN in relation to growth
inhibition and induction of HLA-DR expression. Int J Cancer
36: 103

Prescott S, James K, Hargreave TB, Chisholm GD, Smyth JF
(1990) Radio-immunoassay detection of interferon-gamma in
urine after intravesical Evans BCG therapy. J Urol 144: 1248
Bubenik J, Baresova M, Viklicky V, Jakoubkova J, Sainerova H,
Donner J (1973) Established cell line of urinary bladder carcinoma
(T24) containing tumour-specific antigen. Int J Cancer 11: 765
O’Toole C, Price ZH, Ohnuki Y, Unsgaard B (1978) Ultrastructure,
karyology and immunology of a cell line originated from a human
transitional-cell carcinoma. Br J Cancer 38: 64

Horoszewicz JS, Leong SS, Carter WA (1979) Noncycling tumor
cells are sensitive targets for the antiproliferative activity of human
interferon. Science 206: 1091

Jackson AM, Alexandroff AB, Fleming D, Prescott S, Chisholm
GD, Carter GD, James K (1994) Bacillus Calmette-Guérin (BCG)
organisms directly alter the growth of bladder tumour cells. Int
J Oncol 5: 697

Jackson AM, James K (1994) Understanding the most successful
immunotherapy for cancer. Immunologist 2: 208

28. Patard JJ, Chopin DK, Boccon-Gibod L (1993) Mechanisms of

action of bacillus Calmette-Guérin in the treatment of superficial
bladder cancer. World J Urol 11: 165

Grups JW, Frohmuller HGW (1988) Antiproliferative effects of
interferons against human bladder carcinoma cell lines in vitro.
Urol Int 43: 265



