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Abstract. Intravesical treatment with bacillus Calmette‑Guerin 
(BCG) is the most common treatment for preventing progres-
sion and recurrence of non‑muscle invasive bladder cancer. 
Our previous study using the N‑butyl‑N‑(4‑hydroxybutyl) 
nitrosamine (BBN)‑induced orthotopic bladder cancer model 
demonstrated that intravesical treatment with mitomycin C 
(MMC) and adriamycin (ADM) suppressed pro‑tumoral 
immunity, including the aggregation of tumor‑associated 
macrophages (TAMs) and regulatory T cells (Tregs) in the 
tumor microenvironment. Previous evidence supports the 
association of resistance to intravesical treatment of BCG with 
TAMs and Tregs. In the present study, we investigated the 
antitumoral efficacy of sequential intravesical treatments with 
chemotherapeutic agents and BCG in a BBN‑induced ortho-
topic bladder cancer model. Thirty‑six C57BL/6J mice bearing 
bladder cancer were randomly divided into six treatment 

groups as follows: control, BCG, MMC, ADM, MMC‑BCG 
and ADM‑BCG. Intravesical treatment was performed once a 
week for six weeks. One week after the completion of intraves-
ical treatment, bladder and blood were harvested. MMC‑BCG 
and ADM‑BCG were more effective antitumor activities than 
BCG monotherapy. Bladders were subjected to immunohisto-
chemical analysis and revealed that intravesical BCG treatment 
combined with MMC/ADM promoted the local recruitment of 
NK cells to the bladder as effectively as BCG monotherapy and 
reduced TAMs and Tregs in the bladder. Interleukin (IL)‑17 
and granulocyte‑colony stimulating factor (G‑CSF) in serum 
were analyzed by enzyme‑linked immunosorbent assay and 
these levels were revealed to be elevated in mice treated with 
sequential treatments similar to levels following monotherapy 
with MMC and ADM. Our findings indicated that intravesical 
sequential treatment could suppress the resistance to BCG 
through the enhancement of antitumor immunity (induction of 
NK cells) and inhibition of pro‑tumoral immunity (reduction 
of TAMs and Tregs). Systemic changes in IL‑17 and G‑CSF 
may be involved in topical immunomodulation. Further 
studies including clinical trials may be required to establish an 
appropriate strategy based on the immunomodulation of the 
tumor microenvironment.

Introduction

Urothelial carcinoma of the bladder (UCB) is the fourth most 
common cancer among men and the second most frequent 
malignancy of the urogenital tract. It is estimated that glob-
ally 76,960 patients were newly diagnosed with UCB and 
16,390 patients succumbed to the disease in 2016 (11,820 men 
and 4,570 women) (1). In Japan, the estimated number of new 
cases and deaths from UCB in 2017 were 21,000 and 8,800 
(6,100 men and 2,700 women), respectively (2). Approximately 
75% of UCB cases are diagnosed as non‑muscle invasive 
bladder cancer (NMIBC) consisting of tumors staged as Ta, 
T1 and carcinoma in situ (3). Transurethral resection of the 
bladder tumor, followed by the administration of adjuvant 
intravesical treatment with bacillus Calmette‑Guerin (BCG) 
or chemotherapeutic agents such as mitomycin C (MMC) 
and adriamycin (ADM), is the gold‑standard treatment for 
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NMIBC (4). Despite improved management for decreasing the 
recurrence rate and prolonging the progression‑free interval, 
NMIBC exhibits significant potential of recurrence intravesi-
cally and progression to muscle‑invasive bladder cancer (5,6). 
Although intravesical treatment with BCG represents the most 
effective and common form of adjuvant therapy for high risk 
NMIBC, BCG‑failure NMIBC is the one of main problems in 
the management of UCB (7‑9). Thus, clinical management of 
high‑risk NMIBC remains challenging and further advance-
ments in treatment initiation and maintenance are urgent.

Intravesical sequential treatment with BCG and chemo-
therapeutic agents could be a strategy to improve outcomes for 
patients with BCG‑failure NMIBC (10‑18). Previous studies 
have revealed that intravesical sequential treatment with BCG 
and chemotherapeutic agents (MMC and ADM) decreased the 
recurrence rates of NMIBC, compared with BCG treatment 
alone (15‑17). The roles of chemotherapeutic agents in sequen-
tial treatment have direct antitumor effects, which leads to a 
reduction in tumor cells and tissue‑scarifying of the bladder 
surface. BCG binds to the urothelial lining and tumor cells 
via fibronectin attachment protein on bacilli and then elicits 
a non‑specific immune response within the bladder wall, 
involving the activation of multiple types of immune cells and 
cytokines. Intravesical chemotherapies damage the bladder 
wall, enhancing the expression of fibronectin, and rendering 
BCG easier to attach, resulting in the enhanced antitumor 
activity of BCG (12‑14,16,19‑21).

Our previous study on 154 NMIBCs revealed that high 
counts of tumor‑associated macrophages (TAMs) and regula-
tory T cells (Tregs) were associated with shorter recurrence‑free 
survival, while high Treg counts were an independent predictor 
for recurrence. The presence of TAM and Treg in the tumor 
microenvironment led to a poor response to the treatment 
with BCG (22). In an animal model, intravesical treatment 
with MMC and ADM also caused a reduction of TAMs and 
Tregs in the tumor microenvironment and induced systemic 
changes to cytokines, including interleukin (IL)‑17 and 
granulocyte‑colony stimulating factor (G‑CSF) (23). There are 
limited studies describing details regarding immunoreactions 
induced by treatments with BCG and chemotherapeutic agents, 
and their efficacy from an immunological standpoint. The aim 
of the present study was to immunologically evaluate the effi-
cacy of intravesical chemotherapeutic agents, MMC or ADM, 
combined with BCG using an N‑butyl‑N‑(4‑hydroxybutyl) 
nitrosamine (BBN)‑induced orthotopic bladder cancer model.

Materials and methods

Animals. Animal care was in compliance with the recommen-
dations of The Guide for Care and Use of Laboratory Animals 
(National Research Council) and approval for the animal 
studies was obtained from the Ethics Committee on Animal 
Research of Nara Medical University (reference no. 11649). 
Thirty‑six 6‑week‑old female C57BL/6J mice weighing 25 g 
were obtained from Oriental Bio Service (Kyoto, Japan). They 
were kept in a temperature‑ and humidity‑controlled room, 
with a 12‑h light/dark cycle and food were given ad libitum.

Reagents. BBN (B0938; Tokyo Chemical Industry, Tokyo, 
Japan) was used to prepare an orthotopic murine bladder 

cancer model. To treat mice bearing BBN‑induced bladder 
cancer with intravesical instillation, the following agents, 
which are commonly used in a clinical setting for NMIBC, 
were prepared: BCG (Nippon Kayaku, Tokyo, Japan), MMC 
(Kyowa Hakko Kirin, Tokyo, Japan) and ADM (Wako, Osaka, 
Japan). Each agent was diluted in sterile saline solution 
according to the manufacturer's instructions, and the dosage of 
each agent was determined by our previous study (23). Sterile 
phosphate‑buffered saline (PBS) was used as a control.

Murine orthotopic bladder cancer model and intravesical 
treatment. Fig. 1A displays a schematic representation of the 
study. After allowing mice to acclimate to our facility for a 
week, they received 0.05% BBN in drinking water, continu-
ously for 16 weeks, to induce the development of NMIBC as 
previously described (23). Mice were then allowed to resume 
drinking BBN‑free water after 17 weeks and were randomly 
divided into six groups (N=6 mice/group) as follows: control 
(PBS), BCG (10 µg/kg), MMC (5 µg/kg), ADM (5 µg/kg), 
MMC‑BCG (5 and 10 µg/kg, respectively), and ADM‑BCG 
(5 and 10 µg/kg, respectively). Intravesical treatment was 
initiated from week 17 and administered once a week for 
six weeks. The treatment schedule was determined based on 
our previous study that suggested that intravesical treatment 
with MMC and ADM suppressed the expression of TAMs 
and Tregs (23). Our hypothesis was that the administration 
of MMC and ADM prior to BCG treatment could modu-
late the tumor microenvironment to produce conditions 
allowing BCG to produce a greater effect. Intravesical instil-
lation regimens of each group are presented in Fig. 1A. In 
regimens containing BCG, mice were treated with BCG at 
weeks 2, 3, 5 and 6. In regimens containing MMC or ADM, 
mice were treated with MMC or ADM at weeks 1 and 4. 
Fig.  1B illustrates the procedure of catheterization and 
occlusion with a purse‑string suture. All bladder instillations 
were performed under anesthesia with isoflurane, whereby a 
24‑gauge Teflon angiocatheter was placed into the bladder via 
the urethra. Urine was completely drained from the bladder, 
and then PBS, BCG, MMC and/or ADM were delivered by 
transurethral instillation through the catheter and allowed 
to dwell in the bladder by occlusion of the urethra with a 
purse‑string suture. After 2 h, the suture was removed and 
mice were stimulated to expel bladder contents. One week 
after the last intravesical treatment, all mice were euthanized 
by exsanguination under anesthesia with isoflurane and 
tissues (bladders and whole blood by cardiac puncture) were 
harvested for the following experiments. Resected bladder 
weights were assessed by an electronic precision weighing 
scale and then examined by hematoxylin and eosin (H&E) 
staining and immunohistochemical (IHC) staining analysis. 
Treatment‑related changes in IL‑17 and G‑CSF in sera 
were evaluated by enzyme‑linked immunosorbent assay 
(ELISA)‑based analysis. The reason why we focused on 
IL‑17 and G‑CSF is that our previous study revealed systemic 
changes in these two cytokines (23).

IHC staining analysis. Tumors were examined by IHC 
staining analysis as previously described (24,25). All resected 
bladders were filled with 150 µl of 10% neutral buffered 
formalin, and entire specimens were placed in 10% neutral 
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buffered formalin. Bladders in formalin were embedded in 
paraffin and then subjected to IHC staining for cell surface 

and immunological markers, CD56 [natural killer (NK) 
cell], CD204 (M2 macrophage, known as TAM), and Foxp3 

Figure 1. Study treatment schema and resected bladder tissues. (A) Schematic diagram illustrating the study workflow. Mice were administered 0.05% BBN in 
drinking water continuously for 16 weeks and were then randomly divided into six groups (N=6/group). Starting at week 17, mice were treated once a week for 
6 weeks with PBS, BCG, MMC, or ADM. One week after the last treatment, mice were euthanized for harvest of the bladder and whole blood by cardiac punc-
ture. Anti‑CD56, CD204, and Foxp3 antibodies were used to evaluate natural killer cells, tumor‑associated macrophages, and regulatory T cells, respectively, in 
resected bladder samples. Serum was used to perform enzyme‑linked immunosorbent assays. (B) Illustration revealing the procedure of intravesical instillation 
and occlusion of the urethra with a purse‑string suture. All intravesical treatments were performed under anesthesia with isoflurane, and all drugs were delivered by 
transurethral instillation through a catheter and allowed to dwell in the bladder. After 2 h, sutures were removed and mice were allowed to urinate. (C) Comparison 
between resected bladder weights of each treatment group. All intravesical treatments had antitumor activity similar to BCG. The intravesical combination treat-
ment with BCG and MMC or ADM caused significant bladder weight loss compared with that with BCG alone or the chemotherapeutic agent alone. *P<0.05. 
(D) Representative images of hematoxylin and eosin‑stained bladder samples from each group. BBN‑induced bladder cancer was observed in all resected blad-
ders. BBN, N‑butyl‑N‑(4‑hydroxybutyl) nitrosamine; PBS, phosphate‑buffered saline; BCG, bacillus Calmette‑Guerin; MMC, mitomycin C; ADM, adriamycin.
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(Treg). Paraffin blocks were cut and placed on SuperFrost Plus 
microslides (Thermo Fisher Scientific, Inc., Yokohama, Japan). 
Sections were deparaffinized and antigen retrieval was carried 
out in citric acid buffer (pH 6.0) using an autoclave. IHC 
staining was performed using a Histofine ABC kit (Nichirei 
Biosciences, Tokyo, Japan) according to the manufacturer's 
instructions. Briefly, slides were incubated overnight at 4˚C 
with mouse monoclonal antibodies against CD56 (1:500 dilu-
tion; cat. no. MA1‑70100; Thermo Fisher Scientific, Inc.), 
CD204 (1:2,000 dilution; cat. no. KT022; TransGenic, Inc., 
Kobe, Japan), and Foxp3 (1:500 dilution; ab20034; Abcam, 
Cambridge, UK). The slides were counterstained with Mayer's 
hematoxylin, dehydrated, and sealed with a cover slide. In each 
case, positive cells were evaluated by two investigators (MM 
and YT), who were blinded to the information pertaining to 
the treatment. Positive cells from each specimen were counted 
from a minimum of four randomly selected fields per high 
power field (HPF; magnification,  x400; 0.0625  µm2) and 
compared with the control by calculating the average number 
of cells.

Assessment of serum IL‑17 and G‑CSF by ELISA. Serum was 
collected in tubes, centrifuged at 10,000 x g for 15 min, and 
the supernatant was stored at ‑80˚C. All 36 serum samples 
were thawed just before use and analyzed for their concentra-
tions of IL‑17 (BMS6001; Affymetrix eBioscience; Thermo 
Fisher Scientific, Inc.) and G‑CSF (ELM‑GCSF; RayBiotech, 
Norcross, GA, USA). Samples were developed with horse-
radish peroxidase‑conjugated secondary antibodies. After 
adding the substrate and stop solution, a Tecan microplate 
reader (Tecan, San Jose, CA, USA) was used to assess the 
absorbance at 450 nm.

Statistical analysis. Statistical analyses and figure plot-
ting were performed using GraphPad Prism 5.0 (GraphPad 
Software, Inc., San Diego, CA, USA). Data are expressed 
as bar charts or box plots and the Student's t‑test or the 
Mann‑Whitney U test was applied for statistical analysis, as 
appropriate. A P‑value <0.05 was considered to indicate a 
statistically significant result in all analyses.

Results

Antitumor effects of intravesical treatment with BCG, MMC, 
ADM and the sequential treatment. All mice were intra-
vesically treated for six weeks with PBS, BCG, MMC, ADM, 
MMC‑BCG, or ADM‑BCG according to the regimens displayed 
in Fig. 1A. All treatments were well tolerated, with no body 
weight loss except minor hematuria. A week after the termina-
tion of treatment, significant bladder weight loss was observed 
in the BCG, MMC, ADM, MMC‑BCG, and ADM‑BCG treat-
ment groups compared with the control (P=0.0043, P=0.041, 
P=0.0023, P=0.0021, P=0.0020, respectively; Fig.  1C). 
Moreover, significant differences were observed between 
the bladder weights of mice receiving BCG monotherapy or 
MMC/ADM monotherapy and sequential treatments with 
BCG and MMC/ADM (BCG vs. MMC‑BCG, P=0.042; BCG 
vs. ADM‑BCG, P=0.026; MMC vs. MMC‑BCG, P=0.041; 
ADM vs. ADM‑BCG, P=0.0040). These results indicated that 
the antitumor effects were increased by combining BCG with 
chemotherapeutic agents. Fig. 1D displays representative H&E 
staining images for each treatment group and the development 
of NMIBC was confirmed in all samples.

Features of immune‑related cells induced by intravesical 
sequential treatment with BCG and chemotherapeutic agents. 
To investigate the effects of intravesical sequential treat-
ments with BCG and MMC/ADM on immune‑related cells, 
IHC staining for three markers (CD56, CD204 and Foxp3) 
was performed. Representative images of antibody‑stained 
resected bladders are presented in Fig. 2 and the results are 
summarized in Table I. NK cells were significantly induced 
by treatment regimens containing BCG and were reduced 
by treatment with MMC monotherapy, compared with the 
control (BCG, P=0.0049; MMC‑BCG, P=0.0048; ADM‑BCG, 
P=0.0062; MMC, P=0.039; and ADM, P=0.16; Fig. 3A). NK 
cell levels were highest after treatment with BCG mono-
therapy, compared to all other treatment groups. Although 
NK cells were not recruited after treatment with MMC/ADM 
monotherapy, NK cells were significantly induced in the 
tumor microenvironment by sequential treatment with BCG 

Table I. Summary of immunohistochemical staining and ELISA assay of serum.

	 Immunohistochemical staining analysis of the treated bladder
	 (vs. the control) ELISA of serum (vs. the control)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Treatment	 CD56	 CD204 	 Foxp3	 IL‑17	 G‑CSF

BCG	 Up	 NS	 NS	 Up	 Up
MMC	 Down	 Down	 Down	 NS	 NS
ADM	 NS	 Down	 Down	 NS	 Up
MMC‑BCG	 Up	 Down	 NS	 Up	 NS
ADM‑BCG	 Up	 Down	 Down	 Up	 Up

ELISA, enzyme‑linked immunosorbent assay; BCG, bacillus Calmette‑Guerin; MMC, mitomycin  C; ADM, adriamycin; IL, interleukin; 
G‑CSF, granulocyte‑colony stimulating factor; NS, not significant compared with the control (P>0.05); Up, significantly increased compared 
with the control (P<0.05); Down, significantly decreased compared with the control (P<0.05).



ONCOLOGY REPORTS  41:  1863-1874,  2019 1867

and MMC/ADM (MMC‑BCG, P=0.0048; and ADM‑BCG, 
P=0.015; Fig. 3A). TAMs were significantly reduced by the 
treatment regimens containing chemotherapeutic agents, 
compared with the control (MMC, P=0.0043; ADM, P=0.0022; 
MMC‑BCG, P=0.010; and ADM‑BCG, P=0.0021; Fig. 3B). 
Although TAMs were not reduced by the treatment with 

BCG monotherapy, the sequential treatment with BCG and 
MMC/ADM reduced TAMs, indicating that intravesical treat-
ment with chemotherapeutic agents prevented the recruitment 
of TAMs and/or killed TAMs in the tumor microenvironment. 
With regard to Tregs, treatment regimens containing ADM, 
as well as treatment with MMC monotherapy, significantly 

Figure 2. Representative images of bladder samples from each treatment group stained with three immunological markers. The expression levels of CD56 were 
increased in mice treated with BCG‑containing regimens, and the expression levels of CD204 and Foxp3 were decreased in mice treated with chemothera-
peutic agent‑containing regimens. BCG, bacillus Calmette‑Guerin.
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reduced Tregs in the tumor microenvironment, compared 
with the control (ADM, P=0.0064; ADM‑BCG, P=0.010; and 
MMC, P=0.016; Fig. 3C). Similar to TAMs, Tregs tended to be 
reduced after treatment with chemotherapeutic agents.

Systemic changes of IL‑17 and G‑CSF levels in serum caused 
by intravesical sequential treatment with BCG and chemo‑
therapeutic agents. To investigate the association between 
intravesical treatment and systemic changes to IL‑17 and 
G‑CSF levels, ELISA was performed using the serum obtained 
from the euthanized mice. The serum concentration of IL‑17 
was increased by treatment with BCG, MMC‑BCG, and 

ADM‑BCG, compared with the control (P=0.0043, P=0.0042 
and P=0.0087, respectively; Fig. 4A). The treatment regimens 
containing BCG had an effect on the systemic induction of 
IL‑17, indicating that instillation of BCG is an important 
factor for induction of IL‑17, systemically. In contrast, the 
serum concentration of G‑CSF was increased by treatment 
with BCG, ADM, and ADM‑BCG, compared with the control 
(P=0.0087, P=0.0022, and P=0.0021, respectively; Fig. 4B). 
The treatment regimens containing ADM exhibited greater 
increase of G‑CSF, indicating that instillation of ADM was 
a key factor for induction of G‑CSF, systemically. The results 
are summarized in Table I.

Figure 4. Serum IL‑17 and G‑CSF concentrations by ELISA analysis. (A) IL‑17 was increased after treatment with BCG‑containing regimens compared with 
PBS control. (B) G‑CSF was increased after treatment with BCG alone and ADM‑containing regimens compared with PBS control. *P<0.05. IL, interleukin; 
G‑CSF, granulocyte‑colony stimulating factor; ELISA, enzyme‑linked immunosorbent assay; BCG, bacillus Calmette‑Guerin; ADM, adriamycin; PBS, 
phosphate‑buffered saline.

Figure 3. Relative expression levels of each immunological marker in treatment groups and PBS control. (A) CD56 was used as an NK cell marker. NK cells 
were induced by BCG‑containing regimens and reduced by MMC alone. (B) CD204 was used for marking TAMs. TAMs were reduced by chemothera-
peutic agent‑containing regimens. (C) Foxp3 was used as a Treg marker. Tregs were reduced by MMC alone and ADM‑containing regimens. *P<0.05. PBS, 
phosphate‑buffered saline; NK, natural killer; BCG, bacillus Calmette‑Guerin; MMC, mitomycin C; TAMs, tumor‑associated macrophages; Treg, regulatory 
T cell; ADM, adriamycin.
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Discussion

The present study revealed that intravesical sequential treat-
ment with BCG and chemotherapeutic agents (MMC and 
ADM) elicited characteristic changes to immune cells in 
the tumor microenvironment of UCB. Although NK cells 
are induced by treatment with BCG monotherapy, treatment 
with chemotherapeutic agents followed by BCG also induced 
the recruitment of NK cells in the tumor microenvironment. 
The recruitment of TAMs and Tregs was inhibited by treat-
ment with chemotherapeutic agents, except for treatment 
with MMC‑BCG. Our previous study indicated that intra-
vesical chemotherapy induced systemic changes in IL‑17 
and G‑CSF levels, and that these cytokines had a role in 
promoting neutrophils, NK cells, and cytotoxic T lympho-
cytes (CTLs) in the tumor microenvironment, resulting in 
antitumor effects (23). Sequential treatment with BCG and 
chemotherapeutic agents, particularly ADM, induced IL‑17 
and G‑CSF systemically. The summary of this study is 
displayed in Fig. 5. Intravesical sequential treatment with 
BCG and chemotherapeutic agents have direct antitumor 
effects upon T lymphocyte‑dependent cytokines [particu-
larly T helper 1 (Th‑1) dependent cytokines such as IL‑2, 

IL‑12, and interferon (INF)‑γ], immune‑related cells (NK 
cells, CTL and macrophages), and apoptotic pathways (tumor 
necrosis factor (TNF)‑related apoptosis‑inducing ligand 
(TRAIL) and fatty‑acid synthase (Fas) ligand) (26). BCG 
treatment may also have indirect antitumor effects induced 
by chemotherapeutic agents, including the modulation of the 
tumor environment via the reduction of TAMs and Tregs.

Table  II shows a summary of previous prospec-
tive studies involving intravesical sequential treatment 
with BCG and chemotherapeutic agents for patients with 
NMIBC (10‑17,19‑21,27‑32). Intravesical sequential treatment 
has been studied since the 1990s, with the studies mainly 
focusing on the effects of chemotherapeutic agents, such as 
direct antitumor effects, tissue‑scarifying of the bladder surface 
for attachment of BCG to the bladder wall, and the reduction of 
adverse events induced by BCG. Solsona et al reported that the 
5‑year disease‑free interval (DFI) of sequential treatment with 
BCG and MMC, and treatment with BCG monotherapy, was 
20.6 and 3.9%, respectively. This was the largest study of its 
kind and revealed that treatment with BCG monotherapy had 
a long disease‑free interval and a low rate of adverse events, 
compared with sequential treatment with BCG and MMC (11). 
In contrast, Di Stasi et al, which had the longest follow‑up 

Figure 5. Schematic summary of the study. Intravesical treatment with chemotherapeutic agents demonstrates antitumor activity through direct cytotoxicity 
and indirectly through modulation of antitumor immunity. CTLs recognize cancer‑specific antigens from apoptotic cancer cells and eliminate them. In 
addition, DC capture these antigens and present them to CD4+ T cells. Activated CD4+ T cells produce cytokines resulting in the activation of Th‑1 cells and 
the recruitment of CTLs, NK cells, and macrophages. The treatment with BCG enhances this pathway through activation of CTLs and NK cells. In contrast, 
intravesical treatment with chemotherapeutic agents modifies the tumor microenvironment to consist of less immunosuppressive cells, including a reduction 
in TAMs and Tregs. As a result, intravesical treatment with BCG works more effectively. IL‑17 and G‑CSF are induced by intravesical treatment, recruiting 
neutrophils to the tumor microenvironment. Neutrophils eliminate tumor cells by activating apoptotic pathways. Intravesical treatment with BCG and chemo-
therapeutic agents can be a novel treatment strategy for patients with BCG‑failure non‑muscle invasive bladder cancer by immunomodulation of the tumor 
microenvironment. CTLs, cytotoxic T cells; DC, dendritic cells; Th‑1, helper T1; NK, natural killer; TAMs, tumor‑associated macrophages; Tregs, regulatory 
T cells; BCG, bacillus Calmette‑Guerin; IL, interleukin; G‑CSF, granulocyte‑colony stimulating factor.
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period, reported that DFI was significantly increased in patients 
treated sequentially with BCG and MMC, compared to treat-
ment with BCG monotherapy (15). The extent of the antitumor 
activity and decrease in adverse events following intravesical 
sequential treatment remains unclear due to the controversial 
results of each study. The antitumor effects of chemotherapeutic 
agents are mainly demonstrated by blocking DNA synthesis, 
RNA synthesis, or cell division. Our hypothesis was that intra-
vesical treatment with chemotherapeutic agents modified the 
tumor microenvironment to conditions in which tumor cells 
found it difficult to proliferate and/or host immune‑related cell 
attacks on tumor cells. Previous studies focusing on aspects 
involving immunomodulation of the tumor microenvironment 
are limited. The reduction of TAMs and Tregs, along with the 
potential effects of chemotherapeutic agents such as direct 
cytotoxicity and tissue‑scarifying, demonstrated antitumor 
effects. Ghiringhelli et  al reported that pretreatment with 
cyclophosphamide, which suppresses Tregs, enhanced the 
effects of subsequent immunotherapy in colorectal cancer (33). 
The treatment schedules of previous reports varied widely. It is 
our opinion, that the administration of MMC or ADM followed 
by BCG would be a better schedule, and that treatment should 
be repeated for several cycles. In addition, most of the previous 
prospective randomized trials were focused on sequential treat-
ment with BCG and MMC, thus sequential treatment with BCG 
and ADM has not yet been verified by randomized trials. Our 
results indicated that sequential treatment with BCG and ADM 
inhibited the recruitment of Tregs to the tumor microenviron-
ment, compared with BCG and MMC treatment. Verification 
of combination treatment with BCG and ADM is therefore 
necessary in the near future.

In the tumor microenvironment, activated Th‑1 produces 
immune‑activating cytokines such as IL‑2 and INF‑γ, while 
stimulated CTLs play an important role in tumor immunity. 
Contrary to this, tumor cells produce immunosuppressive cyto-
kines such as IL‑10 and TNF‑β and induce immunosuppressive 
cells such as TAMs, Tregs, and myeloid‑derived suppressor cells 
(MDSCs) (26,34‑36). Various previous studies have suggested 
that intravesical chemotherapy modifies the tumor microenvi-
ronment into a less immunosuppressive condition, involving 
the induction of TAMs towards antitumoral M1 macrophages, 
proliferation of CTLs, an increase in the permeability of tumor 
cells to CTL‑produced granzyme B, selective reduction of 
MDSCs, and recruitment of NK cells and CTLs expressing 
perforin, granzyme B, and IFN‑γ (37‑40). Treatment for patients 
with BCG failure is still challenging. High numbers of TAMs and 
Tregs in bladder tissue have been suggested to have a substantial 
correlation with BCG‑failure in patients with NMIBC (22,23). 
Intravesical treatment with MMC and ADM prior to BCG can 
be a novel strategy for patients with high numbers of Tregs and 
TAMs in their transurethrally resected tissue.

With regard to the cytokines evaluated in the present study, 
the role of IL‑17 in cancer remains unclear. The balance of Th‑1, 
Th‑2, and Th‑17, which produce IL‑17, is important for antitumor 
activity. Treatment with BCG was revealed to induce IL‑17 
and Th‑17, resulting in antitumor activity (41). G‑CSF could 
also be a marker for intravesical recurrence after intravesical 
treatment with BCG (42). Intravesical sequential treatment with 
BCG and chemotherapeutic agents induced IL‑17 and G‑CSF 
in this study. Thus, the increase in these cytokines leads to the 
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subsequent induction of neutrophils and facilitates antitumor 
activity through Fas and/or TRAIL apoptotic pathways. In addi-
tion, these cytokines could be involved in immunomodulation 
via a reduction in immunosuppressive cells.

The present study has some limitations. The administration 
of BBN was not by oral gavage but was received in drinking 
water. Thus, the BBN intake varied among the mice and this 
could lead to variability in the tumor size and/or tumor behavior 
of each mouse. A confirmatory study with human bladder cancer 
specimens should be performed. A treatment schedule, control-
ling the timing of administration of BCG and chemotherapeutic 
agents, the number of treatment cycles, and the necessity 
of maintenance treatment, should be considered to achieve 
maximum efficacy of intravesical combination treatment. 
Further experiments are required to establish a novel treatment 
strategy for patients with NMIBC, particularly for patients with 
BCG‑failure, based on immunological and molecular aspects.

In conclusion, intravesical sequential treatment with BCG 
and chemotherapeutic agents has more effective antitumor 
activity than that of BCG or chemotherapeutic agent mono-
therapy in a BBN‑induced bladder cancer mouse model. 
Intravesical chemotherapy modified the tumor microenviron-
ment to suppress pro‑tumoral immunity and enhance antitumor 
immunity, increasing the efficiency of BCG treatment. These 
findings indicated that intravesical combination treatment 
could suppress resistance to BCG through enhancement of 
antitumor immunity (induction of NK cells) and inhibition of 
pro‑tumoral immunity (reduction of TAMs and Tregs) and may 
be a novel strategy for BCG‑failure NMIBC. Further studies, 
including clinical trials, may be required to establish appro-
priate strategies for intravesical sequential treatment, based on 
the immunomodulation of the tumor microenvironment.
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