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Endostatin enhances antitumor effect of tumor antigen-pulsed
dendritic cell therapy in mouse xenograft model of lung carcinoma
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Abstract

Objective: To investigate the antitumor effect of endostatin combined with tumor antigen-pulsed dendritic cell
(DC)-T cell therapy on lung cancer.

Methods: Transplanted Lewis lung cancer (LLC) models of C57BL/6 mice were established by subcutaneous
injection of LLC cells in left extremity axillary. Tumor antigen-pulsed DC-T cells from spleen cells and bone
of mice were cultured 7z vitro. Tumor-bearing mice were randomly divided into three groups, including DC-
T+endostatin group, DC-T group, and phosphate-buffered saline (PBS) control group. Microvessel density (MVD)
of tumor tissue in tumor-bearing mice was determined by immunohistochemistry (IHC). The expressions of
vascular endothelial growth factor (VEGF) and hypoxia-inducible factor-1o (HIF-10) were determined by Western
blotting and THC staining. The proportions of CD8+ T cells, mature dendritic cells (nDC), tumor-associated
macrophages [TAM (M1/M2)], and myeloid-derived suppressor cells (MDSC) in suspended cells of tumor tissue
were determined by flow cytometry. The expressions of interleukin (IL)-6, IL-10, IL-17, transforming growth
factor-p (TGF-B) and interferon-y (IFN-y) in suspended cells of tumor tissue were detected by enzyme-linked
immune sorbent assay (ELISA).

Results: DC-T cells combined with endostatin remarkably suppressed tumor growth. MVD of mice in DC-
T+endostatin group was significantly lower than that of the control group and DC-T monotherapy group. The
expressions of VEGF, IL-6 and IL-17 in tumors were markedly decreased, but IFN-y and HIF-1a increased after
treating with DC-T cells combined with endostatin, compared to control group and DC-T group. In the DC-
T+endostatin group, the proportions of MDSC and TAM (M2 type) were significantly decreased, mDC and TAM
(M1 type) were up-regulated, and CD8+ T cells were recruited to infiltrate tumors, in contrast to PBS control
and DC-T monotherapy. DC-T cells combined with endostatin potently reduced the expressions of IL-6, IL-10,
TGF-B and IL-17 in tumor tissue, and enhanced the expression of IFN-y.

Conclusions: The study indicated the synergic antitumor effects between endostatin and tumor antigen-pulsed

DC-T cells, which may be a prospective therapy strategy to achieve potent antitumor effects on lung cancer.
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Introduction . .
chemotherapy and radiotherapy are less effective for many

In recent years, cancer has become a major public health cancer patients. Cellular immunotherapy is an effective

problem worldwide (1). Traditional therapies like surgery, method to treat some cancers that traditional therapies
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have failed to control (2,3). However, its clinical benefit
rate is relatively low in general (4). Recent studies of cancer
biotherapy focus on developing a more targeted, effective
and safer strategy (5-8). The molecular identification of
human cancer-specific antigens has powerfully improved
the development of antigen-specific immunotherapy. There
are multiple sources and types of T cells used for adoptive
therapy, including expanded and activated tumor infiltrating
lymphocytes, T cells modified ex vivo to express a specific
T cell receptor, and cytotoxic T cells sensitized in vitro by
tumor antigen-pulsed dendritic cells (DC)-T cells (9-12).

Inflammatory microenvironment is one of the hallmarks
of nearly all tumors (13-15). Immunocytes [e.g., myeloid-
derived suppressor cells (MDSC), tumor-associated
macrophages (TAM) and immature dendritic cells imDC)]
and pro-inflammatory cytokines [e.g., interleukin (IL)-6,
IL-17, tumor necrosis factor (TNF)-a and chemokines]
in tumor microenvironment markedly facilitate tumor
progression through the stimulation of neovascularization
and tissue remodeling, and hence, leading to suppressive
immune state (15,16). It has been shown that tumor
microenvironment plays a key role in the success of cellular
immunotherapy by transforming adoptively transferred
killer T cells into suppressive regulatory T cells with the
help of several inhibitory factors like MDSC (17).

Angiogenesis is another basic biological characteristic of
tumor (18). Targeting tumor angiogenesis is a therapeutic
strategy with good prospects for the control of tumor
growth (19,20). Endostatin is a potential antiangiogenic
agent that has scarcely any toxicity and drug resistance
(21). It has been proved by several preclinical studies
that synergy exists between vascular endothelial growth
factor (VEGF)-targeted antiangiogenic agents and
immunotherapy (22). Normalization of tumor vasculature
caused by anti-VEGF antibody can increase the infiltration
of adoptively transferred T cells into tumors and
improve the effectiveness of adoptive cell transfer-based
immunotherapy in tumor-bearing mouse models (23).
However, the impact of endostatin on the antitumor effect
of cellular immunotherapy is not clear and the synergy of
immunotherapy with endostatin is urgently needed to be
investigated. In this study, we explored the influence of
endostatin on the antitumor effect of tumor antigen-pulsed
DC-T cells, in order to provide a prospective therapy
strategy to achieve potent antitumor effect by combining
endostatin with cellular immunotherapy.
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Materials and methods
Cells

Lewis lung cancer (LLC) cell line (from lung adeno-
carcinoma cell line of C57BL/6 mice) was purchased from
Shanghai Cell Bank of Chinese Academy of Sciences and
was cultured in Dulbecco’s modified eagle medium (DMEM)
containing 10% fetal bovine serum (FBS). Cells (1x107)
were resuspended in RPMI 1640 medium (Thermo Fisher
Scientific, Waltham, MA, USA) and mixed. They were
then repeatedly frozen and thawed at -80 °C and 42 °C for
three times. After cell disruption, the cells were centrifuged
at 15,000 r/min for 30 min. The supernatant was then
collected, filtered, sterilized and stored at 4 °C.

Antibodies and reagents

Recombinant human endostatin (rhEndostatin, Simcere
Pharm, Nanjing, China); EZ-SepTM Mouse percollase
(Amresco); RPMI 1640 medium, FBS (GIBCO); ConA,
DMEM medium, phosphate-buffered saline (PBS) buffer
(SIGMA); fluorescently-labeled antibody CD3, CD4,
CD8, CD11c, CD86, major histocompatibility complex
(MHC) 11, CD11b, Gr-1, CD206, CD68 and NOS2 and
their isotype controls (eBioscience); Mouse Lymphocyte
Factor ELISA Kit (Shanghai Enzyme-linked Biotechnology
Co., Ltd.); BCA Protein Assay Kit (Beyotime); anti-mouse
hypoxia-inducible factor-1a (HIF-1a), VEGF antibody
(Abcam); rmGM-CSF, rmIL-4 (Peprotech), rmIL-2,
rmTNF-a (BIOLOGICAL); anti-mouse CD31 non-
labeled immunohistochemical monoclonal antibody (Santa
Cruz); MCO-15AC CO, incubator (SANYO); sterile 1.5
laminar flow bechtop (Thermo Scientific); FACS Calibur
flow cytometer (Becton Dickinson); NanoDrop ND-
1000 ultraviolet spectrophotometer (Agilent); Model 680
Microplate Reader (Bio-Rad).

Animals

Male wild-type C57BL/6 mice (age, 6 weeks; weight, 18-22
g) were purchased from Beijing Laboratory Animal Center
of Chinese Academy of Sciences and fed in a specific-
pathogen-free animal laboratory. The feeding and use of
laboratory animals complied with Animal Experimentation
Ethical Standards proposed by Ethics Committee of
Shandong University [SCXK (Lu) 2003-0003].

After LLC cells were recovered and subcultured in
complete medium, the cells in log phase were used and cell
concentration was adjusted to 1x10"/mL. Right rib skin
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of C57BL/6 mice was disinfected with 75% alcohol and
suspension of LLC cells was collected with 1 mL syringe
(mixing upside down). Suspension (0.2 mL) was then given
to each mouse via subcutaneous injection, with 1x10° cells
being inoculated in each mouse.

Tumor antigen-pulsed DC-T cells

The bilateral femur and tibia of a mouse were separated
under aseptic condition and both ends of the bones were
cut off. Then we took out RPMI 1640 medium with a 1
mL syringe and inserted the medium into marrow cavity
from both ends of the bones. Bone marrow was therefore
flushed into a culture plate. We repeated this step 4-6 times
until the marrow cavity became white. A sterile glass rod
was used to grind the marrow. Marrow suspension was
collected and murine lymphocyte separation medium was
added into it. The obtained solution was centrifuged. Buffy
coat in the upper and middle layers was carefully collected
along the tube wall to obtain cells (mainly mononuclear
cells). Then, the obtained cells were transferred into RPMI
1640 complete medium which was more than 5 times the
volume of the cells. The cells and the medium were mixed,
centrifuged and washed twice to collect cells. Cells were
put into the incubator with 5% CO, and incubated at 37
°C for 48 h after cell concentration was adjusted to 1x10%/
mL. Adherent cells were kept and added into complete
medium. Medium was half exchanged every other day and
cytokine was replenished. On d 6 after culture, DC were
co-cultured with LLC cell frozen-thawed antigen at 1:5
with rmTNF-a 20 ng/mL added. The obtained solution
was placed into the incubator with 5% CO, and incubated
at 37 °C. We observed cell colony and recorded DC growth
under inverted microscope. On d 9, by gently blowing and
beating, we collected all suspension cells which were mouse
myeloid mature dendritic cells (nDC). The collected mDC
were then tested.

After separation and on d 9 after culture of DC and
T cells, mDC were collected and added into mitomycin
solution (with concentration adjusted at 25 pg/mL). The
solution was then incubated at 37 °C for 30 min. DC were
mixed with splenic lymphocytes at 1:10. The mixture was
then added into an incubator with 5% CO, and incubated
at 37 °C for 24 h. The obtained cells were tumor antigen-
specific DC-T cells.

In vivo experiments design

C57BL/6 mice were divided into three groups (DC-T alone,
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DC-T+endostatin and control) with 7 mice in each group.
Intervention was given to tumor-bearing mice on d 7. We
observed tumor growth and measured tumor diameter every
other day. The mice were killed 24 h after administration
on d 14. In control group, PBS (0.2 mL) was given to each
C57BL/6 mouse daily by intravenous injection via tail for
a total of 14 d. In DC-T+endostatin group, rhEndostatin
was given to each mouse by tail intravenous injection for a
total of 14 d at a dose of 15 mg/kg daily. In DC-T group
and DC-T+endostatin group, 5x10° tumor antigen-pulsed
DC-T cells were given to each mouse by tail intravenous
injection on d 7 after the model of tumor-bearing C57BL/6
mice was established.

To measure mouse weight and tumor inhibition rate,
electronic scale was used to measure the weight of mice in
each group every other day. After tumor-bearing C57BL/6
mice were killed, tumor tissues were dissected and weighed.
Tumor inhibition rate = (1-mean tumor weight of treatment
groups/mean tumor weight of control group) x100%. For
the measurement of tumor volume, vernier caliper was used
to measure the longest and shortest diameter of tumors.
Then, mean tumor volume and tumor inhibition rate in
each group were calculated and growth curve was drawn.
Tumor volume = long diameter of tumor x short diameter
of tumor’/2.

Microscopy

Tumor tissues were separated from tumor-bearing mice and
fixed with paraformaldehyde. The tissues were embedded
with paraffin and then sectioned. The paraffin sections were
dewaxed to water. Streptavidin-peroxidase method was used
to repair antigen under high pressure for 8 min. Subsequent
procedures were conducted according to instructions of
secondary antibody kit and DAB Color Development Kit
(Bio-Rad, Hercules, CA, USA). Under a light microscope,
mean microvessel density (MVD) was counted in 6 high-
power fields (200x) for each section.

Flow cytometry

Tumor tissues were dissected and cut into pieces. After
trypsinization, the tissues were filtered through 300
molybdenum sieving mesh to obtain monocytes. After cell
density was adjusted to 5x10°/mL, 100 L cell suspension
was added into each flow tube. Flow tubes contained
phycoerythrin-labeled anti-CD83 and anti-CD86 antibodies
(BioLegend, San Diego, CA, USA), allophycocyanin-
labeled anti-CD68 antibody, phycoerythrin-labeled anti-
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iNOS antiboody, fluorescein isothiocyanate-labeled anti-
CD3, anti-CD4, anti-interferon-y (IFN-y), anti-CD206,
anti-Gr-1 and anti-CD11c¢ antibodies (eBioscience, San
Diego, CA, USA). Negative control, isotype control and
single line pipette groups were designed. Phycoerythrin-
rat immunoglobulin (Ig) G and fluorescein isothiocyanate-
hamster IgG were added in control groups. After being fully
mixed with fluorescent-labeled antibody, they were placed
at room temperature away from light for 15 min. FACS Aria
IT sorting flow cytometer (BD Biosciences, San Jose, CA,
USA) was used to detect molecule expression on cell surface
and CellQuest software was used to analyze data.

Enzyme-linked immmune sorbent assay (ELISA)

Antibodies were diluted with coating buffer to the extent
where protein level was 1-10 pg/mL. Then, 0.1 mL of
antibodies were taken and added to ELISA plate wells,
which were incubated at 4 °C overnight. The required
number of wells was calculated according to the number of
test samples, blank control and standard samples. Distilled
water (130 pL) was added into blank and standard wells,
while 100 pL cell supernatant was added into sample wells
for testing. Each sample group was made in duplicate
or triplicate. The plate was covered and incubated in an
incubator with 5% CO, at 37 °C for 90 min, afterwards,
liquid in wells was discarded and the wells were washed 3
times. After 100 pL biotin antibodies were added to each
well, the plate was covered and incubated in an incubator
with 5% CO, at 37 °C for 1 h. Then, the plate was washed
with washing liquid for 3 times of 3 min. Enzyme conjugate
(100 pL) was added into each well and the plate was
incubated in the incubator with 5% CO, at 37 °C for 30
min. Afterwards, the plate was washed for 3 times. Color
developing reagent (100 pL) was added into each well
and kept away from light. The plate was incubated in the
incubator with 5% CO, at 37 °C for 10-20 min. Finally,
100 pL stop buffer was added into each well to terminate
reaction and OD450 values were determined using a
microplate reader (Model 680; Bio-Rad, Hercules, CA,
USA).

Western blotting

After tumor tissues were taken out from tumor-
bearing mice. They were chipped and then ground in
a homogenizer. Total protein was extracted through
disruption on ice, and 400 pL. RIPA lysis buffer was added
to each group. After disruption, cells were taken out and
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transferred to a centrifugal tube of 1.5 mL. Then, cells
were centrifuged at 12,000 r/min at 4 °C for 20 min, and
the supernatant was collected. BCA Protein Assay Kit was
used to determine the concentration of extracted protein
(Beyotime, Shanghai, China). Sodium dodecyl sulfate
polyacrylamide gel electrophoresis was used to transfer
protein to polyvinylidene fluoride film. The film was then
covered with Tris-buffered saline and Tween 20 (TBST)
containing 5% skimmed milk for 2 h. After primary
antibodies (rabbit anti-mouse HIF-1a monoclonal antibody,
1:1,000; rabbit anti-mouse VEGF monoclonal antibody,
1:1,000; Abcam, Cambridge, USA) were added, the film
was incubated at 4 °C overnight. The film was washed 5
times (6 min each) with TBST. After secondary antibody
(horseradish peroxidase goat anti-mouse IgG antibody
conjugate, 1:2,000; Abcam, Cambridge, USA) was added,
the film was incubated at 37 °C for 1 h and washed with
TBST. Electrochemiluminescence kit was used to achieve
chemiluminescence signals. SmartView electrophoresis
image analysis system (Smartview Enterprise Imaging
Solutions, Irvine, CA, USA) was used to obtain images.
Quantity One software (Bio-Rad, Hercules, CA, USA)
was applied to analyze gray values of each zone. The ratio
of gray values of each interested protein to P-actin was
calculated for statistical analysis.

Immunobhistochemisty (IHC)

Tumor tissues were separated from tumor-bearing mice
and fixed with formalin. The tissues were embedded with
paraffin and then sectioned. The paraffin sections were
dewaxed to water. Streptavidin-peroxidase method was
used following kit instructions. Primary antibodies were
replaced with PBS as negative control. According to semi-
quantitative integration, the images were reviewed by
two physicians from the Department of Pathology and a
conclusion was drawn. The results were scored according
to positive staining intensity and expression of positive
cells. Positive staining intensity: cells had no staining (score
0); light brown cells were weakly positive (score 1); brown
cells were moderately positive (score 2); and brown cells
without background coloring were strongly positive (score
3). For the expression of positive cells, 5 different fields
were chosen in 400x light microscope and 200 cells were
counted for each field. The percentage of positive cells was
then calculated. The score was 0 if positive cells <5%; 1 if
positive cells <25%; 2 if 25%< positive cells <50%; and 3 if
positive cells >50%. There were four grades of IHC results
according the above scores: 0 was rated as negative (-), 1-4
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were weakly positive (+), 5-8 were moderately positive (+),
and 9-12 were strongly positive (+++).

Statistical analysis

All data were analyzed using SPSS 18.0 software (SPSS Inc.,
Chicago, IL, USA). Measurement data were expressed as
x=+s. Statistical differences between groups were determined
using one-way analysis of variance (ANOVA), and LSD
test was performed to make comparison between any two
groups. Quantitative comparison was conducted by y’ test
and Fisher’s exact test. a=0.05 and P<0.05 were considered
statistically significant.

Results

DC-T+endostatin strongly inbibit tumor angiogenesis and
significantly veduce tumor growth

Tumor antigen-pulsed DC-T cells actively suppressed
tumor growth compared with control group (P=0.021),
while tumor antigen-pulsed DC-T cells combined with
endostatin were more effective in inhibiting tumor growth
compared with control group (P=0.009) (Figure 1A4,1B).
Using CD31 as the marker of vascular endothelial cells,
cytoplasm of endothelial cells was yellowish-brown after
IHC staining. Tumor MVD was less in mice receiving
tumor antigen-pulsed DC-T cells compared with control
group (P=0.027), and MVD was significantly decreased in
mice receiving tumor antigen-pulsed DC-T cells combined
with endostatin compared with control group (P=0.002),
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with a marked increase in necrosis of tumor tissues (Figure
1C,1D). These results indicate that tumor antigen-pulsed
DC-T cells combined with endostatin markedly decrease
tumor vasculature, strongly inhibit tumor angiogenesis and
significantly reduce tumor growth compared with DC-T
cells alone or PBS control.

DC-T+endostatin down-regulate multiple proangiogenic
factors and augment bypoxia in tumors

According to Western blotting results, VEGF expression
in tumors was markedly reduced in DC-T alone group
compared with PBS control (P=0.002), while the expression
of HIF-1a in DC-T alone group was higher than that in
PBS control group (P=0.000). In addition, VEGF expression
was significantly reduced (P=0.000) and HIF-1a expression
was markedly increased (P=0.000) in the DC-T+endostatin
group compared with control (Figure 2A, 2B). These results
were supported by the outcomes of IHC staining (Tablel,2;
Figure 2C). ELISA showed that tumor antigen-pulsed
DC-T cells significantly decreased the expression of IL-6
and IL-17 (P=0.026 and 0.044, respectively), but increased
the expression of IFN-y (P=0.026). Of note, the levels of
IL-6 and IL-17 were significantly reduced (P=0.008 and
0.010, respectively) and IFN-y expression was markedly
increased (P=0.009) in the DC-T+endostatin group (Figure
2D). These results suggest that the combination of tumor
antigen-specific DC-T cells and endostatin significantly
inhibits the expression of proangiogenic factors and
increases the expression of anti-angiogenic factors, while

Table 1 Positive expression of HIF-1a in tumor tissues from tumor-bearing mice

No. of mice (N=21)

Groups .
- + ++ +++ X P
PBS control 9 7 4 1
DC-T 2 6 9 4
DC-T+ high dose of endostatin 1 3 4 13 48.01 <0.001*

HIF-1a, hypoxia-inducible factor-10; PBS, phosphate-buffered saline; DC-T, dendritic cell-T cells; *, Fisher’s exact test.

Table 2 Positive expression of VEGF in tumor tissues from tumor-bearing mice

No. of mice (N=21)

Groups - + ++ . s P
PBS control 0 3 6 12

DC-T 7 7 4 3

DC-T+ high dose of endostatin 11 5 4 1 46.14 <0.001*

VEGE, vascular endothelial growth factor; PBS, phosphate-buffered saline; DC-T, dendritic cell-T cells *, Fisher’s exact test.

© Chinese Journal of Cancer Research. All rights reserved.
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markedly increasing HIF-1a expression and intensifying
hypoxia in tumors.

DC-T+endostatin significantly decrease immunosuppressive
cells in tumor tissues and increase tumor-infiltrated mDC

and CD8+ T cells

As suggested by flow cytometry, immunosuppressive MDSC
was reduced (P=0.030), M1 TAM with immunological
enhancement was increased (P=0.045) and M2 TAM with
immunosuppression was decreased (P=0.038) in DC-T
alone group. Moreover, tumor antigen-pulsed DC-T cells
in combination with endostatin significantly decreased
MDSC in tumors (P=0.009), markedly increased M1 TAM
(P=0.005) and significantly decreased M2 TAM (P=0.008)
compared with PBS control (Figure 34). Tumor-infiltrated
mDC (P=0.038) and CD8+ T (P=0.019) cells were increased
in DC-T alone group compared with PBS control. Tumor
antigen-pulsed DC-T cells in combination with endostatin
significantly up-regulated mDC (P=0.005) and increased
tumor-infiltrated CD8+ T cells (P=0.008) (Figure 3B).
These results indicate that, compared with DC-T cells
alone and PBS control, tumor antigen-specific DC-T
cells in combination with endostatin significantly decrease
immunosuppressive MDSC and M2 TAM, increase M1
TAM and elevate tumor-infiltrated mDC and CD8+ T
cells, effectively reversing immunosuppression in tumor
microenvironment.

DC-T+endostatin down-regulate expression of
immunoinbibitory cytokines in tumors and increase
expression of IFN-y involved in oncolysis

As shown by ELISA, DC-T cells alone down-regulated
immunoinhibitory cytokines [IL-6, IL-10, transforming
growth factor-B (TGF-p) and IL-17] (P=0.026, 0.032, 0.029
and 0.044, respectively) and increased the expression of
IFN-y involved in oncolysis (P=0.026), compared with PBS
control. Furthermore, tumor antigen-pulsed DC-T cells
combined with endostatin significantly down-regulated
the expression of IL-6, IL-10, TGF-p and IL-17 (P=0.008,
0.008, 0.002 and 0.010, respectively) and markedly increased
the expression of IFN-y (P=0.009) (Figure 4). These results
suggest that the combination of DC-T cells and endostatin
down-regulates multiple immunoinhibitory cytokines and
the expression of related cytokines, up-regulates M1 TAM,
increases the expression of IFN-y involved in oncolysis and
facilitates the infiltration of mDC and CD8+ T cells into
tumor tissues.
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Discussion

With the understanding of the close connection between
tumor progression and immunoescape, the pivotal role of
immune-effector cells in oncobiology and the treatment
of tumor have attracted much attention from researchers.
Cellular immunotherapy has made considerable
contributions to tumor therapy by effectively treating
some cancers that chemotherapy has failed to control
(3,24). Despite inspiring advances, the clinical benefit rate
of cellular immunotherapy is relatively low. There is a
big difference between significant antitumor effect shown
by preclinical researches and lower clinical benefit rates
(2-4). Recent studies on cancer biotherapy are focused on
discovering a new mode of combination cancer therapy
that is targeted, safe and effective to improve the efficacy of
cellular immunotherapy in treatment of cancers (5-8).

It has been shown that, although adoptively transferred
T cells are cancer-specific and gather in tumor mass, tumor
microenvironment plays a decisive role in the success
of cellular immunotherapy by transforming adoptively
transferred killer T cells into suppressive regulatory T
cells by virtue of several inhibitory factors (17). VEGF
antagonists (e.g., bevacizumab) or small-molecule inhibitors
(e.g., sunitinib) are conducive to the formation of potent
antitumor T cells by reversing the above-mentioned
process (23,25-27). Several reports have shown that
the number of vaccine-induced T cells infiltrated into
tumors can be increased by inhibiting VEGF activity
(28-32). Normalization of tumor vasculature caused
by anti-VEGF antibody can increase the infiltration of
adoptively transferred T cells into tumors and improve the
effectiveness of adoptive cellular immunotherapy in tumor-
bearing mouse models (23,33). These preclinical studies
indicate that there is synergy between VEGF-targeted
antiangiogenic agents and immunotherapy (28,30,34).
However, these findings mainly come from studies on anti-
VEGF monoclonal antibody or tyrosine kinase inhibitor
(sunitinib). It is important to note that the effect of certain
antiangiogenic molecules cannot be generalized to all
antiangiogenic agents according to preliminary results
(35,36). This indicates that it is controversial whether
VEGF should be the main target of antiangiogenesis
and immunosuppression reversion. In particular, most
antiangiogenic molecules inhibit not only VEGF signaling
pathway, but also alternative pathways that may activate
immune cells or factors (e.g., platelet-derived growth factor,
c-Kit, fit-3). However, the impact of endostatin on the
antitumor effect of cellular immunotherapy is not clear and
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Figure 1 DC-T cells in combination with endostatin augment
antitumor effect and strongly inhibit tumor vasculature in LLC.
(A) Tumors dissected from three groups of tumor-bearing mice
(DC-T alone, DC-T+endostatin, PBS control); (B) Tumor growth
curves; (C) Microvessel density (MVD). The data are representa-
tive results of independent experiments (n=7 per group for each
experiment). *, P<0.05 compared with control; **, P<0.01
compared with control; (D) MVD was determined by blinded
measurement of CD31 expression using THC (400x).
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Figure 2 DC-T cells combined with endostatin efficiently decrease
multiple proangiogenic factors and augment hypoxia in tumors.
(A, B) VEGF and HIF-1o expressions in tumors determined by
Western blotting. B-actin served as an internal control. Data are
expressed as x=s of three independent experiments. *, P<0.05
compared with control; (C) Expression of VEGF and HIF-1a
in tumors determined by IHC (400x); (D) Pro/anti-angiogenic
cytokines IL-6, IL-17 and IFN-y assessed by ELISA. Data are
expressed as x=s of three independent experiments. *, P<0.05
compared with control; **, P<0.01 compared with control. VEGFE,
vascular endothelial growth factor; HIF, hypoxia-inducible factor;
IFN, interferon.
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Figure 3 DC-T cells in combination with endostatin significantly
decrease immunosuppressive cells in tumor microenvironment and
increase tumor-infiltrated mDC and CD8+ T cells. (A) Effect of
DC-T cells (5x10° cells, d 1) in combination with endostatin (15
mg/kg, d 1-14) on immunoinhibitory cells (MDSC, M1 and M2);
(B) Effect of DC-T combined with endostatin on mDC and
cytotoxic CD8+ T cells. The cell proportions were detected by
flow cytometry. Data are expressed as xxs of three independent
experiments. *, P<0.05 compared with control; **, P<0.01 compared
with control. MDSC, myeloid-derived suppressor cells; M1,
tumor-associated macrophages of phenotype 1; M2, tumor-associated
macrophages of phenotype 2.
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Figure 4 DC-T cells combined with endostatin decrease immuno-
inhibitory cytokines in tumor microenvironment. The expressions
of IL-6, IL-10, IL-17, TGF-p and IFN-y in suspended tumor cells
of tumor tissue were detected by ELISA. Data are expressed as x+s of
three independent experiments. *, P<0.05 compared with control; **,
P<0.01 compared with control. TGE, transforming growth factor.
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it remains to be determined whether the synergy between
antiangiogenic agents and cellular immunotherapy can be
generalized to endostatin.

In this study, we used tumor antigen-pulsed DC-T
cells in combination with endostatin to treat tumor-
bearing mice with LLC. Compared with control and
DC-T cells alone, adoptively transferred tumor antigen-
specific DC-T cells combined with endostatin decreased
the expression of proangiogenic factors (VEGE, IL-6 and
IL-17) in the tumor microenvironment, strongly inhibited
tumor angiogenesis, augmented hypoxia in tumor tissues
and significantly suppressed tumor growth. In addition, it
also reduced immunosuppressive MDSC and M2 TAM,
down-regulated immunoinhibitory cytokines (IL-6, 1L-10,
TGF-p and IL-17), increased M1 TAM and the expression
of IFN-y involved in oncolysis and significantly elevated
tumor-infiltrated mDC and CD8+ T cells so as to reverse
immunosuppression in tumor microenvironment and
enhance antitumor effect.

Although the efficacy of antiangiogenic therapy has
been demonstrated by clinical practice, long-term clinical
benefit of antiangiogenic agents has not been obtained in
most cancer patients (33,37). As many pathways affected
by antitumor targeted molecular therapy also play critical
roles in immune function, it is possible to achieve the best
antitumor immune effect of immunotherapy by virtue
of targeted therapy (28). Theoretically, clinical response
characterized by suppressive effect may be transformed to
long-term effect of tumor regression by targeted therapy
with the assistance of immunotherapy, while targeted
therapy may weaken tumor-mediated immunosuppression
by eliminating inflammatory reaction caused by tumors and
decreasing immunoinhibitory cells (38). In our study, we
demonstrated that endostatin, an antiangiogenic agent, in
combination with tumor antigen-pulsed DC-T cells, may
significantly improve antitumor effect by potently inhibiting
tumor angiogenesis, reversing immunosuppression in tumor
microenvironment and increasing infiltration of killer T
cells into tumor tissues.

Conclusions

The study indicated the synergic antitumor effects between
endostatin and tumor antigen-pulsed DC-T cells. These
findings may serve as a theoretical and experimental
foundation for combining antiangiogenic therapy of
endostatin with cellular immunotherapy to achieve potent
antitumor effects.

© Chinese Journal of Cancer Research. All rights reserved.
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