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Abstract. Macrophages are abundant in tumor tissues, and 
they affect the biological properties of tumor cells. The 
present findings indicated that osteosarcoma (OS) has a high 
proportion of tumor‑promoting M2 macrophages. The CD47 
protein can aid tumor cells in their immunological escape. 
It was identified that CD47 protein is abundant in both 
clinical OS tissues and OS cell lines. Lipopolysaccharide 
(LPS) is an activator of Toll‑like receptor 4 present on the 
surface of macrophages, and it induces the polarization 
towards a pro‑inflammatory phenotype; and macrophages 
of pro‑inflammatory phenotype may present antitumor 
potential. CD47 monoclonal antibody (CD47mAb) can 
block the CD47‑SIRPα signaling pathway, thus enhancing 
the antitumor ability of macrophages. Immunofluorescence 
staining confirmed that OS was rich in CD47 protein and M2 
macrophages. In the present study, the antitumor potential 
of macrophages activated using LPS combined with the 
CD47mAb was assessed. LPS combined with CD47mAb 
greatly improved macrophages' capacity to phagocytize 
OS cells, according to the laser confocal experiments and 
flow cytometry. Furthermore, cell proliferation analysis, 
cell migration assay and apoptosis determination confirmed 
LPS‑polarized macrophages might efficiently suppress OS 
cells growth and migration while promoting apoptosis. Taken 
together, the results of present study demonstrated that LPS 
combined with CD47mAb enhanced the anti‑osteosarcoma 
ability of macrophages.

Introduction

Osteosarcoma (OS) is the most common primary bone tumor 
with an incidence of 0.3 cases/100,000 individuals/year (1,2), 
with adolescents exhibiting a higher incidence  (3). OS is 
an aggressive cancer characterized by early metastasis, 
high‑grade malignancy, and a poor prognosis (4,5). Treatment 
strategies for chemotherapy and surgical surgery have enabled 
the disease‑free survival rate to significantly increase to 60% 
for localized OS (1). However, for patients with axial OS, poor 
chemosensitivity, or metastatic OS, the prognosis is poor, and 
the 5‑year survival rate is 20‑25% (1,6).

Over the past three decades, little progress has been made 
in the treatment of OS (7). The most recent advances in OS 
treatment came in the 1980s, when multi‑agent chemotherapy 
was shown to improve overall survival compared with surgery 
alone (8). Therefore, there is a necessity to investigate OS ther‑
apies to offer novel perspectives on therapeutic management. 
Previous advances in immunotherapy have highlighted new 
avenues for the treatment of cancer (9). A form of antitumor 
therapy known as immunotherapy uses the host's own defense 
mechanisms to combat cancer. Previously, immunotherapy has 
demonstrated outstanding therapeutic effectiveness against a 
number of cancers (10). Cancer immunotherapy, which aims to 
utilize the immune system to combat the tumor, has attracted 
wide attention (11,12). Immune mechanisms including cyto‑
kines, immune checkpoint inhibitors, tumor vaccines and 
cellular immunotherapy may assist the host's defense against 
cancer (13,14).

Numerous types of immune cells, including leucocytes 
of a myeloid lineage, macrophages, helper T cells, cytotoxic 
T cells, regulatory T cells, B cells, and dendritic cells, reside 
in the tumor microenvironment (15). Inter alia, in the tumor 
microenvironment, T‑lymphocytes and macrophages are the 
most common immune cells (16,17).

Previously, the research on utilizing macrophages for 
combating tumors has opened a new window in the field of 
tumor immunotherapy (18). Macrophages are an important 
part of the innate immune system and play an essential role in 
mediating the host's defense against infection and cancer (19). 
Cancer immunotherapy possesses considerable potential when 
macrophage‑mediated immunity is successfully activated (20). 
However, by producing a ‘do not eat me’ signal using CD47 
binding to signal regulatory protein α (SIRPα) receptors on 
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macrophages, tumor cells can prevent against phagocytosis by 
macrophages (21).

CD47 checkpoint inhibitors have been preliminarily shown 
to enhance macrophage‑mediated phagocytosis of tumor cells, 
but their effects have been limited (22). Additionally, as with 
other checkpoint inhibitors, these antagonists need refinements 
to improve their clinical value rate and objective remission 
rates  (23). Resolving these issues is critical for paving the 
way for clinical trials on CD47‑SIRPα based immunotherapy. 
Previous tumor immunology research suggested that the 
reduced effectiveness of CD47‑SIRPα blockers may be due to 
the presence of an immunosuppressive tumor microenviron‑
ment (24). Cancer cells in particular release colony‑stimulating 
factors, which polarize tumor‑associated macrophages (TAMs) 
toward the M2 phenotype (25,26). M2 macrophages can recruit 
regulatory T cells to prevent T cell immunological activation 
generated by CD47 blockage, as well as enhancing tumor angio‑
genesis, which can contribute to tumor growth and metastasis. 
M1 macrophages, conversely, play an important role in innate 
host defense and tumor cell death by generating reactive oxygen 
species (ROS), reactive nitrogen, and proinflammatory cytokines 
(including interleukin‑6 and tumor necrosis factor‑α) (27,28). 
Therefore, stimulating macrophages to polarize towards the M1 
phenotype, and increasing the proportion of M1 relative to M2 
macrophages in tumor tissues may significantly improve the 
therapeutic effect of CD47 blockers.

Toll‑like receptors (TLRs) are expressed in several 
tissues and tumors and are important molecules in cancer 
evasion of immune surveillance (29). Activation of TLRs on 
macrophages can promote their immune response, including 
secretion of pro‑inflammatory cytokines and enhancement of 
phagocytosis (30). Therefore, local TLR activation is a popular 
antitumor immunotherapy (31). Lipopolysaccharides (LPS) are 
components of the outer wall of the cell wall of Gram‑negative 
bacteria and consist of lipids and polysaccharides (32). LPS is 
also the main ligand of TLR4, which can effectively activate 
macrophages to transform towards an M1 phenotype to exert 
antitumor immune effects (33).

In certain solid tumors, macrophages account for half of 
the total tumor weight (34). The higher the content of macro‑
phages, the worse the prognosis of tumors, which indicates that 
macrophages play a very important role in the occurrence and 
development of tumors (35). Immune targeting of macrophages 
to tumors has become an encouraging therapeutic strategy. 
However, there are two major obstacles to effective macro‑
phage activation for antitumor immunotherapy: Promoting 
M1 transformation of macrophages and anti‑SIRPα‑CD47 
signaling. Therefore, it is hypothesized that simultaneously 
stimulating macrophages to transform towards an M1 pheno‑
type and blocking the CD47‑SIRP α signaling pathway can 
significantly improve the antitumor effect of macrophages. In 
the present study, the combined use of LPS and CD47mAb 
effectively activated macrophages and significantly improved 
the anti‑OS effect of macrophages, providing novel avenues 
for tumor immunotherapy.

Materials and methods

Human specimens. In the present study, four OS specimens 
and one normal bone specimen were obtained from the 

Department of Orthopedics, The First Affiliated Hospital of 
Anhui Medical University, from October 2019 to October 
2021. All the OS specimens used were puncture specimens 
of primary patients (two male and two female; aged between 
13 and 55), and the pathological results showed that all of 
them were common OS. The main feature of common OS is 
the direct formation of bone‑like matrix by tumor cells (36). 
Regrettably, these OS specimens were not graded, which is 
a potential limitation to the present study. Specimens were 
treated in accordance with the guidelines in the Declaration 
of Helsinki (37). The present study was approved (approval 
no. PJ2022‑10‑15) by the Clinical Medical Research Ethics 
Committee of The First Affiliated Hospital of Anhui Medical 
University (Fuyang, China).

Cell culture. All the cells (RAW264.7, K7M2, U2 OS, MG63) 
were purchased from Wuhan Procell Life Technology Co., 
Ltd. Cells were cultured in DMEM (Biological Industries) 
supplemented with 10% FBS (Wisent Biotechnology), 
100 U/ml penicillin (Beyotime Institute of Biotechnology), and 
100 µg/ml streptomycin (Beyotime Institute of Biotechnology), 
at 37˚C in a humidified incubator supplied with 5% CO2. K7M2 
OS cells and RAW264.7 macrophages were mainly used for 
experiments in the present study. K7M2 cells instead of the 
other OS cell lines were used in combination with RAW264.7 
macrophages, because they are both of mouse origin.

Cell viability. Cell viability was measured using a Cell 
Counting Kit‑8 (CCK‑8) assay. Briefly, K7M2 OS cells 
were seeded at a density of 1x104 cells per well in 96‑well 
plates in quintuplicate and incubated with LPS (0.1 µg/ml) 
(MilliporeSigma), CD47mAb (10 µg/ml) (Bio X Cell, clone 
MIAP301), or a combination of both for 48 h. Subsequently, 
10 µl of WST‑8 reagent (Dalian Meilun Biology Technology 
Co., Ltd.) was added to each well. After incubation at 37˚C for 
1 h, the absorbance was measured with an optical density of 
450 nm using a Microplate Reader (Tecan Group, Ltd.).

Cell proliferation analysis. For cell proliferation analysis, 
K7M2 cells were pre‑stained with 4 µM of the cell prolif‑
eration dye, CFSE (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions. K7M2 cells and 
RAW264.7 cells were co‑cultured in 12‑well double‑compart‑
ment culture plates (LABSELECT). These co‑culture systems 
possess a membrane with a pore diameter of 0.4 µm between 
the upper chamber and the lower chamber of the culture 
plate, which does not allow cells to pass through, but factors 
secreted by cells can pass through. A total of 2x105 K7M2 
cells were added to the lower chamber and 1x106 RAW264.7 
cells were added to the upper chamber. After incubation with 
LPS (0.1 µg/ml) or CD47mAb (10 µg/ml) for 24 h, the K7M2 
cells in the lower chamber were collected and washed with 
PBS. Then the fluorescence intensity was detected by Flow 
Cytometry (BD Biosciences).

Phagocytosis assay. To measure the phagocytic ability of 
macrophages precisely, K7M2 and RAW264.7 cells were 
respectively fluorescence‑labeled with CFSE (Invitrogen; 
Thermo Fisher Scientific, Inc.) and the Cell Proliferation 
Dye eFluor 670 (Invitrogen; Thermo Fisher Scientific, Inc.) 
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at 37˚C for 10 min. After washing with PBS, K7M2 cells 
were co‑cultured with RAW264.7 cells at a ratio of 2:1 and 
incubated with 0.1  µg/ml LPS, 10  µg/ml CD47mAb, or 
0.1 µg/ml LPS + 10 µg/m CD47mAb for 48 h in a 12‑well 
plate. Subsequently, the cells were collected, washed with PBS 
twice, and analyzed using a flow cytometer (Beckman Coulter, 
Inc.). The same method was used to detect the results of the 
treatment groups with or without 5 µM/l N‑acetyl‑cysteine 
(NAC; Beijing Solarbio Science & Technology Co., Ltd.). The 
relative phagocytosis index was calculated using FlowJo 10.8.1 
(FlowJo LLC) based on the proportion of CFSE and Dye 670 
double positive cells.

Laser confocal microscopy. To assess phagocytosis visually, 
K7M2 and RAW264.7 cells were co‑cultured as aforemen‑
tioned. The co‑cultured cells were added to a 24‑well plate 
with round coverslips and cultured for 48 h. Cells that had 
grown on the coverslips were fixed using 4% formaldehyde 
at room temperature for 30 min, and counterstained using 
10 µg/ml DAPI (Beijing Solarbio Science & Technology Co., 
Ltd.), for 10 min, followed by mounting in anti‑fluorescence 
quencher (Beijing Solarbio Science & Technology Co., Ltd.). 
Finally, images were obtained by laser confocal microscopy 
(x63 magnification) (Leica GmbH).

Histopathological analysis. A total of four OS specimens and 
one normal bone tissue specimen were collected and fixed 
with 4% paraformaldehyde for 24 h. The paraffin‑embedded 
dried tissues were sliced into 4‑µm thick slices. For histo‑
logical analysis, tissue slices were stained with hematoxylin 
and eosin, and images were captured using a light microscope 
(x20 magnification).

Immunofluorescence staining. The antibodies used for 
immunofluorescence staining were: CD47 Rabbit pAb (1:100; 
cat. no. 380870; ZENBIO), CD206 Rabbit mAb (1:100; cat. 
no. ET1702‑04; HUABIO) or CD68 Mouse mAb (1:100; cat. 
no. 250019; ZENBIO), and Goat Anti‑Rabbit Alexa Fluor 
488 secondary antibody (1:100; cat. no. M21012M; Abmart 
Pharmaceutical Technology Co., Ltd.) or Goat Anti‑Mouse 
Alexa Fluor 488 secondary antibody (1:100; cat. no. E‑AB‑1104; 
Elabscience Biotechnology, Inc.). For immunohistochemistry, 
the paraffin‑embedded OS tissues and normal bone tissues 
were dewaxed using dimethyl benzene for 10 min twice and 
rehydrated in a descending alcohol series. Antigen retrieval 
was performed by heating at 100˚C in citrate buffer for 20 min 
and blocked using 5% BSA (Bestbio; Nanjing Fengfeng 
Biomedical Technology Co., Ltd.) for 1 h. Then, the sections 
were incubated at 4˚C overnight with the primary antibody. 
The following day, the sections were incubated at room 
temperature for 2 h with the secondary antibody. The nuclei 
were counterstained with 10 µg/ml DAPI (Beyotime Institute 
of Biotechnology) at room temperature for 10 min. After each 
step, the sections were washed with PBS three times. Finally, 
the sections were mounted in an anti‑fluorescence quenching 
agent, and images were obtained by fluorescence micros‑
copy (x20 magnification). ImageJ 1.53K (National Institutes 
of Health) was used to analyze the fluorescence area of 
images. Immunocytochemistry was performed as previously 
described (38). Briefly, cells were plated in a 24‑well plate, 

and after adhesion, were fixed with 4% paraformaldehyde 
at room temperature for 30 min, and immunofluorescence 
was performed as aforementioned. Images of the cells were 
captured using a fluorescence microscope (x20 magnification).

Western blotting. Western blot analysis was performed as 
previously described (39). Briefly, RIPA lysis Buffer (Beyotime 
Institute of Biotechnology) was used to lyse tumor cells and 
extract proteins. Lysates from each sample were denatured 
and then loaded (30 µg/lane; protein concentration deter‑
mined by a DeNovix DS‑11 spectrophotometer) onto 4‑20% 
SDS‑gels, resolved using SDS‑PAGE, transferred to PVDF 
membranes, and blocked in non‑fat milk at room temperature 
for 1.5 h, then incubated with either NOS2 Rabbit pAb (1:200; 
cat. no. WL0992a; Wanleibio Co., Ltd.) or rabbit anti‑β‑actin 
(1:1,000; cat. no.  AF7018; Affinity Biosciences) at 4˚C 
overnight. The following day, the membrane was incubated 
with horseradish peroxidase‑conjugated secondary antibody 
(1:10,000; cat. no.  S0001; Affinity Biosciences) at room 
temperature for 2 h. Finally, signals were visualized using ECL 
super western blot detection reagent (Abmart Pharmaceutical 
Technology Co., Ltd.). The relative expression of each protein 
was calculated using ImageJ (version 1.53k; National Institutes 
of Health) with β-actin as an internal reference.

Cell migration assay. Cell migration assays were performed 
using 24‑well Transwell plates with 8‑µm pores (Corning, Inc.). 
A total of 2x105 K7M2 cells in 200 µl serum‑free DMEM was 
added to the upper chamber, and 600 µl supplemented media 
containing 1x105 RAW264.7 cells, or no cells as a control, was 
added to the lower chamber. After 24 h of incubation with 
LPS (0.1 µg/ml) or CD47mAb (10 µg/ml), K7M2 cells were 
fixed using 4% paraformaldehyde at room temperature for 
30 min and stained using 0.1% crystal violet for 30 min at 
room temperature. Three visual fields were randomly selected 
to count migratory cells under a fluorescence microscope 
(x40 magnification).

ELISA. RAW264.7 cells were incubated with or without LPS 
(0.1 µg/ml) or CD47mAb (10 µg/ml) for 24 h. The levels of 
TNF‑α in the cell culture supernatant of cells subjected to 
different treatments were measured using a specific ELISA kit 
(cat. no. m1002095‑2; Shanghai Enzyme‑linked Biotechnology 
Co., Ltd.) according to the manufacturer's instructions.

Detection of NO. RAW264.7 cells were incubated with or 
without LPS (0.1 µg/ml) or CD47mAb (10 µg/ml) for 24 h. 
NO was measured using a commercial kit (cat. no. BC1470; 
Beijing Solarbio Science & Technology Co., Ltd.) according to 
the manufacturer's protocol. Absorbance was measured at an 
optical density of 550 nm using a microplate reader.

Detection of CD86 and ROS levels. K7M2 cells and RAW264.7 
cells were co‑cultured as aforementioned for the cell prolif‑
eration analysis, except with 2x106 RAW264.7 cells. After 
incubation with LPS (0.1 µg/ml) or CD47mAb (10 µg/ml) for 
24 h, the macrophages in the lower chamber were collected 
and washed with PBS (500 x g, 4˚C, 5 min). The washed cells 
were resuspended in 50 µl PBS and incubated with 1 µl CD86 
flow antibody (cat. no. 564198; BD Biosciences) for 30 min at 
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4˚C, and subsequently washed with PBS. CD86 expression was 
determined using flow cytometry. Cells were collected and 
ROS levels were measured using an ROS detection kit (cat. 
no. S0033S; Beyotime Institute of Biotechnology) according 
to the manufacturer's protocol.

Apoptosis determination. In order to verify the apoptotic 
effect of LPS and CD47mAb on OS cells, K7M2 OS cells 
were cultured with LPS or CD47mAb in 12‑well plates for 
48 h. Then, K7M2 cells were collected and washed with PBS 
(500 x g, 4˚C, 5 min), and the proportion of apoptosis was 
detected by Flow Cytometry (BD Biosciences). Next, to verify 
the effect of polarized macrophages on the apoptosis of OS 
cells, K7M2 cells and RAW264.7 cells were co‑cultured in 
12‑well double‑compartment culture plates (LABSELECT). A 
total of 2x105 K7M2 cells were added to the lower chamber and 
1x106 RAW264.7 cells were added to the upper chamber. After 
incubation with LPS (0.1 µg/ml) or CD47mAb (10 µg/ml) for 
24 h, the K7M2 cells in the lower chamber were collected and 
washed with PBS. Apoptosis was measured using Annexin 
V‑FITC (cat. no. BB‑4101‑100T; BestBio; Nanjing Fengfeng 
Biomedical Technology Co., Ltd.) according to the manu‑
facturer's protocol. The apoptosis data was calculated using 
FlowJo 10.8.1 (FlowJo LLC).

Statistical analysis. All experiments were repeated at least 
three times, and data are presented as the mean ± SD. The 
data in Fig. 1 were analyzed using one‑way ANOVA, followed 
by Dunnett's test. The data in Fig. 3E were analyzed using 
unpaired Student's t‑test. The data in Figs. 4H and S2D were 
analyzed using one‑way ANOVA, followed by LSD test. Other 
data were analyzed using one‑way ANOVA, followed by 
Tukey's post hoc test. All statistical analysis was performed 
using GraphPad Prism 9.0.2 (Dotmatics). P<0.05 was consid‑
ered to indicate a statistically significant difference.

Results

CD47 and TAMs are found in human OS. The expression 
of CD47 in OS is a prerequisite for the use of CD47mAb as 
an immunotherapy in the treatment of OS. Using immuno‑
fluorescence labeling, it was demonstrated that the expression 
levels of CD47 in OS patient specimens were significantly 
greater than that in normal bone tissues (Fig. 1A and B). At 
the same time, immunofluorescence staining showed that the 
expression of the M2 TAMs markers, CD68 and CD206, in 
OS specimens were significantly higher than those in normal 
bone tissues (Fig. 1A, C and D). This demonstrated that M2 
TAMs are abundantly present in OS. Taken with previous 
studies, M2 TAMs will promote tumor development  (28). 
However, due to the low incidence of OS, specimen collection 
is difficult, thus only four OS samples were studied. This may 
bring more errors to the experimental results. More samples 
will be collected in the authors' future research work. In OS 
tissues, tumor cells and various immune cells are intertwined, 
and the components are unevenly distributed, thus the immu‑
nofluorescence staining results of different samples are quite 
different. Cell immunofluorescence labeling was also used to 
validate the expression of CD47 in U‑2 OS, MG63 and K7M2 
OS cell lines. The results revealed that the expression of CD47 

is abundant in U‑2 OS, MG63, and K7M2 cell lines, using 
cell immunofluorescence staining (Fig. 1E). The pathological 
analysis of normal bone and OS tissues using H&E staining is 
shown in Fig. S1.

Effect of LPS and CD47mAb on macrophage activation. 
Different subtypes of macrophages express different proteins 
and cytokines  (40). To verify the activation effect of LPS 
(0.1 µg/ml) and CD47mAb (10 µg/ml) on macrophages, the 
expression of M1 macrophage‑related proteins was analyzed 
in RAW264.7 cells that were co‑cultured with LPS, CD47mAb 
or both. The results of western blot analysis demonstrated 
that LPS could increase the expression of NOS2 in macro‑
phages, but CD47mAb had no such effect (Fig. 2A and B). 
The supernatant from the macrophage cultures was collected 
from the different treatment groups, and the content of NO 
and TNF‑α was measured; the results (Fig. 2C and D) agreed 
with the results of the western blot analysis. To further verify 
the effect of LPS (0.1 µg/ml) on polarization and CD47mAb 
(10 µg/ml) on the proportion of each macrophage phenotype 
in the macrophage‑tumor co‑culture system, a co‑culture 
chamber was used as shown in Fig. 2E to separate tumor 
cells from macrophages. After 24 h of culturing, RAW264.7 
cells were collected, and the expression of CD86, a surface 
marker of M1 macrophages, and ROS, an important product 
of macrophage activation, was detected by flow cytometry. 
The results (Fig. 2F‑I) also revealed that LPS could effectively 
activate macrophages and transform them into the antitumor 
M1 phenotype. These results suggested that LPS can success‑
fully polarize macrophages, but compared with LPS alone, 
the combination of LPS and CD47mAb has no advantage in 
stimulating macrophage polarization. Further experiments 
showed that CD47mAb combined with LPS has a significant 
advantage in promoting the phagocytosis of macrophages 
(Fig.  3). In the present study, the drug concentration of 
CD47mAb used in this experiment refers to other relevant 
studies (41). The concentration of LPS was determined by 
simple pre‑experiment. The pre‑experiment, including Elisa 
and CCK‑8 assays, showed that LPS (0.1 µg/ml) could effec‑
tively stimulate macrophage polarization and without obvious 
cytotoxicity (data not shown).

Impact of LPS and CD47mAb on phagocytosis. As a part 
of the immune system, the powerful phagocytosis executed 
by macrophages plays an important role in clearing tumori‑
genic cells (42). In view of the polarization of macrophages 
induced by LPS and the blocking effect of CD47mAb on the 
CD47‑SIRPα signaling pathway, the combined effect of both 
on tumor phagocytosis of macrophages was investigated next. 
CFSE pre‑stained K7M2 and Dye 670 pre‑stained RAW264.7 
cells were co‑cultured in a 2:1 ratio and incubated with 
LPS, CD47mAb, or LPS and CD47mAb for 48 h. Then the 
phagocytic function of macrophages was observed using laser 
confocal microscopy. The results showed that the proportion 
of phagocytic macrophages, when treated with the combina‑
tion of LPS and CD47mAb, was significantly higher than 
that in the control group and in the group treated with LPS 
or CD47mAb alone (Fig. 3A and B). To obtain more accurate 
data, the experiments were repeated and assessed using flow 
cytometry. As demonstrated in Fig. 3C, the results of the flow 
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cytometric analysis were consistent with those of the confocal 
microscopy results. This suggested that stimulating macro‑
phage polarization and blocking the CD47‑SIRPα signaling 
pathway at the same time can more effectively overcome 

tumor immune escape. ROS play a crucial function in control‑
ling macrophage phagocytosis (43). Thus, a ROS scavenger, 
N‑acetyl‑cysteine, was used to scavenge the ROS produced 
by the LPS‑stimulated macrophages, and this resulted in a 

Figure 1. CD47 expression and tumor‑associated macrophage presence is abundant OS tissues. (A) CD47, CD68 and CD206 immunofluorescence staining of 
four human OS samples, and a normal bone sample. Scale bar, 50 µm. (B‑D) Corresponding quantitative area of CD47, CD68 and CD206 staining in one bone 
tissue, and three OS samples were measured over three high‑power fields of view using ImageJ (magnification, x20). (E) CD47 immunofluorescence staining 
of three different OS cell lines, and a control sample without the fluorescent secondary antibody. Magnification, x20. Data are presented as the mean ± SD of 
three independent experiments. *P<0.05 and ***P<0.001 vs. Bone. OS, osteosarcoma.
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significant decrease in the phagocytic ability of macrophages 
(Fig.  3D). Thus, ROS plays a crucial role in macrophage 
phagocytosis.

Combined effect of LPS and CD47mAb on inhibition of 
OS growth. The anti‑OS regimen of LPS combined with 
CD47mAb effectively activated macrophages, and induced 
the release a large number of cytotoxic factors including ROS, 
NO and TNF‑α from macrophages (Fig. 2). Therefore, it was 
hypothesized that LPS combined with CD47mAb would both 
promote the phagocytosis of OS cells by macrophages, and 
also inhibit the proliferation of tumor cells by macrophages. 
First, CCK‑8 assays were used to detect the toxicity of LPS 
and CD47mAb on K7M2 cells in the absence of macrophages. 
The results revealed that low concentrations of LPS and 
CD47mAb had no significant effect on the viability of K7M2 

cells (Fig. 4A‑C). Next, CFSE pre‑stained K7M2 cells were 
co‑cultured with RAW264.7 cells in the co‑culture chamber 
(Fig. 4D), and the co‑cultured cells were treated with LPS 
or CD47mAb for 24 h. Then, the fluorescence intensity of 
CFSE‑K7M2 was detected by flow cytometry. CFSE dye is 
used to detect proliferation, and the fluorescence intensity 
of CFSE‑labeled cells is halved every time a stained cell is 
divided. The fluorescence of K7M2 cells cultured alone was 
the weakest compared with that of K742 cells co‑cultured 
with macrophages (Fig.  4E  and  F), indicating that the 
number of divisions of K7M2 cells was higher in this group. 
In the co‑culture system, the fluorescence intensity of the 
groups treated with LPS or LPS‑CD47mAb was the highest 
(Fig. 4E and F), indicating that the corresponding groups had 
the lowest number of divisions, whereas CD47mAb did not 
have a notable effect on tumor cell division. This result is 

Figure 2. Effect of LPS and CD47mAb on macrophage activation. (A) Western blot analysis and (B) densitometric analysis was used to confirm the expression 
of NOS2 in RAW264.7 cells treated as indicated. (C and D) NO and TNF‑α content in the supernatant of RAW264.7 treated as indicated. (E) Co‑culture model 
of the K7M2 and RAW264.7 cells. (F and G) Flow cytometry was used to measure CD86 expression in the RAW264.7 cells. (H and I) The ROS content in 
RAW264.7 cells in the different treatment groups was detected using flow cytometry. Data are presented as the mean ± SD of three repeats. *P<0.05, **P<0.01 
and ***P<0.001. n.s., not significant; NO, nitric oxide; TNF‑α, tumor necrosis factor α; LPS, lipopolysaccharide; CD47mAb, CD47 monoclonal antibody; ROS, 
reactive oxygen species; MFI, mean fluorescence intensity; R, RAW264.7; K, K7M2; RK, RAW264.7 + K7M2.
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consistent with the fact that LPS promotes the M1 polarization 
of macrophages. The results showed that macrophages could 
inhibit the proliferation of tumor cells, and the inhibitory 

effect of polarized macrophages on tumor proliferation was 
significantly enhanced. To more intuitively observe the inhibi‑
tion of tumor proliferation by macrophages, K7M2 cells were 

Figure 3. Impact of LPS and CD47mAb on phagocytosis. (A) CFSE‑labeled K7M2 cells were co‑cultured with Dye 670‑labeled RAW264.7 cells and treated 
with LPS (0.1 µg/ml), CD47mAb (10 µg/ml), or both. Phagocytosis was analyzed using a laser confocal microscopy. White arrows indicate K7M2 cells 
phagocytized and digested by macrophages (magnification, x63) and (B) corresponding quantitative phagocytosis. Phagocytosis was calculated as follows: 
(number of macrophages with phagocytized cancer cells/total number of macrophages) x100%. (C) CFSE pre‑labeled K7M2 cells were co‑cultured with Dye 
670 pre‑stained RAW264.7 cells and incubated with LPS (0.1 µg/ml), CD47mAb (10 µg/ml), or both; phagocytosis (CFSE and Dye 670 positive cells) was 
analyzed by flow cytometry. (D) The rate of phagocytosis following treatment with the ROS scavenger NAC in the co‑culture system was detected using flow 
cytometry. (E) Quantification of phagocytosis (CFSE and Dye 670 positive cells). Data are presented as the mean ± SD of three independent repeats. *P<0.05, 
**P<0.01 and ***P<0.001 vs. KR or as otherwise indicated. K, K742; R, RAW264.7; KR, K7M2 + RAW264.7; NAC, n‑acetyl‑cysteine; ROS, reactive oxygen 
species; LPS, Lipopolysaccharide; CD47mAb, CD47 monoclonal antibody.
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cultured in serum‑free DMEM and RAW264.7 cell culture 
supernatant under different treatment conditions. After 24 h, 
K7M2 cells were stained with DAPI, and the results were 
observed using a fluorescence microscope (Fig. 4G and H). 
In addition, the results of apoptosis experiments demonstrated 
that LPS could significantly promote the apoptosis of osteosar‑
coma cells induced by macrophages (Fig. S2).

Activated macrophages inhibit migration of OS cells. OS is 
highly malignant and metastasizes early (44). Macrophages 
are an important part of the immune system, and it is of 
great significance to study their role in tumor metastasis. 
The effects of LPS and CD47mAb on the migratory ability 
of K7M2 cells were evaluated by Transwell assay. The 
results showed that compared with the control group, LPS 
and CD47mAb alone or combined did not significantly 
alter the migratory ability of K7M2 cells (Fig. 5A and B). 
Next, macrophages were added to the lower chamber of the 
Transwell insert to observe their ability to alter the migra‑
tion of K7M2 cells in the different treatment groups. As 
demonstrated in Fig. 5C and D, macrophages effectively 
inhibited the migratory ability of OS cells. When LPS was 
added to the co‑culture system, the migratory ability of 
K7M2 cells decreased significantly, which indicated that 
LPS could enhance the inhibition of tumor migration by 
macrophages, but CD47mAb did not have this effect. This 

result is consistent with the fact that LPS can promote the 
polarization of macrophages. Therefore, the significant 
inhibitory effect of macrophages on tumor migration when 
treated with a combination of LPS and CD47mAb was 
primarily due to the effect of LPS on the polarization of 
macrophages (Fig. 5C and D).

Discussion

There is mounting evidence that the immune system may 
be commandeered to prevent carcinogenesis and eliminate 
tumor cells  (45,46). In cancer treatment, immunotherapy 
using targeted checkpoint preparations has made notable 
progress  (47). CTLA4 antibodies, PD‑1/PD‑L1 antibodies, 
as well as CAR‑T and TCR‑T, have proven instrumental in 
improving the management of cancer, and all of these utilize 
T cells (48,49). Although immunotherapy based on T cells has 
proven valuable, it has limitations, such as its muted effect in 
solid tumors; most patients with PD‑1/PDL‑1 antibodies used 
to treat solid tumors do not respond (50‑53). The poor effect 
of PD‑1/PDL‑1 antibody in solid tumors may be related to 
the low expression of PDL‑1 in solid tumors (54). In addition, 
the dense tumor microenvironment of solid tumors limits the 
penetration of PDL‑1 antibodies with high molecular weight 
into the tumor stroma (55). Certain experiments have shown 
that the drug conjugate of PDL‑1 antibody can achieve the 

Figure 4. LPS combined with CD47mAb inhibits the proliferation of OS cells. (A‑C) K7M2 cells were incubated with LPS, CD47mAb, or both combined 
for 48 h and the cell viability was analyzed using a Cell Counting Kit‑8 assay. (D) Schematic diagram of the K7M2 and RAW264.7 co‑culture system. 
(E and F) CFSE pre‑stained K7M2 and RAW264.7 cells were co‑cultured and co‑incubated with LPS, CD47mAb, or both for 24 h. The fluorescence intensity 
of CFSE‑K7M2 cells was detected by flow cytometry. The greater the degree of proliferation, the weaker the fluorescence intensity was. (G and H) RAW264.7 
cells were incubated with or without LPS for 24 h, after which cells were cultured in serum‑free DMEM for 24 h. The supernatant was collected and used to 
culture K7M2 cells for 24 h. Subsequently, K7M2 cells were stained with DAPI and images were captured. Magnification, x10. DMEM group, K7M2 cells 
cultured with DMEM; RS, K7M2 cells cultured in RAW264.7 cell culture supernatant; RLS, K7M2 cells cultured in RAW264.7 cell culture supernatant 
treated with 0.1 µg/ml LPS. Data are presented as the mean ± SD of three independent experiments. ***P<0.001 vs. K or as otherwise indicated. n.s., not 
significant; K, K7M2; R, RAW264.7; KR, K7M2 + RAW264.7; LPS, lipopolysaccharide; OS, osteosarcoma; CD47mAb, CD47 monoclonal antibody; MFI, 
Mean Fluorescence Intensity.
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purpose of chemically guided immunotherapy by destroying 
the tumor matrix (56).

Thus, a novel avenue in the field of immunotherapy is 
required to address this. Although the non‑specific immune 
response, represented by macrophages, has poor specificity, 
it has a significantly wider coverage. CD47 is expressed on 
the surface of tumor cells and its activation promotes tumor 
progression and tumor immune escape. Blocking CD47 is 
considered to be another method of immune checkpoint 
therapy (57). CD47mAb combined with anti‑GD2 has made 
notable progress in the treatment of tumors (58). However, the 
antitumor effect of CD47mAb alone is not significant (22,59). 
In recent years, combinatorial immunotherapy has attracted 
significant attention due to its additive or synergistic effects 
in tumor therapy (60,61). The present study suggested that the 
combination of macrophage activator LPS and CD47mAb can 
enhance the activation of macrophages and exerts a stronger 
antitumor effect than either used alone. A schematic illustra‑
tion of LPS combined with CD47mAb as a hypothetical 
method of immunotherapy in OS is presented in Fig. 6.

OS is a highly malignant tumor with a very low cure rate 
and it poses a significant burden on patients and society (4). 
Thus, there is an urgent need of a more effective and econom‑
ical treatment. The present results demonstrated the efficacy of 
a novel combinatorial antitumor immunotherapeutic approach 
using LPS and CD47mAb for the treatment of OS. This 
research provides an effective and feasible innovative idea for 

the treatment of OS. The results showed that low doses of LPS 
and CD47mAb had almost no effect on the viability of OS. In a 
co‑culture system, LPS combined with CD47mAb significantly 
enhanced the phagocytosis of macrophages on OS cells and 
reduced the proliferation of OS cells. There are two primary 
causes underlying this: First, LPS polarizes macrophages 
to an antitumor phenotype, which exhibit increased tumor 
cytotoxicity and phagocytosis; second, CD47mAb blocks the 
CD47‑SIRPα signaling pathway by blocking CD47 signal 
proteins on the surface of OS cells, thus further enhancing 
the recognition and phagocytosis by macrophages to OS cells. 
In the present study, it was identified that macrophages and 
tumor cells come into contact with each other, and CD47mAb 
and LPS play a joint role in promoting the phagocytosis of 
OS cells by macrophages. Furthermore, it was revealed that 
macrophages inhibit OS cells mainly through indirect actions, 
such as the release of TNF‑α, ROS and NO. Therefore, the 
combined use of LPS and CD47mAb fully activated the anti‑
tumor effect of macrophages.

The combined effect of CD47mAb and LPS is mainly 
shown in promoting the phagocytosis of macrophages. When 
CD47mAb is used in combination with LPS, LPS is respon‑
sible for polarizing macrophages and CD47mAb is responsible 
for blocking CD47‑SIRPα signaling pathway. It was also 
shown that whether LPS was combined with CD47mAb or 
used alone, the anti‑OS effect of macrophages was higher than 
that of CD47mAb alone. This is because LPS can polarize 

Figure 5. Activated macrophages inhibit the migration of OS. (A) The serum‑free medium containing K7M2 was added to the upper chamber of the Transwell 
inserts, and the lower chamber was filled with supplemented media. After 24 h of incubation with LPS or CD47mAb, migratory cells were stained and 
observed. (B) Quantitative analysis of the Transwell migration assays shown in panel A. (C) The serum‑free media containing K7M2 was added to the upper 
chamber of the Transwell inserts, and the lower chamber was filled with supplemented media. with or without RAW264.7 cells; migratory cells were stained 
and observed. Magnification, x40. (D) Quantitative analysis of the Transwell migration assay shown in panel C. Data are presented as the mean ± SD of 
three independent experiments. *P<0.05, **P<0.01 and ***P<0.001 vs. K or as otherwise indicated. n.s., not significant; K, K7M2; R, RAW264.7; KR, K7M2 + 
RAW264.7; LPS, lipopolysaccharide; OS, osteosarcoma; CD47mAb, CD47 monoclonal antibody.
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macrophages, promote macrophages to release various cyto‑
kines, and then indirectly inhibit the activity of OS cells. 
However, CD47mAb does not have this effect. This showed 
that the antitumor effect of macrophages depends, to a large 
extent, on phenotypic transformation; that is, M1 macrophages 
are the primary mediators of tumor immunity. These results 
provide a favorable direction for future research on tumor 
immunity.

In the present study, there were a large number of M2 
TAMs in the tumor tissues of patients with OS, consistent 
with a previous study  (62). As M2 macrophages promote 
tumor development, they cannot engulf tumor cells, thus only 
M1 macrophages exhibit an antitumor effect  (27,40), and 
thus it is hypothesized that this may be an important reason 
underlying the poor effect of CD47mAb alone. Increasing 
the proportion of M1 macrophages in the tumor tissues and 
reducing the proportion of M2 macrophages is an effective 
method to increase the antitumor effects of macrophages. 
To the best of our knowledge, although LPS has been used 
to stimulate macrophage polarization in several studies, the 
present study is the first to use LPS and CD47mAb together 
to treat OS.

Several studies have confirmed that stimulating 
macrophages to polarize towards an M1 phenotype can 
inhibit tumor growth (63,64). However, the immune escape 
exhibited by tumors significantly limits the effects of M1 
macrophages. In the current study, LPS with CD47mab 

were used together to inhibit tumor growth and effectively 
prevent the immune escape of tumor cells. The actions of 
these two treatments complement each other and promote 
the antitumor effects of M1 macrophages. In addition, the 
present study did show that macrophages activated by LPS 
can inhibit the migration of OS cells and promote their 
apoptosis. Of course, in the cell migration assays, the apop‑
tosis of OS cells induced by macrophages will reduce the 
number of OS cells, which has a potential impact on the 
results of the migration assays.

CD47mAb promotes the phagocytosis of tumor cells 
by macrophages, and inhibition of CD47 can effectively 
enhance the antitumor effects of macrophages by directly 
activating cytotoxic T cells in immune‑active mice (22,65). 
Animal experiments were not performed in the present study, 
which may be considered a limitation. In future studies, the 
efficacy of LPS combined with CD47mAb in animal models 
will be determined as well as its other roles in the tumor 
microenvironment.

In conclusion, the results of the present study highlight the 
combined effect of simultaneously stimulating macrophage 
polarization and blocking tumor immune escape pathways 
in tumor immunotherapy. This new strategy of tumor immu‑
notherapy may serve as a reference for the development of 
clinical treatments against OS, and may also provide novel 
immunotherapeutic approaches for the management of several 
types of cancer.

Figure 6. Schematic illustration of LPS combined with CD47mAb as a hypothetical method of immunotherapy in OS. CD47 is present on the surface of OS 
cells and its binding to SIRPα on macrophages inhibits phagocytosis by macrophages. Blocking the interaction between CD47 and SIRPα with CD47mAb 
prevents the inhibition of phagocytosis by macrophages, increasing phagocytosis of the OS cells. LPS can bind to TLR4 receptors on macrophages and 
promote macrophages to polarize towards an M1 phenotype. M1 macrophages exhibit a more potent phagocytotic ability and secrete an increased quantity 
of antitumorigenic factors, including TNF‑α, NO and ROS. LPS and CD47mAb may thus have a significant synergistic effect in tumor immunotherapy. OS, 
osteosarcoma; NO, nitric oxide; TNF‑α, tumor necrosis factor α; LPS, lipopolysaccharide; CD47mAb, CD47 monoclonal antibody; ROS, reactive oxygen 
species; TLR4, toll‑like receptors 4; SIRPα, signal regulatory protein α.
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