
Copyright © All rights are reserved by Hui Liu, Xueyan Zhang.

Concepts of Dairy & Veterinary
Sciences

Research Article

A Novel Dendritic Cell Targeting PD-L1 Synthetic Vaccine 
as Potential Immunotherapy Strategy Elicits Therapeutic 

Antitumor Immunity
Maoping Huang1#, Wuyi Zeng1#, Jiayi Pan1#, Zixuan Fang1, Jiangtao Jia1, Rong Zhang1, Menghua He1, Jiashan He1, 
Xinyu Yang1, Bei Zhong1, Ailin Tao2, Jun Zeng1,2, Xueyan Zhang1,2*, Hui Liu1,2*
1The Sixth Affiliated Hospital of Guangzhou Medical University, Qingyuan People’s hospital;School of Basic Medical Sciences, Guangzhou 
Medical University, Guangzhou 510182, China
2The State Key Laboratory of Respiratory Disease, The Second Affiliated Hospital, Guangdong Provincial Key Laboratory of Allergy & 
Clinical Immunology, Guangzhou, China
#These authors contributed equally to this work

*Corresponding author: Dr. Hui Liu. 195 DongFeng Xi Road, Guangzhou Medical University, Guangzhou510182, China. 
Email:  Or Dr. Xueyan Zhang. 195 DongFeng Xi Road, Guangzhou Medical University, Guangzhou510182, 
China. Email: 

Received:  January 29th,2022                                                                                                                       Published:   February 11th, 2022

ISSN: 2637-4749

DOI: 10.32474/CDVS.2022.04.000199

484

Introduction
Tumor cells always evade the immune system and tumor 

cells secrete chemicals that actively steer immune cells away 
from the tumor [1,2]. In order to bypass the immunosuppressive 
milieu and boost immune responses, an orchestrated approach 
is required encompassing mechanism which can target specific 
tumor-associated antigens for tumor treatment. Lots of trials have 
failed to show an improvement in survival when combined with 
other chemotherapeutic drugs [3]. Tumor cells can be recognized  

 
by tumor-specific T cells [4]. Tumor infiltration with cytotoxic 
T lymphocytes (CTLs) and T helper cells represents a favorable 
prognostic factor for patients with solid tumor [5,6]. This provides 
a strong rationale for the development of immunotherapy. Tumor-
specific T cells can be activated by vaccination with dendritic 
cells (DCs) [7,8]. DCs are the most potent professional antigen-
presenting cells (APCs) of the immune system, uniquely capable of 
stimulating tumor-specific CD4+ and CD8+ T cell immune responses 
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leading to CTL tumor infiltration and tumor regression [9]. DCs are 
often pulsed with synthetic peptides from known tumor-associated 
antigens (TAAs), chemotherapy, or tumor lysate to generate an 
immune response [10]. Synthetic peptides corresponding to the 
epitopes recognized by T cells have also been used to enhance 
MHC class I binding and subsequently induce CTL response 
[11]. Pulsed DC vaccine has also been given along with standard 
chemotherapy to cancer patients [10,12]. Cytokines such as IL-2, IL-
12, granulocyte-macrophage colony-stimulating factor (GM-CSF), 
CEA and CD40 have been used as adjuvants to increase immune 
response [13,14]. Vaccines are the most clinically advanced part 
of tumor immunotherapy and the most encouraging results come 
from whole-cell, allogenic GM-CSF, DCs, and telomerase peptide 
vaccines [1,15]. Nevertheless, tumor cells can be rejected in vivo 
after vaccination with tumor antigen-loaded DCs [16]. Thus, 
combinations of vaccines with more appropriate trial designs are 
crucial for tumor immunotherapy. 

Multiple T cell checkpoint molecules have been described to 
inhibit T cell activation [17,18], and the blockade of either of two 
of these inhibitory proteins, CTLA4 and PD1, has resulted in clinical 
benefit in several tumor types [19,20]. For some solid tumors such 
as the pancreatic cancer treatment, however, the neutralization 
of immune checkpoint receptors through CTLA-4 or PD-L1/
PD1 by itself proved to be ineffective [21], and new trails with 
nivolumab and pembrolizumab is ongoing in combinations with 
other vaccines or chemotherapy [1]. PD1 is a PD-L1 ligand that 
plays an important role in the inhibition of T cell-mediated immune 
response. Binding of PD1 to PD-L1 causes the exhaustion of effector 
T cells and immune escape of tumor cells. Several studies focused 
on pancreatic carcinoma have achieved similar results showing 
that PD-L1 expression in human pancreatic carcinoma tissues 
is associated with poor prognosis [22,23]. Since PD-L1 is rarely 
expressed on normal tissues but inducibly expressed on tumor site 
[24], it indicates that the selective expression of PD-L1 may have 
some association with clinical outcomes of the cancer patients and 
can be a selective target for antitumor therapy. A fusion protein 
of PD-L2 and Fc was shown to enhance the antitumor immune 
effect of GM-CSF-secreting whole-cell vaccine [25]. Most recently, 
we demonstrate, for the first time, the feasibility of DC vaccination 
(PDL1-Vax) to actively induce endogenous anti-PD-L1 antibody 
and T cell responses for cancer immunotherapy [26], providing 
a novel strategy could be used for cancer immunotherapy and 
immunoprevention. In this study, a synthetic fusion protein vaccine 
composing the human PD-L1 extracellular domain and human 
GM-CSF molecule employing the pET-21a/His system was further 
generated. We found such a PDL1-GMCSF protein-loaded DCs 
vaccine induced a potent antigen-specific antitumor CTL response 
in vivo and showed significantly therapeutic effect in mice tumor 
cells Panc02 stabling expressing human PD-L1. No obvious 
morphologic changes were visually observed from liver and kidney 
tissues immunized using PDL1-GMCSF-containing protein vaccine. 
These results may further provide a novel efficient strategy for 
tumor immunotherapy.

Materials and Methods
Mice and cell lines 

Six- to eight-week-old female C57BL/6 mice were purchased 
from Jackson Laboratory and maintained locally. All animal 
procedures were approved by the Institutional Animal Care and Use 
Committee at Guangzhou Medical University. Murine pancreatic 
adenocarcinoma cell line Panc02 was originally established by 
Corbett et al. [27]. Both cell lines were maintained in DMEM 
supplemented with 10% (v/v) FBS, 1% L-glutamine, 1% sodium 
pyruvate, and 1% streptomycin-penicillin-neomycin solution 
(Biological Industries). Panc02 and MC38 stably expressing human 
PD-L1 were maintained in the media supplemented with 500 ng/
ml or 200 ng/ml puromycin (Invitrogen), respectively. 

Protein production and purification
The recombinant vector pET-21a-PDL1-GMCSF was constructed 

by inserting a synthetic PD-L1-Th linker-GM-CSF into the vector 
pET-21a (Emd Millipore) by using NdeI/XhoI cloning sites. The 
recombinant plasmid was transformed into E. coli DH5α. The 
expressed fusion protein was purified by using a Ni-NTA agarose 
column according to the manufacturer’s instruction (Qiagen). The 
purified proteins were analyzed by using SDS-PAGE and Western 
Blot and then further dialyzed using a dialysis cassette following 
the manufacturer’s instructions (Thermo). The purified protein 
stocks were stored at -80°C for further study.

Retroviral-transduced tumor cell lines
To produce retroviral vectors, 293-T packaging cells were 

cultured in 100-mm culture dishes with DMEM medium (4.5 g/L 
glucose) supplemented with 10% fetal bovine serum (FBS), 1% 
L-glutamine, 1% sodium pyruvate, and 1% A/A at 37°C in 5% CO2 
and transfected with 1 ml TransfectagroTM Reduced serum medium 
(Corning) containing 10 µg PD-L1-retroviral vector plasmid, pCMV-
Gag-Pol (10 µg) and pCMV-VSV-G (3.5 µg) and with the addition of 
polyethylenimine (PEI, 1 µg/µl) (the volume of PEI used was based 
on a 3:1 ratio of PEI (µg): total DNA (µg)). After overnight incubation, 
the medium was replaced with DMEM containing 5% FBS. 24 
and 48 hours later, the culture medium containing recombinant 
retroviruses was collected and filtered through a 0.45 µm filter 
(EMD Millipore, Darmstadt, Germany). The non-concentrated 
harvested retroviruses were transduced into the exponentially 
growing tumor cell lines (Panc02 and MC-38) containing 8 ng/ml 
Polybrene. Then selected the positive PD-L1 expressing tumor cells 
with the addition of optimal final concentration of puromycin (1 
mg/ml) as follows: Panc02 (4 µg/ml), MC-38 (2 µg/ml) and cultured 
those stably-expressing PD-L1 tumor cells and then harvested them 
for the further Flow Cytometry analysis.

Preparation of dendritic cells
C57BL/6 mouse bone marrow (BM)-derived dendritic cells 

(DCs) were prepared as described previously [26, 28]. In brief, 
mouse BM was flushed from limbs, passed through a nylon mesh, and 
depleted of red cells with ammonium chloride. After extensive wash 
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with RPMI-1640, cells were cultured in RPMI-1640 supplemented 
with 10% FBS, mGM-CSF/ml (20 ng/ml) and recombinant mouse 
IL-4 (20 ng/ml; PeproTech). Nonadherent granulocytes were 
removed after 48 h of culture. Every other day, the supernatant 
was replaced with fresh media containing 20 ng/ml of rmGM-CSF 
and 20 ng/ml of rmIL-4. All cultures were incubated at 37 °C in 
5% humidified CO2. Bacterial lipopolysaccharide (LPS; Sigma) was 
added at 100 ng/mL during the last 16 h for DC maturation. After 7 
d of culture, >80% of the cells expressed characteristic DC-specific 
markers (CD40, CD80 and CD86) as determined by FACS.

DC immunization and tumor model
For preparation of antigen-pulsed DCs, BM-derived DCs were 

incubated overnight with 100 µg/ml of vaccine protein or control 
in culture media supplemented with the above cytokines. DCs 
were then pulsed again with 50µg/ml vaccine protein or control 
for an additional 2h. After washing with PBS three times, these 
antigen-pulsed DCs were used for immunization. C57BL/6 mice 
were randomly divided into two groups (5 mice per group) as 
follows: 1) PBS control, 2) hGM-CSF, and 3) PDL1-GMCSF. Mice 
were immunized via footpad injection two or three times at a 
one-week interval. To test efficacy of DC vaccines the immunized 
mice were subcutaneously inoculated with exponentially growing 
Panc02 or MC38 stably expressing human PD-L1 (5×104 cells) on 
the flanks one week after the last DC immunization. Tumor sizes 
were measured every three or four days with a caliper. Tumor 
volume was calculated as follows: (longest diameter) × (shortest 
diameter)2 [29].

Intracellular staining (ICS) and Flow cytometry analysis
Spleens were isolated from immunized C57BL/6 mice three 

days after the last DC administration. Prepared splenocytes (1×106 
cells/well) were restimulated in U-bottom 96-well plates with 5 
µg/mL freshly-prepared vaccine protein for 6 h in the presence 
of recombinant mouse IL-2 (20 ng/ml; PeproTech). 5 µg /mL 
Brefeldin A (eBioscience) was added to accumulate intracellular 
cytokines. After restimulation, the cells were firstly incubated with 
anti-mouse CD4, CD8, and CD11c antibodies for surface staining. 
Subsequently, intracellular staining for IL-2, IFN-γ, and Granzyme 
B were performed after these cells were fixed and permeabilized. 
Fixable viability dye was used to gate out dead cells. Data were 
collected on MMI FACS CANTO II (BD Biosciences, Los Angeles, CA, 
USA) and analyzed with Flow Jo software (Tree Star Inc., Ashland, 
OR USA). The antibodies used in this study were obtained from BD 
Biosciences (San Diego, CA, USA), including FITC anti-mouse CD4, 
APC anti-mouse CD8a, FITC anti-mouse CD40, APC anti-mouse 
CD80, FITC anti-mouse CD86, PE anti-mouse IL-2, eflour660 anti-
mouse Granzyme B, and APC anti-mouse PD-L1 (CD274). Fixable 
viability dye was purchase from TONBO biosciences (San Diego, 
CA).

Enzyme-linked immunospot (Elispot) assay 
ELISPOT assay was performed as described in our previous 

studies [30]. Briefly, Elispot plates (Millipore) were incubated 

with monoclonal anti-IFN-γ antibody (100 ng/well) overnight 
and then blocked with RPMI-1640 media supplemented with 10% 
FBS. Effector splenocyte (1×105, or 2×105) were co-cultured with 
protein (50 ng per well) in the coated plate for 24 h at 37 °C. After 
washing, biotinylated anti-mouse IFN-γ detection antibody was 
added to the wells, and then incubated for 2h. After another wash, 
HRP-conjugated avidin was added to the wells and incubated for 
1 h at room temperature. Finally, freshly-prepared AEC Substrate 
Solution (Pierce) was added to the wells and then monitored 
development of spots. After spot development, the plate was rinsed 
thoroughly with ddH2O and allowed to dry. Spots were analyzed 
by a dissecting microscope and automated ELISPOT plate reader 
Zellnet Consulting, Inc. (New York).

Hematolxylin & Eosin (H&E) staining 
Mouse liver and kidney were isolated from the above 

immunized groups and placed into isopentane for being fast frozen 
with liquid nitrogen. Tissue sections were performed according 
to the standard protocol. Briefly, the frozen tissues were cut (5μm 
thickness) at -20 °C and immediately transferred to a micro slide 
box kept on dry ice and stored at -80 °C. These slides were air-
dried, fixed with formalin, and then embedded with paraffin. H&E 
staining was completed at the pathological core in Guangzhou 
Medical University. 

Statistical analysis
Statistical significance was determined using the t-test and One 

Way ANOVA test with Sigma Stat software. P< 0.05 was considered 
as a statistically significant difference. Regression plots were 
constructed using Sigma Plot software. All data were presented 
as the mean ±SEM and were representative of at least three-
independent experiments done in triplicate. 

Results
Production of Recombinant PD-L1 Immunogens (PDL1-
GMCSF)

PD-L1 is mainly expressed on the surface of tumor cells and 
antigen-presenting cells in various solid malignancies such as 
pancreas and liver while rarely expressed on normal tissues 
[31,32], which means PD-L1 is a selective target for cancer 
immunotherapy and vaccine development. Cytokine GM-CSF 
is sable to mobilize lymphocytes and monocytes to tumor sites 
and has been used antigen delivery transit to increase immune 
response [33]. To generate a PD-L1 immunogen (PDL1-GMCSF), a 
fusion gene consisting of the extracellular domain of human PD-
L1 (aa 19–220) in-frame linked to a T helper epitope sequence 
and a human GM-CSF sequence was synthesized and cloned into 
Novagen pET21a expression vector to generate the expression 
vector pET-PDL1-GMCSF. For the expression of the recombinant 
protein (PDL1-GMCSF), this recombinant plasmid was then 
transformed into BL21 (E. coli) in the culture medium. After culture 
fermentation and isopropyl β-D-1-thiogalactopyranoside (IPTG) 
induction, the cells were collected, lysed, and examined by sodium 
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dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE), 
where it was expressed in pellet with an expected molecular weight 
of approximate 34 kDa upon induction (Figure 1A, lane 3). Then 
the His-tagged protein vaccine was purified using Ni-NTA column 
under denaturing conditions, and the cell lysis and elute fractions 
was further analyzed by SDS-PAGE (Figure 1B). In order to create 

a physiological consistency, the elution rich fraction of purified 
protein was further dialyzed and then analyzed by SDS-PAGE 
(Figure 1C) and Western Blot using His antibody (Figure 1D). Using 
the purification procedures mentioned above, about 10 mg high 
purity recombinant PDL1-GMCSF vaccine protein was obtained 
from 1 L bacterial culture for further functional characterization.

Figure 1:  Expression and purification of recombinant protein PDL1-GMCSF. (A)  The fusion segment consisting extracellular 
domain of human PD-L1, Th epitope sequence, and human GM-CSF was designed with the Nde I and Xho I restriction sites 
of pET-21a downstream of promoter. The recombinant protein PDL1-GMCSF in pellet and supernatant were inducted upon 
IPTG (0.1 mM) or no IPTG at the expected size using SDS-PAGE analysis. (B) Coomassie staining of the purified vaccine 
protein in cell lysis and elution rich was shown. (C) SDS-PAGE analysis of purified protein after dialysis. (D) Western blot 
analysis of the dialysis protein using His antibody was shown. M, Marker; S, Supernatant; P, Pellet; ∆, Non-induced by IPTG; 
▲, IPTG induction; CL; Cell lysis; E; Elution; D, Dialysis; V, pET-PDL1-GMCSF vaccine protein.

Maturation of the PDL1-GMCSF fusion protein-loaded 
DCs

Mouse bone marrow-derived DCs were prepared as we 
described previously [26,28]. On day 0, BM progenitor cells seeded 
into culture dishes showed a spherical morphology (Figure 2A). 
Cells were small, had defined cell membranes, and were in great 
health. On day 3, the initiation of colony formation happened at 
various sites with some aggregations of BMDCs and some cells 
were converted into adherent macrophages (Figure 2B). Then, 
on day 6, the immature BMDCs were obtained with the culture in 
the medium containing recombinant mouse GM-CSF (rmGM-CSF). 
Clusters of colonies of BMDCs were formed and amounts of floating 
and semi-adherent BMDCs were seen (Figure 2C). Subsequently, 
the cells were treated with maturation stimulus LPS (100 ng/ml) 

for 24 hours. Increased cell population and obviously huge clusters 
of colonies were seen. Simultaneously, the dendrites of cells 
were extended and more adherent macrophages were observed 
(Figure 2D and 2E (with the addition of fusion protein as well)). 
In addition, to detect the maturation of BMDCs, on day 6 of culture, 
the DCs were individually loaded with PDL1-GMCSF protein, PBS 
and LPS. After overnight stimulation, the expression levels of T-cell 
co-stimulatory molecules-CD40, CD80 and CD86, were determined 
by surface staining and further flow cytometry analysis. LPS 
was known as an essential inflammatory stimulus to induce DC 
maturation. In the meanwhile, the prominently increased release 
of T-cell costimulatory molecules, CD80 and CD86, was observed 
after LPS stimulation . The results show that the antigen uptake 
and DC maturation events have occurred during this culture and 
stimulation process..
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Figure 2:  Morphology of murine BMDCs at different days of culture and costimulatory molecule (CD40, CD80 and CD86) 
expression of murine mature-BMDCs. Murine bone marrow cells were cultured in RPMI-1640 10% FBS containing 20 ng/ml 
rmGM-CSF and 20 ng/ml IL-4 for 6 days. Fresh medium was supplemented every two days (at day-2 and day-4). (A) Murine 
bone marrow progenitor cells at day-0. (B) BMDCs at day-3. (C) Immature un-treated-BMDCs at day-6. (D) BMDCs were 
treated with maturation stimulus, LPS (100 ng/ml) for 24 hours. (E). BMDCs were loaded with PD-L1-GM-CSF fusion protein 
at day-6 and then after 4 hours, stimulated by LPS (100 ng/ml) for another 24 hours. The arrows indicate the sites of colony 
formation at day-3, day-6 and day-7 (magnification-100X).

Higher level of Th1 cytokine secretion were observed 
in the mice splenocytes immunized with PDL1-GMCSF 
protein-pulsed DCs  

To study whether the PDL1-GMCSF protein vaccine can induce 
efficient immune response, naive C57BL6 mice were immunized 
twice at a one-week interval with 100 µg/mL protein-loaded DCs 
and PBS-DCs. Three days later of the second vaccination, the spleens 
from the immunized mice were isolated and digested into single-
cell suspensions, and then pulsed with 5 µg/mL vaccine protein 
again in a U-bottom 96-well plate for another 6h. The frequency of 
T cells producing IFN-γ was firstly determined by using Elispot. As 
expected, the T cells immunized with PDL1-GMCSF protein vaccine 
generated a significantly higher percentage of IFN-γ compared with 
cells immunized with PBS-DCs (Figure. 3A). An approximate 6- and 

15-fold upregulation (respectively) of IFN-γ secretion was observed 
when coated 1×105 and 2×105 splenocytes in plate (Figure 3A). “The 
prominent increase of CD4+ and CD8+ population in PDL1-GMCSF 
protein-pulsed mice splenocyes was observed. The IL-2 producing 
CD4+ T cells were then determined and analyzed by intracellular 
staining and flow cytometry. As shown in Fig. 3B, the frequency 
of T cells producing IL-2 was induced a 15-fold increase (marked 
with red line) on total CD4+ cells, which is similar to extremely high 
IFN-γ induction”. These results clearly demonstrated that the PDL1-
GMCSF protein vaccine elicit enhanced IFN-γ and IL-2 production 
and might generate good capability for CTL induction. These data 
perfectly indicate that this novel PDL1-GMCSF fusion protein-
loaded DC vaccine elicits enhanced IFN-γ and IL-2 secretion from 
activated T lymphocytes, which would generate better potential to 
trigger CTL responses.
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Figure 3:  PDL1-GMCSF protein vaccine pulsed with DCs generates increased IFN-γ and IL-2 secretion. C57BL6 mice were 
immunized twice at a one-week interval and pulsed with 100 µg/ML of PDL1-GMCSF protein-loaded DCs and PBS-DC 
control. 7 d after vaccination, splenocytes were isolated and harvested with 5 µg/ML PD-L1 vaccine for 6 h. (A)The frequency 
of T cells producing IFN-γ was determined by Eli spot. Data represent mean values ±SEM. **p<0.01 (B) The frequency of T cells 
producing IL-2 in total CD4 cells was examined by intracellular staining analysis and flow cytometry.

Therapeutic vaccination with DC targeting PDL1-GMCSF 
vaccine significantly inhibits tumor growth

Next, mouse cancer models have been used to test this fusion 
protein vaccine by conducting stable pancreatic cell line Panc02 
expressing PD-L1 with retroviral transfection methods. The Panc02 
tumor cell line stably expressing PD-L1 was performed as standard 
methods. Then 2.5 ×105 Panc02 tumor cells stably expressing PD-
L1 were injected contralateral subcutaneously into mice after 1 
week of the second vaccination. After the tumor cell inoculation 
was established, the tumor growth was monitored every 5 day. As 
shown in Figure 4A, vaccination with PDL1-GMCSF group (shown 

as PDL1) more efficiently delayed tumor growth compared to both 
the GM-CSF vaccine and the PBS control group. Interestingly, the 
immunized mice from GM-CSF protein vaccine group also showed 
efficacy for the inhibition of tumor growth. Strikingly, the survival of 
tumor bearing mice was significantly improved by the PDL1-GMCSF 
protein vaccination, and 40% of treated mice survived at least 80 d 
(Figure 4B). The similar trend of tumor growth was observed for 
the same grouping of mice inoculated with MC38 tumor cells (2.5 
×105 tumor cells per mouse) (Figure 4C). Thus, these data imply 
that this fusion protein vaccine could be a more potent therapeutic 
vaccine compared with the conventional non-PD-L1 DC targeting 
protein vaccines.
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Figure 4:  Vaccination with PDL1-GMCSF protein loaded DCs can efficiently inhibit tumor growth in mice. C57BL6 mice 
were immunized twice at a one-week interval with 100 µg/ML of PDL1-GMCSF vaccine, 100 µg/ML of GM-CSF protein and 
PBS-DC alone. 3 d after vaccination, the immunized mice were inoculated with 2.5 ×105 Panc02 stably expressing PD-L1 or 2.5 
×105 MC38 tumor cells by contralateral subcutaneously. (A) The tumor size inoculated with PDL1-GMCSF (shown as Panc02-
PD-L1) was monitored every 5 day and growth curve is calculated as earlier.  (B) The survival curve inoculated with Panc02-
PDL1-GMCSF is shown (n =5). (C) The tumor size inoculated with MC38 was monitored and growth curve is calculated as 
well.  Data represent mean values ±SEM.  **p < 0.01.

Vaccination generates significantly enhanced cytotoxic 
T cell response

Furthermore, to study the ability of the PDL1-GMCSF fusion 
protein-loaded DCs for the induction of specific anti-PD-L1 
antibodies, the sera from the tails of immunized mice were collected 
and ELISA assays were applied to measure antibody levels. Levels 
of anti-PD-L1 antibodies (IgG) in sera of PDL1-GMCSF-loaded-DC 
immunized mice significantly increased (p<0.05) compared to 
other two immunized groups (hGM-CSF loaded-DC and PBS-DC/
control) and wild type (non-immunized with DCs) as well (data not 
shown). Once inside the host, DCs migrate into the lymphoid tissue 
and cause peptide reactive CTL responses [34], and then release 
cytotoxic effector molecules (such as perforins and granzymes), 
resulting in lysis of the recognized tumor cells [35,36]. Thus, naive 

C57BL6 mice were immunized with fusion protein-loaded DCs twice 
and spleen T cells were obtained 3 d after the second vaccination 
as earlier reported. Then the effector molecular granzymes B was 
tested to evaluate cytotoxic T cell response. Strikingly, the increased 
expression level of granzymes B was observed in immunized 
splenocytes using intracellular staining and FACS (Figure 5A), 
suggesting tumor cells lysis is priming and protective CTL response 
occurs. To further test possible adverse autoimmune pathology 
induced by immunization with PDL1-GMCSF-DCs. H&E staining on 
sections analysis of vital organs and tissues in the mice immunized 
with PDL1-GMCSF-DCs did not observe any significant pathologic 
inflammations (Figure 5B), In addition, some cells in the surface 
epithelium showed weak staining. Therefore, DC targeting PDL1-
GMCSF vaccine induces efficient antitumor CTL responses and does 
not cause pathological toxicity in immunized mice.
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Figure 5: Vaccination generates significantly enhanced cytotoxic T cell response. C57BL6 Mice were immunized twice at a one-
week interval with 100 µg/ML of PDL1-GMCSF vaccine, 100 µg/ML of GM-CSF protein and PBS-DC alone. (A) 7 d after the 
second vaccination, splenocytes were isolated from each group and cultured with RPMI-1640 for 6 hours supplemented with 
IL-2, protein vaccines (100 µg/ML) and GolgiPlug. The cells are directly added with surface marker antibodies CD4+ and CD8+ 
and the intracellular staining containing appropriate antibodies (anti-mouse granzyme-B) was analyzed by using FACS. (B) 
H&E staining analysis was performed on liver and kidney sections as described in the “Materials and Methods”. The original 
magnification of the images was ×20.

Discussion
Anticancer dendritic cells therapy currently uses in vitro 

propagation of the patient’s DC and pulsing with tumor antigens. 
However, clinical achievements are far from desirable. The greatest 
obstacles for DC-based therapy are the generation of a sufficient 
number of functionally active DC in tumors and effective DC pulsing 
with real time tumor antigens [37]. Any therapy with DC pulsed in 
vitro by a genetically static population of tumor antigens, followed 
by induction of tumor-specific cytotoxic T cells, could kill only a 
fraction of the tumor, because tumor cells continuously mutate by 
their very nature, unpredictably modifying tumor antigens [37]. 
Another theoretical barrier of currently implemented protocols 
with DC-based tumor therapy is that none of the protocols has 
incorporated an idea of intratumoral accumulation of injected 
DC. However, this event is logical for the induction of antitumor 
immunity and was detailed as such in the founding work [38]. A 
theoretical solution to the problem is let cancer cells orchestrate 
their own killing as long as they exist through making a stable 
transfection in situ of tumor cells with a membrane-bound forms of 
ligand and GM-CSF DNA [39,40], so that tumor cells always express 
membrane-bound forms of antigen and GM-CSF. Mouse cancer 
models have been used to test such approach as an anticancer 

therapy and experiments data showed that an increase in DC 
number (more than 10-fold) has a significant antitumor effect on 
pre-existing, poorly immunogenic tumors [41]. PD-L1 is mainly 
expressed on the surface of tumor cells and antigen-presenting 
cells in PC while rarely expressed on normal tissues, which makes 
PD-L1 is a selective target for tumor immunotherapy. In the current 
vaccine design, we have constructed and expressed a synthetic 
protein vaccine composing the extracellular domain of human PD-
L1 linked to human GM-CSF as an integral part of the protein vaccine 
to improve the immunogenicity. Tumor antigens fused with GM-
CSF were shown to activate ex vivo autologous peripheral-blood 
mononuclear cells, including APCs, and elicited antitumor effects 
in humans [42,43]. Therefore, such an inclusion of PDL1-GMCSF 
may offer an addition benefit for inducing CTL responses. Mouse 
pancreatic tumor generated by Panc02 cells is then transfected 
with PD-L1 peptide using retroviral platform so that tumor cells 
always express this antigen to home intratumoral DC. It found that 
this strategy could elicit therapeutic antitumor CTL response and 
significantly inhibit Panc02 tumor growth and prolong the survival 
of tumor-bearing mice. Our study provides a novel and easier 
method for generation of protein based DC-targeting tumor vaccine 
and an efficient strategy of immunotherapy. This may be especially 
useful when multiple neoantigens need to be targeted [44]. 
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In an effort to enhance the amount of tumor antigen presented 
by DC, an alternative approach involved differentiating DC from 
monocytes in vitro, loading these with antigen and adjuvants and 
injecting these into patients as therapeutic vaccines. Our previous 
study have shown that the HSP-based Mage3 DNA vaccine can 
more effectively inhibit tumor growth by inducing both the innate 
immune responses and Mage3-specific adaptive immune responses 
via the Hsp-associated adjuvant function [45]. In the mouse, many 
other receptors have been exploited for the delivery of antigen and 
these studies have made a number of other salient points [46]. 
Cancer cells exploit the immune checkpoint to evade detection 
from T cells. The PD-L1-PD-1 axis plays important roles in limiting 
CTL responses and antitumor control. By blocking the PD-1/PD-
L1 pathway, cancer cells become exposed and the immune system 
becomes triggered to send out the alerting messages and launch 
a system-wide attack on cancer cells [47]. Indeed, significant 
anti-PD-L1 antibody response was observed in sera upon PD-L1 
vaccination in this test (data not shown), implying it may partly 
block PD-L1/PD-1 signaling pathway. Thus, antibody-mediated 
cytotoxicity against tumors may be an important mechanism for 
tumor protection. However, whether the development of PD-L1-
specific antibodies in mice immunized with PDL1-GMCSF-DCs is 
correlated with the levels of ADCC and CDC activities need to be 
determined. CTLs are critical effectors in antitumor immunity. To 
investigate the in vivo generation of a specific T cell responses 
elicited by this novel PDL1-GMCSF DC vaccine, antigen-specific CTL 
responses were tested in vitro. Effector cells obtained from mice 
immunized with this vaccine-pulsed DCs could effectively generated 
IFN-γ-secreting splenocytes, as indicated by ELISPOT assays. We 
also observed the increased level of IL-2 secretion from effector 
spleen cells, indicating a helper T cell response had been primed. 
The secretion of IFN-γ and IL-2 promote CTL development and 
delay hypersensitivity reactions, which will be favor of anticancer 
immunity. 

To provide sufficient distribution of DC, pancreatic tumors 
generated by Panc02 PC cells is transfected with the membrane-
bound form of PD-L1 using a retroviral platform, followed by 
inoculation of the transfected Panc02 PC cells back to the mice. 
This novel immunotherapeutic strategy could significantly inhibit 
Panc02 tumor growth and prolong the survival of tumor-bearing 
mice. We chose the Panc02 mouse tumor model because its poor 
immunogenicity resembles one of the characteristic features of 
human pancreatic carcinoma [48]. However, Panc02 cells can be 
recognised and killed by CTLs despite low levels of MHC class I 
expression, and immunotherapeutic approaches can be effective in 
this model [49]. Furthermore, it could prevent MC38 mice tumor 
growth. The results indicate that the use of DC as direct APCs 
could improve the potency of PDL1-GMCSF as a vaccine, which 
can include both strong T cell-mediated humoral and cellular anti-
PD-L1 immunity for effective immunotherapy.

Till now, GVAX is the most promising vaccine immunotherapy 
especially in pancreas cancer [1]. Nevertheless, vaccine therapy 
has not produced the desirable results so far. Increasing evidence 

suggests that well established treatment strategies such as radiation, 
surgical debulking or chemotherapy may be successfully combined 
with immunotherapeutic approaches [50,51]. Thus, combination 
of this PDL1-GMCSF-containg vaccine with more appropriate trial 
designs may be promising approach of immunotherapy based 
on current information. Moreover, there are no apparent signs of 
toxicities and inflammations observed in the immunized mice, we 
intend to further investigate the potential autoimmune responses 
and toxicities induced by the PDL1-GMCSF DCs in immunized mice 
and cancer patients.

In summary, we have demonstrated that the PDL1-GM-CSF 
can stimulate robust T cell-mediated immunity. This vaccine 
could significantly inhibit tumor growth and prolong the survival 
of cancer-bearing animals. This work, together with our recent 
reported PDL1-Vax, lays out a new strategy to overcome the 
problem of immune tolerance by stable expressing PD-L1 tumor 
cell line for the development of effective tumor vaccines. This study 
also supports the potential benefits of developing new cancer 
immunotherapies that combine DC vaccination for application 
in humans. We propose that this type of immunotherapy may be 
applicable to pancreas, colon cancer, melanoma, leukemia, breast 
carcinoma, pulmonary cancer, prostatic carcinoma, and other types 
of tumors that highly express PD-L1. 
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