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SUMMARY

 

Intravesical BCG therapy is effective in the treatment of superficial bladder cancer. Both clinical and
experimental results suggest a role for cytokines and delayed-type hypersensitivity (DTH) in BCG-
induced antitumour immunity. We characterized the modulatory effects of BCG on bladder cytokine
expression and determined the relationship between DTH and BCG antitumour activity. The bladders
of mice were instilled with BCG through a catheter. Bladder tissue RNA and urine were collected for
evaluation of cytokine expression using reverse transcriptase-polymerase chain reaction (RT-PCR)
and/or ELISA. IFN-

 

g

 

 and TNF-

 

a

 

, the two major cytokines associated with DTH, were efficiently
induced by BCG. IL10, an important down-regulator of DTH, was also induced by BCG. Constitutive
levels of IL4 and IL5 were observed, but neither IL4 nor IL5 were modulated by BCG. Similar results
were observed in the kinetic analysis of urinary cytokines in patients after intravesical BCG therapy.
Production of Th1 (T helper type 1) cytokines (IFN-

 

g

 

, IL2 and IL12) preceded that of the Th2 (T helper
type 2) cytokine IL10. A tendency toward higher ratios of IFN-

 

g

 

 versus

 

 IL10 for BCG responders also
was observed. In animal studies the absence of IL10 abrogated either by antibody inhibition or the use
of genetically modified, IL10 deficient (IL10

 

–/–

 

) mice resulted in enhanced DTH responses. Under con-
ditions of enhanced DTH, a significant enhancement in antitumour activity was observed. These data
demonstrate that DTH and its associated mononuclear infiltration and cytokine production are impor-
tant to the antitumour activity of intravesical BCG therapy, and suggest that effects to diminish IL10
production may have therapeutic value.
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 bacillus Calmette-Guérin (BCG) has been
shown in prospective randomized trials to be the most effective
treatment for superficial bladder cancer, and is considered by
many to be the most successful clinical application of cancer
immunotherapy. While the clinical effectiveness is well estab-
lished, the immunological basis of BCG-induced antitumour
activity remains poorly defined.

BCG therapy for superficial bladder cancer consists of the
instillation of approximately 5 

 

¥

 

 10

 

8

 

 colony forming units (CFU)

through a catheter into the lumen of the bladder once a week for
a minimum of six consecutive weeks. BCG retention after instil-
lation has been shown to be dependent on bacterial attachment to
fibronectin [1,2]. Attachment was linked to matrix fibronectin
within the bladder and also to epithelial cells and tumour cells via
a fibronectin bridge [3,4]. Fibronectin-mediated BCG attachment
was demonstrated to be a necessary event for the activation of
immunity to BCG and for the induction of antitumour activity [5].

The immunological effector events associated with the BCG
induced antitumour response are less well defined. Reports dem-
onstrate that T lymphocytes are necessary for antitumour activity
[6–8]. Both CD4

 

+

 

 and CD8

 

+

 

 T cells were required for the effective
elimination of orthotopic bladder tumours after BCG treatment
[6]. While T lymphocytes were necessary for antitumour activity,
protective immunity to tumour associated antigens was not
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observed [6]. These data suggest that T lymphocytes reactive with
BCG antigens may be important in the antitumour response.

Indirect evidence supporting a role for immunity to BCG in
antitumour activity was obtained from peripheral blood lympho-
cytes (PBLs) of treated patients [9]. When exposed to BCG 

 

in
vitro

 

, patient PBLs expressing the markers CD8 and CD56 were
activated to mediate lysis of bladder tumour cells. Activation of
lytic activity required CD4

 

+

 

 T cells, antigen presenting cells, and
the production of both IFN-

 

g

 

 and IL2. These BCG activated killer
(BAK) cells were not lytic for the NK sensitive K562 cells [9,10].
In this regard studies on effector mechanisms of BCG-mediated
antitumour activity showed that natural killer (NK) cells were not
the primary effector cells [11]. Depletion of NK cells had no effect
on the BCG induced antitumour response.

Clinical data consistent with an important role for a BCG
directed T cell response have been reported. These studies
revealed a significant correlation between cutaneous DTH reac-
tivity to BCG antigens (purified protein derivative) and tumour
free status [12]. Furthermore, retrospective analysis of factors
associated with an effective clinical response showed a significant
correlation between tumour free status and prior exposure to
BCG [12]. Although only suggestive, these clinical data link BCG-
induced immunity to antitumour activity and suggest that clinical
antitumour responses are associated with a Th1 DTH response to
BCG antigens.

Immunohistochemical characterization of post-BCG biopsy
specimens and evaluation of the cytokines released in urine after
BCG therapy support a role for a Th1 response in BCG therapy
[13–18]. Granulomatous inflammation was observed in most blad-
der biopsy specimens evaluated after BCG treatment [12]. The
predominant T cell infiltrate in these biopsies was shown to be
cells expressing the CD4 marker [19]. Characterization of cell sur-
face markers on epithelial cells in post-BCG biopsies showed epi-
thelial cell expression of HLA-DR and ICAM [18]. Cytokines
including IFN-

 

g

 

 and IL2, which are consistent with a Th1
response, were observed in urine after BCG treatment [15–17].
Moreover, Th1 cytokines in urine specimens correlated with suc-
cessful BCG-mediated antitumour activity [16]. Taken together
these data suggest a link between DTH and BCG-induced anti-
tumour activity. In this study we tested the hypothesis that the
DTH response to BCG is important in BCG-mediated antitu-
mour activity.

 

MATERIALS AND METHODS

 

Bacteria

 

A lyophilized preparation of Pasteur Strain BCG was obtained
from Armand Frappier (Quebec, Canada) and diluted in phos-
phate buffered saline (0·1 

 

M

 

, PBS) to designated doses of CFU for
use in most experiments. A Pasteur strain of live BCG (MV261
BCG) that had been previously transfected with the kanamycin
resistance plasmid was used for induction of urinary cytokines
[20,21]. The latter was kept in log rate growth at 37

 

∞

 

C in 7H9 Mid-
dlebrook broth (Difco, Detroit, MI, USA) containing 0·5% BSA
and 0·05% Tween 80 (Sigma Chemicals, St. Louis, MO, USA)
under conditions of continuous shaking. Log phase cultures of
viable BCG were quantified using the absorbance at 600 nm
(1 A

 

600

 

 unit 

 

=

 

 2·5 

 

¥

 

 10

 

7

 

 CFU). Previous experiments had shown
that responses to this BCG were very similar to those obtained
using commercial lyophilized preparations.

 

Mice

 

Female C57BL/6 mice (6–8 weeks of age at the time of study ini-
tiation) were obtained from the National Cancer Institute. Mice
were allowed free access to food and water.

 

Treatment regimen

 

Mice were anaesthetized with Nembutal (intraperitoneal, 0·05 

 

m

 

g/
g animal weight). Anaesthetized mice underwent electrocautery
and BCG (10

 

7

 

 CFU) were instilled into the bladder via catheter in
a volume of 0·1 ml of PBS as previously described [22]. The
urethral openings were then temporarily ligated with 2–0 silk
suture and the mice anaesthetized as needed to ensure a two-hour
contact time of the BCG with the bladder epithelium. Bladders
were harvested at 2 h, 24 h, and 7 days after the first BCG-
instillation, and at 2 h and 24 h after each successive weekly
treatment through five weeks. Groups of 5 mice were treated
weekly in this manner for 5 weeks. Control groups were treated in
a similar manner but only 0·1 ml of PBS was instilled into the
bladder.

 

RNA isolation

 

Bladders were harvested, minced, and snap frozen in liquid nitro-
gen. The single-step method of RNA isolation by acid guanidin-
ium thiocyanate-phenol-chloroform extraction, described by
Chomczynski & Sacchi [23], was followed. Bladder tissue was
homogenized in a 1·5-ml of denaturing solution D (4 

 

M

 

 guanidin-
ium thiocyanate; 25 m

 

M

 

 sodium citrate, pH 7·0; 0·5% Sarcostyle;
and 0·1 

 

M

 

 2-mercaptoethanol). The solution was vortexed for 10 s
and cooled on ice for 10 min Supernatants were collected by cen-
trifuged in a microfuge at 10 000 r.p.m. at 4

 

∞

 

C for 2 min and phe-
nol-chloroform-isoamyl alcohol extracted three times. RNA was
precipitated at 4

 

∞

 

C. The pellet was washed in 100% ETOH and
resuspended on 0·2 ml water. RNA was stored at 

 

-

 

70

 

∞

 

C until
needed.

 

RT-PCR

 

The reverse transcriptase (RT) reaction was carried out as out-
lined by Watson & Milbrandt [24]. 0·5 

 

m

 

g RNA was added to
200 ng of oligo DT17 in 11 

 

m

 

l and heated at 68

 

∞

 

C for 5 min, then
cooled to 27

 

∞

 

C. The RT reaction mix consisted of 50 m

 

M

 

 Tris-HCl
(pH 8·3), 50 m

 

M

 

 KCl, 10 m

 

M

 

 MgCl

 

2

 

, 1 m

 

M

 

 DTT, 10 

 

m

 

g/ml BSA,
1 m

 

M

 

 dNTPs, 10 units RNAS, and 10 units AMV reverse tran-
scriptase in 20 

 

m

 

l total volume, and was added to the RNA DT17
solution. Reactions were carried out at 42

 

∞

 

C for 12 h. The RT
reaction was diluted fivefold with H

 

2

 

O and boiled for 5 min The
cDNA was stored at 

 

-

 

20

 

∞

 

C for subsequent PCR analysis. The
PCR reaction mixture contained 10 

 

m

 

l of 10

 

¥

 

 storage buffer A
(Promega Corporation, Madison, WI, USA), 2·5 units of Taq
DNA Polymerase (Promega), 200 

 

m

 

M

 

 dNTP, 1·5 m

 

M

 

 MgCl

 

2

 

, 1 

 

m

 

M

 

5

 

¢

 

 oligonucleotide primers, 1 

 

m

 

M

 

 3

 

¢

 

 oligonucleotide primers. Ali-
quots were denatured at 94

 

∞

 

C for 2 min, and amplified for 30
cycles in a DNA Thermocycler (Perkin-Elmer Corp., Norwalk,
CT). Each cycle consisted of denaturation at 94

 

∞

 

C for 1 minute,
annealing at 50

 

∞

 

C for 1 minute and extension at 72

 

∞

 

 for 1 minute.
The sequences of cytokine specific primer pairs, 5

 

¢

 

 and 3

 

¢

 

, were as
follows:

 

b

 

-actin: 5

 

¢

 

ATGGATGACGATATCGCT3

 

¢

 

5

 

¢

 

ATGAGGTAGTCTGTCAGGT3

 

¢

 

IL4: 5

 

¢

 

TAGTTGTCATCCTGCTCTT3

 

¢

 

5

 

¢

 

CTACGAGTAATCCATTTGC3

 

¢
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IL5: 5

 

¢

 

AGGATGCTTCTGCACTTGA3

 

¢

 

5

 

¢

 

ACACCAAGGAACTCTTGCA3

 

¢

 

IFN-

 

g

 

 : 5

 

¢

 

AACGCTACACACTGCATCT3

 

¢

 

5

 

¢

 

AGCTCATTGAATGCTTGG3

 

¢

 

TNF-

 

a

 

: 5

 

¢

 

CACAGAAAGCATGATCCGC3

 

¢

 

5

 

¢

 

GAGAACCTGGGAGTAGAC3A3

 

¢

 

PCR product analysis

 

Samples were analysed by Southern blotting. Gels were dena-
tured in 1·5 

 

M

 

 NaCl and 0·5 N NaOH for 45 min, then neutralized
in 1 

 

M

 

 TRIS and 1·5 

 

M

 

 NaCl (PH 7·4) for 45 min Southern Transfer
was carried out overnight (10–14 h) in a 20

 

¥

 

 SSC transfer buffer.
The nitrocellulose filter was washed in 6

 

¥

 

 SSC for 5 min and dried
for 30 min at 80

 

∞

 

C in a vacuum oven. Prehybridization was carried
out at 42

 

∞

 

C for 1–2 h in 6

 

¥

 

 SSPE, 10

 

¥

 

 Denhardt’s, 0·5% SDS,
100 

 

m

 

g of herring sperm DNA (Promega), and 50% formamide.
Hybridization was done overnight (10–14 h) with random primed
DNA 

 

a

 

-

 

32

 

P dCTP cytokine probes. Probed blots were washed
with 6

 

¥

 

 SSPE/0·1% SDS for 15 min twice at 22

 

∞

 

C, I

 

¥

 

 SSPE/0·5%
SDS for 15 min two times at 37

 

∞

 

C, and 0·1

 

¥

 

 SSPE/1·0% SDS for
30 min at 42

 

∞

 

C. Exposures at 

 

-

 

70

 

∞

 

C were then made and the auto-
radiographs developed.

 

Bladder tissue IL10 ELISA

 

Bladders were harvested 24 h after BCG treatment, weighed and
homogenized in PBS containing 0·1% Tween 20. The extract was
sonicated and centrifuged for 5 min at 13 000 g. Supernatants
were removed and measured for IL10 by an ELISA as previously
described [25]. Briefly, a 50% ammonium sulphate precipitate of
an ascetic preparation of anti-IL10 IgG1 capture antibody
(JES5·2A5, DNAX, Inc., Palo Alto, CA, USA) was prepared. The
antibody was diluted in carbonate buffer, pH 9·0, and added to
microtiter wells at a concentration of 5 

 

m

 

g/well and incubated at
4

 

∞

 

C overnight. Plates were washed with PBS (0·1 

 

M

 

, pH 7·0) con-
taining 0·1% Tween 20. Wells were blocked with PBS containing
1% bovine serum albumen (BSA) for 2 h at room temperature.
Plates were washed and bladder extracts and recombinant IL10
standards were added and incubated overnight at 4∞C. Plates
were washed and IL10 was detected with a biotinylated anti-IL10
(1·0 mg/ml, IgM, SXC-1; DNAX, Inc.). Wells were developed
with a 1 : 500 dilution of avidin-alkaline phosphatase (Sigma
Chemicals). Plates were read on an ELIAS plate reader at OD
405 nm.

Urine collection and urinary cytokine ELISA
Mouse urine was collected by placing mice in metabolic cages for
15 h after BCG treatment. Urine was collected in a recovery tube
containing 0·1 ml/mouse of a 10-fold urine stabilizer solution
(2 M Tris-HCl; pH 7·6, 5% BSA, 0·1% sodium azide, plus 1/2
COMPLETE protease inhibitor tablet (Roche Molecular Bio-
chemicals, Indianapolis, IN, USA)). Mouse produced an average
of 0·5–1·0 ml of urine/mouse during this time. After removed of
any solid debris, the urine was stored at -70∞C until batch ELISA
cytokine measurements were performed.

Human urine was collected from patients with superficial
bladder cancer in accordance with the approved institutional
review board guidelines. Urine was stabilized before freezing by
the addition of a 10-fold concentrated buffer containing 2 M Tris-
HCl (pH 7·6), 5% BSA, 0·1% sodium azide, and the following
protease inhibitors (Sigma): aprotinin, pepstatin, leupeptin at
0·01 mg/ml, and 4-(2-aminoethyl) benzenesulphonyl fluoride

(AEBSF) at 0·1 mg/ml. Samples were routinely stored at -70∞C
before batch analysis for cytokines by ELISA.

Paired mouse and human antibodies were obtained from
Endogen (Cambridge, MA, USA) for IFN-g and from PharMin-
gen (San Diego, CA, USA) for TNF-a and IL10. ELISAs were
performed in a sandwich format according to the manufacturer’s
instructions. Cytokine concentrations were calculated in standard
mass/volume format using standard curves derived from purified
recombinant cytokines.

Measurement of DTH in mouse footpads
Mice were immunized to BCG by subcutaneous injection of
1·0 mg heat killed BCG 7 days prior to testing. DTH was mea-
sured by injection of 5 mg PPD (Aventis Pasteur, Swift Water, PA,
USA) in the hind footpad. The opposite footpad was injected with
the PPD diluent, PBS and used as a control. Footpad thickness
was measured with a dial gauge caliper at the times indicated in
the figures. In experiments where anti-IL10 was administered,
anti-IL10 (JES5·2A5) treatment was initiated 2 days prior to chal-
lenge and continued throughout the experiment. JES5·2A5 was
injected intraperitoneally at a concentration of 200 mg/mouse.
Neutralization of IL10 was confirmed by ELISA.

Antitumour effects of BCG
Mice were immunized against BCG as described for the DTH
experiments above. Seven days later mice were anaesthetized,
catheterized and bladders were cauterized as described above.
Immediately after cautery 5 ¥ 104 MB49 bladder tumour cells
were instilled into the bladder as previously described [22,26].
Twenty-four hours later BCG (1 ¥ 106 or 1 ¥ 107 CFU) were
instilled into the bladder via a catheter. Mice were subsequently
treated at weekly intervals as described above. Two days prior to
tumour implantation anti-IL10 and isotype antibody control
treatment were initiated as described above for the determination
of the effects of anti-IL10 on DTH. Group size for all therapy
studies was 10 mice/group.

RESULTS

Cytokine induction by intravesical BCG administration
Initial experiments were performed to characterize the cytokine
profile induced by intravesical instillation of BCG in the bladders
of naive mice and mice immunized with either subcutaneous or
intravesical BCG. Bladders were removed at the time intervals
shown, snap frozen, and assessed for cytokine mRNA by RT-PCR
or proteins by ELISA. Both naive and immune mice expressed
equivalent levels of IL4 and IL5 mRNA (Fig. 1a). These data sug-
gest that both IL4 and IL5 are constitutively expressed in the
bladder of adult mice, and that neither were significantly modu-
lated by BCG. IFN-g, a major Th1 cytokine, was not observed in
naïve mice treated with diluent, but was present 24 h after BCG
treatment (Fig. 1b). In immune mice no IFN-g mRNA was
observed in the absence of BCG stimulation but consistent with
previous reports on contact sensitivity, IFN-g, was substantially
elevated at the both 2 and 24 h time points after BCG treatment
[27]. The expression of TNF-a was similar to that of IFN-g except
that TNF-a was observed in the absence of BCG stimulation in
immune mice (Fig. 1b). Consistently, urine of naïve mice showed
a gradually increased pattern of IFN-g following intravesical
BCG treatments (Fig. 2). Kinetic analysis of clinical patients’
voided urine collected after intravesical BCG therapy likewise
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Fig. 2. Urinary IFN-g production after intravesical BCG treatment in
mice. C57BL/6 mice were treated intravesically every other day with
2·5 ¥ 106 CFU/dose of MV261 BCG. After each treatment, urine was col-
lected and urinary IFN-g mass per mouse for the 15-h collection was
recorded. N = 2–4 mice per time point. Values represent the mean ± SD
from two independent determinations.
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Fig. 1. Semi-quantitative RT-PCR for cytokines in bladder tissue treated
with BCG. BCG (107 cfu) were instilled via catheter into the bladder and
retained for 2 h (see Materials and methods). Bladders were obtained 24
h later. RNA was isolated, reverse transcribed, and specific cytokine prim-
ers, as outlined in Materials and methods, were used for amplification. (a)
Analysis of Type II cytokine profiles in bladder tissue. (b) Analysis of Type
I cytokine profiles in bladder tissue. Bladders from 5 mice were combined
for RNA isolation. Each experiment was performed a minimum of 3 times.
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demonstrated a precedence of Th1 cytokine production (IFN-g,
IL2 and IL12) to cytokine production (IL10) often linked to a Th2
response (Fig. 3). This process was accelerated in patient number
2, who had previously been exposed to tuberculosis. A tendency
of a higher ratio of IFN-g versus IL10 was also observed for BCG
responders (Fig. 4). These data reveal that BCG immunization via
the bladder mucosa is consistent with activation of a Th1 response
as has been previously described for other immunization routes

[28]. Moreover, these data support the hypothesis that BCG-
induced DTH may be associated with antitumour activity as has
been previously implied by correlative clinical data [12].

Enhancement of DTH response to BCG by abrogating IL10
In order to evaluate the role of DTH in BCG-induced antitumour
activity, experiments were designed to determine the effects of
modulating DTH on the antitumour response. Previous studies
showed that IL10 is an important regulator of DTH [25]. Since the
patients’ urine cytokines suggest an inverse relationship between
IFN-g and IL10, abrogation of IL10 may provide an approach to
modulating BCG-induced DTH in the bladder. To test this
hypothesis, we initiated experiments to determine the effects of
IL10 neutralization on BCG-induced antitumour activity. First,
mice were treated with anti-IL10 neutralizing antibody (GES 2·4)
to determine whether BCG-induced IL10 could be neutralized in
bladder tissue. Mice were immunized with BCG and 7 days later
challenged with BCG intravesically. Two days prior to BCG chal-
lenge, mice were treated with anti-IL10 or control antibody [25].
Anti-IL10 treatment efficiently reduced IL10 to background lev-
els (Fig. 5). Next, we determined the effects of anti-IL10 on DTH
using the mouse footpad challenge model. Mice were immunized
with BCG and 7 days later challenged with 5 mg purified protein
derivative (PPD). The data show that treatment with anti-IL10
significantly prolonged the DTH response to PPD as measured by
footpad swelling (Fig. 6a). Similar studies also were performed in
genetically modified mice lacking IL10 (IL10–/–). As expected, the
DTH response in the IL10 null mice was enhanced (Fig. 6b). In
the IL10–/– mice both the degree of footpad swelling and the dura-
tion of the response were increased. Histological assessment of
footpads showed mononuclear infiltration consistent with DTH
as previously described (data not shown) [25].
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Fig. 4. Urinary cytokine results for two 12-h collections per patient after
the final (�,�) or next to final (�,▲) BCG instillations. Fourteen patients
were complete clinical responders (�,▲) and eight failed BCG with recur-
rent disease within 12 months of completing treatment (�,�).
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Fig. 3. Urinary cytokine production in two representative bladder cancer
patients during induction course of intravesical BCG therapy. Patients
were treated with BCG once a week (8 treatments for patient 1 and 6
treatments for patient 2), and urine was collected for the first 12 h after
each BCG treatment and assayed for cytokines IFN-g (�), IL12 (�), IL2
(�) and IL10 (�).
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Further studies were performed to determine whether IL10
modulated DTH in the bladder after BCG treatment. DTH was
monitored by histological assessment of mononuclear infiltration
24 h after treatment in naive and BCG immune mice. Inflamma-
tion was compared in mice receiving BCG after subcutaneous
immunization 7 days before challenge or after 5 weekly treat-
ments. The data show a strong DTH response in mice immune to
BCG, with the inflammation in IL10–/– mice extending into the
muscle and perivesical fat (Table 1, Fig. 7). Minimal to no inflam-
mation was observed in diluent-treated bladder specimens or
bladder specimens from naive normal or IL10 null mice treated
with BCG (Table 1, Fig. 7). Inflammation was similar in bladder
specimens from mice immunized subcutaneously and challenged

by a single BCG instillation 7 days later and mice receiving
5 weekly instillations of BCG.

Enhancement of BCG antitumour activity by enhancing 
DTH response
The above studies showed that the elimination of IL10 resulted in
an enhancement of the DTH response to BCG in both the blad-
der and footpad. If the DTH response to BCG is linked to ther-
apeutic outcome, the enhanced DTH response in IL10 null mice
should also result in improved antitumour activity. Thus, we
sought to test the effects of IL10 depletion on BCG-induced anti-
tumour activity in an orthotopic bladder cancer model. Dose–
response studies were first performed to assess the effect of BCG
dose on the induction of antitumour activity. The data shown in
Fig. 8 represent mean values of 4 independent experiments. The
optimal antitumour activity is achieved at a BCG dose of 107

CFU. BCG administered at CFU levels of 106 consistently showed
depression of tumour growth but statistically significant inhibition

Fig. 5. Neutralization of bladder IL10 after BCG treatment. Mice were
treated with anti-IL10 or control antibody 48 h prior to BCG instillation.
Twenty-four hours after BCG treatment, bladders were collected, weighed
and homogenized. The extract was assayed for IL10. Three mice were
assayed in each group. The experiment was performed twice. � Diluent,

 BCG,   Isotype control, � Anti-IL 10.

3

2

1

0

IL
10

 c
on

ce
nt

ra
tio

n 
(m

g/
m

l/m
g 

¥ 
10

3 )



Role of DTH in BCG-induced antitumour immunity 211

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 131:206–216

Fig. 6. Effect of IL10 on delayed type hypersensitivity (DTH). Mice were
immunized with BCG 7 days prior to challenge. (a) Effect of anti-IL10 on
DTH. Anti-IL10 treatment was initiated 2 days before footpad challenge
with 5 mg purified protein derivative (PPD); � Untreated, � Isotype con-
trol, � Anti-IL10. (b) DTH response in IL10–/– mice. Each group contained
3 mice and each experiment was performed at least twice. Data are
reported as the mean of 3 mice from a representative experiment. �

Heterozygote, � IL10 knockout.
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of tumour growth in individual experiments was observed in 2/4
of the studies, indicating a consistent but intermediate effect at
the 106 BCG dose. To assess the effect of DTH on BCG-induced
antitumour activity, studies were performed on normal and IL10

deficient mice at a BCG dose of 106 CFU, where differences in
efficacy could be detected (Fig. 9).

Initially, mice were treated with anti-IL10 as described for the
cytokine data generated in Fig. 5. Administration of anti-IL10 sig-
nificantly (P = 0·0167, Pearson’s c2) enhanced the antitumour
activity of BCG when compared to the isotype control group
(Fig. 9a). To confirm the effects of IL10 on antitumour activity,
similar experiments were performed on IL10 null mice (Fig. 9b).
These data also show enhanced antitumour activity in IL10–/– mice
treated with BCG, where 90% of mice were tumour free in both
experiments compared with 60–70% tumour free status for het-
erozygotes. While the differences were consistent, statistical sig-
nificance was approached but not achieved (P = 0·0583, Pearson’s
c2). Taken together with the DTH data, these results link the
intensity of the DTH response to BCG-induced antitumour
activity.

DISCUSSION

BCG therapy is the treatment of choice for superficial bladder
cancer. BCG has been demonstrated in prospective randomized
trials to be superior to chemotherapy treatments with thiotepa,
doxorubicin, and in some reports mitomycin C [29–31]. Using cur-
rent treatment standards, approximately 70% of patients treated
with BCG are classified as complete responders [32–35]. Prelim-
inary studies with modified treatment regimens increase the com-
plete response rate to approximately 85% [36]. Because of the
clinical utility of BCG for bladder cancer, we have pursued stud-
ies to characterize the mechanisms by which BCG mediate anti-
tumour activity.

It is clear from previous reports that effective BCG-induced
antitumour activity is immunologically mediated [1,7]. Studies in
diverse animal models established a requirement for T cell immu-
nity in BCG-mediated antitumour activity [6,8]. Studies in blad-
der tumour models showed that BCG therapy was not effective in
athymic nude mice or mice depleted of either CD4 or CD8 T cells
[6,8]. Although T lymphocytes were required for expression of an
antitumour response, neither tumour specific cytotoxic T lympho-
cytes nor protection against a secondary tumour challenge were
observed. These data suggest that the T cell response required for
effective BCG-induced antitumour activity is directed toward
BCG and not tumour associated antigens. This hypothesis is sup-
ported by studies in animal models and by correlative data from
clinical investigations [6,37].

Table 1. Bladder inflammation induced by BCG treatment in normal C57BL/6 and IL10–/– mice*

Normal C57BL/6 Mice IL10–/– Mice

Sequential intravesical 
BCG† Single intravesical BCG‡

Sequential intravesical 
BCG† Single intravesical BCG‡

Treatment Naive Immune Naive Immune Naive Immune Naive Immune

PBS 0 0 0 0 + + 0 +
BCG NT + + + + + NT + + + + + + +

*Scoring system: 0 no inflammation, + mild inflammation, + + moderate inflammation, + + + severe mononuclear inflammation. †Mice were treated
weekly for 5 weeks with 107 CFU BCG or PBS. Sequential treatment with BCG primes mice; thus BCG treatment of naive mice after the 5th treatment
was not tested (NT). ‡Mice were immunized with BCG 7 days prior to intravesical treatment.
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In animal studies it was observed that the elimination of
tumour cells through a BCG-induced DTH response was inde-
pendent of the development of tumour specific protective immu-
nity [6]. These investigators concluded that the DTH response
resulted in the activation of macrophages, which were responsible
for the clearance of tumour cells at the site of BCG injection [38].

Consistent with the observations in animal models, previous clin-
ical studies reported an association between BCG-induced DTH
and patient tumour free status. Kelley et al. [12] observed a sig-
nificant correlation between cutaneous skin test reactivity to puri-
fied protein derivative (PPD) and a tumour free response. In
addition to the skin test data, histological characterization of

Fig. 7. Histological evaluation of delayed type hypersensitivity (DTH) response in bladders of C57BL/6 and IL10–/– mice. Mice were
immunized 7 days before challenge with BCG or diluent. Two mice were evaluated in each group. Representative histology is reported for
each group. Bladders were removed 24 h after treatment. See also, Table 1. (a) BCG immune C57BL/6 mice treated with PBS (magnification
¥10); (b) 20¥ magnification of (a); (c) BCG immune C57BL/6 mice treated with BCG (magnification ¥10); (d) 20¥ magnification of (c);
(e) BCG immune IL10–/– mice treated with PBS (magnification ¥10); (f) 20¥ magnification of (e); (g) BCG immune IL10–/– mice treated
with BCG (magnification ¥10); (h) 20¥ magnification of (g).
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Fig. 9. Effect of neutralization of IL10 on BCG-induced antitumour activ-
ity. (a) Effect of anti-IL10 in normal mice. Data are reported as mean of
3 separate experiments (10 mice/group/experiment; total of 30 mice/group
evaluated). � PBS, � BCG,  Anti-IL 10,  Isotype control. Statistics
(Pearson’s c2): BCG versus PBS, P = 0·0019; Isotype control versus PBS,
P = 0·0097; Anti-IL10 versus PBS, P < 0·0001; Anti-IL10 versus BCG, P =
0·0528; Anti-IL10 versus Isotype Control, P = 0·0146; Anti-IL10 versus
BCG + Isotype Control, P = 0·0167; BCG versus Isotype control, not
significant (P = 5839). (b) Data are reported as averages of 2 separate
experiments (10 mice/group/experiment). Statistics (Pearson’s c2):
Heterozygote, BCG versus PBS, P = 0·0015; IL10–/–, BCG versus PBS,
P < 0·0001; BCG heterozygote versus BCG IL10–/–, P = 0·0583.
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Fig. 8. Dose dependent inhibition of orthotopic bladder tumour growth
by intravesical BCG treatment. Data are reported as mean tumour out-
growth from 4 separate experiments. Each experiment used 10 mice/group
(total of 40 mice evaluated in each group). � PBS,  105 cfu,  106 cfu, �
107 cfu. Statistics, c2: PBS versus 105 cfu, not significant (P = 0·5536); PBS
versus 106 cfu, P = 0·0015; PBS versus 107 cfu, P < 0·0001; 106 versus 107

cfu, P = 0·001.
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biopsy specimens from BCG treated patients showed the pres-
ence of granulomatous inflammation in the majority of specimens.
Again, a significant association between BCG-induced granuloma
and tumour free status was observed. Furthermore, Luftenegger
et al. [39] showed a significantly improved tumour free response in
BCG treated patients who were PPD positive at the time of ini-
tiation of BCG treatment.

In our initial studies we wished to establish the character of
the immune response induced by BCG via the intravesical route.
Previous studies have shown that immunization by different
routes generate diverse effector responses [27,40]. Moreover, it is
known that mycobacteria can induce both Th1 and Th2
responses[16,41]. Although immune induction by BCG adminis-
tration via other mucosal routes including oral, nasal, and rectal
has been reported, evaluation of the responses induced after
introduction of BCG through the bladder mucosa have not been
defined. Our data show that intravesical instillation of BCG pref-
erentially induces a Th1 response. Instillation of BCG into the
bladder efficiently induced IFN-g production in both naive and
BCG immune mice. Consistently, in the treatment of clinical
patients intravesical BCG favours Th1 cytokine induction (IFN-g,
IL2 and IL12) that precedes Th2 cytokine induction (IL10). A
higher ratio of urinary IFN-g versus IL10 for BCG responders was
also observed. IL4, a Th2 cytokine, was not modulated by BCG
stimulation, since this cytokine was observed in naive mice both
with and without BCG stimulation. It has also not been observed
in urine specimens obtained from BCG treated patients (our
unpublished observations).

Clinical studies of others also demonstrated Th1 cytokine
induction by BCG [13,15,17,18]. These studies confirmed the pres-
ence of IFN-g in post-BCG treatment urine samples and also
showed the expression of the activation markers HLA DR and
ICAM on epithelial cells [18]. Similar to our observations, Haaff
et al. [42] observed increased levels of urine IL2 after BCG ther-
apy. They observed that IL2 appeared in the urine 4–6 h after
BCG treatment beginning with treatment 3–5, which is an expres-
sion pattern consistent with immune activation. Although not sta-
tistically significant, IL2 production correlated with tumour free

status. De Reijke et al. [13] reported similar findings. Thus, the
data reported herein from the murine orthotopic bladder tumour
model are comparable with the cytokine profiles induced by BCG
in clinical specimens. These data show that the Th1 environment
previously suggested to be important to BCG-induced antitu-
mour activity is present in the bladder after BCG treatment.

Consistent with our observations, studies assessing the
immune response to BCG show that protective immunity for
mycobacteria is characterized by the development of a Th1-driven
DTH response [43]. A report by Appelberg et al. [44] using IFN-
g knockout mice demonstrated the requirement for IFN-g in the
control of mycobacterial infections. While IFN-g is known to be
necessary component in the antimycobacterial response, it is not
sufficient for the complete elimination of the bacteria. Bloom et
al. [45] provided strong support for a role for CD8+ T cells in
immunity to mycobacteria by showing that mycobacterial infec-
tions were rapidly lethal in animals lacking CD8+ cells. These data
demonstrate the requirement for both CD4+ and CD8+ T cells in
mycobacterial immunity as was shown for tumour therapy [6].
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In order to determine whether BCG-induced DTH is linked
to antitumour activity, we utilized the regulatory effects of IL10 to
modulate DTH as previously described [25]. Our data show that
abrogation of IL10 activity, either by antibody neutralization or
by the use of IL10 null mice, resulted in an enhancement of BCG-
induced DTH. Enhanced DTH resulted in substantially increased
mononuclear infiltration into BCG-treated bladder specimens.
Utilizing the modulatory effects of IL10, we assessed the effects
of enhanced BCG-induced DTH on antitumour activity. These
studies showed that BCG induced significantly greater antitu-
mour activity under conditions in which the DTH response was
enhanced. These data provide direct evidence linking BCG-
induced DTH to antitumour activity; however, the effector mech-
anism(s) remain to be elucidated.

The association between BCG-induced DTH and antitumour
activity suggests that the antitumour response is a consequence of
the anti-BCG response and further suggests that immune media-
tors produced by the response either directly or indirectly partic-
ipate in antitumour activity. These observations are consistent
with conclusions from previous studies that developed efficacy
criteria for successful BCG therapy. They can be summarized as a
requirement for an intact immune response, contact between
BCG and the tumour, and the presence of a limited tumour bur-
den [46]. Furthermore, the data are consistent with observations
in other models in which IL10 modulation of Th1-driven autoim-
mune disease and antigen induced inflammatory diseases was
observed [47,48].

The question remains as to the actual effector event or events.
Since tumour and BCG must be in close association, cytokines
released as byproducts of the immune response to BCG may
either inhibit tumour proliferation or have direct cytotoxic effects
on the tumour cells. Two candidate cytokines, IFN-g and TNF-a,
were identified in our studies as being expressed during BCG
treatment. These cytokines have been consistently observed dur-
ing BCG treatment and have been shown in a melanoma model to
function in concert to inhibit tumour cell proliferation [49]. We
have previously reported on the effects of these cytokines on
bladder tumour proliferation for the MBT2 bladder tumour
model [50]. In this study, we extended our observations to MB49
bladder tumour cells. Similarly, both IFN-g and TNF-a, either as
single agents or in combination, were reported to inhibit MB49
cell growth when the cytokine concentrations usually found in
urine collected after BCG treatment were used.

These data suggest that the DTH response to BCG act indi-
rectly through either BCG antigen recognition or activation of
nonspecific lytic mechanisms. Previous studies have shown that
bladder tumour cells express class II and can act as antigen pre-
senting cells to CD4+ T cells [51,52]. Jakobson et al. [53] showed
that CD4+ Th1 cells were capable of killing bladder tumour cells
via fas dependent mechanisms. These investigators and others
showed that MHC and other cell surface markers including fas
were up-regulated by IFN-g. In addition, studies by ourselves and
others have shown that both IFN-g and TNF-a enhanced the sus-
ceptibility of MB49 to fas mediated killing suggesting an impor-
tant role for these cytokines [54,55]. Whether fas mediated killing
of bladder tumour cells is associated with the antitumour
response in vivo remains to be established.

An alternate cellular mechanism is the activation of nonspe-
cific killer cells by the cytokines produced in response to BCG. It
is clear from previous studies that macrophages and natural killer
(NK) cells can be activated by Th1 cytokines. Previous studies by

Ratliff and associates [11] using the MBT2 bladder cancer model
demonstrated that NK cells are not the primary killer cells in
BCG therapy. These investigators showed that the depletion of
NK cells had no effect on BCG induced antitumour activity. In
this regard, Bohle et al. demonstrated that a human CD8+, CD56+

T cell could be activated by BCG to mediate lysis of bladder
tumour cells. The cells were termed BCG activated killer cells
(BAK) and were shown to require IFN-g, IL2 and IL12 for acti-
vation [9,10]. Interestingly, activation of BAK cell activity did not
result in enhanced cytolysis of NK sensitive target cells. The par-
ticipation of cells with these cell surface markers would be con-
sistent with the data described above but direct evidence is
needed to link BAK activity to BCG-mediated antitumour
activity.

In conclusion, we show a direct link between BCG-induced
DTH and the expression of antitumour activity in a bladder
tumour model. The data further implicate IL10 as an important
modulator of immune mediated events in vivo and suggest efforts
to down-modulate this inhibitory cytokine may be of therapeutic
value.
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