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Abstract. Malignant melanoma is a common skin tumor 
that easily metastasizes and has a poor prognosis. Endostatin 
is an endogenous vascular endothelial inhibitor that mainly 
suppresses tumor growth by inhibiting the proliferation of 
vascular endothelial cells and by reducing the formation of 
tumor microvessels, however the immunological function of 
endostatin remains unclear. Previously, we have found that 
an over‑expression endostatin (pEndostatin) plasmid induced 
RAW264.7 cells' polarity to M1‑type macrophage. To elucidate 
the effect of M1‑type macrophages induced by endostatin on 
melanoma B16 cells, the present study transfected RAW264.7 
cells with pEndostatin plasmid and co‑cultured them with 
B16 cells. Compared with the control group, the expression of 
matrix metalloproteinase (MMP)‑2, MMP‑9 and proliferating 
cell nuclear antigen in B16 cells was inhibited by M1‑type 
macrophages, but cleaved Caspase‑3 and cleaved Caspase‑8 
were significantly upregulated and the ratio of Bax/Bcl‑2 
was increased. These results indicated that M1 macrophages 
induced by pEndostatin plasmid inhibited the proliferation 
and migration of B16 cells and promoted their apoptosis. 
These findings suggest that the inhibitory effect of endostatin 
on melanoma is not limited to directly inhibiting tumor 

microvessel formation, but it may also be related to regulating 
changes in macrophage polarity.

Introduction

Malignant melanoma (MM) is one of the tumors with the 
highest mortality rate due to its strong invasiveness and drug 
resistance. In the United States, the mortality of MM has 
decreased upon use of new targeted therapies, but its incidence 
is rising (1,2). Melanoma is considered as an immunogenic 
tumor and its occurrence and development are affected by 
the interaction of various immune cells in the tumor microen‑
vironment (TME) (3). There are several immune cells in the 
TME, including CD8+ T cells, NK cells and tumor‑associated 
macrophages (TAMs), with TAMs being the largest propor‑
tion (4).

Macrophages can be polarized to classically activated 
macrophages (M1‑type) or alternatively activated macro‑
phages (M2‑type). M1‑type macrophages have a strong antigen 
presenting function that secretes a large amount of inflamma‑
tory cytokines. Furthermore, they participate in the Th1‑type 
immune response, exert an anti‑tumor immune function and 
inhibit tumor development (5). TAMs are thought to more 
closely resemble M2‑type macrophages, which produce higher 
levels of anti‑inflammatory cytokines and angiogenic factors. 
These factors inhibit the anti‑tumor immune response and help 
tumor cells escape from the immune system and reactivate 
epithelial‑mesenchymal transition (EMT) to promote tumor 
metastasis (6), resulting in the promotion of tumor growth 
and metastasis. Therefore, altering the polarity of TAMs and 
reprogramming them toward M1‑type has become a potential 
target for tumor immunotherapy.

Endostatin is one of the potential endogenous 
angiogenesis inhibitors, which can effectively inhibit tumor 
angiogenesis (7), but there are few studies on its immunology. 
In China, the endostatin recombinant protein, Endostar, has 
been listed as the preferred anti‑tumor angiogenesis‑targeted 
drug for MM first‑line treatment. Previously we have found 
that an overexpression endostatin plasmid (pEndostatin 
plasmid) induced M1‑type polarization of mouse RAW264.7 
macrophages and inhibited the growth of breast cancer (8). 
Therefore, it was hypothesized that M1‑type macrophages 
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induced by pEndostatin plasmid would also have an inhibitory 
effect on melanoma cells. To confirm this hypothesis, 
normal RAW264.7 cells or M1‑type macrophages induced 
by pEndostatin plasmid were co‑cultured with melanoma 
B16 cells and the changes in the biological functions of the 
co‑cultured B16 cells were observed.

Materials and methods

Cell lines and cell culture. The mouse melanoma cell line, 
B16 and the mouse macrophage cell line, RAW264.7, were 
purchased from the Cell Bank of the Chinese Academy of 
Sciences. B16 cells and RAW264.7 cells were cultured in 
DMEM (HyClone; Cytiva) with 10% FBS (HyClone; Cytiva) 
and penicillin‑streptomycin (1,000 µg/ml). The two cell lines 
were cultured at 37˚C in a cell incubator with 5% CO2.

Plasmid. To overexpress endostatin, the pcDNA3.1‑ssEnd‑
ostatin (pEndostatin) plasmid was constructed by the 
Laboratory of Pathophysiology, Basic Medical College of 
Jilin University, as previously described (9). The plasmid was 
transfected into RAW264.7 cells using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. RAW264.7 cells were collected 
48 h after transfection and then co‑cultured with B16 cells.

Cell co‑culture. B16 cells were inoculated into the lower 
chambers of Transwell 6‑well plates (Corning Inc.) at a 
density of 5x105  cells/well. RAW264.7 cells or M1‑type 
macrophages induced by pEndostatin plasmid were seeded 
in the upper chambers of the Transwell plates at a density of 
5x104 cells/well. These cells were co‑cultured for 48 h at 37˚C 
in a 5% CO2 cell culture incubator.

MTT assay. Co‑cultured B16 cells were seeded in a 96‑well 
plate at a density of 1x104 cells/100 µl/well, with five replicate 
wells in each group and continued to be cultured for 24, 48 and 
72 h. Then 20 µl MTT (5 mg/ml; Sangon Biotech Co., Ltd.) 
was added to each well for 4 h in the incubator. The superna‑
tant was removed and 150 µl/well of DMSO (Sangon Biotech 
Co., Ltd.) was added. The light absorption of each well was 
measured at 490 nm by an ELISA reader and the survival rate 
of B16 cells was calculated.

Colony‑forming cell assay. Co‑cultured B16 cells were seeded 
in a 6‑well plate at a density of 500 cells/well. After 7 days, 
the number of colonies (containing ≥50 cells) in each well was 
counted by crystal violet staining (Sangon Biotech Co., Ltd.). 
Colony‑forming rate (%) = ( total number of colonies/total 
number of seeded cells) x100.

Scratch wound assay. B16 cells co‑cultured with different 
macrophages for 48 h were seeded in a 24‑well plate and 
cultured overnight. When the confluence of cells was 
90‑100%, a scratch was applied with a 200‑µl pipette tip. 
The wells were then rinsed twice with PBS (Hyclone, GE 
Healthcare Life Sciences) to wash away suspended cells 
and debris and the remaining cells were further cultured 
in DMEM with 2% FBS, which was used to maintain cell 
survival but prevent cell proliferation. The change in scratch 

width at 0, 24 and 48 h was monitored under a BX41‑PHD‑P11 
light microscope (Olympus Corporation). Data analyses were 
conducted using ImageJ (v1.8.0 National Institutes of Health). 
Transport rate (%) = (0 h scratch width ‑ scratch width after 
cultivation)/0 h scratch width x100.

Transwell assay. Co‑cultured B16 cells were inoculated 
(1x103) with normal cell culture medium into the upper 
chambers of Transwell plates (pore size, 8 µm), and Matrix 
gel (Corning Inc.), which was used for precoating at 37˚C for 
2 h, and normal cell culture medium was added to the lower 
chamber. After culturing for 24 h at 37˚C, the cells on the 
upper chamber membrane were gently wiped with a cotton 
swab and then stained with crystal violet at room temperature 
for 20 min. The number of cells passing through the Transwell 
membrane was counted using a BX41‑PHD‑P11 light micro‑
scope (Olympus Corporation). The relative invasion rate of 
B16 cells in the M1 group was calculated relative to the control 
group. Relative invasion rate = Number of migrating cells in 
the M1 group/number of migrating cells in the control group.

Flow cytometry analysis. Co‑cultured B16 cells were stained 
with an Annexin V Apoptosis kit (Beckman Coulter, Inc.) 
according to the manufacturer's protocol. The apoptotic ratio 
(late apoptosis) of each group of cells was determined by 
an Epics‑XL‑MCL flow cytometer (Beckman Coulter, Inc.). 
The cell cycle distribution of the co‑cultured B16 cells was 
determined by single staining with 100 µg/ml propidium 
iodide (Beckman Coulter, Inc.) at 37˚C for 30 min. The 
fixative used for the cell cycle assay was 75% ice ethanol, 
overnight at ‑20˚C.

Western blot analysis. Co‑cultured B16 cells were harvested 
and lysed with RIPA lysis buffer (Takara Bio Inc.) and the 
supernatant was collected. The protein concentration was 
measured by a Bio‑Rad protein concentration quantification 
method (Bio‑Rad Laboratories Inc.). The protein samples 
(30 µg) were electrophoresed on 12% SDS‑PAGE gels and 
transferred to PVDF membranes (Invitrogen; Thermo Fisher 
Scientific, Inc.), blocked with 5%  skimmed milk (EMD 
Millipore) at room temperature for 1  h, incubated with 
primary antibodies overnight at 4˚C and then incubated with 
secondary antibodies at room temperature for 1 h. Protein 
bands were visualized with an ECL kit (GE Healthcare). The 
images were captured using a Syngene Bio Imaging System 
(Synoptics). The following primary antibodies were used: 
mouse monoclonal anti‑matrix metalloproteinase (MMP)‑2 
(1:200; cat. no. sc‑13594), mouse monoclonal anti‑MMP‑9 
(1:200; cat. no.  sc‑21733; both Santa Cruz Biotechnology, 
Inc.); mouse monoclonal anti‑cleaved Caspase‑8 (1:1,000; 
cat. no.  9429), rabbit polyclonal anti‑cleaved Caspase‑3 
(1:1,000; cat. no. 9664), rabbit polyclonal anti‑proliferating 
cell nuclear antigen [(PCNA); 1:1,000; cat. no.  13110; all 
Cell Signaling Technology, Inc.]; rabbit polyclonal anti‑Bax 
(1:500; cat. no. BS2538), rabbit polyclonal anti‑Bcl‑2 (1:500; 
cat. no. BS1511), rabbit polyclonal anti‑β‑actin (1:5000; cat. no. 
AP0060) and rabbit polyclonal anti‑GAPDH (1:10,000; cat. 
no. AP0063; all Bioworld Technology, Inc.). The secondary 
antibodies used were anti‑rabbit IgG (1:3,000; cat. no. sc‑2357) 
and anti‑mouse IgG (1:2,000, sc‑2005; both Santa Cruz 
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Biotechnology, Inc.). Protein expression was semi‑quantified 
using ImageJ software (v1.8.0; National Institutes of Health).

Statistical analysis. The results are expressed as mean ± stan‑
dard deviation Comparisons between two groups were 
analyzed using an unpaired Student's t‑test. Comparisons 
among more than two groups were assessed using one‑way 
ANOVA followed by Tukey's post hoc test in pair‑wise 
repetitive comparisons. Data analyses were conducted using 
SPSS 11.0 (SPSS, Inc.). Graphs were prepared using GraphPad 
Prism 8 (GraphPad Software, Inc.). Each experiment was 
repeated three independent times. P<0.05 was considered to 
indicate a statistically significant difference.

Results

The present study established a co‑culture system with 
Transwell chambers. B16 cells were co‑cultured with normal 
RAW264.7 cells (control group) or M1‑type macrophages 
(M1 group) induced by pEndostatin plasmid for 48 h and then 
collected to examine their biological functions.

Endostatin‑induced M1‑type macrophages inhibit the 
proliferation of B16 cells. B16 cells co‑cultured with normal 
RAW264.7 cells or M1‑type macrophages for 48  h were 
collected and seeded in 96‑well plates. The proliferation of 
the co‑cultured B16 cells was determined by the MTT assay 
after 24, 48 and 72 h. The proliferative ability of B16 cells 
in the M1 group was significantly weakened and the survival 
rate decreased in a time‑dependent manner compared with the 
control group (Fig. 1A).

Furthermore, the proliferation ability of individual cells 
was tested by the colony‑forming cell assay. It was found that 
the colony formation ability of B16 cells in the M1 group was 
also reduced compared with the control group (Fig. 1B and C). 
This result was consistent with the MTT assay, indicating that 
M1‑type macrophages induced by the pEndostatin plasmid 
inhibited the proliferation of B16 cells.

Endostatin‑induced M1‑type macrophages inhibit the migra‑
tion and invasion of B16 cells. To examine the effect of 
M1‑type macrophages induced by the pEndostatin plasmid on 
the migration and invasion of B16 cells, scratch and Transwell 
assays were used. After 24 and 48 h of culture, the number 
of B16 cells in the M1 group passing through the Transwell 
membrane was significantly smaller than that in the control 
group (Fig. 2A and B). Additionally, the scratch width of the 
B16 cells in the M1 group was significantly larger than that 
in the control group, i.e., the migration distance was reduced 
(Fig. 2C and D).

Next, the expression of MMPs was examined by western 
blotting. Compared with the control group, the expression of 
PCNA, MMP‑2 and MMP‑9 in B16 cells of the M1 group was 
downregulated (P<0.05; Fig. 3). These results suggested that 
M1‑type macrophages induced by the pEndostatin plasmid 
inhibited the migration and invasion of B16 cells by down‑
regulating the expression of PCNA, MMP‑2 and MMP‑9.

Endostatin‑induced M1‑type macrophages promote apop‑
tosis of B16 cells. To further elucidate the mechanism by 
which endostatin‑induced M1‑type macrophages inhibit 
the proliferation of B16 cells, the changes in the cell cycle 
distribution and apoptosis of B16 cells were examined by flow 
cytometry. The results showed that the cell cycle distribution 
of B16 cells in the M1 group was similar to that of the control 
group (Fig. 4A and B), but the proportion of apoptotic cells 
was significantly increased (control group: 8.30±2.91% vs. M1 
group: 17.48±2.89%; P<0.05; Fig. 4C and D).

Using western blotting to determine the expression of 
apoptosis‑related proteins, it was found that the protein 
expression of cleaved Caspase‑3 and cleaved Caspase‑8 was 
significantly upregulated and the Bax/Bcl‑2 ratio was signifi‑
cantly increased in B16 cells of the M1 group, compared with 
the control group (P<0.01; Fig. 5). These results suggest that 
the M1‑type macrophages induced by the pEndostatin plasmid 
inhibited the proliferation of B16 cells by promoting apoptosis, 
though they did not affect the cell cycle of B16 cells.

Discussion

MM has become a major public health threat owing to its 
high metastasis rate, drug resistance and poor prognosis (10). 
Although much effort has been put into the development of 
MM treatments in recent years, effective treatment remains 
limited. MM is an immunogenic tumor and its biological 
behavior is affected by host immune cells and inflammatory 
cells in the TME (3). The immunosuppressive TME composed 
of regulatory T cells, bone marrow‑derived suppressor cells 
and TAMs promote the immune escape of melanoma (11,12), 
hence a number of researchers are beginning to investigate to 
MM immunotherapy. As the main immune cells in the TME 

Figure 1. M1‑type macrophages induced by the pEndostatin plasmid inhibit 
the proliferation of B16 cells. (A) MTT assay, relative survival rate of B16 cells 
at different time points. (B and C) Colony‑forming assay tested the prolifera‑
tion ability of individual cells. The data are expressed as mean ± standard 
deviation. *P<0.05 vs. control group; **P<0.01 vs. control group. M1, classical 
activation macrophage.
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of MM, TAMs play an important role in the development and 
metastasis of MM (10). Therefore, reprogramming the polarity 
of TAMs to inhibit the development of MM has become of 
great interest to researchers. Melanoma cells release different 
macrophage chemokines (including monocyte chemoattractant 
protein 1 and VEGF‑C) to attract macrophages to the tumor 
site and induce their activation into M2‑type TAMs to exert 
pro‑tumor effects (10,13). In turn, M2‑type TAMs secrete a 
number of effector molecules (including IFN‑γ, cyclooxy‑

genase 2 and IL‑10) to promote the growth and metastasis of 
MM, thus forming a vicious circle  (10,14). Additionally, 
melanoma exosomes directly induce macrophage polariza‑
tion to an M1/M2 ‘mixed’ phenotype, which has multiple 
tumor‑promoting functions  (15). The immunosuppressive 
function of TAMs derives from their kinase activity and 
secretion of anti‑inflammatory cytokines, including IL‑10 
and TGF‑β, which have an inhibitory effect on tumoricidal 
lymphocytes. TGF‑β1 secreted by M2‑type TAMs inhibits the 

Figure 2. Endostatin‑induced M1‑type macrophages inhibit the migration and invasion of B16 cells. (A and B) Invasion ability as evaluated by Transwell assay 
(magnification, x200). (C and D) Migration ability as tested by the scratch wound assay (magnification, x100). The data are expressed as mean ± standard 
deviation. **P<0.01 vs. control group. M1, classical activation macrophage.

Figure 3. Effect of M1‑type macrophages induced by the pEndostatin plasmid on migration‑related proteins in B16 cells. The expression of PCNA, MMP‑2 
and MMP‑9 was detected by (A) western blotting and (B) semi‑quantified as a fold‑change relative to GAPDH or β‑actin. *P<0.05 vs. control group; **P<0.01 
vs. control group. M1, classical activation macrophage; PCNA, proliferating cell nuclear antigen; MMP, matrix metalloproteinase.
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release of nitric oxide from M1 macrophages (16) and inhibits 
M1 polarization through matrix remodeling to increase the 
survival of melanoma  (17). Adrenomedullin produced by 
TAMs induces nitric oxide production in endothelial cells 
through a paracrine mechanism and polarizes macrophages 
toward M2‑type through an autocrine mechanism, thereby 
increasing angiogenesis and tumor growth in melanoma (18). 
TAMs also directly activate the VEGF pathway and IL‑6 

secreted by TAMs promotes the generation of tumor 
microvessels by activating STAT3 to induce hypoxia‑inducible 
factor 1‑mediated VEGF‑A transcription (19). Additionally, 
TAMs secrete MMPs (MMP‑2, MMP‑9 and MMP‑7) to regu‑
late the decomposition and reconstruction of the cell matrix, 
provide support for the formation of blood vessels and promote 
the migration of endothelial cells (20). Therefore, inducing the 
polarity transformation of M2‑type TAMs to M1‑type with 

Figure 4. Effects of M1‑type macrophages induced by the pEndostatin plasmid on apoptosis and the cell cycle distribution of B16 cells were examined by flow 
cytometry analysis. (A and B) The cell cycle distribution of B16 cells in different groups. (C and D) Apoptotic rate of B16 cells. The data are expressed as 
mean ± standard deviation. **P<0.01 vs. control group.

Figure 5. Effect of M1‑type macrophages induced by the pEndostatin plasmid on apoptosis‑related proteins in B16 cells. The expression of, c‑Casp‑3, c‑Casp‑8, 
Bax and Bcl‑2 was detected by (A) western blotting and (B) semi‑quantified as a fold‑change relative to GAPDH. **P<0.01 vs. control group. M1, classical 
activation macrophage; c‑Casp, cleaved Caspase.
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tumor suppressor function in the TME can be used as one of 
the targets for MM treatment. The present study found that M1 
type macrophages induced by the pEndostatin plasmid inhib‑
ited the proliferation and migration of melanoma, indicating 
that it is feasible to treat melanoma by changing the polarity of 
TAMs in the TME; however, the specific mechanism requires 
further research.

Endostatin is an endogenous angiogenesis inhibitor isolated 
from the conditioned medium of hemangioendothelioma cell 
line (21). It suppresses tumor development by inhibiting the 
proliferation, migration and invasion of endothelial cells. 
In 2005, the State Food and Drug Administration of China 
approved Endostar as an anti‑vascular drug for the clinical 
treatment of non‑small cell lung cancer. As there are almost 
no side effects and drug resistance rarely occurs, Endostar is 
more suitable for patients with long‑term antitumor therapy 
and is more effective in suppressing tumor recurrence and 
metastasis than other anti‑vascular targeted therapies (22).

It has been demonstrated that Endostar inhibits the growth 
of melanoma by inhibiting angiogenesis and the MAPK 
pathway mediated by basic fibroblast growth factor (23). A 
combined treatment with Endostar and chemotherapeutics 
significantly inhibits the proliferation of melanoma cells and 
promotes their apoptosis and prolonged the survival time 
of tumor‑bearing mice (24). Clinical trials found that treat‑
ment with Endostar + dacarbazine increased the one‑year 
survival rate (22.5 vs. 49.7%) and the two‑year survival rate 
(14.3 vs. 22.2%) of melanoma patients compared with the 
placebo + dacarbazine group and reduced the risk of death in 
patients with mucosal melanoma (93%) and acral melanoma 
(62%)  (25,26). Endostar combined with dacarbazine and 
cisplatin was effective for MM without genetic mutations 
and the patient tolerated the treatment well (27). Additionally, 
endostatin may be used as a prognostic biomarker of immuno‑
therapy with ipilimumab for MM patients (28). These studies 
suggest that endostatin can inhibit microvascular growth in 
melanoma and improve drug resistance.

Although there are a number of studies about endostatin 
inhibiting MM tumor microvessels, it remains unclear 
whether it can inhibit MM growth by regulating the polarity 
of macrophages. Some studies have found that endostatin 
enhanced the anti‑tumor immune response and increased 
the infiltration of cytotoxic T  lymphocytes to the TME 
and polarized the macrophages that reached the tumor 
tissue to M1‑type, resulting in an increased proportion of 
M1‑type TAMs and reduced proportion of M2‑type TAMs, 
thereby reversing the immunosuppressive environment in 
the TME (8,29‑31). From the perspective of the change of 
macrophage polarity, the present study briefly explored that 
the inhibition of endostatin on B16 cells may be partly due 
to its immunological function, but the specific mechanism 
requires further study. More in‑depth studies on its related 
pathways (including angiogenesis factor and oxidative stress 
markers)are being conducted. The present study found that 
M1‑type macrophages induced by the pEndostatin plasmid 
inhibited the proliferation of B16 cells by promoting apop‑
tosis and inhibited their migration and invasion ability by 
downregulating the expression of MMP‑2 and MMP‑9. 
These results suggested that in addition to directly inhibiting 
the formation of microvessels in MM, the therapeutic effect 

of endostatin on MM was also related to inducing a polarity 
change in TAMs.
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