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Abstract

Intravesical bacillus Calmette-Guérin (BCG) is currently the therapy of choice for superficial bladder cancer with a 60—70% response
rate. Induction of cytokine production (e.g. IL-6, etc.) by BCG has been found in patient’s urine in vivo as well as bladder cancer cell lines.
However, the signalling mechanisms are still unclear. In this study, we investigated the effect of BCG on cAMP production and its role in
regulating interleukin-6 expression in the human bladder cancer cell line, MGH. After 1 hr exposure to BCG, IL-6 gene expression in
MGH cells increased by 2.5-3-fold and cAMP production increased by 8—10-fold in a time- and dose-dependent manner. BCG-induced
cAMP production was inhibited by both antifibronectin antibody and an adenylate cyclase inhibitor, SQ22536 in a dose-dependent way. In
the presence of SQ22536, IL-6 expression in MGH cells was also greatly reduced. Furthermore, cAMP-dependent kinase inhibitors H7
and HA 1004 also inhibited BCG-induced IL-6 expression in MGH, with HA1004 being much less effective than H7. Thus, BCG induces
cAMP production and may regulate interleukin-6 expression partially via a cAMP-dependent pathway in human bladder cancer cells.

© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

Intravesical BCG immunotherapy combined with trans-
urethral resection of tumour is the standard treatment for
superficial bladder cancer, with routine complete response
rates of 60—70% [1,2]. However, two major problems exist:
a significant proportion of patients do not respond to BCG
therapy and side-effects are common. Moreover, the
mechanisms of BCG action are still not well understood.

Intravesical instillation of BCG causes a non-specific
activation of the local cellular immune response. This
response is probably T lymphocyte-dependent [3,4] and
is modulated by T helper type 1 (Thl-like) cytokines such
as interleukin-2 (IL-2), interferon (IFN), tumour necrosis
factor alpha (TNF-a) and interleukin-12 (IL-12), and T
helper type 2 (Th2-like) cytokines such as interleukin-4
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(IL-4), interleukin-5 (IL-5), interleukin-6 (IL-6) and inter-
leukin-10 (IL-10), which have been identified in patients’
urine following instillation of BCG [5]. Furthermore, IL-6
in urine correlates with the stage of bladder cancer and is
absent after resection of the tumour [6].

It is now well established that BCG attachment to
tumour cells [7-10] and some of its antitumour effects
may be fibronectin dependent [7,9]. BCG can be inter-
nalised by tumour cells and may have direct effects on cell
growth [11]. It was previously shown that several bladder
carcinoma cell lines had the capacity to secrete IL-6 after
stimulation with BCG [12,13]. It has also been shown that
IL-6 is produced by spontaneous transitional cell carcino-
mas and this production may be up-regulated by intrave-
sical BCG therapy [13]. Recently, Bevers et al. reported
that in human bladder cancer cell lines T24 and J82, BCG
internalisation appeared to result in an up-regulation of
IL-6 synthesis. For the T24 cell line, internalisation could
be a prerequisite for BCG-induced up-regulation of IL-6
production [14].

Furthermore, recombinant IL-6, TNF-o. and IFN have
direct antiproliferative effects on transitional cell carcino-
mas [15-17]. Our previous studies showed that BCG had
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direct cytotoxic and antiproliferative effects on human
bladder cancer cell lines [18]. BCG can also stimulate
the production of various cytokines in these cells, namely
IL-6, IL-8, TNF-a and granulocyte macrophage colony
stimulating factor (GM-CSF) in a tumour grade related
manner [19]. However, these events were studied only after
72 hr exposure to BCG in vitro. In clinical studies, how-
ever, intravesical instillation of BCG was only carried out
for 2 hr and after BCG treatment for 4 hr, the production of
cytokines in vivo was observed.

Despite these observations, mechanisms of the modu-
latory effect of BCG on cytokine production are poorly
understood. In 1979, Lowrie et al. reported that when
ingested by mouse peritoneal macrophages, live M. bovis
BCG caused a transient increase in cyclic AMP (cAMP),
whereas live M. lepraemurium did not [20]. Therefore, in
human urothelial cells, BCG might also act via a cAMP
pathway and thus regulate the production of cytokines. In
the present study, we investigated cAMP production
induced by BCG and its role in regulating IL-6 production
in a human bladder cancer cell line, MGH.

2. Materials and methods
2.1. Target cells

The human transitional carcinoma cell line, MGH,
representing histopathological tumour grade III, was
kindly provided by John Masters, Institute of Urology.
The cells were routinely grown in RPMI-1640 with 5%
(v/v) foetal bovine serum (FBS), 5 mM sodium pyruvate,
4 mM glutamine and 2% (w/v) solution PS (penicillin G
5000 U/mL streptomycin sulphate 5000 pg/mL) (all from
Sigma) and incubated at 37° supplied with 5% CO..

2.2. BCG

BCQG, living organisms of an attenuated strain of Myco-
bacterium tuberculosis (Connaught strain, 2.2 x 103 to
6.4 x 10 colony-forming units per vial, containing
27 mg freeze-dried BCG powder), was obtained from
Connaught Laboratories Limited. Before the experiments,
BCG was prepared in the diluent (PBS with 0.025% (v/v)
Tween 80) obtained from the company and used within 2 hr.
For control studies, the BCG supernatant (diluent part) was
harvested after centrifuging the BCG solution. Autoclaved
BCG was prepared by autoclaving at 121° for 15 min, and
after centrifugation, the BCG pellet was re-dissolved.

2.3. Effect of BCG and autoclaved BCG on IL-6 mRNA
expression

MGH cells were plated in 6-well plates at 1 x 10° cells
per well and incubated for 4 hr to allow for cell attachment.
The cells were then incubated with BCG (1000 pg/mL) or

autoclaved BCG (1000 pg/mL) in antibiotic-free culture
medium for 0.5—4 hr at 37°. At the end of the experiments,
the supernatant was harvested by centrifuging at 3000 rpm
for 10 min and kept at —70° for ELISA assays. Cells were
rinsed with PBS (pH 7.2) and further used for extraction of
total RNA.

2.4. Extraction of total RNA and reverse transcription
(RT)

Total RNA was extracted from cells with 1 mL of Trizol
reagent per well (Gibco BRL) according to the manufac-
turer’s protocol. The RNA integrity was checked on a 1%
(w/v) agarose-formaldehyde gel. RT was carried out using
oligo-dT 16y and MMLV-reverse transcriptase (Stratagene).
RT was performed with 2 pg of total RNA in a 20 pL
cocktail mixture of 10x RT buffer, ANTPs (2.5 mM each),
10 pM oligo-dTy6), 50 U/pL MMLV-reverse transcriptase
and 30 U/pL rRNasin for 1 hr at 37° following 5 min at 95°
in an automated DNA thermal cycler (Hybaid Omn-E).
The cDNA obtained was stored at —20°.

2.5. Polymerase chain reaction (PCR)

PCR was performed in a final volume of 25 pL contain-
ing 2.5 pL. of cDNA (diluted 20-fold after RT), dNTPs
(2.5 mM each), 10x PCR buffer, 2 U/uL Taq polymerase
(Finnzymes) and 10 pM gene specific sense and antisense
primers (Table 1). The cycle program was carried out in an
automated DNA thermal cycler (Hybaid Omn-E) for 30
cycles with the following parameters: denaturation at 95°
for 30 s, annealing at 60° for 30 s and extension at 72° for
30 s. The PCR products were then analysed together with a
molecular weight marker (KB DNA ladder, Gibco BRL) on
1.5% (w/v) agarose gel containing 0.4 mg/mL ethidium
bromide. The products amplified by using specific IL-6 and
B-actin primers were confirmed to be those of human IL-6
and B-actin by gene sequencing (data not shown). B-Actin
served as a control for comparison of mRNA expression
between samples. PCR without templates and PCR using
the total RNA as template were performed as negative
controls. The relative intensity of specific PCR bands was
measured by using the BioProfile software of a photoima-
ger (Vilber Lourmat). Relative mRNA levels of the sam-
ples were determined by comparison to the corresponding
B-actin levels.

Table 1

Sequence of primers used for RT-PCR

Product Sequence of the primer Size
(bp)

IL-6 5'-Primer  5'-ATGAACTCCTTCTCCACAAGCGC-3' 628
3 -Primer  5-GAAGAGCCCTCAGGCTGGACTG-3'

B-Actin = 5'-Primer 5'-AGCACTGTGTTGGCGTACAG-3' 271
3 -Primer  5-AAATCGTGCGTGACATTAAGG-3'
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2.6. Determination of the effects of BCG on cellular
cAMP levels

As a preliminary experiment, MGH cells were plated in
24-well plates at 5 x 10° cells per well. After 4 hr incuba-
tion for cell attachment, cells were incubated with BCG
(1000 pg/mL) in the presence or absence of 50 uM RO20-
1724 (a phosphodiesterase inhibitor) for 30 min. RO20-
1724 (50 uM) was used for accumulating cAMP to a
detectable level for further experiments. As controls,
MGH cells were treated with the BCG supernatant
(matched volume) or autoclaved BCG for 30 min.

In time- and dose-dependent studies, MGH cells were
treated with BCG (1000 pg/mL) for 0-30 min, or with
BCG (0-2000 pg/mL) for 30 min, respectively. To deter-
mine the effects of antifibronectin antibody and SQ22536
(an adenylate cyclase inhibitor) on cAMP levels, MGH
cells were pre-treated with antifibronectin antibody (0-
0.5 pg/mL) for 30 min, and then incubated with BCG
(1000 pg/mL) for another 30 min. The same procedure
was adopted for the control antibody. In some experiments,
MGH cells were incubated with BCG in the presence of
SQ22536 (0400 pM) for 30 min to investigate the effects
of SQ22536 on BCG-induced cAMP production.

2.7. Determination of cAMP accumulation levels by
radio-immunoassay kit

At the end of each treatment, the medium was quickly
removed and the cells were rinsed twice with Tris—-EDTA
buffer (50 mM Tris and 4 mM EDTA), followed by adding
50 pL of 1 M HCI for 10-15 s to stop the reaction. Tris—
EDTA buffer was then added, followed by 50 pL. of 1 M
NaOH for neutralisation. The cells were then scraped
off, transferred to Eppendoff tubes and kept at 4°. Total
disruption of cells was achieved by sonication for 30 s. The
tubes were then incubated at 95° for 10 min (for coagula-
tion of proteins) and centrifuged at 12,000 g, after which
aliquots of the supernatant were used to determine cAMP
levels by a radio-immunoassay kit (Amersham Corp.).

2.8. Determination of the effects of different inhibitors
on BCG-induced IL-6 mRNA expression

MGH cells were plated in 6-well platesat 1 x 10° cells per
well. After 4 hr incubation for cell attachment, cells were
pre-treated with H7 (0—100 uM) (a cAMP-dependent kinase
inhibitor) or HA1004 (0-100 uM) (a cAMP-dependent
kinase inhibitor) for 1 hr. Pre-treated cells were further
incubated with or without BCG (1000 pg/mL) for another
1 hrin antibiotic-free culture medium at 37°. In some experi-
ments, cells were also treated with BCG and/or SQ22536
(0-200 uM) for 1 hr. At the end of the treatment, the super-
natant was harvested and centrifuged at 3000 rpm for 10 min
at 4°, and then kept at —70° for ELISA assays. The cells
were rinsed with PBS and used for extraction of total RNA.

2.9. Determination of the effects of inhibitors or
antifibronectin antibody on BCG-induced IL-6
protein secretion

As a preliminary experiment, direct cytotoxicity of
SQ22536, H7 and HA1004 on MGH cells was determined
by the lactate dehydrogenase release assay. The results
showed that all these inhibitors had negligible cytolytic
effects on MGH cells (data not shown).

MGH cells were plated in 6-well plates at 1 x 10° cells
per well. After 4 hr incubation for cell attachment, cells
were pre-treated with antifibronectin antibody (or control
antibody (mouse IgG1)) (0.5 pg/mL) for 30 min, H7 (0-
100 uM) or HA1004 (0-100 uM) for 1 hr. Pre-treated cells
were further incubated with or without BCG (1000 pg/mL)
for another 4 hr in antibiotic-free culture medium at 37°. In
some experiments, cells were treated with BCG and/or
SQ22536 (0-200 uM) for 4 hr. At the end of the treatment,
the supernatant was harvested and centrifuged at 3000 rpm
for 10 min at 4°, and then kept at —70° for ELISA assays.

2.10. Determination of the effects of RO20-1724 or
forskolin on IL-6 protein secretion

MGH cells were plated in 6-well plates at 1 x 10° cells
per well. After 4 hr incubation for cell attachment, cells
were treated with RO20-1724 (50 uM) or forskolin, an
adenylate cyclase activator (50 uM), for another 4 hr. At
the end of the treatment, the supernatant was harvested and
centrifuged at 3000 rpm for 10 min at 4°, and then kept at
—70° for ELISA assays.

2.11. ELISA essays

IL-6 protein levels in the supernatant were determined
with the ELISA immuno-assay Kit (R&D). The super-
natants were thawed to room temperature, and assayed in
duplicates with a standardised laboratory technique
according to the manufacturer’s instructions.

2.12. Statistical methods

The data were analysed using the Mann—Whitney test.
Each experiment was repeated thrice for determining IL-6
mRNA expression and at least twice for determination of
cAMP levels and ELISA assays. The results were
expressed as the mean + SEM.

3. Results

3.1. Effects of BCG and autoclaved BCG on IL-6
mRNA expression

Our earlier in vitro experiments showed that several
cytokines (IL-6, IL-8 and GM-CSF) in grade III cell lines
such as MGH, J82 and SD were elevated after 72 hr
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Fig. 1. (A) Early expression of IL-6 mRNA in MGH after treatment with BCG (1 mg/mL) or autoclaved BCG (1 mg/mL). Relative IL-6 mRNA expression
was compared with control levels after treatment with different agents for 0.5, 1, 2 and 4 hr. Results are presented as a percentage relative to control levels
(mean £+ SEM) from three independent experiments. (B) Early IL-6 protein release from MGH cells after treatment with BCG (1 mg/mL) for 0-2 and 4 hr.

Results are shown as mean + SEM from two independent experiments, each in duplicate.

stimulation with BCG [18,19]. The effects of live BCG
(1000 pg/mL) or autoclaved BCG (1000 pg/mL) on IL-6
mRNA expression were investigated in MGH cells after
treatment for 0.25, 0.5, 1, 2 and 4 hr by quantitative RT-
PCR, using primers specific for B-actin and IL-6.

IL-6 expression levels were significantly increased after
30 min incubation with BCG, and the levels increased with
increasing BCG incubation time (P < 0.05, Fig. 1A).
Compared to the control cells, the expression of IL-6
mRNA was increased by 2.5-3-fold after 1 hr exposure
to BCG. The treatment of cells with autoclaved BCG also
resulted in significantly higher IL-6 mRNA levels com-
pared to the control cells, but was not significantly different
from that induced by live BCG (Fig. 1A).

3.2. Effects of BCG on IL-6 protein secretion
IL-6 protein secretion in MGH cells was determined

after treatment with BCG (1000 ng/mL) for 1, 2 and 4 hr
by an ELISA assay. IL-6 secretion was significantly

increased by 10% after 1hr exposure to BCG
(P < 0.05). With increasing incubation time, the level of
IL-6 was further increased. Compared to the control cells,
IL-6 secretion from BCG-treated cells was increased by 2-
fold after 4 hr treatment (Fig. 1B).

3.3. Effects of BCG on cAMP production

The effects of BCG on the accumulation of intracellular
cAMP in MGH cells were also studied in the absence or
presence of RO20-1724, a phosphodiesterase inhibitor.

Stimulation of MGH cells with BCG for 30 min resulted
in a significant increase in cAMP production compared to
the control cells, although at a low level (P < 0.01,
Fig. 2A). In the presence of 50 pM RO20-1724, the accu-
mulation of cAMP in BCG-treated MGH cells was signi-
ficantly increased 8—10-fold compared to both the control
cells and the cells treated with BCG supernatant (P <
0.001, Fig. 2A and B). Autoclaved BCG had similar effects
on cAMP production in MGH cells (Fig. 2B).
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Fig. 2. (A) cAMP production levels in MGH cells after stimulation with
BCG (1 mg/mL) in presence or absence of RO20-1724 for 30 min. (B)
Effects of autoclaved BCG (1 mg/mL) and BCG supernatant (matched
volume) on cAMP accumulation levels in MGH cells after 30 min treat-
ment in the presence of RO20-1724. Results are shown as mean + SEM
from at least two independent experiments, each in duplicate.

3.4. Dose-dependent and time-course effects of BCG
on cAMP levels

The dose- and time-dependent effects of BCG on cAMP
production in MGH cells were also investigated upon
treatment with BCG for 5, 15, 20 and 30 min.

BCG induced the production of cAMP in a dose- and
time-dependent manner in MGH cells. The results indicated
that BCG had a stimulatory effect on cAMP levels at a
concentration of 100 pg/mL and the cAMP levels rose with
increasing concentrations of BCG (Fig. 3A). Furthermore,
cAMP levels in MGH cells were significantly increased as
early as 5 min after stimulation with BCG (P < 0.005),
after which the increase was more gradual (Fig. 3B).

3.5. Effects of antifibronectin antibody on BCG-induced
cAMP production and IL-6 secretion

It has previously been shown that fibronectin may be
implicated in mediating the attachment and internalisation
of BCG, and that blocking the binding of fibronectin
could significantly reduce BCG-induced antitumour
effects [8-10].
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Fig. 3. (A) Dose-dependent effects of BCG (0—4000 pg/mL) on cAMP
accumulation levels in MGH cells after 30 min treatment. (B) Time-
dependent effects of BCG (1 mg/mL) on cAMP accumulation levels in
MGH cells after stimulation in the presence of RO20-1724 for 5, 10, 20
and 30 min. Data are presented as mean = SEM from two independent
experiments, each in triplicate.

To investigate the role of fibronectin in BCG-induced
cAMP production, antifibronectin antibody was used for
blocking fibronectin activities. The results showed that
antifibronectin antibody significantly blocked BCG-
induced cAMP production in MGH cells by up to 40%
in a dose-dependent manner (P < 0.005, Fig. 4A).

The effects of antifibronectin antibody on IL-6 protein
production were also determined by measuring the secre-
tion of IL-6 from MGH cells after 4 hr treatment with BCG
in the presence of 0.5 pg/mL antifibronectin antibody or
control antibody (IgG1). The presence of antifibronectin
antibody significantly decreased BCG-induced IL-6 pro-
tein secretion by about 5-10% (P < 0.05, Fig. 4B) whereas
cells treated with antifibronectin antibody alone showed no
difference in IL-6 secretion (data not shown). There was
also no significant difference in BCG-induced IL-6 protein
secretion in the presence of control mouse IgG1 antibody
(Fig. 4B).

3.6. Effects of SQ22536 on BCG-induced cAMP
production

To determine the role of adenylate cyclase in the
stimulation of cAMP production by BCG treatment, a
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specific adenylate cyclase inhibitor, SQ22536 was used.
The BCG-induced cAMP levels decreased with increasing
concentrations of SQ22536 (0-400 uM, P < 0.005). The
concentration of SQ22536 required for total inhibition of
BCG-induced cAMP levels to the basal level in control
cells was found at 200 pM (Fig. 5).

3.7. Effects of SQ22536 on BCG-induced IL-6 mRNA
expression

To determine the relationship between elevated IL-6
production, increased cAMP levels and adenylate cyclase,
MGH cells were treated with BCG in the presence of
SQ22536. The IL-6 mRNA expression was evaluated by
quantitative RT-PCR. The concentrations of SQ22536 used
were 1,10,50and 200 uM and these resulted in 20, 70, 85 and
100% inhibition of cAMP production, respectively (Fig. 5).

The results indicated that upon treatment with SQ22536,
IL-6 mRNA expression levels in control cells remained
unchanged, whereas cells stimulated with BCG (1000 pg/
mL) for 1 hr expressed twice the amount of IL-6 mRNA as
compared to the control. In the presence of SQ22536, a
significant decrease in BCG-induced IL-6 mRNA expres-
sion was attained at a concentration of 10 pM SQ22536
(P < 0.005) and this further decreased with increasing
SQ22536 concentrations (Fig. 6a and b). These inhibitory

effects of SQ22536 on IL-6 mRNA expression was dose-
dependent and had similar inhibitory effects on cAMP
production (P < 0.03, Figs. 5, 6a and b).

3.8. Effects of SQ22536 on BCG-induced IL-6 protein
secretion

To investigate if SQ22536 had similar effects on IL-6
protein secretion in MGH cells, IL-6 secretion was mea-
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Fig. 5. Inhibitory effect of SQ22536 on BCG-induced cAMP production
in MGH cells in the presence of BCG (1 mg/mL) and RO20-1724 after
30 min treatment. Data are presented as a percentage relative to BCG-
stimulated level (mean = SEM) from two independent experiments, each
in triplicate.
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sured by ELISA after 4 hr treatment with BCG in the
presence of 0-50 pM of SQ22536.

IL-6 protein secretion from MGH cells was significantly
increased by 2-fold after 4 hr treatment with BCG. In the
presence of SQ22536, IL-6 protein secretion from control
cells showed no significant change, whereas BCG-induced
IL-6 secretion was significantly inhibited in a dose-depen-
dent fashion (P < 0.05, Fig. 6¢).

3.9. Effects of H7 and HA1004 on BCG-induced IL-6
mRNA expression

The role of cAMP-dependent kinase in the signalling
pathway for BCG-induced IL-6 production was investi-
gated by using two inhibitors, H7 and HA1004. H7 is a
potent inhibitor of both protein kinase C and cAMP-
dependent protein kinase, whereas HA1004 is a potent
inhibitor of cAMP-dependent protein kinase. Because
HA1004 has a low affinity for protein kinase C, it serves
as a negative control for H7.

The results showed that upon treatment with H7 or
HA1004, control cells exhibited a decrease in constitutive

mRNA expression of IL-6. After treatment with BCG, the
IL-6 levels in MGH cells were about 3-fold higher to the
control cells. In the presence of H7, a significant decrease
in BCG-induced IL-6 mRNA expression was attained at
10 uM H7 (P < 0.005). This inhibitory effect of H7 was
dose-dependent. The total inhibition of BCG-induced IL-6
mRNA expression was achieved at 50 pM H7 (P < 0.005,
Fig. 7A and B). However, HA1004 was less efficient as
compared to H7 even at its highest concentration of
100 M, in which HA1004 had only a partial inhibitory
effect on IL-6 mRNA expression in BCG-treated MGH
cells (Fig. 7A-C).

3.10. Effects of H7 and HA1004 on BCG-induced IL-6
secretion

IL-6 protein secretion was determined after 4 hr treat-
ment with BCG in the presence of 0-50 pM H7 or
HA1004. Both H7 and HA1004 inhibited IL-6 protein
secretion in control cells. IL-6 secretion was significantly
increased by about 2-fold upon treatment with BCG for
4 hr. However, upon incubation with H7 or HA1004, BCG-
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ments. (C) Gel samples: C, control MGH cells; B, MGH cells treated with
BCG (1 mg/mL), with the subscripts indicating the concentrations of H7
and HA1004 (M) used, respectively. IL-6 mRNA expression in the
presence of H7 is shown on the left panel, whereas IL-6 mRNA expression
in the presence of HA1004 is shown on the right panel. In each case, the
upper panel represents the control MGH cells, while the lower panel
represents MGH cells treated with BCG (1 mg/mL).

induced IL-6 protein secretion was inhibited in a dose-
dependent manner. Compared to HA1004, H7 was more
potent at inhibiting IL-6 secretion, and dramatically inhib-
ited IL-6 protein secretion in BCG-treated cells to a level
similar to that in control cells (P < 0.05, Fig. 8A and B).
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Fig. 8. Effects of (A) H7 (0-50 uM) and (B) HA1004 (0-100 pM) on
BCG-induced IL-6 protein secretion in MGH cells after treatment with or
without BCG (1 mg/mL) for 4 hr. Results are shown as mean = SEM from
two independent experiments, each in duplicate.

Table 2
IL-6 protein secretion in MGH cells upon treatment with RO20-1724 or
forskolin®

Treatment IL-6 secretion +SEM
(pg/10° cells)

Control 274.57 73.12

RO20-1724 (50 pM) 750.07 475

Forskolin (50 uM) 722.62 5.36

#Results are shown as mean = SEM from two independent experi-
ments, each in duplicate.

3.11. Effects of RO20-1724 and forskolin on IL-6
secretion

To investigate whether cAMP-increasing agents would
mimic BCG-induced IL-6 expression, MGH cells were
treated with 50 uM RO20-1724 or forskolin for 4 hr. IL-6
protein secretion was increased upon treatment with RO20-
1724 or forskolin as compared to control cells without
treatment (Table 2).

4. Discussion

Although the mechanism of antitumour activity of BCG
in transitional cell carcinoma of the urinary bladder has not
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been fully elucidated, it is believed that BCG immunother-
apy for bladder cancer involves a local non-specific T cell-
dependent immunological reaction modulated by Th1- and
Th2-like cytokines [4,5]. The attachment of BCG to the
urothelium or bladder cancer cells has been identified as
the initial step for successful BCG immunotherapy [7,9],
and attention is now focused on the direct response of the
urothelium and bladder cancer cells to BCG stimulation.

The initiating event of BCG attachment to the urothe-
lium is mediated through fibronectin as an opsonin, but it is
not well-understood whether fibronectin just acts as an
attachment matrix or is actively involved in the antitumour
response [7,8]. The internalisation of BCG by urothelium
cells occurs via BlaS integrin receptors upon attachment
[11]. To combat infection, malignant or normal urothelial
cells may show phenotypic changes like up-regulation of
various proteins such as cytokines. Various urinary cyto-
kines can be detected after intravesical BCG instillation,
including IL-1B, IL-6, IL-8, IL-10 which can be detected
after the first instillation, while IL-2, TNF-o. and IFN are
detectable only after several intravesical BCG instillations
[5]. Sander et al. suggested that certain cytokines might be
located in the endothelium, malignant urothelium and
leukocytes although no phenotypic staining of the cytokine
positive cells was performed [21].

In our previous in vitro studies, 72 hr stimulation with
BCG resulted in an increase in IL-6, IL-8 and GM-CSF
secretion from histopathological tumour grade III cell lines
such as MGH, J82 and SD [18,19]. Time course studies
(0.25—4 hr) of IL-6 and GM-CSF mRNA expression were
performed in MGH cells to investigate whether BCG-
induced cytokine expression is an early event of cellular
response to BCG. BCG up-regulated both IL-6 mRNA
expression and secretion as early as 30 min, whereas GM-
CSF expression can only be detected after 2 hr [18,19].
Ratliff et al. had reported that the attachment of BCG
occurred within 30 min of treatment [8]. Thus, our current
results suggested that the up-regulation of IL-6 expression
may be one of the early events stimulated by BCG.

IL-6, a proinflammatory cytokine induced by a variety of
stimuli, is involved in the induction of IL-2 production, T
cell proliferation, cytotoxic T cell differentiation and the
acute-phase reaction. The effects of IL-6 are synergistic
with IL-1 and TNF-o [22]. Cytokines, such as IL-6,
produced by the tumour cells could attract immunocom-
petent cells such as macrophages and lymphocytes to the
tumour sites and stimulate them. This could be one of the
reasons why BCG needs to come into contact with tumour
cells in vivo, to elicit an optimal antitumour response.
Furthermore, although it has not been demonstrated
whether secreted cytokines can inhibit or stimulate the
growth of bladder cancer cells, recombinant IL-6 has been
shown to have direct antiproliferative effects on bladder
cancer cells in vitro [16]. Stimuli like IL-1, TNF-a, sub-
stance P (SP) and histamine up-regulate IL-6 expression
through different pathways, e.g. cAMP-dependent path-

way, protein kinase C pathway and mitogen-activated
kinase (MAP kinase) pathway in different cell types.
Our present study showed that cellular cAMP production
in MGH cells was dramatically increased by 8—10 times in
a dose- and time-dependent manner upon treatment with
live BCG. We also found that autoclaved BCG also caused
a similar increase in cAMP levels. This suggested that
autoclaved BCG may retain its ability to attach to the
bladder cells and be internalised via the integrin receptors.
The autoclaved BCG may still contain antigenic epitopes
needed to elicit the same immune response as live BCG
which are presented by antigen-presenting cells (APCs).

The role of fibronectin-mediated BCG attachment in
BCG-induced cAMP production in MGH cells was also
investigated. Antifibronectin antibody was used to block
the binding of fibronectin, resulting in the inhibition of
cAMP production in a dose-dependent fashion with a maxi-
mum of 40% inhibition at the concentration of 0.5 pg/mL.
Correspondingly, about 5-10% inhibition of IL-6 protein
secretion from BCG-treated MGH cells was also observed
at the same concentration of antifibronectin antibody. Thus,
it is possible that the effects of BCG on cAMP induction
and IL-6 production in MGH cells were triggered by
fibronectin-mediated attachment of BCG. Moreover, it also
implied a possible correlation between increased cAMP
production and up-regulated IL-6 expression. However,
the inhibitory effect was only partial, suggesting that the
internalisation of BCG may not be mediated by fibronectin
alone, and that some other receptors or opsonins may also
be involved.

To investigate the relation between increased cAMP
production and augmented IL-6 expression, we measured
BCG-induced cAMP production in the presence of a
specific adenylate cyclase inhibitor, SQ22536. As
expected, the production of cAMP in BCG-treated
MGH cells was reduced with increasing concentrations
of SQ22536. Similarly, IL-6 mRNA expression and protein
secretion in BCG-treated cells were also inhibited in the
presence of SQ22536. Thus, BCG may be up-regulating
IL-6 expression via a cAMP-dependent pathway, which
could probably involve cAMP-dependent protein kinase.
However, the cAMP-dependent pathway may not be the
only pathway involved since SQ22536 was more potent at
reducing cAMP accumulation than IL-6 expression. In
addition, when MGH cells were treated with forskolin
(an adenylate cyclase activator) or RO20-1724 alone in
the absence of BCG, cAMP levels were also increased with
corresponding augmented IL-6 protein secretion as com-
pared to control cells (Table 2), similar to that observed
when BCG was present.

Furthermore, H7, a potent inhibitor of protein kinase C
(Ki =6.0uM) and cAMP-dependent protein kinase
(K; = 3.0 uM), was used for inhibiting downstream pro-
tein kinases that are activated by cAMP. As a negative
control, HA1004, a potent inhibitor of cAMP-dependent
protein kinase (K; = 2.3 uM), was used due to its low
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affinity for protein kinase C (K; = 40 pM). Our results
showed that both H7 and HA1004 had inhibitory effects on
BCG-stimulated IL-6 production, and subsequently inhib-
ited IL-6 secretion. However, the inhibitory effect of H7
appeared to be more potent than that of HA1004, suggest-
ing that BCG-induced IL-6 production in MGH cells is
only partially mediated via a cAMP-dependent protein
kinase pathway, and that other signal transduction path-
ways involving other protein kinases (such as protein
kinase C) may also be involved. Therefore, it is possible
that the regulatory effects of BCG on IL-6 production may
be mediated via multiple second messengers and their
downstream pathways.
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