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A novel cancer vaccine with the ability to simultaneously
produce anti-PD-1 antibody and GM-CSF in cancer cells and
enhance Th1-biased antitumor immunity
Hongwei Tian1,5, Gang Shi1,5, Qin Wang1,5, Yiming Li1, Qianmei Yang1, Chunlei Li1, Guoyou Yang1, Min Wu2, Qian Xie3, Shuang Zhang1,
Yang Yang1, Rong Xiang4, Dechao Yu1, Yuquan Wei1 and Hongxin Deng1

Tumor escape from immune-mediated destruction has been associated with immunosuppressive mechanisms that inhibit T-cell
activation. A promising strategy for cancer immunotherapy is to disrupt key pathways regulating immune tolerance, such as program
death-1 (PD-1/PD-L1) pathway in the tumor environment. However, the determinants of response to anti-PD-1 monoclonal antibodies
(mAbs) treatment remain incompletely understood. In murine models, PD-1 blockade alone fails to induce effective immune responses
to poorly immunogenic tumors, but is successful when combined with additional interventions, such as cancer vaccines. Novel cancer
vaccines combined with antibody may offer promising control of cancer development and progression. In this investigation, we
generated a novel tumor cell vaccine simultaneously expressing anti-PD-1 mAbs and granulocyte-macrophage colony stimulating
factor (GM-CSF) in CT26 colon cancer and B16-F10 melanoma. The antitumor effect of the vaccine was verified by therapeutic and
adoptive animal experiments in vivo. The antitumor mechanism was analyzed using Flow cytometry, Elispot and in vivo intervention
approaches. The results showed that tumor cell vaccine secreting PD-1 neutralizing antibodies and GM-CSF induced remarkable
antitumor immune effects and prolonged the survival of tumor-bearing animals compared with animals treated with either PD-1 mAbs
or GM-CSF alone. Antitumor effects and prolonged survival correlated with strong antigen-specific T-cell responses by analyzing CD11c+

CD86+ DC, CD11b+F4/80+ MΦ cells, increased ratio of Teff/Treg in the tumor microenvironment, and higher secretion levels of Th1
proinflammatory cytokines in serum. Furthermore, the results of ELISPOT and in vivo blocking strategies further confirmed that the
antitumor immune response is acquired by CD4 and CD8 T immune responses, primarily dependent on CD4 Th1 immune response, not
NK innate immune response. The combination of PD-1 blockade with GM-CSF secretion potency creates a novel tumor cell vaccine
immunotherapy, affording significantly improved antitumor responses by releasing the state of immunosuppressive microenvironment
and augmenting the tumor-reactive T-cell responses.
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INTRODUCTION
A major obstacle in tumor cell vaccine technology is inefficient
stimulation of an immune response to induce antitumor effects.
The effective immune response that leads to meaningful
antitumor effects requires not only an increase in immune
activation, but also reduction of suppressive or inhibitory elements
of the immune system.1–3 To generate efficient antitumor immune
responses while maintaining self-tolerance, host reactions are
tightly regulated through a combination of stimulatory and
inhibitory signals. The combination of PD-1 blockade with GM-
CSF production in a single cell may be an effective approach to
improve the anti-tumor response.
PD-1, an immunoinhibitory receptor belonging to the CD28

family,4,5 is predominantly expressed on activated T cells.6 In
addition, PD-1 is found on antigen-specific T cells that are
chronically exposed to antigen.1,7,8 Recent studies have docu-
mented a critical role in T-cell regulation involving PD-1 and its
ligands, PD-L1 (B7H1) and PD-L2 (B7-DC). PD-L1 is expressed on
hematopoietic cells and can be upregulated on activation.9 Tumor

cells that express PD-L1 using this pathway as a mechanism to
evade recognition/destruction by the immune system.10–13 PD-L2
expression is restricted only to macrophages and dendritic cells
and is also up-regulated by activation.9 Suppression of effector
T-cell function by PD-1 engagement induces deletion and
apoptosis,14,15 inhibition of proliferation and production of
cytokine such as interleukin (IL)-2 and IFN-γ, and together with
chronic antigen exposure, results in T-cell exhaustion.1

Granulocyte-macrophage colony stimulating factor (GM-CSF) is a
potent cytokine activator of antigen presenting cells (APCs) and has
an important role in breaking tolerance and the development of
antitumor immune response.16 It is regarded to be ideal adjuvant
owing to its potent activation of dendritic cells (DCs) and myeloid
progenitor maturation. GM-CSF secreting cancer vaccines have been
reported to induce massive accumulation of DCs at the inoculated
site and in turn to activate tumor specific T cells to induce an anti-
tumor response.17–21

In our study, we co-expressed anti-PD-1 mAbs and GM-CSF
in poorly immunogenic B16-F10 melanoma cells and the
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immunogenic CT26 colon carcinoma cells. We first generated the
tumor cell vaccine that can secret bioactive antibodies and
cytokines simultaneously and verify its anti-tumor effects in vivo.
The results showed that the tumor cell vaccine secreting PD-1
neutralizing antibodies and GM-CSF induced remarkable anti-
tumor immune effect after immunization in mice. Adoptive animal
experiments confirmed that the immune effect induced was
specificity. The mechanism showed that the combined vaccine
could raise CD11c+CD86+ DC, CD11b+F4/80+ MΦ cells and the
ratio of Teff/Treg in the tumor microenvironment. Blocking
experiments in vivo further confirmed that the antitumor immune
response is acquired by CD4 and CD8 T immune responses, mainly
dependent on CD4 Th1 immune response, not NK innate immune
response. In brief, our research supplied a novel vaccine design
strategies in cancer immunotherapy.

MATERIALS AND METHODS
Cell and animals
The mouse colon carcinoma cell line CT26 and mouse skin melanoma B16-
F10 were purchased from American Type Culture Collection (ATCC). The
cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM, Gibco,
NewYork, NY, USA) and RPMI-1640 medium (Gibco) supplemented with
10% heat-inactivated fetal bovine serum, 100 U ml− 1 penicillin and
100 mg ml− 1 streptomycin (Sigma-Aldrich) at 37 °C in a humidified
atmosphere containing 5% CO2, respectively. Female 4- to 6-week-old
C57BL/6 and Balb/c mice were obtained from the laboratory Animal Center
of Sichuan University, Chengdu, China. All animal experiments were carried
out in accordance with standard guidelines and approved by the Animal
Care Center in State Key Laboratory of Biotherapy, West China Hospital,
Sichuan University.

Vaccine preparation
The complete mouse mAb specific for PD-1 (patent No: US
20030026800A1) and mouse GM-SCF (NM_009969.4) was subcloned into
the lentivirus vector and packaged into recombinant lentivirus particles
using a standard procedure. CT26 colon carcinoma and B16-F10 melanoma
cell lines were infected with lentivirus particles co-expressing anti-PD-1
mAbs and GM-CSF cytokine, respectively. The stable CT26 and B16-F10
were selected by puromycin and developed into different clones such as
C26 or B16-F10-PD-1 antibody alone, GM-CSF alone and PD-1 antibody
with GM-CSF. These clones were irradiated with a sublethal dose X-ray
(100 Gy)22 by irradiator (RS-2000 biological irradiator, Rad Source
Technologies, Inc., Suwanee, GA, USA) and made into vaccines used for
further study including detection of cytokine levels before or after
irradiation and animal experiments in vivo.

Bioactivity of PD-1 antibody analysis and cytokine evaluation
In vitro, the supernatants of irradiated groups expressing anti-PD-1 mAbs
were collected. CD8+PD-1+ tumor-infiltrating lymphocytes (TIL) cells in
CT26 Tumor were sorted by FACS (Flurescence-activated cell sorting) and
labeled with CSFE (Carboxyfluorescein succinimudyl ester). Then the CD8+

PD-1+ TIL was treated by anti-PD-1 mAbs in supernatant or commercial
anti-PD-1 mAbs (1 μg ml− 1) separately and cultured with PMA (12-O-
Tetradecanoylophorbol 13-acetate) and ionomycin for 48 h. We analyzed
the proliferation by FACS and measure interferon (INF)-γ, tumor necrosis
factor (TNF)-α, IL-2 in supernatant by enzyme-linked immunosorbent assay
(ELISA) to verify the bioactivity of anti-PD-1 mAbs. For in vivo cytokine
analysis, mice were immunized with various tumor cell vaccines
subcutaneously. Serum from each group including non-immunized group
was collected through caudal vein on 1, 3, 5 and 7 day, respectively. Th1/
Th2 cytokine and chemokine were analyzed by MilliplexMAP mouse
cytokine/chemokine CBA kit (Millipore, Billerica, MA, USA).

Therapeutic immunotherapy in vivo
For therapeutic vaccination, animals were implanted subcutaneously with
1× 106 B16-F10 melanoma cell or CT26 colon carcinoma on the right flank.
At 3, 6 and 9 days, respectively, after tumor inoculation, the vaccines with
anti-PD-1 mAbs and GM-CSF were immunized subcutaneously into the left
flank of mice.23 Each mouse was immunized subcutaneously with 1 × 106

B16-F10 melanoma cell or CT26 vaccine. Non-immunized group as control
was injected with serum free medium alone. About 3 days after inoculation,
the tumor volume was measured for six times every 2 days using the formula
area= length×width and the survival curve was surveyed.

Adoptive immunotherapy in vivo
As the method described in therapeutic immunotherapy, splenic
lymphocytes of all groups were isolated by lymphocyte separation fluid
(Tianjin Chuanye biochemical products company, Tianjin, China) according
to the manufacturer’s standard procedure after the third immunization.
Splenic lymphocytes were then counted and injected intravenously
(1 × 107cells per mouse) into mice which were challenged B16-F10 or
CT26 tumor cells (1 × 106 cells per mouse) subcutaneously. Adoptive
immunotherapy of splenic lymphocytes was conducted on 3 day, 5 day,
7 day, 9 day after tumor challenge. About 1 week, tumor could be
measured for six times every 2 days using the formula area = length×
width and the survival curve could be surveyed.

Immune cell subsets blocking assay in vivo
For depletion of immune cell subsets in vivo, mice were immunized as the
schedule described in therapeutic immunotherapy and then injected
intravenously with 100 μg anti-CD4 mAbs (eBioscience, San Diego, CA,
USA), anti-CD8 mAbs (eBioscience), anti-NK mAbs (eBioscience) and
isotype control rat IgG (eBioscience) at 1 day before tumor challenge
and 6 day, 13 day after tumor challenge respectively. Tumor growth in
different groups was measured24 for six times every 2 days using the
formula area = length×width and the survival curve could be surveyed.

ELISPOT assay in vitro
For analyzing the percentage of CD4+IFN-γ+and CD8+IFN-γ+ T cell in spleen
at 5 days after immunization with vaccines, splenic cells were collected and
plated (100 μl per well) in triplicate 1 × 105 cells per ml, then cultured for
72 h in a CO2 incubator at 37 °C. To stimulate the secretion of IFN-γ, splenic
cell of all groups were incubated in ELISPOT plates (R&D Systems, Inc.,
Minneapolis, MN, USA) in the presence of 0.5 μg ml− 1 ionomycin mixed
with 50 ng ml− 1 PMA. These concentrations of mitogens were proved
optimal to induce maximum stimulation without causing cytotoxic effects.
Plates were detected with BCIP/NBT substrate and spots were quantified
using a QuantiHub Elispot reader (MVS Pacific, LLC). The activity of
IFN-γ-secreting cells was measured by the counting spots formed by
IFN-γ secreted from individual cells and designated as spot-forming cells
(SFCs). The number of SFCs was calculated by dividing the number of spots
by the number of plated cells per well.

Immunofluorescence analysis of T-lymphocyte infiltration in tumor
tissue
After the last treatment of therapeutic immunotherapy, tumors in different
groups were resected and cryo-cut for frozen sections. At the time of
staining, slides were thawed, fixed in 4% PFA (Paraformaldehyde) for
10 min and subsequently washed in TBS with 0.1% tween (TBST) for 5 min
three separate times. Then the slides were treated with 0.01% Triton-X 100
for 10 min and washed with TBST. Slides were also blocked with 10% goat
serum in phosphate-buffered saline (PBS) for 30 min at room temperature.
Primary rat anti-mouse CD8 (Abcam, Waltham, MA, USA), rat anti-mouse
CD4 antibodies (Abcam) were incubated at 1:100 dilution for 30 min and
then washed with PBST for 5 min three separate times. The secondary goat
anti-rat IgG-Texas Red (ThermoFisher, Waltham, MA, USA) was used at
1:500 dilution for 30 min. Slides were washed with TBST for 10 min and
mounted with DAPI. Pictures were taken with confocal laser scanning
microscope under × 200magnification.

Statistical analysis
Statistical analysis was performed by Graphpad Prism6 software (La Jolla,
CA, USA). Statistical significance of difference between the two groups was
determined by the paired-T test. The Kaplan–Meier plot for survival was
assessed for significance using the log-rank test (SPSS software; version
16.0; SPSS Inc, Chicago, IL, USA). Po0.05 was considered significant.
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RESULTS
PD-L1 is highly expressed on tumor cell lines and tissues
To analyze whether PD-L1 is highly expressed on different kinds of
tumor cell line and tissue, and PD-1 is expressed on TIL in tumor
microenvironment. We detected the PD-L1 expression on CT26,
B16-F10 tumor cell lines by flow cytometry (Figure 1a) and
immunofluorescence (Figure 1b), respectively. The results showed
that PD-L1 percentage is CT26 (26.65%) and B16-F10 (79.57%).
Immunohistochemistry analysis also revealed that approximately
80% of PD-L1 expression on tumor tissue and PD-1 expression on
TIL were positive (Figure 1c) in clinical tissue samples include
colon cancer, melanoma. The statistical graphs of PD-L1 and PD-1
expression are separately presented in Figure 1d and e. Taken
together, PD-L1 is highly expressed either on tumor cell lines or
cancer tissues. This may be the leading cause in inducing T-cell
exhaustion in tumor microenvironment.

PD-1+ TIL with low proliferation and cytokine secretion
characteristics showed high positive percentage in tumor
microenvironment
To investigate the percentage and characteristics of PD-1+ TIL in
tumor microenvironment, CT26, B16-F10 tumor tissues were made
into single cell suspension and stained with CD45-APC, CD4-FITC,
CD8-PE/Cy7, PD-1-PE, CD44-PE/Cy5.5 and CD62L-APC/Cy7 flow
antibodies to analyze the percentage of CD4+PD-1+ and CD8+

PD-1+ TIL. The results showed that PD-1 was high positively

expressed on TIL (Supplementary Figure 1a) both on CD4 and CD8
positive T cell in CT26 and B16-F10 models. To further explore the
proliferation and cytokine secretion of PD-1+ TIL, especially in
CD8+PD-1+ TIL, we sorted CD8+PD-1− and CD8+PD-1+ TIL
separately in a CT26 model and labeled them with CFSE in vitro.
After PMA and Ionomycin stimulation for 72 h, the proliferation
was detected by FACS and the results showed that there was no
significantly difference in CD8+PD-1+ TIL with or without PMA and
Ionomycin stimulation, but an obvious difference in CD8+PD-1−

TIL (Supplementary Figure 1b). CD4+PD-1+ TIL was also similarly
analyzed (data not shown). Meanwhile, we collect the supernatant
after 72 h in all groups and detect IFN-γ, TNF-α and IL-2 secretion
by ELISA, it revealed a significant difference in IFN-γ, but no
difference in TNF-α and IL-2 secretion (Supplementary Figure 1c).

Tumor cell vaccine co-expressing PD-1 antibody and GM-CSF
showed effective biological activity in vitro
In order to assess the prepared tumor cell vaccines are in
accordance with the optimized condition ‘no tumorigenicity but
secreting cytokines’, we collected the cell supernatants after 48 h
from cell vaccine irradiated with a sublethal dose X-ray and
detected expression of PD-1 antibody and GM-CSF by ELISA, the
schedule for vaccine preparation as shown in (Figure 2a). To
ascertain whether tumor cell vaccine expressing PD-1 antibody
still showed high biological activity after irradiation, we collected
the supernatants of irradiated group and sorted CD8+PD-1− and

Figure 1. Expression of PD-L1 and PD-1 in mouse tumor cells and human tissues. (a) PD-L1 expression on the surface of CT26 and B16-F10
tumor cells was detected by FACS. The black and red line represents isotype and PD-L1, respectively. (b) Immunofluorescence analysis of
PD-L1 expression on CT26 and B16-F10 tumor cells. Scale bar, 50 μm. Nuclei and PD-L1 showed blue and red, respectively. (c) TMA (Tissue
microarrays) analysis for PD-1 and PD-L1 expression in colon cancer and melanoma tissues by immunochemistry. n= 20. Scale bar, 50 μm.
(d) TMA staining results for PD-L1 were assessed by their grades (high positive, low positive and negative). Each tumor contains 20 cases.
Statistical charts were shown in different colors. (e) TMA staining results for PD-1 were assessed by their grades (high positive, low positive
and negative). Each tumor contains 20 cases. Statistical charts were shown in different colors.
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CD8+PD-1+ TIL cells separately in CT26 tumor, labeled them
with CFSE in vitro. After PMA and Ionomycin stimulation for 72 h,
the proliferation was detected by FACS. The commercial
PD-1 antibody was used as a positive control at the concentra-
tion of 1 μg ml− 1 (Figure 2b). We also detected the PD-1 antibody
expression before or after irradiation. The results showed that
expression of PD-1 antibody in CT26 and B16-F10 vaccine
is 1232.65 and 1356.99 ng ml − 1 separately after irradiation.

The GM-CSF is 116.32 and 102.79 ng ml − 1 separately. There are
no significant differences between irradiation and non-irradiation
groups (P40.05) (Figure 2c). Also, we analyzed IFN-γ, TNF-α and
IL-2 secretion by ELISA. Compared with controls, tumor cell
vaccines co-expression anti-PD-1 mAbs and GM-CSF not only
release the inhibition state of PD-1+ TIL in tumor microenviron-
ment and promote the proliferation but also facilitate IFN-γ, TNF-α
and IL-2 secretion of TIL (data not shown).

Figure 2. Preparation of cancer cell vaccine and biological activity analysis of PD-1 antibodies in vitro. (a) The schedule for vaccine preparation
as shown. (b) CD8+PD-1− and CD8+PD-1+ TIL in CT26 tumor were sorted and labeled with CFSE in vitro, then treated with supernatant from
the CT-26-anti-PD-1 vaccine. The PD-1 antibody was used as a positive control at the concentration of 1 μg ml− 1. After PMA and Ionomycin
stimulation for 72 h, the proliferation was detected by FACS. (c) Supernatant of CT26 or B16-F10 expression of blocking PD-1 antibody and
GM-CSF cytokine was collected before or after irradiation in vitro. The PD-1 antibody and GM-CSF expression were detected by Elisa. Data are
means± s.d. (n= 3) and are representative of three experiments (NS, no significance).
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Tumor cell vaccine co-expressing PD-1 antibody and GM-CSF
exhibited enhanced antitumor effects for therapeutic
immunotherapy in vivo
To verify whether the combined cancer vaccine co-expressing
anti-PD-1 mAbs and GM-CSF can induce tumor growth inhibition
in vivo, we formulated a therapeutic regimen (Figure 3a) for CT26
and B16-F10 tumor model separately. We strictly immunized mice
in 3, 6 and 9 day separately after inoculated tumor cells and
monitored tumor volume and survival. The combined group
showed an average tumor area 66.39 ± 23.5 mm2 (Po0.01) and
inhibition rate 70.6% compared with control in a CT-26 model
(Figure 3b). In a B16-F10 model, it also exhibited significant
antitumor effects in an average tumor area of 91.01 ± 26.54 mm2

(Po0.01) and 64.9% inhibition rate compared with controls
(Figure 3c). Furthermore, we monitored the survival of all
the groups, the results showed higher survival rates of the
combined group compared with controls (Po0.01), the survival
rate is 92.3% and 61.5% in a CT26 model at 45 days and 60 days,
respectively (Figure 3d). Similarly, mice in a B16-F10 control group
all died at 33 days after the beginning of inoculation, the survival

rate of combined group is still 92.8% compared with controls at
33 days (Figure 3e). Taken together, these results suggest that
combined vaccine co-expressing anti-PD-1 mAbs and GM-CSF
significantly enhanced antitumor efficacy and improved survival
compared with control group either in CT26 or B16-F10 tumor
models.

Combined vaccine-induced tumor-specific antitumor effects in
adoptive immunotherapy in vivo
To determine whether therapeutic immunotherapy produced
tumor-specific antitumor effects in vivo, mice were immunized as
described in the Materials amd Methods section (therapeutic
immunotherapy). Splenocytes were isolated and used for adoptive
immunotherapy as the planned scheme (Figure 4a). As expected,
adoptive immunotherapy exhibited strong tumor-specific anti-
tumor effects both in CT26 and B16-F10 models. The combined
and control group in a CT26 model showed an average tumor area
of 131.18 ± 80.77 mm2 and 232.48 ± 62.98 mm3, respectively.
Compared with control, the combined group showed significant
inhibition rate of 43.6% (P= 0.003; Figure 4b). In a B16-F10 model,

Figure 3. Therapeutic animal experiments in vivo. (a) The protocol of therapeutic immunotherapy. (b) 6-week-old Balb/c challenged with CT26
tumor (n= 8), were immunized with vaccines expressing PD-1 antibody and GM-CSF cytokine as the protocol in (a) Tumor growth curve of
C26 therapeutic animal model is also shown. Data are representative of three experiments. (c) 6-week-old C57BL/6 mice challenged with
B16-F10 tumor (n= 8), were immunized with vaccines expressing PD-1 antibody and GM-CSF cytokine as the schedule in (a) Tumor growth
curve of B16-F10 therapeutic animal model is also shown. Data are representative of three experiments. (n= 8). (d) Overall survival. Mice (n= 8)
were injected s.c. (subcutaneously) with 1 × 106 CT26 tumor cells on day 0 and subsequently vaccinated and treated with vaccines as indicated
in (c). Survival curve as shown and results are representative of three independent experiments. (e) Overall survival. Mice (n= 8) were injected
s.c with 1 × 106 B16-F10 tumor cells on day 0 and subsequently vaccinated and treated with vaccines as indicated in (d). Survival curve as
shown and results are representative of three independent experiments.

Tumor vaccine express PD-1 antibody and GM-CSF
H Tian et al

5

Signal Transduction and Targeted Therapy (2016) 16025



the average tumor area in combined and control groups is
149.59 ± 28.56 mm2 and 304.21 ± 50.13 mm2, respectively. The
tumor inhibition rate reached 50.8% compared with control group
(Po0.01; Figure 4c). Furthermore, the survival of combined group
mice was markedly prolonged either in CT26 or B16-F10 models
when compared to the control group (Po0.01). The survival rate
of combined group mice in CT26 reached 87.5% at 55 days when
all of the control group mice died (Figure 4d). In a B16-F10 model,
the rate is 77.9% at 36 days (Figure 4e). Altogether, these results
suggested that adoptive immunotherapy-induced tumor-specific
antitumor effects.

Combined vaccine upregulated the ratio of Teff/Treg and
expression of Th1 cytokines in tumor microenvironment
To better understand the mechanism of anti-tumor effect in
combined vaccine, we collected serum, spleen, lymph node and
tumor samples in all groups at 1, 3, 5 and 7 days following the last
immunization. The spleen, lymph node and tumor samples were
analyzed for DC, MDSC, MΦ, Teff/Treg changes by FACS. The
results showed that CD11c+CD86+ DC and CD11b+F4/80+MΦ of
the combined group in spleen and lymph node slightly increased
at 5 days after vaccination. The expression of MHC-II on the
surface of DC and MΦ also significantly upregulated, promoting
antigen presentation, CD11b+Gr-1+MDSC decreased (Supplementary
Figure 2) compared with control. In spleen, lymph node, tumor
tissue, the Teff/Treg ratio of the combined group was all increased

at 5 days, especially in tumor tissues the ratio was most
significantly increased (Po0.01; Figure 5a), The state of immuno-
suppressive microenvironment was relieved to induce the specific
antitumor immune responses. The serum samples in all groups
were analyzed by mouse cytokine/chemokine CBA include Th1,
Th2 cytokines and chemokines. Several Th1 cytokines (IFN-γ,
TNF-α, IL-2 and IL-12) in combined group were significantly up
regulated (Figure 5b) compared with control. Th2 cytokine such
as IL-4 decreased, and IL-10 did not change obviously
(Supplementary Figure 3). Chemokines such as MCP-1, CCL5
increased slightly (Supplementary Figure 3). The concentrations of
GM-CSF and PD-1 antibodies in vivo were showed in Table 1.
These data suggested that the combined vaccine co-expression
PD-1 antibody and GM-CSF effectively changed the immuno-
suppressive state in tumor microenvironment by upregulating the
ratio of Teff/Treg and promoting Th1 cytokine secretion.

The antitumor immune response in the combined vaccine
primarily depends on Th1 immune response
For further obtaining more insight into the cellular mechanisms of
Th1 cytokine-mediated inhibition of tumor growth, we analyzed
the percentage of CD3+IFN-γ+ in spleen between the combined
group and control by FACS (Figure 6a). The results showed a great
difference between these two groups (Po0.05; Figure 6b). To
compare the difference of IFN-γ secretion in CD4+IFN-γ+ and CD8+

IFN-γ+ T cells, we confirmed that the ability of cytokine secretion

Figure 4. Adoptive animal experiments in vivo. Splenic lymphocytes of all groups were isolated after the third immunization and injected i.v.
(intravenously; 1 × 107 cells per mouse) into mice challenged with tumor. (a) Scheme of adoptive immunotherapy. (b) Tumor growth curve of C26
adoptive immunotherapy. Six-week-old C57BL/6 mice challenged with CT26 tumor (n=8), adoptive immunotherapy as (a). Data are representative
of three experiments. (c) Tumor growth curve of B16-F10 adoptive immunotherapy (n= 8). Data are representative of three experiments.
(d) Kaplan–Meier survival analysis of C26 adoptive immunotherapy (n= 8). Results are representative of three independent experiments.
(e) Kaplan–Meier survival analysis of B16-F10 adoptive immunotherapy (n=8). Results are representative of three independent experiments.
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of CD4+IFN-γ+ T cells and CD8+IFN-γ+ T cells is much stronger in
the combined group than the control group by ELISPOT
(Figure 6c). The results showed significant difference in CD4+IFN-γ+

(P= 0.021) and CD8+IFN-γ+ T cells (P= 0.026; Figure 6d). We also
depleted CD4 or CD8 T lymphocytes or NK cells in vivo through

injection of the corresponding blocking antibodies. Mice treated
with mAbs against CD4 or CD8 T cell failed to abrogate the
antitumor activity (P40.05). In contrast, depletion of NK (P= 0.018)
or injection of an isotype control rat immunoglobulin-G (IgG) still
showed strong antitumor activity (Figure 6e) and significantly
prolonged the survival (Figure 6f) compared with the control
group. Moreover, immunofluorescence analysis in tumor tissue
treated with combined vaccine were extensively infiltrated with
higher numbers of CD4+T, CD8+T immune cells compared with the
control (Supplementary Figure 4), immune cell infiltration was
observed not only around, but also inside the remaining tumor
tissues. These findings suggested that combined vaccine
enhanced proliferation and infiltration of CD4+ T, CD8+ T cells
and especially CD4+ INF-γ+ T cells.

Figure 5. Variation of Teff/Treg in tumor microenvironment and cytokines in blood. The serum, spleen, lymph nodes and tumor samples in all
groups were collected at 1, 3, 5 and 7days following the last immunization, respectively. The population changes of CD11c+CD86+DC,
CD11b+Gr-1+MDSC, CD11b+F4/80+MΦ, Teff/Treg in spleen and tumor were analyzed by FACS. (a) Changes of Teff/Treg ratio in tumor
microenvironment at 5 days after the last immunization (n= 5, **Po0.05). Results are representative of three independent experiments.
(b) The serum samples in all groups were analyzed by mouse cytokine/chemokine CBA include Th1, Th2 cytokines and chemokine. IFN-γ, TNF-
α, IL-2, IL-12 were significantly upregulated as shown (n= 5, **Po0.05). Results are representative of three independent experiments.

Table 1. The concentration of GM-CSF and anti-PD-1 antibodies
in vivo

Ctrl Irr mGM-CSF αPD-1 mGM-CSF+αPD-1

mGM-CSF (pg ml− 1) 27.61 26.36 33.14 27.43 91.18
αPD-1 (ng ml− 1) 17.69 18.89 19.89 23.20 26.50
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DISCUSSION
Interactions between the immune system and cancers are
governed by a complex network of biological pathways. Despite
expectations that the immune system should automatically reject
cancer cells as ‘foreign’, based on their unique and often extensive
mutational profiles, the overriding natural balance between the
immune system and cancer is tolerance, in which cancer cells are
seen as ‘self’. Tolerance is maintained by multiple mechanisms,
including regulatory immune cells, immunosuppressive cytokines
and chemokines, and so called ‘immune checkpoint’ pathways
that downmodulate immune functions. PD-1 is a dominant
immune checkpoint protein in the tumor microenvironment. Its
normal function in controlling immune homeostasis is induced in
cancer cells to evade immune attack.25,26 Monoclonal antibodies
that block this immune checkpoint have emerged as powerful
weapons in the oncological armamentarium. Durable objective

responses following PD-1 blockade therapy in patients with
advanced melanoma (31–44%),27–31 Non-small-cell lung cancer
(19–20%),32–34 Renal cell carcinoma (22–25%),35,36 accompanied
by extended overall survival compared with conventional
therapies. The first immune checkpoint inhibitor ipilimumab,
which gained US Food and Drug Administration (FDA) approval in
2011, and two antibodies against PD-1 (pembrolizumab and
nivolumab), a dominant immune checkpoint protein were
subsequently approved by FDA in 2014.
Although PD-1 blockade for cancer immunotherapy has

achieved great successes in melanoma, and will also be approved
over the next several years for treatment lung cancer, kidney
cancer, bladder cancer, prostate cancer and many other tumor
types.it also faces with many problems: (1) The cost for PD-1
antibody therapy is too high. (2) It also can bring systemic side
effects and lead to disorders in immune systems. (3) The
optimized regimen for PD-1 blockade therapy is still controversial.

Figure 6. Antitumor mechanism of tumor cell vaccine in vivo. (a) The percentage of CD3+IFN-γ+ T cells was analyzed by CD3-APC and IFN-γ-PE
antibodies after immunization. (b) Statistical chart of flow cytometry result. (c) The enzyme-linked immune spot diagram of CD4+IFN-γ+ and
CD8+IFN-γ+ T cells. (Po0.05, n= 7) (d) Splenic cells were collected and plated (100 μl per well) in triplicate 1 × 105 cells per ml, then were
incubated in ELISPOT plates in the presence of 0.5 μg ml− 1 ionomycin mixed with 50 ng ml− 1 PMA for 72 h The activity of IFN-γ-secreting cells
was measured by the counting spots formed by IFN-γ secreted from individual cells and designated as spot forming cells (SFCs). Statistical
figures of ELISPOT result as shown. (e) Tumor size of blocking animal experiment. Each mouse was injected with 100 μg anti-CD8, anti-CD4
and anti-NK blocking antibody through tail vein in 1 day before inoculation and 6 days, 13days after inoculation (n= 6). Data are
representative of three independent experiments (f) Kaplan–Meier survival analysis of blocking experiments in vivo (n= 8). Results are
representative of three independent experiments.

Tumor vaccine express PD-1 antibody and GM-CSF
H Tian et al

8

Signal Transduction and Targeted Therapy (2016) 16025



To solve these problems, in our research we successfully designed
and prepared a novel cancer cell vaccine that can simultaneously
secret anti-PD-1 mAbs and GM-CSF locally and might allow higher
concentrations at the tumor area while reducing systemic side
effects. We verified the antitumor effects in CT26 with strong
immunogenicity23 and B16-F10 with low immunogenicity.37

Compared with the control, the combined vaccine can induce
strong special anti-tumor effects and extend the survival in both
colon cancer and melanoma models. A dominant mechanism that
is relevant to anti-PD-1 antibodies response is PD-L1 expression in
tissues. PD-L1 is normally expressed by a subset of macrophages
and can be induced on activated lymphocytes (T, B and NK cells),
endothelial cells and non-malignant cell types in an inflammatory
microenvironment, as part of a physiological process to down-
modulate ongoing host immune responses in peripheral
tissues.14,38,39 However, tumor cells and associated stromal cells
can also express this checkpoint protein, thereby turning off Teff
cells.14 Certain cancers, such as melanoma, breast cancer and renal
cell carcinoma, frequently express PD-L1 on the surface of tumor
cells as well as infiltrating immune cells.12,40–43 In contrast, in other
tumors such as colorectal carcinoma and gastric carcinoma, PD-L1
is observed almost exclusively on tumor-infiltrating immune cells
and is only rarely expressed on tumor cells themselves.44–46 In our
study, we also analyzed PD-L1 expression in colon tumor and
melanoma cell lines by FACS and observed PD-L1 expression in
human tissue microarray including melanoma, lung cancer, colon
cancer and liver cancer. Immunohistochemistry analysis revealed
that ~ 80% of PD-L1 expression on tumor tissue and PD-1
expression on tumor infiltrating lymphocyte were positive. This
may predict relationship between intratumoural PD-L1 expression
and PD-1 blockade therapy response.
The complexities of the interaction between cancer and the

host immune system are still unclarified. Different components of
the immune system can either promote or inhibit tumor growth.
The potential for the adaptive immune system, in particular CD8+

cytotoxic T lymphocytes, to control or eradicate tumors has been
shown in laboratory models. In a study of human colorectal
carcinoma specimens detailing the relationship between T-cell
densities at the invasive tumor margin and those in the center of
the tumor, high densities of CD45R+CD3+CD8+granzyme+ T cells
(antigen-specific cytolytic Teff cells) were associated with a lower
possibility of tumor relapse and improved overall survival.47 To
further investigate the antitumor mechanism, we analyzed DC,
MDSC, MΦ, Teff/Treg changes in the spleen, lymph node and
tumor samples by FACS. The results showed that CD11c+CD86+

DC and CD11b+F4/80+MΦ of the combined group in spleen and
lymph node slightly increased. The expression of MHC-II on the
surface of DC and MΦ also significantly upregulated, promoting
antigen presentation. In spleen, lymph node, tumor tissue, the
Teff/Treg ratio of the combined group was all increased, especially
in tumor tissues the ratio was most significantly increased,
interestingly CD11b+Gr-1+MDSC in tumor decreased. We inferred
that the possible mechanism caused MDSC apoptosis through
Fas/FasL pathway.48 TNF-α is a pleiotropic inflammatory factor that
can promote inflammation and induce proliferation and apoptosis
process.49 In vitro, we also found TNF-α was significantly
upregulated in serum samples. Taken together, the ratio of Teff/
Treg in tumor microenvironment is beneficial for relieving the
state of immunosuppressive microenvironment and contributes to
induction of the specific antitumor immune responses.
Cytokines can mediate the development of inflammation and

involved in proliferation, differentiation and chemotaxis. Th1
cytokines can promote intracellular inflammation and inflamma-
tory cytokine production. Th2 cytokines can inhibit inflammatory
response and promote B cells to produce antibodies.37 Further-
more, we also analyzed serum samples in all groups using mouse
cytokine/chemokine CBA, including Th1, Th2 cytokines and
chemokines. Several Th1 cytokines (GM-CSF, IFN-γ, TNF-α, IL-2

and IL-12) were significantly upregulated and Th2 cytokines, such
as IL-4, decreased, whereas IL-10 did not have significant change.
Chemokines, such as MCP-1 and CCL5, increased slightly. To
compare the difference of IFN-γ secretion in CD4+IFN-γ+ and CD8+

IFN-γ+ T cells, we confirmed that the ability of cytokine secretion
of CD4+IFN-γ+ and CD8+IFN-γ+ T cells were much stronger in the
combined group than the control group by ELISPOT. Moreover,
immunofluorescence analysis in tumor tissue treated with the
combined vaccine was extensively infiltrated with higher numbers
of CD4+ and CD8+T immune cells compared with the control,
especially CD4+ T cells.
In conclusion, we proved antitumor effect of the novel cancer

cell vaccine in mouse colon cancer and melanoma model. The
results showed that the cancer cell vaccine secreting PD-1
neutralizing antibodies and GM-CSF induced remarkable anti-
tumor immune effect either in therapeutic or adoptive animal
experiments. The vaccine could promote DC and MΦ cells and the
ratio of Teff/Treg in the tumor microenvironment. The state of
immunosuppressive microenvironment was relieved, hence ben-
eficial for developing stronger specific antitumor immune
response. The vaccine can also induce production of Th1 cytokines
and expression of certain relevant chemokines, which could
promote the recruitment, proliferation and infiltration of immune
cells in feedback regulation and greatly enhance antitumor
effects. The results of ELISPOT and blocking experiments in vivo
further substantiated that the antitumor immune response is
acquired by CD4 and CD8 T immune responses, mainly dependent
on CD4 Th1 immune response.

ACKNOWLEDGEMENTS
This work was supported by The National Key Basic Research Program (973 Program)
of China (2012CB917104 and 2013CB967201) and National Natural Science
Foundation of China Program grant (No: 81372445) and National Institute of Health
grant (AI109317-01A1 and AI109373-01).

AUTHOR CONTRIBUTIONS
HWT, DCY, YQW and HXD conceived and designed the experiments and drafted
the manuscript. HWT, GS, GYY, QW and CLL carried out the animal experiments
studied the mechanism. SZ, YY analyzed the data. MYL and QML carried out the
molecular genetic studies and participated in the immunoassays. All authors
read and approved the final manuscript.

COMPETING INTEREST
The authors declare no conflict of interest.

REFERENCES
1 Barber DL, Wherry EJ, Masopust D, Zhu B, Allison JP, Sharpe AH et al. Restoring

function in exhausted CD8 T cells during chronic viral infection. Nature 2006; 439:
682–687.

2 Curran MA, Montalvo W, Yagita H, Allison JP. PD-1 and CTLA-4 combination
blockade expands infiltrating T cells and reduces regulatory T and myeloid
cells within B16 melanoma tumors. Proc Natl Acad Sci USA 2010; 107:
4275–4280.

3 Sakaguchi S, Sakaguchi N, Shimizu J, Yamazaki S, Sakihama T, Itoh M et al.
Immunologic tolerance maintained by CD25+CD4+regulatory T cells: their com-
mon role in controlling autoimmunity, tumor immunity, and transplantation
tolerance. Immunol Rev 2001; 182: 18–32.

4 Freeman GJ, Long AJ, Iwai Y, Bourque K, Chernova T, Nishimura H et al.
Engagement of the PD-1 immunoinhibitory receptor by a novel B7 family
member leads to negative regulation of lymphocyte activation. J Exp Med 2000;
192: 1027–1034.

5 Okazaki T, Iwai Y, Honjo T. New regulatory co-receptors: inducible co-stimulator
and PD-1. Curr Opin Immunol 2002; 14: 779–782.

6 Agata Y, Kawasaki A, Nishimura H, Ishida Y, Tsubat T, Yagita H et al. Expression of
the PD-1 antigen on the surface of stimulated mouse T and B lymphocytes. Int
Immunol 1996; 8: 765–772.

Tumor vaccine express PD-1 antibody and GM-CSF
H Tian et al

9

Signal Transduction and Targeted Therapy (2016) 16025



7 Trautmann L, Janbazian L, Chomont N, Said EA, Gimmig S, Bessette B et al.
Upregulation of PD-1 expression on HIV-specific CD8+ T cells leads to reversible
immune dysfunction. Nat Med 2006; 12: 1198–1202.

8 Day CL, Kaufmann DE, Kiepiela P, Brown JA, Moodley ES, Reddy S et al. PD-1
expression on HIV-specific T cells is associated with T-cell exhaustion and disease
progression. Nature 2006; 443: 350–354.

9 Yamazaki T, Akiba H, Iwai H, Matsuda H, Aoki M, Tanno Y et al. Expression of
programmed death 1 ligands by murine T cells and APC. J Immunol 2002; 169:
5538–5545.

10 Ghebeh H, Mohammed S, Al-Omair A, Qattant A, Lehe C, Al-Qudaihi G et al.
The B7-H1 (PD-L1) T lymphocyte-inhibitory molecule is expressed in breast cancer
patients with infiltrating ductal carcinoma: correlation with important high-risk
prognostic factors. Neoplasia 2006; 8: 190–198.

11 Ohigashi Y, Sho M, Yamada Y, Tsurui Y, Hamada K, Ikeda N et al.
Clinical significance of programmed death-1 ligand-1 and programmed death-1
ligand-2 expression in human esophageal cancer. Clin Cancer Res 2005; 11:
2947–2953.

12 Thompson RH, Kuntz SM, Leibovich BC, Dong H, Lohse CM, Webster WS et al.
Tumor B7-H1 is associated with poor prognosis in renal cell carcinoma patients
with long-term follow-up. Cancer Res 2006; 66: 3381–3385.

13 Wu C, Zhu Y, Jiang J, Zhao J, Zhang X-G, Xu N. Immunohistochemical localization
of programmed death-1 ligand-1 (PD-L1) in gastric carcinoma and its clinical
significance. Acta Histochem 2006; 108: 19–24.

14 Dong H, Strome SE, Salomao DR, Tamura H, Hirano F, Flies DB et al.
Tumor-associated B7-H1 promotes T-cell apoptosis: a potential mechanism of
immune evasion. Nat Med 2002; 8: 793–800.

15 Dong H, Zhu G, Tamada K, Flies DB, Van Deursen JM, Chen L. B7-H1 determines
accumulation and deletion of intrahepatic CD8+ T lymphocytes. Immunity 2004;
20: 327–336.

16 Ward JE, McNeel DG. GVAX: an allogeneic, whole-cell, GM-CSF-secreting cellular
immunotherapy for the treatment of prostate cancer. Expert Opin Biol Ther 2007;
7: 1893–1902.

17 Burgess AW, Camakaris J, Metcalf D. Purification and properties of colony-
stimulating factor from mouse lung-conditioned medium. J Biol Chem 1977; 252:
1998–2003.

18 Cook AD, Braine EL, Hamilton JA. Stimulus-dependent requirement for
granulocyte-macrophage colony-stimulating factor in inflammation. J Immunol
2004; 173: 4643–4651.

19 Gupta R, Emens LA. GM-CSF-secreting vaccines for solid tumors: moving forward.
Discov Med 2010; 10: 52.

20 Hamilton JA. Colony-stimulating factors in inflammation and autoimmunity. Nat
Rev Immunol 2008; 8: 533–544.

21 van Nieuwenhuijze A, Koenders M, Roeleveld D, Sleeman MA, van den Berg W,
Wicks IP. GM-CSF as a therapeutic target in inflammatory diseases. Mol Immunol
2013; 56: 675–682.

22 Soiffer R, Hodi FS, Haluska F, Jung K, Gillessen S, Singer S et al. Vaccination with
irradiated, autologous melanoma cells engineered to secrete granulocyte-
macrophage colony-stimulating factor by adenoviral-mediated gene transfer
augments antitumor immunity in patients with metastatic melanoma. J Clin Oncol
2003; 21: 3343–3350.

23 Quezada SA, Peggs KS, Curran MA, Allison JP. CTLA4 blockade and GM-CSF
combination immunotherapy alters the intratumor balance of effector and reg-
ulatory T cells. J Clin Invest 2006; 116: 1935–1945.

24 Horton HM, Anderson D, Hernandez P, Barnhart KM, Norman JA, Parker SE. A gene
therapy for cancer using intramuscular injection of plasmid DNA encoding
interferon α. Proc Natl Acad Sci USA 1999; 96: 1553–1558.

25 Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy. Nat
Rev Cancer 2012; 12: 252–264.

26 Pardoll D. Cancer and the immune system: basic concepts and targets for inter-
vention. Seminars in Oncology, Vol 42. Elsevier: Rio de Janeiro, Brazil, 2015,
pp 523–538.

27 Topalian SL, Sznol M, McDermott DF, Kluger HM, Carvajal RD, Sharfman WH et al.
Survival, durable tumor remission, and long-term safety in patients with advanced
melanoma receiving nivolumab. J Clin Oncol 2014; 32: 1020–1030.

28 Hamid O, Robert C, Daud A, Hodi FS, Hwu W-J, Kefford R et al. Safety and tumor
responses with lambrolizumab (anti-PD-1) in melanoma. N Engl J Med 2013; 369:
134–144.

29 Robert C, Schachter J, Long GV, Arance A, Grob JJ, Mortier L et al. Pembrolizumab
versus ipilimumab in advanced melanoma. N Engl J Med 2015; 372: 2521–2532.

30 Robert C, Long GV, Brady B, Dutriaux C, Maio M, Mortier L et al. Nivolumab in
previously untreated melanoma without BRAF mutation. N Engl J Med 2015; 372:
320–330.

31 Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD et al. Combined
nivolumab and ipilimumab or monotherapy in untreated melanoma. N Engl J Med
2015; 373: 23–34.

32 Garon EB, Rizvi NA, Hui R, Leighl N, Balmanoukian AS, Eder JP et al.
Pembrolizumab for the treatment of non-small-cell lung cancer. N Engl J Med
2015; 372: 2018–2028.

33 Brahmer J, Reckamp KL, Baas P, Crinò L, Eberhardt WE, Poddubskaya E et al.
Nivolumab versus docetaxel in advanced squamous-cell non-small-cell
lung cancer. N Engl J Med 2015; 373: 123–135.

34 Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready NE et al. Nivolumab
versus docetaxel in advanced nonsquamous non-small-cell lung cancer. N Engl J
Med 2015; 373: 1627–1639.

35 Motzer RJ, Rini BI, McDermott DF, Redman BG, Kuzel TM, Harrison MR et al.
Nivolumab for metastatic renal cell carcinoma: results of a randomized phase
II trial. J Clin Oncol 2015; 33: 1430–1437.

36 Motzer RJ, Escudier B, McDermott DF, George S, Hammers HJ, Srinivas S et al.
Nivolumab versus everolimus in advanced renal-cell carcinoma. N Engl J Med
2015; 373: 1803–1813.

37 Li B, VanRoey M, Wang C, Chen T-hT, Korman A, Jooss K. Anti-programmed death-
1 synergizes with granulocyte macrophage colony-stimulating factor-secreting
tumor cell immunotherapy providing therapeutic benefit to mice with
established tumors. Clin Cancer Res 2009; 15: 1623–1634.

38 Dong H, Zhu G, Tamada K, Chen L. B7-H1, a third member of the B7 family,
co-stimulates T-cell proliferation and interleukin-10 secretion. Nat Med 1999; 5:
1365–1369.

39 Mazanet MM, Hughes CC. B7-H1 is expressed by human endothelial cells and
suppresses T cell cytokine synthesis. J Immunol 2002; 169: 3581–3588.

40 Taube JM, Anders RA, Young GD, Xu H, Sharma R, McMiller TL et al. Colocalization
of inflammatory response with B7-h1 expression in human melanocytic lesions
supports an adaptive resistance mechanism of immune escape. Sci Transl Med
2012; 4: 127–137.

41 Cimino-Mathews A, Thompson E, Taube JM, Ye X, Lu Y, Meeker A et al. PD-L1
(B7-H1) expression and the immune tumor microenvironment in primary and
metastatic breast carcinomas. Hum Pathol 2016; 47: 52–63.

42 Lyford-Pike S, Peng S, Young GD, Taube JM, Westra WH, Akpeng B et al. Evidence
for a role of the PD-1: PD-L1 pathway in immune resistance of HPV-associated
head and neck squamous cell carcinoma. Cancer Res 2013; 73: 1733–1741.

43 Taube JM, Klein A, Brahmer JR, Xu H, Pan X, Kim JH et al. Association of PD-1,
PD-1 ligands, and other features of the tumor immune microenvironment with
response to anti-PD-1 therapy. Clin Cancer Res 2014; 20: 5064–5074.

44 Llosa NJ, Cruise M, Tam A, Wicks EC, Hechenbleikner EM, Taube JM et al.
The vigorous immune microenvironment of microsatellite instable colon cancer is
balanced by multiple counter-inhibitory checkpoints. Cancer Discov 2015; 5:
43–51.

45 Lipson EJ, Sharfman WH, Drake CG, Wollner I, Taube JM, Anders RA et al. Durable
cancer regression off-treatment and effective reinduction therapy with an anti-
PD-1 antibody. Clin Cancer Res 2013; 19: 462–468.

46 Thompson ED, Zahurak M, Murphy A, Cornish T, Cuka N, Abdelfatah E et al.
Patterns of PD-L1 expression and CD8 T cell infiltration in gastric adenocarcino-
mas and associated immune stroma. Gut; e-pub ahead of print 22 January 2016;
doi:10.1136/gutjnl-2015-310839.

47 Galon J, Costes A, Sanchez-Cabo F, Kirilovsky A, Mlecnik B, Lagorce-Pagès C et al.
Type, density, and location of immune cells within human colorectal tumors
predict clinical outcome. Science 2006; 313: 1960–1964.

48 Spigel DR, Gettinger SN, Horn L, Herbst RS, Gandhi L, Gordon MS et al. Clinical
activity, safety, and biomarkers of MPDL3280A, an engineered PD-L1 antibody in
patients with locally advanced or metastatic non-small cell lung cancer (NSCLC).
J Clin Oncol 2013; 31: abstract 8008.

49 Stewart R, Morrow M, Chodorge M. MEDI4736: delivering effective blockade of
immunosupression to enhance tumour rejection: monoclonal antibody discovery
and preclinical development. Cancer Res 2011; 71(8 Suppl): abstract LB-158.

This work is licensed under a Creative Commons Attribution 4.0
International License. The images or other third party material in this

article are included in the article’s Creative Commons license, unless indicated otherwise
in the credit line; if thematerial is not includedunder theCreativeCommons license, users
will need to obtain permission from the license holder to reproduce thematerial. To view
a copy of this license, visit http://creativecommons.org/licenses/by/4.0/

© The Author(s) 2016

Supplementary Information accompanies the paper on the Signal Transduction and Targeted Therapy website (http://www.nature.com/sigtrans)

Tumor vaccine express PD-1 antibody and GM-CSF
H Tian et al

10

Signal Transduction and Targeted Therapy (2016) 16025

http://dx.doi.org/10.1136/gutjnl-2015-310839
http://creativecommons.org/licenses/by/4.0/

	A novel cancer vaccine with the ability to simultaneously produce anti-PD�-�1 antibody and GM-CSF in cancer cells and enhance Th1-biased antitumor immunity
	Introduction
	Materials and methods
	Cell and animals
	Vaccine preparation
	Bioactivity of PD�-�1 antibody analysis and cytokine evaluation
	Therapeutic immunotherapy in�vivo
	Adoptive immunotherapy in�vivo
	Immune cell subsets blocking assay in�vivo
	ELISPOT assay in�vitro
	Immunofluorescence analysis of T-�lymphocyte infiltration in tumor tissue
	Statistical analysis

	Results
	PD-L1 is highly expressed on tumor cell lines and tissues
	PD�-�1+ TIL with low proliferation and cytokine secretion characteristics showed high positive percentage in tumor microenvironment
	Tumor cell vaccine co-expressing PD�-�1 antibody and GM-CSF showed effective biological activity in�vitro

	Figure 1 Expression of PD-L1 and PD�-�1 in mouse tumor cells and human tissues.
	Figure 2 Preparation of cancer cell vaccine and biological activity analysis of PD�-�1 antibodies in�vitro.
	Tumor cell vaccine co-expressing PD�-�1 antibody and GM-CSF exhibited enhanced antitumor effects for therapeutic immunotherapy in�vivo
	Combined vaccine-induced tumor-specific antitumor effects in adoptive immunotherapy in�vivo

	Figure 3 Therapeutic animal experiments in�vivo.
	Combined vaccine upregulated the ratio of Teff/Treg and expression of Th1 cytokines in tumor microenvironment
	The antitumor immune response in the combined vaccine primarily depends on Th1 immune response

	Figure 4 Adoptive animal experiments in�vivo.
	Figure 5 Variation of Teff/Treg in tumor microenvironment and cytokines in blood.
	Table 1 The concentration of GM-CSF and anti-PD�-�1 antibodies in�vivo
	Discussion
	Figure 6 Antitumor mechanism of tumor cell vaccine in�vivo.
	This work was supported by The National Key Basic Research Program (973 Program) of China (2012CB917104 and 2013CB967201) and National Natural Science Foundation of China Program grant (No: 81372445) and National Institute of Health grant (AI109317-01A1 a
	ACKNOWLEDGEMENTS
	Barber DL, Wherry EJ, Masopust D, Zhu B, Allison JP, Sharpe AH  Restoring function in exhausted CD8 T�cells during chronic viral infection. Nature 2006; 439: 682&#x02013;687.Curran MA, Montalvo W, Yagita H, Allison JP. PD�-�1 and CTLA�-�4 combination bloc
	Barber DL, Wherry EJ, Masopust D, Zhu B, Allison JP, Sharpe AH  Restoring function in exhausted CD8 T�cells during chronic viral infection. Nature 2006; 439: 682&#x02013;687.Curran MA, Montalvo W, Yagita H, Allison JP. PD�-�1 and CTLA�-�4 combination bloc
	REFERENCES


