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Summary

Effective treatment of bladder cancer with bacillus Calmette–Guérin (BCG)
depends on the induction of a T helper type (Th) 1 immune response. Inter-
leukin (IL)-10 down-regulates the Th1 response and is associated with BCG
failure. In this study, we investigated whether blocking IL-10 signalling could
enhance the BCG-induced Th1 response and anti-tumour immunity in a
murine orthotopic tumour model. Treatment with BCG and anti-IL-10
receptor 1 monoclonal antibody (anti-IL-10R1 mAb) increased the inter-
feron (IFN)-γ to IL-10 ratio in both splenocyte cultures and urine. Mice
bearing luciferase-expressing MB49 (MB49-Luc) tumours were treated and
followed for tumour growth by bioluminescent imaging, bladder weight and
histology. Mice treated with phosphate-buffered saline (PBS) (group 1), BCG
plus control immunoglobulin (Ig)G1 (group 2) or BCG plus anti-IL-10R1
mAb (group 3) showed 0, 6 and 22% tumour regression, respectively. The
mean bladder weight of group 3 mice was substantially lower than those of
groups 1 and 2 mice. Remarkably, 36% of group 1 and 53% of group 2 mice
but no group 3 mice developed lung metastasis (P = 0·02). To investigate the
mechanisms underlying the effect of combination therapy, splenocytes were
stimulated with S12 peptide (serine mutation at codon 12 of the K-ras onco-
gene) known to be expressed in MB49-Luc cells. Induction of ras mutation-
specific IFN-γ and cytotoxicity was observed in mice treated with
combination therapy. These observations indicate that BCG, in combination
with anti-IL-10R1 mAb, induces enhanced anti-tumour immunity that is
protective against lung metastasis. Anti-IL-10R1 mAb demonstrates systemic
effects and may prove useful in clinical practice for treating bladder cancer in
high-risk patients.
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Introduction

Bladder cancer is a common malignant disease dominated
by a T helper type (Th) 2 polarized immune response [1].
Intravesical instillation of bacillus Calmette–Guérin (BCG)
is currently a standard therapy employed for non-muscle
invasive bladder cancer (NMIBC) after transurethral resec-
tion to prevent recurrence and progression of the disease
[2]. BCG is also the treatment of choice for carcinoma in
situ (CIS). BCG therapy can shift the Th2 environment
towards a Th1 milieu, leading to effective anti-bladder
cancer immunity in the majority of patients. BCG therapy

typically results in 55–65% effectiveness against small
residual tumours and a 70–75% complete response rate for
CIS [3–5]. However, BCG therapy is associated with
40–50% disease recurrence and a lack of therapeutic
response in some patients [6]. Moreover, BCG therapy is
ineffective for invasive and metastatic bladder cancer. Fur-
thermore, up to 90% of patients experience various side
effects and occasionally even life-threatening complications,
such as sepsis [6,7]. Therefore, the effort to improve BCG in
both efficacy and safety is greatly needed.

Orthotopic implantation of bladder cancer cells in
syngeneic immunocompetent animals has been used widely
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as a model in BCG therapeutic studies. The MB49 cell line
was derived from carcinogen-induced male C57BL/6
bladder epithelial cells [8] and replicates human urothelial
carcinoma cell lines in many molecular and phenotypical
responses to BCG in vitro [9]. The MB49 orthotopic
tumour model also resembles the key features of human
bladder cancer, including proliferation within luminal epi-
thelium, invasion into muscle and metastasis to draining
lymph nodes and remote organs such as lung [10–12]. Like
human bladder cancer, MB49 tumour is dominated by a
Th2 immune response. It has been reported that interleukin
(IL)-10, a major Th2 cytokine, inhibits the generation of a
tumour-specific Th1 immunity and dendritic cell-induced
T cell responses at the tumour site [13,14]. To support the
Th2 dominance, studies have demonstrated that MB49
tumour, despite its expression of the male minor histocom-
patibility (HY) antigen [13,14], failed to elicit an
HY-specific immune response in normal female mice [13].
However, when implanted in female mice genetically defi-
cient in IL-10 (IL-10–/–), MB49 tumour primed for a
HY-specific immune response, resulting in prolonged sur-
vival and increased tumour rejection [13]. These observa-
tions suggested that blocking IL-10 could overcome the
tumour Th2 dominance and enhance BCG treatment for
bladder cancer.

It has been known that IL-10 plays an inhibitory role in
bladder cancer immunosurveillance and intravesical BCG
efficacy [15,16]. The development of a dominant Th1
cytokine profile [e.g. interferon (IFN)-γ] has been associated
with the therapeutic effect of BCG, whereas the presence of
high levels of Th2 cytokines (e.g. IL-10) have been linked
with BCG therapy failure [17]. A tendency towards higher
ratios of IFN-γ versus IL-10 has been observed for BCG
responders [17,18]. Consistently, animal model studies have
also demonstrated that IFN-γ but not IL-10 was required for
local tumour surveillance and that IL-10 affected the thera-
peutic effect of intravesical BCG [19]. We previously showed
enhanced BCG-induced anti-bladder cancer immunity in
IL-10–/– mice or mice with IL-10 neutralization [17]. We
recently also demonstrated that blocking IL-10 at the recep-
tor level by anti-IL-10 receptor 1 monoclonal antibody (anti-
IL-10R1 mAb) enhanced BCG (a Pasteur strain of live BCG)-
induced Th1 immune responses and anti-bladder cancer
immunity in MB49-Luc orthotopic tumour model [10]. In
this study we further tested a reduced dose of BCG, a clini-
cally used lyophilized preparation of Tice BCG strain, in
combination with anti-IL-10R1 mAb for treating bladder
cancer in the MB49-Luc orthotopic tumour model. We have
observed that the combination therapy induced enhanced
anti-bladder cancer immunity and effectively prevented
bladder cancer metastasis to the lung. An additional mecha-
nistic study revealed that the anti-tumour effect of combina-
tion therapy was associated with the induction of ras
mutation-specific immune responses such as cytotoxic T
lymphocyte (CTL) activity.

Materials and methods

Animals

C57BL/6 female mice, 6–8 weeks old (National Cancer
Institute, Frederick, MD, USA), were used. All animals were
given free access to water and food throughout the duration
of the study. All aspects of the study were approved by the
University of Iowa Animal Care and Use Committee.

Bladder cancer cell line

The previously described luciferase-expressing bladder
cancer cell line MB49-Luc was used [10]. Cells were cul-
tured in RPMI-1640 medium containing 10% fetal bovine
serum (FBS), 100 U/ml penicillin, 100 μg/ml streptomycin
and 800 μg/ml G418 (Invitrogen, Carlsbad, CA, USA) at
37°C in a humidified 5% CO2 incubator.

BCG

A lyophilized preparation of Tice BCG was obtained from
Organon (West Orange, NJ, USA) and diluted in
phosphate-buffered saline (PBS) to designated doses of
colony-forming units (CFU) for use in experiments. Each
vial contained 50 mg of lyophilized Tice BCG with
1–8 × 108 CFU. The same lot of BCG preparation was used.
The full-strength BCG reflected at least 5 × 106 CFU of Tice
BCG.

Splenocyte cytokine production and enzyme-linked
immunosorbent assay (ELISA) analysis

Splenocytes were prepared as described previously [20].
Cells were resuspended in RPMI-1640 medium supple-
mented with 10% FBS and seeded in 96-well plates at a
density of 8 × 105 cells per 200 μl per well. Cells were cul-
tured in the indicated concentrations of phorbol myristate
acetate (PMA)/ionomycin (Sigma, St Louis, MO, USA),
BCG, rat immunoglobulin (Ig)G1 (Bio X Cell, West
Lebanon, NH, USA), BCG with rat IgG1, anti-IL-10R1 mAb
(Bio X Cell; rat IgG1 isotype) or various combinations of
BCG with anti-IL-10R1 mAb at 37°C in a humidified 5%
CO2 incubator. After 24 h of incubation medium was har-
vested for ELISA analysis of IFN-γ and IL-10 production.
Paired capture and detecting antibodies were used for IFN-γ
(Endogen, Woburn, MA, USA; clones R4·6.A2 and
XMG1·2) and IL-10 (BD PharMingen, San Diego, CA, USA;
clones JES5-2A5 and SXC-1). The concentrations of
cytokines were calculated utilizing standard mass/volume
format with standard curve derived from purified recombi-
nant (r) IFN-γ (BD PharMingen) or rIL-10 (Genzyme,
Cambridge, MA, USA).
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Bladder immune response and analysis

Groups of five mice were treated intravesically (i.b.) and
intraperitoneally (i.p.) with PBS, i.b. BCG (full-strength)
plus intraperitoneal (i.p.) rat IgG1 (200 μg) or i.b. BCG
(one-ninth, one-third and full-strength) plus i.p. anti-IL-
10R1 mAb (200 μg) biweekly for a total of four treatments.
The i.b. administration was performed via urethral cath-
eterization into the bladders of anaesthetized mice with a
24-gauge IV catheter for a dwell time of 1 h, as described
previously [10]. After the last treatment mice were placed in
metabolic cages for 20-h urine collection, followed by
ELISA analysis of urinary IFN-γ and IL-10, as described
above and previously [10].

Tumour implantation and treatment

As described previously [10], mice (n = 60) were anaesthe-
tized and the bladders catheterized. The bladders were then
traumatized with 5 μl of 0·2 M silver nitrate, rinsed with
PBS and instilled with a 50 μl cell suspension of 1 × 106

MB49-Luc cells mixed in 50% normal mouse serum. Mice
were left undisturbed for 1 h, randomized into three groups
(n = 20) and injected i.p. with PBS, rat IgG1 (200 μg) or
anti-IL-10R1 mAb (200 μg). Beginning on day 1, mice were
treated with i.b and i.p. PBS for group 1, i.b. BCG (one-
third strength) plus i.p. rat IgG1 (200 μg) for group 2, and
i.b. BCG (one-third strength) plus i.p. anti-IL-10R1 mAb
(200 μg) for group 3 biweekly for a total of six treatments.
Bioluminescence was utilized as a marker for tumour. Mice
were imaged weekly using the Xenogen IVIS 200 imaging
system after i.p. injection of 1·5 mg luciferin (Xenogen,
Alameda, CA, USA). A cut-off of 5 × 104 p/s on imaging was
used to establish the presence of bladder tumour. Mice were
followed for 76 days. Post-mortem bladders were weighed
and processed for histological haematoxylin and eosin
(H&E) staining. The lungs were also collected and pro-
cessed for histological analysis to verify the metastatic
tumours detected by bioluminescent imaging.

Mechanistic study

Groups of five mice were instilled i.b. with 1 × 106 MB49-
Luc cells and treated i.p. with PBS, rat IgG1 (200 μg) or
anti-IL-10R1 mAb (200 μg), as described above. Beginning
on day 1, mice were treated with i.b and i.p. PBS for group
1, i.b. PBS plus i.p. anti-IL-10R1 mAb (200 μg) for group 2,
i.b. BCG (one-third strength) plus i.p. rat IgG1 (200 μg) for
group 3 and i.b. BCG (one-third strength) plus i.p. anti-IL-
10R1 mAb (200 μg) for group 4 biweekly for a total of six
treatments. Mice were killed for analysis on day 21. The
spleens were collected from mice bearing bladder tumours
(n = 3–5) verified by bioluminescent imaging and bladder
weight. As described previously [21], splenocytes were pre-

pared, pooled and cultured in the presence of 100 μg/ml
S12 peptide (residues 5–17 with mutated serine at codon 12
of the K-ras oncogene) or 100 μg/ml G12 peptide (residues
5–17 with wild-type glycine at codon 12 of the K-ras onco-
gene) for 3 days, followed by ELISA (R&D Systems, Minne-
apolis, MN, USA) analysis of IFN-γ production in culture
supernatants. In a parallel experiment, splenocytes were
stimulated with S12 or G12 peptide (100 μg/ml) for 5 days.
T cells were then isolated using a T Cell Enrichment
Column (R&D Systems) and used as effector cells in a
cytotoxicity assay against MB49-Luc target cells. Cells
were incubated at 6·25:1, 12·5:1, 25:1, 50:1 and 100:1 of
effector : target (E : T) ratios for 4 h, followed by analysis of
cell lysis using a CytoTox 96TM Non-Radioactive
Cytotoxicity Assay kit (Promega, Madison, WI, USA),
according to the manufacturer’s instructions.

Statistical analysis

Fisher’s exact test was used to compare differences among
the groups for metastasis. Pairwise group comparisons were
performed with P-values adjusted for multiple tests by
Bonferroni’s method. The Kruskal–Wallis test was used to
compare bladder weight among the groups, with P-values
again adjusted for multiple tests by Bonferroni’s method.
Log-rank test and Kaplan–Meier curves were used to
compare survival among the groups. Student’s t-test was
used to compare IFN-γ and IL-10 levels in splenocyte cul-
tures and urine as well as cytotoxicity among the groups. A
P-value of < 0·05 was considered statistically significant.

Results

Treatment with anti-IL-10R1 mAb and BCG increases
the IFN-γ to IL-10 ratio both in vitro and in vivo

To evaluate the effect of anti-IL-10R1 mAb on BCG induc-
tion of Th1 immune responses in vitro, we incubated
splenocytes with BCG, control rat IgG1, anti-IL-10R1 mAb
or BCG in combination with rat IgG1 or anti-IL-10R1 mAb
at the indicated concentrations for 24 h, and then analysed
IFN-γ and IL-10 production in culture supernatants by
ELISA (Fig. 1). Splenocytes without treatment provided
baseline levels of the cytokines. Splenocytes incubated with
PMA/ionomycin served as positive controls. BCG alone or
with rat IgG1 induced both IFN-γ and IL-10 at similar
levels. Splenocytes incubated with rat IgG1 or anti-IL-10R1
mAb alone produced no or a marginal level of the
cytokines. Remarkably, when incubated with BCG plus
anti-IL-10R1 mAb, splenocytes produced significantly
increased IFN-γ by 1·7–5·8-fold in a dose-dependent
manner (Fig. 1, top). Interestingly, the same splenocytes
also produced significantly increased IL-10 but in a reversed
dose-dependent manner (Fig. 1, bottom).
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To investigate whether anti-IL-10R1 mAb could also
affect BCG induction of Th1 immune responses in the
bladder, we treated mice biweekly with PBS, BCG (full-
strength) plus control rat IgG1 or BCG (one-ninth, one-
third and full-strength) plus anti-IL-10R1 mAb. Treatment

with anti-IL-10R1 mAb alone was not included, due to its
lack of the induction of urinary cytokines based on a pre-
liminary experiment. After four treatments, urine was col-
lected and analysed for IFN-γ and IL-10 production by
ELISA (Fig. 2). Under the experimental setting, BCG plus
rat IgG1 induced no urinary IFN-γ. However, BCG plus
anti-IL-10R1 mAb induced significantly increased urinary
IFN-γ by 1·7–3·3-fold (Fig. 2, left). Interestingly, the one-
third strength BCG induced the same level of urinary IFN-γ
as the full-strength BCG. In contrast to urinary IFN-γ, mice
treated with BCG plus rat IgG1 produced IL-10 in the urine
(Fig. 2, right). However, BCG plus anti-IL-10R1 mAb
induced only a marginally increased level of urinary IL-10
(1·1–1·6-fold) compared to BCG plus rat IgG1. These
observations indicate that BCG in combination with anti-
IL-10R1 mAb can increase the IFN-γ : IL-10 ratio, favouring
Th1 immune responses.

Treatment with anti-IL-10R1 mAb and BCG induces
enhanced anti-bladder cancer immunity and
prevents lung metastases in a MB49-Luc orthotopic
tumour model

We used our previously described MB49-Luc orthotopic
tumour model to evaluate the effect of anti-IL-10R1 mAb
on BCG treatment for bladder cancer [10]. To minimize the
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Fig. 1. Treatment with increasing doses of anti-interleukin (IL)-10R1

monoclonal antibody (mAb) and bacillus Calmette–Guérin (BCG)

increases the interferon (IFN)-γ : IL-10 ratio in cultured splenocytes.

Mouse splenocytes were prepared and incubated with BCG

[2·5 × 105 colony-forming units (CFU)/ml], control rat

immunoglobulin (Ig)G1 (4 μg/ml), BCG (2·5 × 105 CFU/ml) with rat

IgG1 (4 μg/ml), anti-IL-10R1 mAb (4 μg/ml) or BCG

(2·5 × 105 CFU/ml) with anti-IL-10R1 mAb at twofold escalating

dosages ranging from 0·125 to 4 μg/ml for 24 h. Cells incubated with

phorbol myristate acetate (PMA) (100 ng/ml)/ionomycin

(1500 ng/ml) served as positive controls, whereas cells without

treatment served as baseline levels. IFN-γ (top) and IL-10 (bottom)

production in the conditioned culture supernatants were evaluated by

enzyme-linked immunosorbent assay (ELISA) and shown as

mean ± standard deviation (s.d.) of duplicate determinants. Numerical

values indicate the fold changes with respect to the levels of IFN-γ and

IL-10 produced in response to BCG alone. The results are

representative of two separate experiments. *Significantly changed

compared to BCG-treated splenocyte cultures.
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side effects, we used a reduced BCG dose (one-third
strength). Of three randomized groups of 20 mice, 11, 17
and nine mice developed tumours, respectively. Mice were
treated biweekly with PBS for group 1, BCG plus control rat
IgG1 for group 2 or BCG plus anti-IL-10R1 mAb for group
3 for a total of six treatments. Treatment with anti-IL-10R1
mAb alone was not included due to its lack of inhibition on
MB49-Luc tumour growth based on a preliminary experi-
ment. Mice were monitored weekly by bioluminescent
imaging and followed for 76 days. Groups 1, 2 and 3 mice
showed 0% (none of 11), 6% (one of 17) and 22% (two of
nine) tumour regression, respectively (Table 1). The mean
bladder weights were 773 ± 484 mg for group 1,
862 ± 563 mg for group 2 and 459 ± 418 mg for group 3
(Fig. 3). However, both tumour-free rates and mean bladder
weights were not statistically different between the groups.
Survival also showed no statistical difference between the
groups (data not shown). Unexpectedly, groups 1 and 2
mice developed lung metastasis at overall rates of 36% (four
of 11) and 53% (nine of 17), respectively, while group 3
mice showed no metastasis (none of nine) (P = 0·02)
(Table 1). The lung metastasis was identified by both biolu-
minescent imaging and histological haematoxylin and eosin
(H&E) staining (Fig. 4). These observations indicate that
anti-IL-10R1 mAb enhances BCG-induced anti-tumour
immunity and is protective against bladder cancer metasta-
sis to the lung.

Treatment with anti-IL-10R1 mAb and BCG induces
ras mutation-specific immune responses in MB49-Luc
orthotopic tumour model

To investigate the mechanisms underlying the effect of BCG
in combination with anti-IL-10R1 mAb, we treated mice as
described above for the anti-bladder cancer studies. Mice
were instilled i.b. with MB49-Luc tumour cells and treated
biweekly with PBS for group 1, anti-IL-10R1 mAb for group
2, BCG (one-third strength) plus control rat IgG1 for group
3 or BCG (one-third strength) plus anti-IL-10R1 mAb for
group 4 for a total of six treatments. Mice were killed for
analysis at day 21. We previously identified a serine muta-
tion at codon 12 of the K-ras oncogene in MB49 cells [21], a
parental line of MB49-Luc cells used in this study. This gene
mutation resulted in the abundant expression of mutated
p21 K-ras protein that was immunogenic and capable of

inducing ras mutation-specific immune responses in
C57BL/6 mice [21]. To investigate whether the ras
mutation-specific immune responses could also be induced
in mice treated with BCG in combination with anti-IL-

Table 1. Bladder tumour responses.

Group

No. of mice with

bladder tumours†

No. of mice

with metastasis†

No of tumour-free

mice at day 76

i.b. PBS/i.p. PBS 11 4/11 (36%)‡ 0/11 (0%)

i.b. BCG/i.p. IgG1 17 9/17 (53)‡ 1/17 (6%)

i.b. BCG/i.p. anti-IL-10R1 9 0/9 (0%)‡ 2/9 (22%)

†Based on bioluminescent imaging or histology. ‡Fisher’s exact test comparing among the groups: P = 0·02. PBS = phosphate-buffered saline;

Ig = immunoglobulin; i.b. = intravesical; i.p. = intraperitoneal; BCG = bacillus Calmette–Guérin; IL = interleukin.
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Fig. 3. Systemic anti-interleukin (IL)-10R1 monoclonal antibody

(mAb) enhances intravesical bacillus Calmette–Guérin (BCG)

treatment of bladder tumour. Groups of 20 mice were instilled

intravesically (i.b.) with MB49-Luc cells and monitored for tumour

growth by bioluminescent imaging. Eleven, 17 and nine mice

developed bladder tumours in the three groups, respectively. Mice

were treated i.b and intraperitoneal (i.p.) phosphate-buffered saline

(PBS) for group 1, i.b. BCG (one-third strength) plus i.p. control rat

immunoglobulin (Ig)G1 (200 μg/dose) for group 2 or i.b. BCG

(one-third strength) plus i.p. anti-IL-10R1 mAb (200 μg/dose) for

group 3 biweekly for a total of six treatments. Mice were followed for

76 days. Post-mortem bladders were weighed. Data are shown as

mean ± standard deviation (s.d.) of bladder weights for each group

(one bladder in group 3 was not recorded due to severe decay).
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10R1 mAb, we stimulated splenocytes prepared from
tumour-bearing mice with S12 or control G12 peptide in
vitro. Splenocytes from mice treated with combination
therapy (group 4) produced significantly increased IFN-γ in
response to S12 but not G12 peptide stimulation (Fig. 5a).
In contrast, splenocytes from other groups produced no
IFN-γ under the same condition.

Correlating with the ras mutation-specific IFN-γ produc-
tion, group 4 splenocytes stimulated with S12 peptide dem-
onstrated profound cytotoxicity against MB49-Luc tumour
cells, with 29, 73·7 and 80·9% killing at the E : T ratios of
25:1, 50:1 and 100:1, respectively (Fig. 5b). Splenocytes
from other groups stimulated with S12 peptide showed no
killing of MB49-Luc tumour cells. There was also no induc-
tion of CTL activity in response to G12 peptide stimulation.
These observations indicate that BCG in combination with
anti-IL-10R1 mAb induces systemic ras mutation-specific
immune responses that may contribute to the effect of
combination therapy on treating bladder cancer and pre-
venting tumour metastasis in the MB49-Luc orthotopic
tumour model.

Discussion

Improving BCG immunotherapy for bladder cancer has
been an active area of research, with the ultimate goal of
increasing therapeutic efficacy and decreasing side effects.
One strategic approach to achieve this goal would be to
block the Th2 immune pathway in BCG-induced immune
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presence of G12 or S12 peptide at 100 μg/ml for 3 days, followed by

enzyme-linked immunosorbent assay (ELISA) analysis of interferon

(IFN)-γ production in culture supernatants. Cells incubated with

phorbol myristate acetate (PMA) (100 ng/ml)/ionomycin (1500 ng/ml)

served as positive controls, whereas cells without treatment served as

baseline levels. Data are shown as mean ± standard deviation (s.d.) of

duplicate determinants. *P < 0·05 compared to G12-stimulated

splenocytes. (b) In a parallel experiment splenocytes were cultured in

the presence of G12 or S12 peptide (100 μg/ml) for 5 days. T cells were

then isolated and used as effector cells against MB49-Luc target cells in

a cytotoxicity assay. Cells were incubated at 6·2:1, 12·5:1, 25:1, 50:1 and

100:1 of effector : target (E : T) ratios for 4 h and then analysed for lysis.

Data are shown as % specific lysis of quadruplicate determinants.

*P < 0·05 compared to G12-stimulated splenocytes.
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responses. We previously demonstrated that BCG induced
enhanced anti-bladder cancer immunity in IL-10–/– mice
and mice in which IL-10 had been neutralized [17]. We
recently also showed that blocking IL-10 at the receptor
level by anti-IL-10R1 mAb resulted in reduced tumour
burden and improved tumour-free and death rates in BCG
(a living Pasteur strain) treatment of bladder cancer in a
MB49-Luc orthotopic tumour model [10]. In this study (a
longitudinal survival study) we further observed that anti-
IL-10R1 mAb in combination with Tice BCG, a clinically
used lyophilized BCG preparation, induced similar
enhanced anti-bladder cancer immunity and, in addition,
effectively prevented lung metastasis in the same model.
The mechanistic studies revealed that the anti-tumour
effect of combination therapy was associated with the
induction of systemic ras mutation-specific immune
responses including IFN-γ production and CTL activity.

Like the living Pasteur BCG strain, the lyophilized Tice
BCG strain is compatible with anti-IL-10R1 mAb for the
induction of Th1 immune responses in immunocompetent
mice. An increased IFN-γ : IL-10 ratio has been observed in
response to BCG plus anti-IL-10R1 mAb both in vitro and
in vivo (Figs 1 and 2), which may explain the anti-tumour
effect of combination therapy in the MB49-Luc orthotopic
tumour model. In addition, we have observed that one-
third strength BCG induced the same level of urinary IFN-γ
as full-strength BCG (Fig. 2, left), suggesting that a reduced
BCG dose could be used for minimized side effects while
maintaining therapeutic efficacy. Indeed, we have observed
that one-third strength BCG in combination with anti-IL-
10R1 mAb was effective on treating local bladder cancer
(Fig. 3) and preventing tumour metastasis to the lung
(Table 1) in the MB49-Luc orthotopic tumour model.
However, unlike our previous study [10], we failed to
observe the effect of BCG in combination with control IgG1
on treating MB49-Luc bladder tumour. The lack of the anti-
tumour effect was due possibly to the use of a reduced BCG
dose and the extended experimental length in this study.

As reported for the variability of orthotopic tumour
implantation [12], we have obtained variable tumour take
rates in the three treatment groups (55, 85 and 45 for
groups 1, 2 and 3, respectively). Also, as in our previous
study [10], we have obtained variable bladder weights in
tumour-bearing mice (Fig. 3). These variations were prob-
ably intrinsic for the orthotopic tumour model, because we
performed tumour implantation and housed animals under
the same conditions. These variations significantly limited
the ability to determine a statistically significant difference
in survival and tumour burden between the groups,
although the differences were apparent (Fig. 3 and Table 1).
However, despite these limitations, we unexpectedly found a
statistically significant difference in rates of lung metastasis
(Table 1 and Fig. 4). While 36% (four of 11) of group 1
mice (treated with PBS) and 53% (nine of 17) of group 2
mice (treated with BCG plus control IgG1) developed lung

metastases, no mice (none of nine) in group 3 (treated with
BCG plus anti-IL-10R1 mAb) developed the metastasis
(P = 0·02). These data suggest that anti-IL-10R1 mAb is
capable of enhancing BCG-induced anti-bladder cancer
immunity, leading to effective protection against lung
metastasis from orthotopically growing tumours.

The MB49 cell line was derived from carcinogen-induced
male C57BL/6 bladder epithelial cells [8] and known to
contain a serine mutation at codon 12 of the K-ras onco-
gene, which leads to the abundant expression of mutated
K-ras p21 protein in the cells [21]. In addition, the MB49
cell line expresses the HY antigen known to be immuno-
genic in syngeneic female mice [22–24]. However, despite
the antigen expressions, we found that mice in control
groups developed progressive MB49-Luc tumours. This
observation indicated that naturally induced immune
responses were not sufficient for tumour rejection even in
mice treated with BCG monotherapy. To investigate
whether the enhanced anti-tumour effect observed in mice
treated with BCG plus anti-IL-10R1 mAb was attributed to
the induction of augmented specific anti-tumour immune
responses, we analysed splenocytes from treated mice for ras
mutation-specific responses in vitro. We have observed that
the combination therapy elicited the specific immune
responses including IFN-γ production (Fig. 5a) and CTL
activity against MB49-Luc cells (Fig. 5b). These observa-
tions indicated the systemic effect of anti-IL-10R1 mAb on
modulating immune responses to the ras antigen from a
localized MB49-Luc tumour. In addition, we have also
observed the induction of HY-specific immune responses
by the combination therapy (data not shown). As the MB49
cell line is known to express several other tumour-
associated antigens (TAA) such as bladder cancer-4 and
prostate stem cell antigen [12], it would be interesting to
determine whether the combination therapy could also
induce these TAA-specific immune responses in the MB49-
Luc orthotopic tumour model. Our observations warrant
further investigation on this exploration.

In summary, intravesical BCG plus systemic anti-IL-10R1
mAb induces enhanced anti-bladder cancer immunity that
is protective against lung metastasis in a murine orthotopic
tumour model. The anti-tumour effect of combination
therapy is associated with the induction of ras mutation-
specific immune responses. Anti-IL-10R1 mAb demon-
strates systemic effects and may prove useful in clinical
practice for the treatment of bladder cancer in high-risk
patients.
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