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Abstract
Bladder cancer is a common urologic cancer and intravesical Mycobacterium 

bovis bacillus Calmette-Guérin (BCG) is the mainstay in the treatment of 
superficial bladder cancer. However, the current BCG therapy is not optimal 
with respect to its efficacy and side effects. Accumulating evidence suggests 
that proper induction of T helper type (Th) 1 immunity is required for effective 
immunotherapy of bladder cancer with BCG. Interleukin (IL)-10, a Th2 cytokine, 
down-regulates the Th1 immune response and is associated with BCG therapy 
failure. Therefore, blocking IL-10 activity could be beneficial for bladder cancer 
patients undergoing BCG therapy. We evaluated BCG in combination with IL-
10 neutralizing or receptor 1 (IL-10R1) blocking monoclonal antibodies (mAb) 
and found that the combination therapies induced enhanced Th1 immune 
responses and anti-bladder cancer immunity in preclinical animal models. The 
mechanistic studies revealed that BCG in combination with anti-IL-10R1 mAb 
induced specific antitumor immune responses. Our observations suggest that 
BCG immunotherapy for bladder cancer can be enhanced by addition of IL-
10 blocking agents. This paper reviews our recent progress in animal studies 
on bladder cancer treatment by BCG and IL-10 blocking agent combination 
therapies.
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and a lack of therapeutic response in some patients. In addition, up to 
90% of patients experience various side effects and occasionally even 
life-threatening complications such as sepsis. Therefore, the current 
BCG therapy is not optimal with respect to its efficacy and safety.
To improve BCG therapy, efforts have been made to enhance the 
induction of Th1 immune responses, since this response is known to 
be essential in BCG-mediated bladder cancer destruction [1]. To date, 
two major strategies have been used; one to combine BCG with Th1-
stimulating cytokines in treatment and the other to block the Th2 
immune pathway during BCG treatment. We have demonstrated that 
both strategies are favorable for treating bladder cancer in humans 
and/or in animal models. 

Supplement with Th1-stimulating cytokines 
enhances BCG treatment for bladder cancer

Given that the effect of BCG on treating bladder cancer is 
immune mediated, decades of research have focused on adjunctive 
immune therapies including cytokines with Th1-stimulating 
activities such as interferon (IFN)-α, interleukin (IL)-2 and IL-12.
We have investigated BCG in combination with intravesical IFN-α 
or IL-12forbladder cancer treatment and found the combination 
therapies to be safe and effective [2-4]. Particularly, we have observed 
that BCG combined with intravesical IFN-α is favorable for patients 
who failed BCG mono therapy [4]. The mechanisms underlying the 
effect of combination therapies are multifaceted. In addition to the 
augmentation of Th1 immune responses, blocking BCG-induced Th2 
cytokines (e.g. IL-10) is believed to play an important role in the effect 
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Introduction
Bladder cancer is a common urologic malignant disease. At the time 

of diagnosis, 20-25% of cases are muscle invasive (stage T2 or higher) 
and are typically treated with surgical resection. The remainders are 
Non Muscle Invasive Bladder Cancer (NMIBC) including tumors 
confined to the epithelial mucosa (Ta), tumors invading the lamina 
propria (T1), and carcinoma in situ (CIS). Transurethral resection 
of bladder tumor (TURBT) is the primary treatment for Ta and 
T1 lesions. Intravesical therapy is used as adjuvant treatment to 
prevent recurrence and progression of the disease after TURBT and 
is also the treatment of choice for CIS. Intravesical instillation of 
Mycobacterium bovis bacillus Calmette-Guérin (BCG) is widely used 
as the standard therapy for NMIBC. Bladder cancer is dominated by 
a T helper type (Th) 2 polarized immune pathologic response. BCG 
therapy can shift the Th2 environment toward a Th1 milieu, leading 
to effective anti-bladder cancer immunity in the majority of patients. 
BCG therapy typically results in 50-60% effectiveness against small 
residual tumors and a 70-75% complete response rate for CIS. 
However, BCG therapy is associated with 40-50% disease recurrence 
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of combination therapies [2,3].These BCG and cytokine combination 
therapies provide an opportunity for the use of lower and safer doses 
of BCG, while preserving or even enhancing BCG efficacy in the 
treatment of bladder cancer.

Blockage of IL-10 enhances BCG-induced 
Th1 immune response and anti-bladder 
cancer immunity
BCG treatment in IL-10-/- and IL-10 neutralized mice

Much progress in BCG immunotherapy of bladder cancer 
has been made through preclinical studies using animal models 
of bladder cancer. In addition to BCG in combination with Th1-
stimulating cytokines, we have investigated BCG in combination 
with IL-10 blocking agents for treating bladder cancer in animal 
models.IL-10 is classified as a Th2 cytokine and regulates growth 
and/or differentiation of various types of cells to control immune 
responses and tolerance in vivo [5]. It has been known that IL-10 
plays an important inhibitory role in both bladder cancer immune 
surveillance and BCG therapeutic control of bladder cancer (Figure 

1) [1,6], although it can promote antitumor responses in certain types 
of other cancers. The development of a dominant Th1 cytokine profile 
(e.g. IFN-γ, IL-2 and IL-12) has been observed to be associated with 
the therapeutic effect of BCG, whereas the presence of a high level of 
Th2 cytokines (e.g. IL-10) has been observed to be associated with 
BCG therapy failure [7]. A tendency toward higher ratios of IFN-γ vs. 
IL-10 has also been observed for BCG responders [7,8]. To date, all 
animal studies have supported the Th2 cytokine dominance observed 
in human bladder cancer. Studies have shown that IFN-γ and IL-12 
but not IL-10 are required for local tumor surveillance in a mouse 
model of bladder cancer [9]. Studies have also shown the inhibitory 
role of IL-10 in BCG treatment of bladder cancer in animal models. 
Mice genetically deficient in IL-10 (IL-10-/-) developed a massive local 
immune response, coinciding with increased therapeutic efficacy, 
after intravesical BCG treatment (Table 1) [9]. In agreement with 
these observations, our early studies showed that absence of IL-
10 abrogated either by systemic administration of an anti-IL-10 
neutralizing monoclonal antibody (mAb) or by the use of IL-10-

/- mice resulted in enhanced delayed-type hypersensitivity (DTH) 
responses that were associated with increased mononuclear cell 
infiltration and Th1 cytokine production (e.g. IFN-γ) in the BCG-
treated bladders (Table 1) [7]. Under the condition of aggravated 
DTH responses, a significant enhancement in BCG-induced anti-
bladder cancer immunity was observed (Table 1) [7]. In addition to 
the in vivo studies, we have also observed the inhibitory effect of IL-
10 on BCG-induced macrophage cytotoxicity against bladder cancer 
cells in vitro through the use of anti-IL-10 neutralizing mAb and IL-
10-/- macrophages [10].

BCG treatment in IL-10 receptor blocked mice
We recently evaluated the effect of IL-10 blockage at the receptor 

level on BCG induction of Th1 immune responses and anti-bladder 
cancer immunity (Table 1) [11,12]. Mice treated with intravesical 
BCG plus systemic administration of an anti-IL-10 receptor 1 (R1) 
mAb showed significantly increased IFN-γ mRNA and protein in 
the bladder and urine, respectively, in a dose-dependent manner 
[11]. Accordingly, mice implanted with bladder cancer cells and 
treated with BCG in combination with anti-IL-10R1 mAb showed 
substantially improved tumor-free (40% vs. 20% in BCG-treated mice 
and 0% in non-treated mice) and survival rates (100% vs. 80% in both 
non- and BCG-treated mice) in a 22-day experimental period [11]. 
Studies further revealed that the combination therapy with a reduced 
dose (1/3 full-dose) of BCG significantly prevented bladder cancer 
metastasis to the lung (0% vs. 36% in non-treated mice and 53% in 
BCG-treated mice, p = 0.02) during an extended 76-dayexperimental 
period [12]. This observation suggests that BCG could be used at 
a reduced dose when combined with an IL-10 blocking agent to 
minimize BCG side effects while preserving or even enhancing BCG 
efficacy. The observed effects of anti-IL-10R1 mAb are presumably 
due to its direct inhibition on IL-10 signaling, leading to a Th1 
enriched microenvironment in the bladder, a condition essential for 
the therapeutic control of bladder cancer by BCG. The mechanistic 
studies further revealed that the combination therapy induced specific 
antitumor immunity. MB49 cells, a parental line of MB49-Luc cells 
used to establish the bladder cancer model in our studies, is known 
to contain a serine mutation at codon 12 of the K-ras oncogene [13]. 
This gene mutation results in the abundant expression of mutated 

Figure 1: Suggested cascade of immune responses in bladder mucosa 
induced by intravesical BCG instillation. Attachment of BCG to bladder 
epithelial cells including carcinoma cells triggers the release of cytokines and 
chemokines, resulting in the recruitment and activation of multiple leukocyte 
types in the bladder wall. The cytokine environment leads to differentiation 
of Th1 or Th2 immunity in the bladder wall. The therapeutic effect of BCG 
depends on the proper induction of Th1 immunity. IL-10, a Th2 cytokine 
produced by T cells, macrophages and epithelial cells, inhibits Th1 immunity. 
Therefore, blocking IL-10 could result in a Th1-dominated immunity that is 
essential for BCG-mediated bladder cancer destruction. MΦ: macrophage; 
DC: dendritic Cell; PMN: Poly Morphonuclear Neutrophil; NK: Natural Killer 
cell.
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p21 K-ras protein that is immunogenic and capable of inducing 
ras mutation-specific immune responses in mice when immunized 
properly [13]. Indeed, splenocytes from mice treated with BCG plus 
anti-IL-10R1 mAb showed increased IFN-γ production and cytotoxic 
T lymphocyte (CTL) activity in response to the mutant but not wild-
type rasstimulation in vitro [12]. The induction of specific antitumor 
immunity may explain the observed effect of the combination therapy 
on preventing bladder cancer metastasis to the lung in the animal 
model. 

Conclusion
Our studies have suggested that blocking IL-10 production 

and/or activity may provide therapeutic benefits for BCG-based 
immunotherapy of bladder cancer, particularly for high-risk patients 
with NMIBC, when combined with BCG. A humanized form of IL-
10 blocking antibody warrants future clinical evaluation of the safety 
and efficacy of BCG combination therapy. As research continues, 
we anticipate that a new BCG therapy with improved efficacy and 
limited side effects will be available for bladder cancer, one of the 
most frequently occurring and most expensive cancers to treat.
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Table 1.  Immune Induction by Intravesical BCG under IL-10 Blockage

Strain IL-10 Activity Immune Response Reference

C57BL/6 IL-10-/- Genetic defect Cell infiltration,Th1 cyt, DTH, 
antitumor 7

C57BL/6 IL-10-/- Genetic defect Cell infiltration, antitumor 9

C57BL/6 IL-10+/+ IL-10 
neutralization

Cell infiltration,Th1 cyt, DTH, 
antitumor 7

C57BL/6 IL-10+/+ IL-10R1 blocking Th1 cyt, CTL, antitumor 11,12
Th1 cyt: Th1 Cytokine; DTH: Delayed-Type Hypersensitivity; CTL: Cytotoxic T 

Lymphocyte; IL-10R1: IL-10 receptor 1.
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