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ARTICLE INFO ABSTRACT

Keywords: Objective: Osteosarcoma (OS) is the most common primary bone sarcoma with a high propensity
Oste?sgrcoma for local invasion and metastasis. Although the antitumor effect of apatinib has been well
Apatinib confirmed in advanced OS, the synergistic effect of apatinib and immunotherapies has not yet
3%;(: been elucidated.

TAM Methods: In this study, we established tumour-bearing mice and observed tumour size with low
Immunity and high doses of apatinib treatments. The expression of 17 cytokines, including vascular

endothelial growth factor (VEGF), was detected by protein microarray analysis. Moreover, we
designed apatinib and antigen-specific dendritic cell (DC)-T combination treatment for tumour-
bearing mice. Tumour growth was detected by statistical analysis of tumour size and micro-
vessel density (MVD) counting, the protein expression of VEGF by western blotting, the cytokines
interleukin 6 (IL-6), IL-17 and interferon-gamma (IFN-y) by enzyme-linked immunosorbent assay
(ELISA), and the numbers of myeloid-derived suppressor cells (MDSCs) and tumour-infiltration
macrophages (TAMs) by flow cytometry.

Results: The results showed that apatinib efficiently suppressed tumour growth, and high-dose
apatinib achieved a stronger effect. The same was true for DC-T immunotherapy. However,
their combination treatment revealed a better oncolytic effect. Meanwhile, apatinib or DC-T
treatment inhibited the expression of VEGF and the proangiogenic mediators IL-6 and IL-17
but increased IFN-y production. Combination therapy further reduced/increased these effects.
In addition, the combination treatment reduced MDSC but enhanced TAM-M1 ratios in the OS
microenvironment. These findings indicated that apatinib and antigen-specific DC-T combination
therapy was more efficient in oncolysis by regulating pro-/anti-angiogenic inducers and
improving the immune state in the OS microenvironment.

Conclusion: This study proved that it was feasible to employ immunotherapy with therapeutic
agents in OS treatment, which may provide a new approach in addition to the combination of
surgery with chemotherapy in tumour treatment.
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1. Introduction

OS is the most common primary malignant bone tumour that commonly occurs in children and adolescents with very low patient
survival [1]. The worldwide OS incidence is approximately one to three million annually [2]. With the development of current
therapeutic management, the 5-year survival rate has increased from less than 20 % to the current 50-70 %, but many patients still die
of recurrence and metastasis [3]. Data from China showed that approximately 12.6 % of OS patients have developed distant metastases
when receiving treatment, approximately 9 % of patients have local recurrence within 36 months after treatment, and more than 30 %
of patients still develop distant organ metastasis after treatment [4,5]. In addition, the systemic toxicity side effects caused by high
doses of chemotherapeutic drugs, as well as drug resistance due to the heterogeneity of osteosarcoma, restrict the curative effect of
chemotherapeutic drugs and ultimately lead to low OS clinical efficacy [6].

As a new treatment method, immunotherapy can effectively control some tumours, even those large ones that are out of control by
chemotherapy/radiotherapy [7]. Therefore, immunotherapy has attracted increasing attention in the global medical field. Recently,
studies have revealed that immune cells such as MDSCs, TAMs, immature dendritic cells (imDCs), and proinflammatory cytokines such
as IL-6, IL-17, and TNF-a promote tumour progression by stimulating angiogenesis and tissue remodelling and form an inhibitory
immune state in the OS microenvironment [8-10], which is able to convert killer T cells to suppressor Tregs and leads to low clinical
efficacy of immunotherapy [11,12]. Tumour-educated MSCs (TEMSC) was found to boost osteosarcoma growth and pulmonary
metastasis. However, this cancer-promoting effects could be abolished by coadministration of a therapeutic IL6 receptor (IL6R)
antibody [13]. Moreover, a whole transcriptome analysis from osteosarcoma patients revealed ectopic expressions of butyrophilin-like
9 (BTNL9) and transforming growth factor-beta-induced gene (TGFBI), two crucial genes regulating immune homeostasis in various
cancers [14]. BTNL9 was involved in modulating the T cell response and impacting inflammatory disorders and cancers [15]. And
TGFBI plays a crucial role in tumour cell proliferation, angiogenesis, and apoptosis, demonstrated immunosuppressive effects within
the tumour immune microenvironment [16]. Whole exome sequencing of osteosarcoma and normal bone and their expression of
repetitive DNA elements (they regulate innate immunity) were also been analysed [17,18]. The researchers found the WNT/B-catenin
signalling pathway and the IGF1/IGF2 and IGF1R homodimer signalling and TP53 pathways might have a role in osteosarcoma
development.

Angiogenesis, characterized by disorganized and permeable blood vessels, is a fundamental biological feature of tumours, during
which tumour cells release a series of proangiogenic factors [19,20]. Recent evidence indicates that vascular endothelial growth factor
(VEGF) is a major contributor to tumour angiogenesis, promoting tumour development [21-23]. VEGF is a homodimeric glycoprotein
recognized by VEGF receptors (VEGFRs) that are predominantly expressed in vascular endothelial cells [24]. The production of VEGF
makes new blood vessels form in and around tumour tissues by increasing oncogene expression, which results in exponential tumour
growth [24]. Therefore, inhibition of angiogenesis by blocking VEGF and the corresponding VEGFR activities has been validated to be
efficient for cancer therapeutic management [25,26]. In preclinical studies, antiangiogenic drugs targeting VEGF have synergistic
effects with immunotherapy. A recent study demonstrated that the normalization of tumour vascular structure caused by anti-VEGF
antibody increased the infiltration of transfused adoptive T cells in the tumour and significantly improved the efficiency of adoptive
cell infusion-based immunotherapy in tumour-bearing animals [27]. Apatinib, as an inhibitor of VEGFR, is considered to be an efficient
VEGF-TKI in anti-angiogenesis with mild toxicity and drug resistance. Although analysis of human gene regulation reveals that
VEGF-TKIs downregulate angiogenic signalling pathways in microvascular endothelial cells and the antitumor effect of apatinib has
been well confirmed in human advanced OS, the synergistic effect between apatinib and antigen-specific DC-T immunotherapy has not
yet been elucidated, and the mechanisms underlying the antitumor effect of the combination therapy are still unclear.

Inflammation is closely associated with cancer initiation and progression [28]. Inflammatory mediators are closely related to
proangiogenic factors in the tumour microenvironment. The potent proinflammatory inducers IL-6 and IL-17 exert proangiogenic
effects in the tumour microenvironments of various solid tumours [29-31]. IFN-y is thought to be an anti-angiogenic cytokine [32].
Thus, in this study, we established Lewis tumour-bearing mice and treated them with different doses of apatinib. Moreover, we
performed apatinib and OS antigen-specific DC-T combination treatment in OS mice. After detecting tumour growth, the protein levels
of VEGF and key cytokines, and the numbers of MDSC and TAM immune cells with different treatments in the OS microenvironment,
we demonstrated that the combination of apatinib and DC-T immunotherapy was more efficient in antitumor angiogenesis and im-
mune microenvironment improvement to inhibit tumour growth. Thus, this study provides strong evidence for the exploration of
employing immunotherapy with therapeutic agents in OS treatment.

2. Materials and methods
2.1. Animal experiment

Male G57BL/6 mice (6 weeks old, 18-22 g) were purchased from Beijing Laboratory Animal Center, Chinese Academy of Sciences,
and were inoculated with HOS-8603 human osteosarcoma cells (s.c. 2 x 10° cells/mouse) to establish tumour-bearing mice. Eight days
later, all tumour-bearing mice were randomly divided into three groups, and each group contained 8 mice. Two groups were given 50
mg/kg/d and 200 mg/kg/d apatinib (i.t.) interventions every day, with mice given an equal volume of PBS solution (i.t.) as a control.
We observed tumour growth and measured tumour diameter every other day. After 18 consecutive days of dosing, all mice were
sacrificed, and tumour tissues were isolated from the mice for the following experiment.
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2.2. Measurement of tumour volume

The maximum long and short diameters of the tumours in tumour-bearing mice were measured with Vernier callipers every other
day, and the average tumour volume of each group was calculated. Tumour volume = tumour long diameter x tumour short diameter
2

/2.

2.3. Protein microarray

The obtained tumour tissues were cut into small pieces, and the lysates were added on ice for 20 min. A tissue homogenizer was
used to break the tissue, which was centrifuged at 14,000 rpm for 20 min. Then, the tumour tissues were transferred to 2 mL centrifuge
tubes for protein microarray. The 17 pro/anti-angiogenic factors were detected according to the instructions of the human cytokine
antibody array (Raybiotech, USA). Microarry Suite 5.0 and Significance Analysis of Microarray (SAM) software were applied to
analyse the results. Ratios >1.5 or <0.67 were considered different in cluster analysis.

2.4. Freeze-thawed antigen preparation of HOS-8603 cells

HOS-8603 cells were resuspended in 0.5 mL Roswell Park Memorial Institute (RPMI)-1640 medium (Sigma, US) after washing with
PBS twice and pipetting to mix. After that, the mixtures were frozen and thawed at —80 °C and 42 °C 3 times to lyse the cells,
centrifuged at 15,000 rpm for 30 min, and the supernatant was collected. Finally, the collected supernatant was sterilized by filtration
and kept at 4 °C.

2.5. Mouse spleen T lymphocyte culture

The C57BL/6 mice were killed by cervical dislocation and soaked in 75 % ethanol for 2 min. Then, the spleen was isolated under
sterile conditions and washed with PBS. The isolated spleen was ground with a sterile glass grinding rod, filtered through a 200-mesh
aluminium stainless steel mesh, and rinsed with PBS. The spleen cells were then collected in a centrifuge tube and centrifuged at 2000
rpm for 5 min. The supernatant was discarded, and the cells were resuspended in PBS and pipetted until mixed. After that, the spleen
cell suspension was carefully added to the upper layer of mouse lymphocyte separation medium at a ratio of 2:1 in a new centrifuge
tube under sterile conditions and centrifuged at 1800 rpm for 20 min. The buffy coat of the upper and middle layers was carefully
aspirated and placed in another centrifuge tube. Then, RPMI-1640 medium was added, mixed with a pipette, and centrifuged at 2000
rpm. The supernatant was discarded, and the washing was repeated twice. Finally, 5 mL RPMI-1640 medium was added to the
collected cells and mixed with a pipette. The cells were counted, and their activity was detected for the following experiment.

2.6. Mouse bone marrow-derived tumour antigen-specific DC culture

The C57BL/6 mice were killed by cervical dislocation and soaked in 75 % ethanol for 2 min. The femur and tibia were removed
under sterile conditions, rinsed with PBS, and then soaked in 75 % ethanol for 2 min. The bone marrow cavity was rinsed with RPMI-
1640 medium, the bone marrow was collected in a Petri dish with a 200-mesh cell screen in advance, and the bone marrow cavity was
repeatedly washed 4-6 times. The bone marrow suspension was ground and collected in a Petri dish, transferred to a centrifuge tube,
centrifuged at 12,000 rpm for 5 min, and resuspended in PBS. Mouse lymphocyte separation medium was used to separate and obtain
DCs according to the same method as described above to isolate mouse spleen T cells. After 6 days of in vitro culture, the DCs were
mixed with the freeze-thawed antigen from the HOS-8603 cells at a ratio of 1:5, supplied with 20 ng/mL rMTNF-a, and incubated
under 5 % CO2 at 37 °C. Cell colonies were observed daily during induction, and the growth of DCs was recorded.

2.7. Co-culture of DC-T cells

Nine days after the DCs were induced with tumour antigens, the mature DCs were collected, and the cell concentration was adjusted
to1 x 10%/mL. Mitomycin (2.5 pg/mL) was added, and the cells were incubated at 37 °C for 30 min. Then, the cells were washed with
RPMI-1640 medium 3 times, and the cell concentration was readjusted to 1 x 10%/mL. Then, the tumour antigen-specific DCs and
spleen T cells were mixed at a ratio of 1:10 and incubated for 24 h. The tumour antigen-specific DC-T cells were prepared.

2.8. Efficacy evaluation of apatinib combined with DC-T cells in an OS mouse model

The tumour-bearing mice were established as above and randomly divided into 4 groups, named the PBS group, DC-T group,
apatinib group and apatinib + DC-T group, and each group contained 8 mice. Seven days after Lewis tumour-bearing mice were
established, the apatinib group mice were injected with apatinib 15 mg/kg/d (i.t.); the DC-T group mice were injected with 1 x 10°
tumour antigen-specific DC-T cells (i.t.); the apatinib + DC-T group mice were injected with apatinib 15 mg/kg/d and injected one
week later with 1 x 10° tumour antigen-specific DC-T cells (i.t.); and the PBS group mice were injected with an equal volume of PBS
solution (i.t.). Tumour growth was observed every day; 14 days later, all the mice were sacrificed, and the tumour tissues were
aseptically isolated for subsequent experiments.
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2.9. MVD detection

The tumour tissues were fixed in paraformaldehyde, embedded in paraffin, dewaxed and rehydrated. The streptavidin-peroxidase
(SP) method was applied to detect the MVD levels with different treatments in OS mice. The average number of blood vessels was
observed and counted under a microscope. Five high-magnification fields (200 x ) were counted for each slice, and the average
number in one view was presented as the MVD.

2.10. Flow cytometry analysis

The tumour tissues were separated and cut into small pieces, digested with trypsin, filtered through a 300-mesh filter to obtain a
single-cell suspension, and adjusted to a cell concentration of 5 x 10°/mL. Then, 100 pL of cell suspension was added to each flow tube,
and PE-conjugated Gr-1 antibody, FITC-conjugated CD11b antibody, APC-conjugated iNOS antibody, FITC-conjugated CD206 anti-
body, PE-conjugated CD68 antibody and FITC-conjugated CD206 antibody were added. The cell suspensions and the fluorescently
labelled antibodies were mixed and kept at room temperature for 30 min in the dark. Flow cytometry (FACS Aria II, Becton, Dickinson
and Company) and Cell Quest software were used to analyse the proportions of MDSCs, M1-TAMs and M2-TAMs in tumours and
adjacent tissues.

2.11. Western blotting

Total proteins of different samples were extracted with RIPA lysis buffer (Sangon, Shanghai). The protein concentration was
basically equal to the bicinchoninic acid (BCA) quantification assay. GAPDH was applied as an internal control. Different proteins were
separated by SDS-PAGE and transferred onto PVDF membranes as described previously. The primary antibodies used in this study
were VEGF (ab209835), CXCL1 (ab242036), CXCL2 (ab91511) and GM-CSF (ab14024). Immunoreactivity was determined with an
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Fig. 1. Tumour growth with apatinib treatment in OS mice. (A) Schematic diagram of the establishment of OS tumour-bearing mice and the
administration of apatinib. (B) The morphologies of the tumours after 18 days of the low- and high-dose apatinib treatments compared to the PBS
controls. (C) The statistical analysis of the tumour sizes from the two different doses of apatinib treatments every two days, with the PBS group as a
control. (D) The statistical analysis of the tumour weight from the two different doses of apatinib treatments with the PBS group as a control. The
data were showed as means + SD, n > 3; **P < 0.01, ***P < 0.001.
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enhanced chemiluminescence (ECL) kit (Thermo Fisher, US). The Bio-Rad electrophoresis image analysis system and Quantity One
software were applied to form images and analyse the grey value of each target band, and the grey ratios of various target proteins to
GAPDH were calculated.

2.12. ELISA

The contents of IL-6, IL-17 and INF-y in different tumours were detected with an ELISA kit (eBioscience, US) according to the
instructions.

2.13. Statistical analysis

All data are presented as the means + standard deviation (SD) from at least 3 biological repeats. Student’s t-test and one-way
ANOVA were applied to assess the differences in the independent groups. SigmaPlot 12.0 and SPSS 20.1 were used for statistical
analysis, and a p value < 0.05 was considered to be statistically significant.

3. Results
3.1. Apatinib suppressed tumour development in a time- and dose-dependent manner

To define the effect of apatinib on tumour development, we administered different doses of apatinib to tumour-bearing mice
(Fig. 1A). According to the results from tumour volume observation and statistics, apatinib treatment efficiently suppressed tumour
growth (Fig. 1B and C). The tumour volume of the apatinib group was obviously small, and the differences between the apatinib groups
and PBS controls became more pronounced over time (Fig. 1C). After 18 days of continuous dosing treatment, the tumours treated with
apatinib were significantly smaller than those treated with PBS (**P < 0.01, ***P < 0.001); moreover, those treated with a high dose of
apatinib were obviously smaller than those treated with a low dose (Fig. 1B and C). And the results from tumour weight of the three
groups were consistent with these findings (**P < 0.01) (Fig. 1D).

3.2. Apatinib exhibited multitarget antiangiogenic roles, in which VEGF signalling plays a key role

To identify the molecular targets of apatinib in antitumor effects, we performed protein microarray analysis. According to the
results from the protein microarray, a total of 17 pro-/anti-angiogenesis factors, including CCL11, CCL2, CCL3, GM-CSF, IFN-y, IL-
12p70, IL-2, IL-4, IL-6, IL-9, CXCL1, CXCL2, MCPS, SCF, sTNFR1, TIMP 1 and VEGF-A, changed in HOS-8630 cells treated with a
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Fig. 2. The protein expression levels of different anti-/pro-angiogenesis cytokines. (A) Protein microarray results showing the differential regulation
of the 17 main cytokines after high-dose apatinib treatment. (B) Western blotting results showing the protein expression of VEGF-A, CXCL1, CXCL2
and GM-CSF. (C) Quantitative analysis of the protein expression in B. The data were showed as means + SD, n > 3; **P < 0.01.
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high dose of apatinib compared to those treated with PBS (Fig. 2A). Among them, VEGF-A decreased dramatically, and the western
blotting results further confirmed this finding (Fig. 2A, B and 2F) (**P < 0.01). In addition to VEGF-A, GM-CSF, CXCL1 and CXCL2
showed significantly increased expression with apatinib treatment (Fig. 2A-E) (**P < 0.01), which suggested that apatinib was
multitargeted in anti-angiogenesis.
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Fig. 3. The ratio of MDSCs, TAM-M1 cells and TAM-M2 cells with apatinib treatment in OS mice. (A) Flow cytometry analysis showed immuno-
suppressive MDSCs with apatinib treatment compared to PBS treatment. PE labelled anti-Gr-1 antibody, FITC labelled anti-CD11b antibodies. (B)
Statistical analysis of the percentage of MADS in A. (C) Flow cytometry analysis showed that TAM-M1 cells were more strongly immunostained with
apatinib treatment than with PBS treatment. APC-labelled anti-iNOS antibody, FITC-labelled anti-CD206 antibodies. (D) Statistical analysis of the
percentage of TAM-M1 cells in C. (E) Flow cytometry analysis showed the immunosuppressive TAM-M2 cells treated with apatinib compared to
those treated with PBS. PE labelled anti-CD68 antibody, FITC labelled anti-CD206 antibodies. (F) Statistical analysis of the percentage of TAM-M2
cells in E. The concentration used in apatinib treatment was 200 mg/kg. The data were showed as means + SD, n > 3; *P < 0.05, **P < 0.01.
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3.3. Apatinib treatment led to decreases in MDSCs and TAM-M2 cells but an increase in TAM-M1 cells in the mouse tumour
microenvironment

As MDSCs and TAMs are important contributors to angiogenesis and the tolerogenic immune state in the OS microenvironment, we
analysed the numbers of MDSCs and TAMs in OS mice treated with apatinib. Flow cytometry analysis showed that the ratios of MDSCs
and TAM-M2 cells decreased significantly (Fig. 3A, B, 3E and 3F) (*P < 0.05, **P < 0.01), but that of TAM-M1 cells increased
significantly with a high dose of apatinib treatment compared to the PBS controls (Fig. 3C and D) (**P < 0.01).

3.4. Apatinib combined with DC-T immunity therapy exhibited a stronger inhibitory effect on OS development

We isolated mouse spleen T lymphocytes and DCs (Suppl. Figs. 1 and 2), prepared HOS-8603 freeze-thaw antigen-specific DCs
(Suppl. Fig. 3) and tumour antigen-specific DC-induced T cells (Suppl. Fig. 4), and designed a combination treatment of apatinib with
DC-T immunity therapy controlled by PBS administration, a single treatment of apatinib, and DC-T immunity therapy for the estab-
lished OS mice. After 15 days of different treatments, the tumour sizes of single apatinib treatment or OS antigen-specific DC-T
treatment were significantly smaller than those of the PBS controls (**P < 0.01) (Fig. 4A and B). In addition, the tumour size with the
combination of apatinib and DC-T treatment was much smaller than that of the PBS controls and even significantly smaller than that of
the single apatinib or DC-T treatment (**P < 0.01) (Fig. 4A and B). The statistical analysis of the tumour weight confirmed the results
from tumour size (**P < 0.01) (Fig. 4C). MDV detection showed results similar to tumour size observations: single apatinib treatment
or OS antigen-specific DC-T treatment significantly reduced the MDV number compared to the PBS controls (*P < 0.05), but apatinib
and DC-T combination treatment further reduced it to a level that was significantly lower than that of apatinib or DC-T treatment (*P <
0.05, **P < 0.01) (Fig. 4A and D).

3.5. Apatinib combined with DC-T immunity therapy sharply reduced VEGF expression and changed the release of the cytokines IL-6, IL-17
and IFN-y in the mouse tumour microenvironment

The western blotting results showed that VEGF protein expression decreased significantly with apatinib or DC-T treatment in OS

mice compared to PBS-treated mice (**P < 0.01) (Fig. 5A and B). The combination of apatinib and DC-T treatment further reduced the
VEGF protein level (**P < 0.01), which was significant even compared to apatinib or DC-T treatment alone (**P < 0.01) (Fig. 5A and
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Fig. 4. The effect of apatinib combined with DC-T treatment on OS growth. (A) The morphology of tumours in the DC-T + apatinib, DC-T, and
apatinib groups, with PBS treatment as a control. (B) Statistical analysis of the tumour sizes in the four groups. (C) Statistical analysis of the tumour
weight in the four groups. (D) MVD number detection in the four groups of mice. The data were showed as means + SD, n > 3; *P < 0.05, **P
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B). The ELISA results showed that the intracellular release of IL-6 decreased significantly after apatinib or DC-T-cell treatment
compared to the PBS controls, and apatinib and DC-T-cell combination treatment reduced it to a low level (**P < 0.01), which was
even significant compared to the single treatment (*P < 0.05, **P < 0.01) (Fig. 5C). IL-17 release was decreased after apatinib, DC-T or
the combination treatment (*P < 0.05, **P < 0.01) (Fig. 5C). IL-17 release was lower in the combination treatment group than in the
single treatment group (**P < 0.01) (Fig. 5C). The release of IFN-y was the opposite of that of IL-17, and it increased in response to
apatinib, DC-T cells or the combination treatment (**P < 0.01) (Fig. 5C). The IFN-y level in the combination-treated group was
significantly higher than that in the apatinib-treated or DC-T treatment groups (**P < 0.01).

3.6. Apatinib combined with DC-T immunity therapy efficiently suppressed immune-suppressive MDSC proliferation but induced TAM-M1
numbers in the mouse OS microenvironment

The tumour microenvironment is well known to influence therapeutic and clinical outcomes. To evaluate the effect of the com-
bination of apatinib and DC-T treatment on the OS microenvironment, we carried out flow cytometry analysis to detect the number of
MDSCs and TAM-M1 cells, which are important components of the tumour microenvironment, in OS mice. The results showed that
both apatinib and DC-T-cell treatment significantly reduced the MDSC ratio (**P < 0.01) (Fig. 6A and B). However, the combination
treatment reduced it to even lower levels (**P < 0.01), which was significant even compared to apatinib or DC-T treatment (*P < 0.05,
**P < 0.01) (Fig. 6A and B). The effects on TAM-M1 cells were completely opposite; both apatinib and DC-T treatment enhanced the
TAM-M1 ratio significantly (**P < 0.01), and the combination treatment increased the TAM-M1 ratio to a higher level (**P < 0.01),
which was also significant compared to any of the single treatments (**P < 0.01) (Fig. 7A and B).

4. Discussion

0S, composed of mesenchymal cells generating immature bone and osteoid, is the most frequent primary malignant bone tumour
that mainly affects children and young individuals [1,33]. Approximately one-fourth of OS patients have local invasion and metastases
[34]. Current therapeutic management focusing on the combination of surgery and chemotherapy obviously increases long-term
survival but remains insufficient, as the cure rate has not improved satisfactorily in the past 3 decades [35]. Efforts to explore bet-
ter schemes are urgently needed.
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Fig. 5. The expression levels of VEGF, IL-6, IL-17 and INF-y in apatinib combined with DC-T treatment. (A) Western blotting results showing the
protein expression of VEGF normalized to GAPDH in the DC-T + apatinib, DC-T, and apatinib groups, with PBS treatment as a control. (B)
Quantitative analysis of VEGF levels in A. (C) ELISA results showing the intracellular release of IL-6, IL-17 and INF-y in the four groups. The data
were showed as means + SD, n > 3; *P < 0.05, **P < 0.01.
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Fig. 6. Ratio of MDSCs to apatinib and DC-T immune cells combined therapy in OS mice. (A) Flow cytometry analysis showing MDSCs treated with
apatinib, DC-T cells and apatinib and DC-T cells compared to the PBS control. PE labelled anti-Gr-1 antibody, FITC labelled anti-CD11b antibody. (B)
Statistical analysis of the percentage of MADS in A. The concentration used in the apatinib treatment was 200 mg/kg. The data were showed as
means + SD, n > 3; *P < 0.05, **P < 0.01.
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Fig. 7. Ratio of TAM-M1 cells treated with apatinib and DC-T immune cells combined therapy in OS mice. (A) Flow cytometry analysis showing
TAM-M1 cells treated with apatinib, DC-T cells and apatinib and DC-T cells compared to the PBS control. APC-labelled anti-iNOS antibody, FITC-
labelled anti-CD206 antibody. (B) Statistical analysis of the percentage of TAM-M1 cells in A. The concentration used in apatinib treatment was 200
mg/kg. The data were showed as means + SD, n > 3; **P < 0.01.

The antitumor effect of apatinib in human OS has been well confirmed since the finding that apatinib promotes tumour cell
autophagy and apoptosis to inhibit OS growth by blocking VEGFR2/STAT3/BCL-2 signalling [35]. A recent study indicated that
apatinib prevents OS cell proliferation and migration [36]. Apatinib has been proven to be an efficient drug for OS patients [37].
Several clinical studies aimed to assess the efficacy of apatinib in advanced osteosarcoma progressing after chemotherapy. In an open
label phase II trial, the administration of apatinib in advanced osteosarcoma showed a high objective response rate (ORR, 43.24 %) and
the median progression free survival (PFS) and overall survival were 4.50 and 9.87 months, respectively [38]. As antiangiogenic agents
might modulate the tumor immunosuppressive microenvironment, the combination therapy of apatinib and immunomodulatory
agents was also conducted in osteosarcoma. In a single-arm, phase 2 trial, apatinib plus camrelizumab (anti-PD1 therapy) resulted in
an objective response rate of 20.9 % (9/43). They found patients with programmed cell death 1 ligand-1 (PD-L1) tumor proportion
score >5 % tended to have a longer PFS in comparison to the others [39]. In addition, multi-antigen stimulated cell therapy-I plus
camrelizumab and apatinib achieved similar ORR (33.3 %) in patients with advanced osteosarcoma [40]. In this study, both low- and
high-dose apatinib treatment significantly reduced the tumour volume, which suggested that apatinib successfully inhibited OS
growth. The inhibitory effect of apatinib on tumours was more pronounced with prolonged treatment. Moreover, the high-dose
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apatinib application revealed a stronger suppressive effect on tumour growth. These results indicated that the antitumor effect of
apatinib was time- and dose-dependent, which was consistent with previous findings [37].

Several studies explored the immunomodulatory role of apatinib in tumour on genomic level. Luo et al. showed that the CellCycle
population of malignant gastric epithelium recruits tumor-associated neutrophils (TANs) through the CXCL5/CXCR2 axis to remodel
an immunosuppressive tumor microenvironment during anti-PD-1 immunotherapy. However, this phenomenon is compromised by
combined apatinib treatment [41]. In a clinical trial exploring the efficacy of camrelizumab plus apatinib in resectable hepatocellular
carcinoma (HCC), the researchers found DCs can act as the predictive biomarkers of neoadjuvant therapy as the higher the DCs after
neoadjuvant therapy, the less likely patients are to relapse based on TIME analysis [42]. Tumour antigen-specific DC-T-cell immunity
therapy has been an emerging field for the clinical treatment of various tumours [43]. Due to the complexity of the immune response,
oncolytic immunotherapies targeting DC-T cells have not yet matured in human trials, and the combination of immunotherapy with
other therapeutic agents is on track for tumour treatment [44]. In this study, HOS-8603 antigen-specific DC-T treatment inhibited
tumour growth similar to apatinib in OS mice, which confirmed previous findings that antigen-presenting DC-induced T immuno-
therapy inhibited transplanted tumour growth in mice [45]. In addition, the combination of high-dose apatinib and OS antigen-specific
DC-T-cell treatment reduced the tumour size to even lower levels than apatinib or DC-T-cell treatment alone, which suggested that the
combination of tumour antigen-specific DC-T-cell immunotherapy with antitumor antibodies was promising and an option for OS
treatment.

Many kinds of immune cells infiltrate the tumour microenvironment and promote tumour progression and expansion in patients
[46,47]. Among them, MDSCs are one of the major components exerting immune suppressive activity, protecting tumours from im-
mune recognition [48,49]. In this study, the ratio of MDSCs was reduced by apatinib or antigen-specific DC-T-cell treatment, while the
combination treatment kept it at a lower level. However, the opposite was true for TAM-M1. TAM is another key component in the
tumour microenvironment, and the M1 type has been demonstrated to prompt an immune response and suppress tumours [50,51].
Taken together, these results indicated that not only apatinib but also antigen-specific DC-T treatment alleviated the immunosup-
pressive effect of the OS microenvironment, but their combination therapy improved the immune activity of the tumour microenvi-
ronment more efficiently.

In this study, the protein levels of VEGF, IL-6 and IL-17 were decreased, but IFN-y levels were increased in the apatinib treatment,
and the combination therapy was more efficient in changing their expression. In local lung cancer treatment, patients treated with
apatinib exhibited decreased IL-6 levels [52]. Recent research suggested that apatinib downregulated IL-17 expression, attenuating
tumour proliferation and improving clinical efficacy [53]. The cytokines IL-6, IL-17 and IFN-y are potent mediators that regulate MDSC
and TAM activity [54-57]. Thus, we indicated that the combination of apatinib and OS antigen-specific DC-T therapy strengthened the
suppressive effects of apatinib on VEGF, IL-6 and IL-17 expression and the proangiogenic role of apatinib on IFN-y release in anti-
angiogenesis, which might be beneficial for improving immune activity in the OS microenvironment and consequently remodelling it
to inhibit tumour growth.

5. Conclusion

This study confirmed that antiangiogenic therapy could increase the effectiveness of immunotherapy and provided a promising
strategy for OS treatment. Considering the uncertainties in OS patients, human trials are needed in the future to verify the feasibility of
the combination of VEGF-TKI drugs with antigen-specific DC-induced T immunotherapy.
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