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Objective: The aim of this study was to examine whether short hairpin RNA (shRNA) 

expressing lentiviral particles targeting B7-H1 infection could result in B7-H1 knockdown on 

dendritic cells (DCs) and to investigate whether B7-H1 silencing could augment the immune 

function of DCs and further elicit a more potent anti-tumor immune effect against bladder 

cancer cells in vitro.

Methods: Monocyte-derived DCs, which were generated from peripheral blood mononuclear 

cells, were infected by a recombinant lentivirus containing shRNA sequence aimed at B7-H1. 

After that, the infected DCs were pulsed by tumor antigens and used to stimulate cytotoxic 

T lymphocytes-based anti-tumor effect in vitro.

Results: The lentivirus-mediated shRNA delivery method efficiently and effectively silenced 

B7-H1 in DCs. Furthermore, the B7-H1 silencing enhanced the stimulatory capacity and the 

secretion of interleukin-12, but down-regulated interleukin-10 secretion. And more importantly, 

the anti-tumor effect of bladder cancer antigen-loaded DC vaccine in vitro was also potentially 

augmented.

Conclusion: This study suggests that a combination of B7-H1 knockdown and target antigen 

delivery could augment anti-tumor effects in vitro, which potentially provides a novel strategy 

in the immunotherapy of bladder cancer.
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Introduction
Bladder cancer is the most common malignancy of the urinary tract, with high risks of 

recurrence and progression.1,2 Some studies have shown that bladder cancer patients 

have tumor associated immune dysfunction, which may contribute to the high recur-

rence rate and aggressive biological behavior.3 But the etiology of bladder cancer-

related immune dysfunction remains unclear.

Dendritic cells (DCs), which have been identified as the most potent antigen 

presenting cells (APCs), play a vital role in the initiation, programming, and regula-

tion of tumor-specific immune responses.4,5 It has been shown that suppression of 

DCs’ differentiation and function may contribute to immune dysfunction and cancer 

progression.4,6 B7-H1 (also known as PD-L1) is a recently discovered costimulatory 

molecule. It can inhibit immune responses by binding to its receptor PD-1 on the sur-

face of T lymphocytes and consequently inducing antigen-specific T-cell apoptosis or 

anergy.7,8 Recently, some studies found that tumor microenvironment could up-regulate 

B7-H1 expression on DCs and then down-regulate T-cell immunity by suppressing 

DCs’ function.9 Our previous study also demonstrated that B7-H1 expression was 
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significantly up-regulated on DCs from patients with bladder 

cancer.10 All these results implied that B7-H1 may be a poten-

tial target for improvement of DC function.

Therefore, in this study we constructed a recombinant 

lentivirus containing short hairpin RNA (shRNA) sequence 

aimed at B7-H1 and then infected DCs to investigate whether 

B7-H1 knockdown could augment the immune function of 

DCs and further elicit a more potent anti-tumor immune 

effect against bladder cancer cells. Here, we show that B7-H1 

silencing can enhance the stimulatory capacity and Th1 type 

cytokine secretion of DCs. And more importantly, the anti-

tumor effect of bladder cancer antigen-loaded DC vaccine 

in vitro is also potentially augmented.

Materials and methods
Materials
Roswell Park Memorial Institute (RPMI) 1640 culture medium 

and fetal bovine serum (FBS) were purchased from HyClone 

(Logan, UT, USA). Recombinant human granulocyte-

 macrophage colony stimulating factor (rhGM-CSF) and 

recombinant human interleukin-4 (rhIL-4) were purchased 

from PeproTech (Rocky Hill, CT, USA). Lipopolysaccharide 

(LPS) was purchased from Sigma-Aldrich Co (St Louis, MO, 

USA). Fluorescein isothiocyanate (FITC)-conjugated anti-

CD80, anti-CD83, and phycoerythrin (PE)-conjugated anti-

CD86, anti-HLA-DR were purchased from BioLegend (San 

Diego, CA, USA). Anti-B7-H1 polyclonal antibody was 

purchased from Santa Cruz Biotech (Dallas, TX, USA). Cell 

 Counting Kit-8 (CCK-8) was purchased from Dojindo (Tokyo, 

Japan). IL-10 enzyme-linked immunosorbent assay (ELISA) 

kit, IL-12 ELISA kit, and IFN-γ ELISA kit were purchased 

from R&D Systems (Minneapolis, MN, USA). Lactate dehy-

drogenase (LDH) cytotoxicity assay kit was purchased from 

Beyotime (Nanjing, People’s Republic of China).

cell line
Human bladder cancer T24 cell line, derived from a 

patient with bladder cancer (HLA-A1+), was obtained 

from China Center for Type Culture Collection (CCTCC). 

Cells were cultured in RPMI 1640 (HyClone) with 10% 

FBS (HyClone) and maintained at 37°C in a humidified 

atmosphere of 5% CO
2
.

generation of monocyte-derived Dcs
Peripheral blood was obtained from healthy donors with 

informed consent, which was approved by the medical eth-

ics committee at our institution. Before blood harvesting, 

the HLA-A genotype of each volunteer was examined using 

sequencing based typing (SBT) for screening of HLA-A1+, 

which matched that of the T24 cell line. Peripheral blood 

mononuclear cells (PBMCs) were isolated using Ficoll-

Hypaque density gradient centrifugation and were incubated 

at 37°C and 5% CO
2
 for 2 hours to allow plastic adherence. 

After the incubation, non-adherent cells were removed by 

washing these flasks gently. The adherent monocytes were 

then cultured in RPMI 1640 (HyClone) completed medium 

(containing 10% FBS [HyClone]). The cultures were 

supplemented with 1,000 U/mL rhGM-CSF (PeproTech) 

and 1,000 U/mL rhIL-4 (PeproTech) for 5 days to generate 

immature dendritic cells (imDCs).

Preparation of shrna expressing 
lentiviral vector targeting B7-h1
The shRNA targeting human B7-H1 gene contained 21-nucleotide 

targeting sequence (5′- GGTTCCCA AGGACCTATATGT-3′) 
which was separated by a loop from the reverse complement 

of the targeting sequence, a U6 terminator, and 2 cohesive 

ends for ligation into the pGLV-GFP vector, which was lin-

earized by Age I and EcoR I. This recombinant vector was 

named pGLV-GFP-shB7-H1. The negative control vector 

(pGLV-GFP-NC) contained a nonsense sequence inserted in 

order to control any effects caused by transfection mecha-

nisms. Both lentiviral vectors contained a sequence that 

expressed green fluorescent protein (GFP) which could be 

detected as a parameter reflecting transfection efficacy. We 

co-transfected the 293T-cell line with four-plasmid system 

(pVSV-G, pRev, pGag/Pol, pGLV-GFP-shB7-H1 or pGLV-

GFP-NC), which is essential for the production of lentiviral 

stocks. The culture supernatant was harvested 72 hours after 

transfection and filtered through 0.45 µm filters. The final 

lentiviruses were named LV-GFP-shB7-H1 and LV-GFP-NC 

separately.

imDCs were collected on day 5 and divided into 

three groups: untreated group, LV-GFP-NC infected 

group (NC/DC), and LV-GFP-shB7-H1 infected group 

(shB7-H1/DC). The LV-GFP-shB7-H1 and LV-GFP-NC were 

added into the culture at a multiplicity of infection (MOI) 

of 30. After incubation for 24 hours, culture medium was 

replaced, supplemented with rhGM-CSF (PeproTech) (1,000 

U/mL), rhIL-4 (PeproTech) (1,000 U/mL) and LPS (Sigma-

Aldrich Co) (1 µg/mL) for another 2 days to generate mature 

DCs (mDCs). And lysates of T24 cells were added into the 

culture medium to obtain bladder cancer antigen-loaded DC 

vaccine. The lentiviral infection efficiency was measured by 

counting GFP-positive cells under fluorescence microscopy 

after infection for 72 hours.
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The phenotype of Dc vaccine
DC phenotype was determined by flow cytometry using 

a series of antibodies (Abs) including FITC-conjugated 

anti-CD80, anti-CD83 and PE-conjugated anti-CD86, anti-

HLA-DR (BioLegend). The staining followed the same 

basic procedure. Briefly, imDCs and mDCs were collected 

and stained with Abs for 30 minutes at 4°C. After washing 

twice with PBS, the cells were analyzed immediately using 

a FACSCalibur flow cytometry (Becton Dickinson, Franklin 

Lakes, NJ, USA).

B7-h1 expression on Dc vaccine
B7-H1 mRNA and protein expression on DCs were detected 

by reverse transcription-polymerase chain reaction (RT-PCR) 

and Western blot respectively. Total RNA was extracted from 

DCs by using TRIzol reagent (Thermo Fisher Scientific, 

Waltham, MA, USA). Two micrograms of total RNA was 

reverse transcribed and amplified with gene-specific prim-

ers using the RT-PCR System kit (TakaRa, Dalian, People’s 

Republic of China). The primer sequences used were B7-H1 

(forward, 5′-GCC GAC TAC AAG CGA ATT AC-3′; reverse, 

5′-TCT CAG TGT GCT GGT CAC AT-3′, 234 bp) and β-actin 

(forward, 5′-TCA TGG GTG TGA ACC ATG AGA A-3′; 
reverse, 5′-GGC ATG GAC TGT GGT CAT GAG-3, 146 bp).  

PCR conditions were 5 minutes at 95°C, up to 38 cycles 

of 30 seconds denaturing at 95°C, 30 seconds annealing at  

58°C, and 45 seconds extension at 72°C with final extension 

for 10 minutes at 72°C. The PCR amplicons were analyzed 

by 1.5% agarose gel. Total proteins from DCs were separated 

on polyacrylamide gel, transferred onto nitrocellulose mem-

branes and incubated with anti-B7-H1 (Santa Cruz Biotech) 

polyclonal antibody overnight at 4°C. Membranes were then 

washed three times in washing buffer and incubated with 

anti-rabbit IgG conjugated to peroxidase for 1 hour at room 

temperature. Immunoreactivity was determined by chemilu-

minescence according to manufacturer’s instructions.

The stimulatory capacity  
and cytokines of Dc vaccine
The capacity to stimulate T-cell proliferation was measured 

by mixed lymphocyte reaction. Mature DCs of three groups 

were harvested and cocultured with autologous T-cells, iso-

lated from PBMCs with immunomagnetic microbeads (Pan 

T Cell Isolation Kit; Miltenyi Biotec, Bergisch Gladbach, 

Germany) in 96-well plates respectively. Cultures were 

incubated for 4 days and then pulsed with 20 µL/well of 

CCK-8 (Dojindo) for 4 hours. The absorbance of each well 

was measured with a microplate reader at 450 nm and each 

assay was repeated at least three times. Proliferation indices 

of T-cells were measured as stimulation index (SI) which 

was calculated as follows: SI = (experiment OD-blank OD)/

(negative control OD-blank OD). Meanwhile, the superna-

tants of cultures were harvested for cytokine assays. IL-10 

and IL-12 secretions were detected by IL-10 ELISA kit and 

IL-12 ELISA kit (R&D Systems) respectively according to 

the manufacturer’s instructions.

cTls cytotoxicity assays
Autologous T-cells were purif ied from PBMCs with 

immunomagnetic microbeads and cocultured with bladder 

cancer antigen-loaded DC vaccine in 96-well plates. After 

1 week, a second identical stimulation was performed to 

generate tumor specific CTLs. T24 cells (1×104/well) were 

seeded in 96-well plates and used as targets for CTLs at  

an effector/target (E/T) ratio of 5:1, 10:1 and 20:1 

(5×104/well, 1×105/well, and 2×105/well CTLs) for 12 hours. 

LDH (Beyotime) release was then determined with LDH 

cytotoxicity assay kit and the percentage of specific lysis 

was calculated as: [(experimental release-spontaneous 

release)/(maximum release- spontaneous release)] ×100. 

In addition, IFN-γ  production in the supernatants was also 

detected by IFN-γ ELISA kit (R&D Systems). IFN-γ secre-

tion capacity of CTLs was measured as IFN-γ concentration 

per 5×104 CTLs, which excluded the influence of increased 

E/T ratios and reflected the initiation effect of different DC 

vaccines.

statistical analysis
Statistical analysis was performed using SPSS 17.0 (SPSS 

Inc., Chicago, IL, USA). Data were obtained and enumer-

ated by Student’s t-test. P0.05 was regarded as statistically 

significant.

Results
Lentiviral infection efficiency  
and the phenotype of Dc vaccine
To evaluate the effect of B7-H1 silencing, we first designed 

shRNA expressing lentiviral particles targeting B7-H1 and 

infected bladder cancer antigen-loaded DC vaccine. We 

found that GFP-positive cells were identified in approxi-

mately 75.7%±2.3% of all cells under fluorescence micros-

copy, which indicated remarkable infection efficiency 

(Figure 1). We further tested the phenotype of DC vaccine to 

exclude negative effects of lentiviral infection. As shown in 

Figure 2, all mDCs showed high expression of CD80, CD83, 

CD86, and HLA-DR in contrast to imDCs. In addition, the 
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phenotype of DC vaccine among three groups exhibited no 

significant differences, indicating that virus infection did not 

affect the maturation and main phenotype of DC.

shrna expressing lentiviral particles  
targeting B7-h1 specially inhibits  
B7-h1 expression on Dc vaccine
Consistent with previous studies, B7-H1 mRNA and pro-

tein expressions on DCs were up-regulated obviously after 

maturation. However, after infected with shRNA expressing 

lentiviral particles targeting B7-H1, B7-H1 expressions 

on DC vaccine were specially suppressed. Thus, we con-

firm that DCs infection with shRNA expressing  lentiviral 

 particles targeting B7-H1 can exert a potent knockdown 

effect on endogenous B7-H1 expression (Figure 3).

silencing of B7-h1 enhances the  
immune function of Dc vaccine
To investigate whether B7-H1 silencing could improve the 

immune function of DC vaccine, the capacity to stimulate 

T-cell proliferation was measured by mixed lymphocyte reac-

tion and cytokine productions were analyzed by ELISA. We 

found that DC vaccine combined with B7-H1 silencing dem-

onstrated a stronger capability to stimulate T-cell proliferation. 

Meanwhile, IL-12 secretion was increased and IL-10 secretion 

was decreased after B7-H1 silencing. Thus, our results indicate 

×400

×100

Bright Fluorescent

Figure 1 GFP expression under fluorescence microscopy after lentiviral infection.
Notes: Dcs were infected with lentivirus at an MOi of 30 for 24 hours. GFP could be observed under fluorescence microscopy 72 hours after infection, which was ultimately 
identified in 75.7%±2.3% of Dcs. This gFP + percentage demonstrates a relatively high infection efficiency.
Abbreviations: MOi, multiplicity of infection; GFP, green fluorescent protein; DC, dendritic cell.
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Figure 2 expression of surface molecular markers on Dc.
Notes: DCs were harvested and analyzed by flow cytometry using monoclonal antibodies. The results showed increased expressions of CD80, CD83, CD86, and HLA-DR, 
which is a typical phenotype of mature DC. Additionally, shB7-H1/DC, NC/DC, and untreated DC exhibited no significant differences, suggesting that lentiviral infection did 
not affect the maturation and main phenotype of Dc. The data shown are representatives of three independent experiments.
Abbreviations: nc/Dc, lV-gFP-nc infected Dc; shB7-h1/Dc, lV-gFP-shB7-h1 infected Dc; Dc, dendritic cell.
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that B7-H1 silencing can enhance the stimulatory capacity and 

Th1 type cytokine secretion of DC vaccine (Figure 4).

silencing of B7-h1 augments the  
anti-tumor effect of bladder cancer  
antigen-loaded Dc vaccine in vitro
For the beneficial effect of B7-H1 silencing on DC function, 

we further tested whether B7-H1 silencing could enhance 

the anti-tumor effect of bladder cancer antigen-loaded DC 

vaccine in vitro. We found that tumor specific CTLs induced 

by bladder cancer antigen-loaded DC vaccine combined 

with B7-H1 silencing expressed the highest level of IFN-γ 

compared with the other groups. CTLs stimulated by antigen-

loaded DC secrete a modest level of IFN-γ. This indicates 

that B7-H1 silencing on DC promotes CTLs to produce 

more IFN-γ (Figure 5A). LDH (Beyotime) release assay 

was also performed to test the cytolytic activity. As shown in 

Figure 5B, untreated DCs exhibited lowest anti-tumor activity 

which did not change at escalating E/T ratios. DCs pulsed by 

tumor antigen were observed to induce modest CTL activity 

against T24 cells and antigen-loaded DC infected by LV-GFP-

B7-H1 demonstrated the highest cytotoxic effect. This result 
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indicated that DC pulsed by antigens could enhance the anti-

tumor effect of CTLs and B7-H1 knockdown strategy could 

further improve this effect. Thus, we confirm that silencing 

of B7-H1 can augment the anti-tumor effect of bladder cancer 

antigen-loaded DC vaccine in vitro.

Discussion
T-cell mediated cytoimmunity is a main form of host 

antitumor immunity. Recognition and presentation of tumor 

antigen and activation of tumor specific T-cell is necessary 

for the start of tumor immune response. DCs, which are the 

most potent APCs, play an important role in the initiation, 

programming, and regulation of tumor immune responses. 

mDCs express high levels of MHC and costimulatory 

molecules.11 Stimulatory and inhibitory signals presented by 

DCs during antigen presentation are integrated by the T-cell 

and determine the final outcome of T-cell activation.11–13

B7-H1 is a recently discovered T-cell suppressive costim-

ulatory molecule that is mainly expressed on the surface of 

activated monocytes and DCs.7,14 B7-H1 on DCs can provide 

co-inhibitory signals in the priming of cellular immune 

responses by binding to its ligands on T-cells, preventing 

autoimmunity and allowing the body to establish tolerance 

to self-antigens in normal physiology.15,16 It has been verified 

that inflammatory mediators in the tumor microenvironment 

can significantly up-regulate the expression of B7-H1 on 

tumor-associated DCs including those in tumor-draining 

lymph nodes and derived from ascites CD14+ monocytes, 

which subsequently contribute to the suppressive functions 

of DCs and facilitate tumor escape.9,17 Our previous study 

also demonstrated that B7-H1 expression was significantly 

up-regulated on DCs from patients with bladder cancer.10 

It indicates that up-regulation of B7-H1 on DCs may be a new 

mechanism by which human cancers evade immunity.

The improved understanding of B7-H1 signaling in DC 

permits manipulation of this interaction and determines the 

therapeutic role of immunity in cancer. There are reports on 

the use of B7-H1 blockage to increase the efficacy of cancer 

immunotherapy. Importantly, in two recently published 

articles, Hobo et al efficiently delivered B7-H1 siRNA into 

DCs via lipid nanoparticles and demonstrated that these DCs 

could strongly enhance antigen-specific T-cell proliferation 

and cytokine production in allogeneic stem cell transplanta-

tion patients.18,19 However, the cytokine secretion of DC and 

the direct anti-tumor effect were not involved. Herein, we 

constructed shRNA expressing lentiviral particles targeting 

B7-H1 and then infected DCs to investigate whether B7-H1 

knockdown could augment the immune function of DCs and 

further elicit a more potent anti-tumor immune effect against 

bladder cancer cells. We found that DC vaccine combined 

with B7-H1 silencing demonstrated a stronger capability to 

stimulate T-cell proliferation. Meanwhile, IL-12 secretion 

was increased and IL-10 secretion was decreased after B7-H1 

silencing. DCs can secrete many cytokines to regulate immune 

responses. Some cytokines can augment Th1 type responses 

which promote T-cell mediated cytoimmunity, while others 

can induce immunotolerance. It is well known that IL-12 

is pivotal for enhancing Th1 type immunity and anti-tumor 

responses, while IL-10 facilitates Th2 type immunity which 

is undesirable and tumor-promoting. Our data suggest that the 

expression of B7-H1 seems to affect the endogenous signal-

ing in DC. Though the exact mechanisms need to be further 

elucidated, it is certain that targeting the B7-H1 immune 

 checkpoint can enhance the immune  function of DC vaccine 
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by altering the secretion profile of DC.  Furthermore, tumor 

specific CTLs induced by bladder cancer antigen-loaded 

DC vaccine combined with B7-H1 silencing demonstrated a 

stronger cytotoxicity against T24 cells and IFN-γ production 

of tumor specific CTLs was also enhanced. Thus, we confirm 

that silencing of B7-H1 can augment the anti-tumor effect of 

bladder cancer antigen-loaded DC vaccine in vitro.

Bladder cancer has been characterized as an immuno-

genic cancer that contains large amounts of tumor-infiltrating 

lymphocytes and is sensitive to immunotherapy with bacillus 

Calmette-Guérin.20,21 Thus, bladder cancer is considered as one 

of the most responsive human malignancies to immunother-

apy, including DC vaccine. The present DC vaccine strategies 

focus on the presentation of tumor antigens. For example, DCs 

can be loaded with proteins derived from tumors, synthetic 

peptides, RNA/DNA encoding specific tumor antigen or other 

forms.22–24 Nevertheless, the negative regulation of B7-H1 

is ignored. We speculate that the infused DC vaccines enter 

the tumor microenvironment where B7-H1 expression could 

be up-regulated and this phenotype alteration may lead to 

functional impairment. This mechanism may be involved, 

at least in part, in the dysfunction of DC vaccine in clinical 

trials. Our study suggests that targeting B7-H1 may become 

a potential strategy for improving the anti-tumor effect of DC 

vaccine. Therefore, we believe the B7-H1 silencing strategy is 

crucial to improve the clinical potential of current DC-based 

immunotherapy. Moreover, B7-H1 shRNA modified DC 

vaccine may be a promising adjuvant therapeutic modality 

for bladder cancer and should be used in combination with 

current therapeutics for improvements in survival.

In conclusion, we have demonstrated that B7-H1 silenc-

ing can enhance the immune function of DC and augment 

the anti-tumor effect of bladder cancer antigen-loaded DC 

vaccine in vitro. Currently, B7-H1/PD-1 antibodies have a 

very broad potential and trials in many tumor types are being 

initiated. We suggest that targeting B7-H1 combined with 

DC vaccine may also become a highly promising strategy in 

immunotherapy and further in vivo studies are warranted.
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