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Abstract. The present study aimed to investigate the 
effect of the negative costimulatory molecule programmed 
death‑ligand 1 (PD‑L1) on immunotherapy with OK‑432, 
following transurethral resection of bladder tumors in 
non‑muscle invasive bladder cancer (NMIBC), and to 
elucidate the underlying mechanism. PD‑L1 was detected 
by immunohistochemical staining in tumor specimens from 
55 cases of NMIBC following postoperative immunotherapy 
with OK‑432. The PD‑L1 mRNA and protein expression levels 
were measured in the bladder cancer T24 cell line and the 
human uroepithelial SV‑HUC‑1 cell line, following treatment 
with interleukin (IL)‑2, interferon (IFN)‑α and IFN‑γ, by 
reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) and western blot analysis, respectively. PD‑L1 was 
widely expressed in the NMIBC tumors, with 56.4% (31/55) of 
specimens exhibiting positive staining. When compared with 
PD‑L1‑negative patients, PD‑L1‑positive patients exhibited 
significantly increased recurrence [48.4% (15/31) vs. 16.7% 
(4/24)] and progression [16.1% (5/31) vs. 4.2% (1/24)] rates 
(P<0.05). RT‑qPCR and western blotting demonstrated that 
cytokines IL‑2, IFN‑α and IFN‑γ markedly upregulated 
PD‑L1 mRNA expression rates and protein levels in bladder 

cancer T24 cells (P<0.05), but had no significant effect in 
non‑tumor SV‑HUC‑1 cells. In conclusion, PD‑L1 expression 
was negatively‑associated with the efficacy of OK‑432 
intravesical immunotherapy in patients with NMIBC. The 
results indicated that the involved mechanism occurred via 
upregulation of PD‑L1 by immune cytokines, which in turn 
suppressed the antitumor effectiveness of the immune system, 
thereby promoting tumor recurrence and progression.

Introduction

Bladder urothelial tumors are divided into two main groups: 
Non‑muscle invasive bladder cancer (NMIBC) and invasive 
bladder cancer. NMIBC accounts for 75‑80% of primary 
diagnoses  (1). A transurethral resection of bladder tumor 
(TURBT) is the preferred treatment for NMIBC, however, 
almost 70% of patients with intermediate‑ or high‑risk NMIBC 
relapse within 6‑12 months of surgery, and ~25% progress to 
a higher stage disease (2,3). Therefore, postoperative adjuvant 
intravesical therapy, including intravesical chemotherapy and 
immunotherapy, is considered necessary for these patients. 
The probabilities of recurrence and progression may reduce to 
42‑65% under appropriate intravesical therapy at 5 years (4). 
Although carcinoma in situ (CIS) is an NMIBC, it is often 
poorly differentiated and highly malignant; therefore, the 
probability of myometrial invasion is significantly increased 
compared with papillary stage Ta and T1 bladder cancer, and 
Bacillus Calmette‑Guérin (BCG) is the recommended agent 
for adjuvant intravesical immunotherapy in these cases.

Programmed death‑ligand 1 (PD‑L1; also termed B7‑H1) 
is a member of the B7 family of costimulatory molecules; it is 
a cell surface glycoprotein that promotes apoptosis by binding 
to its surface receptor, programmed cell death‑1 (PD‑1), in 
T cells and B cells, thereby inhibiting host immune function. 
PD‑L1 has also been implicated in tumor immune escape (5,6).

OK‑432 (also termed Picibanil), which is a penicillin‑killed 
and lyophilized preparation of a low‑virulence strain of 
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Streptococcus pyogenes (group A), has been successfully used 
as an immunotherapeutic agent against numerous types of 
malignancies (7‑10). It has been reported that OK‑432 elicits 
antitumor effects by stimulating immunocompetent cells, 
including macrophages, T cells and natural killer (NK) cells, 
and by inducing helper T‑cell 1‑type cytokines, including 
interferon (IFN)‑γ, tumor necrosis factor (TNF)‑α, and inter-
leukin (IL)‑6, IL‑8, IL‑10, IL‑12 and IL‑18 (11,12), which may 
augment cytotoxic T lymphocytes to antitumor cells.

In the present study, the expression rates of PD‑L1 were 
evaluated in cases of NMIBC patients who had undergone 
intravesical immunotherapy, and these expression levels were 
compared with patient outcome. The effects of specific cyto-
kines on PD‑L1 expression rates in vitro were also examined, 
and the potential mechanism of PD‑L1 negativity on the effi-
cacy of intravesical immunotherapy in patients with NMIBC 
was investigated.

Materials and methods

Patient selection and treatment. Tissue samples were collected 
from 55 patients (43 men and 12 women) with NMIBC who had 
been treated in our institution (First Affiliated Hospital of Sun 
Yat‑sen University, Guangzhou, China) between January 2010 
and January 2012. All the patients had undergone TURBT 
followed by intravesical immunotherapy with OK‑432. None 
of the patients had received chemotherapy or radiotherapy 
prior to surgery. The mean age of patients was 55 years (range, 
28‑77 years), and their clinical features are summarized in 
Table I. Patients presenting with muscle‑invasive transitional 
cell carcinoma or concurrent malignancy of another organ 
were excluded. Patients with bladder CIS were also excluded.

The treatment protocol consisted of intravesical immuno-
therapy (3 KE Picibanil/30 ml saline) administered 12 times 
over 7 months. Instillations were administered every week for 
6 weeks and then every 4 weeks for 6 months. Cystoscopy was 
performed every 3 months after TURBT, and biopsies were 
performed if a suspected lesion was found in order to deter-
mine whether tumor recurrence had occurred. Time‑to‑first 
recurrence, time‑to‑progression >pT1 stage and toxicity were 
recorded.

All patients were followed‑up for at least 12  months 
post‑surgery. The present study was approved by the Ethics 
Committee of First Affiliated Hospital of Sun Yat‑sen 
University. Written informed consent was obtained from all 
patients prior to enrollment in the present study.

Immunohistochemistry. Tissue samples collected from 
patients were fixed in 10% dampen formaldehyde solution 
and embedded in paraffin. In order to detect expression of 
PD‑L1, 5‑µm thick histological sections were prepared and 
incubated with normal goat serum (Wuhan Boster Biological 
Technology, Ltd., Wuhan, China) for 1 h at room temperature 
to block endogenous peroxidase activity. Sections were incu-
bated at 4˚C overnight with primary antibodies against PD‑L1 
(dilution, 1:200; catalog no. ab58810; Abcam, Cambridge, UK). 
Immunohistochemical staining was performed using the SABC 
kit according to the manufacturer's protocols (Wuhan Boster 
Biological Technology, Ltd.). Sections were counterstained 
with hematoxylin and then dehydrated, cleared and mounted. 

To evaluate the specificity of the reaction, phosphate‑buffered 
saline (PBS) was used for replacing the primary antibody as 
the negative control. Subsequent to being washed twice in 
PBS, the sections were incubated with biotinylated secondary 
antibody (dilution, 1:500; catalog no. E0466; Dako; Agilent 
Technologies, Inc., Santa Clara, CA, USA) for 20 min at room 
temperature, washed twice in PBS and then incubated with 
horseradish‑peroxidase (HRP)‑labeled streptavidin (dilution, 
1:2,000; catalog no. K5007; Dako; Agilent Technologies, Inc.) 
for an additional 20 min. The results were visualized by fluo-
rescence microscopy (Leica Microsystems GmbH, Wetzlar, 
Germany) following chromogenic staining with diamino-
benzidine (Wuhan Boster Biological Technology, Ltd.) and 
analyzed using Image‑Pro Plus software version 6.0 (Media 
Cybernetics, Inc. Rockville, MD, USA). The percentage of 
PD‑L1‑positive tumor cells among the total number of tumor 
cells was scored in five randomly selected high‑power fields 
(magnification, x400) and percentages >10% were classified as 
PD‑L1‑positive.

Cell culture. Unless otherwise specified, all reagents were 
standard laboratory stocks. Human uroepithelial (SV‑HUC‑1) 
and bladder cancer (T24) cell lines were purchased from the 
Cell Bank of the Chinese Academy of Sciences (Shanghai, 
China). The cells were cultured in Ham's F12 medium and 
Roswell Park Memorial Institute‑1640 media, respectively, 
supplemented with 10% fetal bovine serum and 2% peni-
cillin/streptomycin, and incubated in a humidified atmosphere 
of 5% CO2 at 37˚C. Cells at <80% confluence were cultured 
for 24 h in the presence of IL‑2, IFN‑α, IFN‑γ (final activity 
concentration, 1,000 U/ml; Prospec‑Tany TechnoGene, Ltd., 
East Brunswick, NJ, USA) or PBS as a control. The cells were 
harvested for analysis by RT‑qPCR and western blotting.

RT‑qPCR. Total RNA (500 ng) was extracted from cultured 
T24 and SV‑HUC‑1 cells using TRIzol reagent (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) according 
to the manufacturer's protocol. Reverse transcription was 
performed using the PrimeScript RT reagent (Perfect Real 
Time) kit (Takara Biotechnology Co., Ltd., Dalian, China). 
RT‑qPCR was performed using the Roche capillary‑based 
Light Cycler 2.0 system (Roche Diagnostics, Indianapolis, IN, 
USA) and the SYBR Premix Ex Taq™ (Perfect Real Time) kit 
(Takara Biotechnology Co., Ltd.) under standard thermocy-
cling conditions (start at 95˚C for 15 min and 40 cycles of 95˚C 
for 15 sec, 55˚C for 30 sec and 72˚C for 30 sec). PD‑L1‑specific 
TaqMan probes and primers were purchased from Invitrogen 
(Thermo Fisher Scientific, Inc.). Appropriate dilutions 
(1:1,000) of single strand cDNA were prepared for subsequent 
PCR using β‑actin as the quantitative control. Primers were as 
follows: PD‑L1 forward, 5'‑CAC​TCA​TCA​TTG​GCT​TTG​GTA​
TTT​CAG‑3' and reverse, 5'‑CGA​CAG​CTC​ATC​TTT​GCC​
TTC​TTT​G‑3'; and β‑actin forward, 5'‑AGC​GGG​AAA​TCG​
TGC​GTG​AC‑3' and reverse, 5'‑ACT​CCT​GCT​TGC​TGA​TCC​
ACA​TC‑3'. Each experiment was performed in triplicate and 
analyzed using the 2‑∆∆Cq method of quantification (13).

Western blot analysis. Cultured SV‑HUC‑1 and T24 cells 
were washed three times in PBS and lysed in 1X SDS buffer. 
Protein concentrations were determined using a Bio‑Rad DC 
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protein assay kit (Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA) according to the manufacturer's protocol. The proteins 
were separated by 10% SDS‑PAGE and electrophoretically 
transferred to Immobilon polyvinylidene difluoride membranes 
(EMD Millipore, Billerica, MA, USA). Blocking was performed 
using 10% non‑fat dried milk freshly prepared in Tween‑20  
tris‑buffered saline [0.1% Tween‑20 in 100 mM tris‑CL (pH 7.5) 
and 0.9% NaCl), which was agitated for 15 min at room temper-
ature overnight. The membranes were incubated with primary 
antibodies against PD‑L1 (dilution, 1:200; catalog no. ab58810; 
Abcam) and β‑actin (dilution, 1:25; catalog no. SAB5500001; 
Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) over-
night at 4˚C, followed by incubation with their respective 
HRP‑conjugated secondary antibodies (1:10,000; catalog 
no. NA933, GE Healthcare; NJ, USA) for 2 h at room tempera-
ture. Signals were detected by enhanced chemiluminescence 
(GE Healthcare Life Sciences, Chalfont, UK) and developed on 
X‑ray film (Fuji Photo Film; FUJIFILM Corporation, Tokyo, 
Japan). Each experiment was repeated in triplicate.

Statistical analysis. All in vitro experiments were performed 
in triplicate. Data are presented as the mean ± standard devia-
tion of three independent repeats. Comparisons between two 
groups and the association between PD‑L1 mRNA expression 
level or PD‑L1 protein expression levels and cytokines were 
analyzed using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA), 
GraphPad Prism 5.0 software (GraphPad Software, Inc., 
La Jolla, CA, USA) and Microsoft excel (Microsoft Corporation, 
Redmond, WA, USA). Significance was determined using χ2 

test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Association between PD‑L1 and efficacy of intravesical 
immunotherapy. A total of 31/55 (56.4%) NIMIBC specimens 
stained positive for PD‑L1, with cytoplasmic or membrane 
staining intensity ranging from light yellow to brown (Fig. 1). 
No plasma membrane expression of PD‑L1 was observed 
in the normal urothelium adjacent to the malignant urothe-
lium. PD‑L1 expression was identified to be significantly 
associated with pathological grade and histological stage of 
NMIBC; the percentages of positive PD‑L1 immunostaining 
were 38.1% (8/21) and 67.6% (23/34) for pTa and pT1 tumors, 
respectively (P<0.05). PD‑L1‑positive patients who had under-
gone intravesical immunotherapy with OK‑432 exhibited 

significantly increased probabilities of recurrence and progres-
sion compared with PD‑L1‑negative patients, with recurrence 
rates of 48.4% (15/31) and 16.7% (4/24), respectively, and 
progression rates of 16.1% (5/31) and 4.2% (1/24), respectively 
(P<0.05; Table I). PD‑L1 expression was not associated with 
patient sex, and there was no association with patient age or 
tumor size (Table II).

Upregulation of PD‑L1 mRNA in T24 bladder cancer cell 
lines. RT‑qPCR results demonstrated that relative expression 
rates of PD‑L1 mRNA were significantly increased in T24 
cells treated with IL‑2, IFN‑α and IFN‑γ (1.22±0.16, 1.37±0.21 
and 2.45±0.19, respectively) compared with untreated T24 cells 
(1.00±0.08; P<0.05). By contrast, no significant differences 
were observed between treated and untreated uroepithelial 
SV‑HUC‑1 cells (Fig.  2). These results indicated that the 
cytokines IL‑2, IFN‑α and IFN‑γ upregulated PD‑L1 mRNA 
expression in T24 cell lines, but had no significant effect in 
SV‑HUC‑1 cell lines.

Upregulation of PD‑L1 protein in T24 cell lines. Western blot 
analysis demonstrated that the levels of PD‑L1 protein were 
increased in T24 cells treated with IL‑2, IFN‑α and IFN‑γ 
(2.1±0.41, 2.77±0.29 and 3.45±0.39, respectively) compared 

Figure 1. Immunohistochemistry showing levels of PD‑L1 expression in 
cases of NMIBC. (A and B) Absence of PD‑L1 staining and (C and D) marked 
membranous PD‑L1 staining in cases of Ta NMIBC. (E and F) Absence of 
PD‑L1 staining and (G and H) marked membranous PD‑L1 staining in cases 
of T1 NMIBC. (A, C, E and G) Low magnification (x200); (B, D, F and H) 
High magnification (x400). NMIBC, non‑muscle invasive bladder cancer; 
PD‑L1, programmed death‑ligand 1.

Table I. Incidence of recurrence and progression in association 
with PD‑L1.

PD‑L1	 Patients,	 Recurrences, 	 Progression, 
expression	 n	 n (%)	 n (%)

Positive	 31	 15 (48.4)	 5 (16.1)
Negative	 24	 4 (16.7)a	 1 (4.2)a

Total	 55	 19 (34.5)	 6 (10.9)

aP<0.05. PD‑L1, programmed death‑ligand 1.
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with untreated cells (1.00±0.08) (P<0.05). By contrast, the 
corresponding levels in SV‑HUC‑1 cells compared with 
untreated cells (0.21±0.08) were 0.27±0.05, 0.44±0.11 and 
0.37±0.19, respectively (P>0.05). These findings indicated that 
the cytokines IL‑2, IFN‑α and IFN‑γ increased expression of 
PD‑L1 protein in bladder cancer T24 cell lines, but had no 
significant effect in non‑tumor SV‑HUC‑1 cell lines (Fig. 3).

Discussion

The majority of patients with NMIBC (>70%) relapse or 
progress to a higher level of invasive bladder cancer, as reflected 
by increases in the numbers, sizes, stages and grades of the 
tumors, as well as the frequency of recurrence and the presence 
of CIS  (14). Therefore, postoperative adjuvant intravesical 
immunotherapy may be recommended in intermediate‑ and 
high‑risk patients with NMIBC  (3,14). Tumor immune 
escape mechanisms may also be important in recurrence 
and progression. Immunotherapeutic agents act by inducing 
a local immune response to prevent tumor recurrence (15). 
BCG has become the most commonly used intravesical agent 
and is known to be superior to other intravesical agents for the 
prevention of tumor recurrence (16,17). However, the clinical 
applications of BCG have been limited by adverse side effects 
and difficulties in its preparation and preservation.

OK‑432 (also known as Sapylin) is a biological reac-
tion modifier derived from the managed and acquired 
Su‑strains (toxic mutant strain) of human group A hemolytic 
Streptococcus. Clinical trials have demonstrated that OK‑432 
may be effective in the treatment of malignant pleural effu-
sion and ascites, in solid tumors, including those from lung, 
stomach, liver and breast cancer, and in lymphatic cancer, such 
as metastases (18). OK‑432 has also been shown to improve 
and prolong patient survival, alleviate systemic conditions 
(particularly those involving the immune function) and reduce 
the side effects of chemotherapy and radiotherapy (19‑21). In 
our center (Department of Urology, First Affiliated Hospital 
of Sun Yat‑sen University), good results have been achieved 
in preventing recurrence and progression of NMIBC by 
administering OK‑432 as an intravesical immunotherapeutic 
agent (22). Previous studies have proposed that the primary 
antitumor role of OK‑432 in bladder carcinoma involves 
mobilization of the cellular immune system by activating 
macrophages, NK cells, lymphokine‑activated killer cells and 
various T cells (23,24). Secondary roles include increasing 

Figure 2. Programmed death‑ligand 1 mRNA levels were determined 
by reverse transcription polymerase chain reaction in (A)  SV‑HUC‑1 
and (B) T24 cell lines following treatment with cytokines IL‑2, IFN‑α and 
IFN‑γ. Cells that were not treated with cytokines were used as a control. 
*P<0.05 vs. control. CON, control; IL‑2, interleukin‑2; INF‑α, interferon‑α; 
INF‑γ, interferon‑γ.

Table II. Clinical characteristics of patients in association with PD‑L1 expression status.

	 PD‑L1‑positive	 PD‑L1‑negative	 χ² analysis
Age, years (mean ± SD)	 61±10	 64±11	 n.s.

Sex, n			   n.s.
  Male	 24	 19	
  Female	 7	 5	
Size of tumors, n			   n.s.
  <3 cm	 11	 7	
  ≥3 cm	 20	 14	
Histological grade, n			   P<0.005
  High	 15	 7	
  Low	 9	 24	
Pathological grade, n			   P<0.005
  pTa	 8	 13	
  pT1	 23	 11	

n.s., not significant; SD, standard deviation; PD‑L1, programmed death‑ligand 1.
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the binding capacity of these cells to the tumor cells, thereby 
enhancing the antitumor effect (25). OK‑432 not only acts 
in a similar manner to BCG in stimulating peripheral blood 
mononuclear cells to produce cytokines (including TNF, INF 
and IL‑2, which also perform roles in antitumor mechanisms), 
but has been identified to be significantly stronger than BCG 
in activating NK cells and inducing the secretion of IL‑2, TNF 
and INF (26).

In the present study, 55  patients with NMIBC were 
divided into 2 groups according to their tumor expression 
levels of PD‑L1. No significant differences were observed 
between the 2 groups with respect to patient age, sex, tumor 
size and grade. However, OK‑432 was revealed to be more 
effective in preventing recurrence and progression in patients 
in the PD‑L1‑negative group compared with those in the 
PD‑L1‑positive group and historical controls. Constitutive 
expression of PD‑L1 is usually confined to macrophage 
lineage cells (27,28), however, abnormal expression of PD‑L1 
has been reported in a variety of human tumors, including 
breast, ovarian, lung, colon and renal cancer, lymphoma and 
melanoma  (29‑32). In the present study, we hypothesized 
that tumor cells in NMIBC bind to T‑cell surface receptor 
PD‑1, or a putative non‑PD‑1 receptor, via PD‑L1, to promote 
antigen‑specific T‑cell apoptosis or dysfunction. This may 
enable the cells to escape immune‑mediated antitumor effects 
by inhibiting the immune response. Such interactions between 
malignant cells and the immune system serve an important role 
in tumor formation and development. Furthermore, as T cells 
are considered essential for acquired antitumor immunity, it 
was concluded that PD‑L1 may also serve an important role in 
the recurrence and progression of NMIBC. These hypotheses 
were supported by observations in the literature. NMIBC is 
one of the most responsive human malignancies to immu-
notherapy, and host immunity appears to modulate bladder 
cancer pathogenesis (15). Furthermore, patients with bladder 
cancer may manifest acquired immune dysfunction, which 

appears to affect lymphocytes and is associated with tumor 
stage (33‑35). It has become apparent that T‑cell‑inhibitory 
PD‑L1 is aberrantly expressed in numerous types of cancer 
and has been implicated as a mechanism for tumor cells 
to evade the host immune system (36,37). Together, these 
previous findings indicated that abnormal expression of PD‑L1 
in bladder cancer may contribute to the ability of the tumor 
to resist host antitumor immune cells, thereby reducing the 
benefit of intravesical immunotherapy and promoting tumor 
recurrence and progression. As such, PD‑L1‑positive patients 
exhibit poorer responses to treatment with OK‑432 compared 
with PD‑L1‑negative patients. Consistent with these findings, 
the present immunohistochemistry observations revealed that 
PD‑L1 expression was increased in recurrent cases that had 
been treated with OK‑432 compared with non‑recurrent cases.

The RT‑qPCR results indicated that the cytokines IL‑2, 
IFN‑α and IFN‑γ were associated with increased expression of 
PD‑L1 at the mRNA and protein levels in T24 bladder cancer 
cell lines in vitro. This effect was not observed in normal 
uroepithelial SV‑HUC‑1 cell lines. IFN‑γ may be involved 
in the regulation of PD‑L1 via certain signaling pathways, 
including the Janus kinase (JAK)/signal transducer and acti-
vator of transcription 1 (STAT1)/interferon regulatory factor‑1 
(IRF‑1); phosphoinositide‑3 kinase (PI3K)/Akt/mechanistic 
target of rapamycin (mTOR)/S6 K and methyl ethyl ketone 
(MEK)/extracellular signal‑regulated kinase (ERK)/STAT1 
pathways  (38). Previous studies have confirmed that the 
JAK/STATl/IRF‑1 and MEK/ERK/STAT1 signaling path-
ways are implicated in the association between IFN‑γ and 
PD‑L1  (39). In addition, the deletion or mutation of the 
phosphatase and tension homolog gene may contribute to an 
increase in PD‑L1 expression via the PI3K/Akt/mTOR/S6K 
signaling pathway  (40), and IL‑2 is known to induce the 
release of IFN‑γ (41). Therefore, we hypothesized that IL‑2 
may increase the expression of PD‑L1 by mediating the effect 
of IFN‑γ; however, the details and mechanisms by which IL‑2 

Figure 3. (A) PD‑L1 protein level in T24 and SV‑HUC‑1 cell lines following treatments with cytokines IL‑2, IFN‑α and IFN‑γ, as detected by western blotting 
using anti‑PD‑L1 and anti‑β‑actin antibodies. Cells that were not treated with cytokines were used as a control. (B) The quantitation of the expression protein 
levels. *P<0.05 vs. control. CON, control; IL‑2, interleukin‑2; INF‑α, interferon‑α; INF‑γ, interferon‑γ; PD‑L1, programmed death‑ligand 1.
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and IFN‑α may increase expression of PD‑L1 remain unclear. 
Based on evidence from previous studies, in combination 
with the present RT‑qPCR data, it was concluded that OK‑432 
stimulated the production of a variety of cytokines, including 
IL‑2, IFN‑α and IFN‑γ, which not only perform key roles in 
enhancing immunity, but increase the expression of PD‑L1, 
thereby reducing the antitumor effect.

The antitumor immune response may be reduced by 
increased expression of PD‑L1 through the inhibition or 
shielding of certain antigen‑presenting cells (APCs) that are 
involved in antigen delivery. Together, these mechanisms may 
explain why treatment outcome is poor in PD‑L1‑positive 
patients with NMIBC when OK‑432 is administered as a 
bladder intravesical agent. As treatment progresses, expression 
of PD‑L1 increases, which directly inhibits the host antitumor 
immune system and T cells and may shield associated APCs, 
thereby promoting resistance against the antitumor actions of 
OK‑432 in the treatment of NMIBC.

The interaction between bladder cancer cells and the 
immune system is a complex and dynamic process, therefore 
additional in vitro and in vivo mechanistic studies are required 
to fully elucidate the role of PD‑L1 in bladder cancer and 
its effect on immunotherapy. However, the present study 
demonstrated that abnormal expression of PD‑L1 is associated 
with recurrence and progression in bladder cancer and 
that it may compromise the antitumor effect of intravesical 
immunotherapy.

The expression of the negative costimulatory molecule 
PD‑L1 is negatively‑associated with intravesical immu-
notherapeutic outcome in patients with NMIBC. It was 
hypothesized that the mechanism involves upregulation of 
PD‑L1 mediated by specific cytokines, thereby compromising 
the immune response, ultimately leading to tumor recurrence 
and progression. The present findings may contribute to 
future improvements in the efficacy of adjuvant intravesical 
therapy in patients with NMIBC according to the expression 
of PD‑L1.
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