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Abstract. Tumor-associated macrophages (TAMs) promote 
the progression of endometrial cancer (EC), but the mechanism 
of TAM in EC cell proliferation remains unclear. It was found 
that colony stimulating factor (CSF)-1 and CSF-1 receptor 
(CSF-1R) were highly expressed in EC tissues of patients and 
two EC cell lines (ECC-1 and HEC-1A). Using wound-healing 
and chemotactic migration assays to evaluate the role of EC 
cells in the induction of macrophage migration, it was found 
that the supernatant of EC cells promoted macrophage cell line 
(U937) migration; however, the migration capacity of U937 
weakened when CSF-1R was blocked. Subsequently, inhibition 
of CSF-1 expression in EC cells also restrained U937 migration. 
Additionally, blocking CSF-1R by PLX3397 treatment in U937 
cells inhibited EC cell proliferation in a co-culture system by 
inhibiting the expression of proliferation-associated proteins 
(Janus kinase-1, phosphoinositide 3-kinase, AKT, cyclin 
kinase 2, 4 and retinoblastoma-associated protein). Together, 
these results demonstrated that CSF-1 secreted by EC cells 
promoted macrophage migration; similarly, CSF-1-stimulated 
macrophages promoted EC cell proliferation. These results 
suggested that the interaction between CSF-1 and its receptor 
served an important role in promoting macrophage infiltration 
and progression of EC.

Introduction

Endometrial cancer (EC) is one of the three most common 
malignancies in the female reproductive system. With the 
application of estrogen, increased obesity and dietary changes 
in recent years, the incidence of EC has increased (1). For 

patients with metastatic tumor, there is no effective treatment 
until now, Until now, there is no new treatment available. 
Standard treatment consists of primary hysterectomy and 
bilateral salpingo-oophorectomy, often using minimally 
invasive approaches (laparoscopic or robotic). Lymph node 
surgical strategy is contingent on histological factors (subtype, 
tumor grade, involvement of lymphovascular space), disease 
stage (including myometrial invasion), patients' characteristics 
(age and comorbidities), and national and international guide-
lines. Adjuvant treatment is tailored according to histology 
and stage. Various classifications are used to assess the 
risks of recurrence and to determine optimum postoperative 
management (2). Therefore, an in-depth study of the role and 
mechanism of EC metastasis is very important for the effec-
tive treatment of EC. Tumor-associated macrophages (TAMs) 
are a group of cells with immunosuppressive functions, and 
are important components of the tumor microenvironment. 
TAMs regulate tumorigenesis, development and metastasis 
in a variety of ways (3,4). The proliferation of TAMs and 
the secretion of inflammatory factors have promoted the 
development of type I EC (5). The density of TAMs in type II 
endometrial carcinoma is almost twice that of type I EC, and 
this difference may be due to the predominant result of M1 
macrophages in the type II EC (6). The chemokine (C-X-C 
motif) ligand 8 secreted by TAM downregulates estrogen 
receptor alpha expression in EC cells by acting on homeobox 
B 13 protein may is involved in cancer invasion (7). TAMs 
also is involved in the production of neovascularization of EC 
and the infiltration of the myometrium by cancer cells (8). In a 
study of macrophage reactivity in 98 patients with primary EC, 
~40% of colony stimulating factor-1 (CSF-1)-expressing EC 
cells underwent infiltration of a large number of macrophages, 
suggesting that CSF-1 expression promotes the progression of 
endometrial cancer, and CSF-1 levels are closely associated 
with the degree of malignancy of primary tumors and their 
corresponding lymph node metastases (9). Therefore, CSF-1 
may be involved in macrophage infiltration and the develop-
ment of EC.

CSF-1 binds to the CSF-1 receptor (CSF-1R), which is 
expressed on the surface of macrophages, induces proliferation 
and infiltration of TAMs, and is involved in tumor cell prolif-
eration, invasion and migration (10). A previous study found 
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that CSF-1 is highly expressed in multiple types of tumors, and 
CSF-1 levels in the blood circulation could be used as a molec-
ular marker for lung cancer, breast cancer, prostate cancer 
and lymphoma (11). A previous study reported that CSF-1R 
inhibitors can significantly reduce the volume of glioblastoma 
and tumor invasion by inhibiting TAMs, which indicates that 
there is an inflammatory cytokine interaction between TAMs 
and glioblastoma, and the role of mutual protection is pres-
ence between EC cells and TAMs (12). Thus, overexpression 
of CSF-1 or CSF-1R is positively associated with aggressive 
and poor prognosis of EC, and blocking CSF-1 or CSF-1R may 
inhibit EC progression. However, the mechanism of CSF-1 
and CSF-1R pathway that regulates tumor invasion, tumor 
immunity and tumor angiogenesis is unclear. In the present 
study, through inhibiting the expression of CSF-1 and blocking 
CSF-1R, it was demonstrated that CSF-1 or CSF-1R inhibition 
may serve a similar role in blocking macrophage migration 
and EC cell proliferation.

Materials and methods

Patients. The records of 10 patients with endometrial carci-
noma and 10 patients with endometrial benign lesions who 
underwent primary surgery at Huai'an First People's Hospital, 
Nanjing Medical University (Huai'an, China) between January 
2016 and December 2016 were reviewed retrospectively. 
Inclusion criteria: Age, 35-65 years old; no hormone drug treat-
ment for the past three months. Patients with non-endometrioid 
carcinoma (clear cell carcinoma and serous adenocarcinoma) 
and those who had received preoperative chemotherapy were 
excluded. The present study was approved by the Medical 
Ethics Committee of the Nanjing Medical University and all 
patients provided their written consent.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from endometrial tissue 
or EC cell lines (Cell bank, Shanghai Institute for Biological 
Science, China) using TRIzol® reagent (Life Technologies; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA). After the 
RNA pellet was resuspended in diethyl pyrocarbonate-treated 
H2O, the purity and concentration were determined by 
spectrophotometry, and the final concentration was adjusted 
to 1 µg/µl. Reverse transcription was performed using a 
PrimeScript™ II 1st Strand cDNA Synthesis kit (Takara Bio, 
Inc., Otsu, Japan) according to the manufacturer's instructions 
(5XRT Master Mix, 1 µg RNA and Nuclease-free Water). The 
thermocycling conditions were 37˚C, 15 min; 50˚C, 5 min 
and 98˚C, 5 min (then held at 4˚C), and cDNA was used as 
a template for PCR amplification of the target mRNA frag-
ments. In order to detect the relative expression levels of CSF-1, 
CSF-1R, Janus kinase 1 (JAK-1), phosphoinositide 3-kinase 
(PI3K), AKT, cyclin-dependent kinase (CDK) 2, CDK4 and 
retinoblastoma-associated protein (Rb), SYBR® Premix Ex 
Taq™ (Tli RNaseH Plus) kit (Takara Biotechnology, Co., 
Ltd., Dalian, China) was used for the RT-qPCR reaction, and 
the thermocycling conditions were 60 sec at 95˚C, followed 
by 40 cycles of 15 sec at 95˚C, 15 sec at 60˚C and 45 sec at 
72˚C. A comparative quantification cycle (ΔCq) method was 
used to quantify target mRNAs (13) and GAPDH was used 
as internal reference gene. PCR primers were: CSF-1, forward 

5'-TGT GGT TTG TGG GAA AGC AG-3', reverse 5'-CTT CAG 
GCT CCT CTC TCT GG-3'; CSF-1R, forward 5'-GAG GAT 
GCT GTC CTG AAG GT-3', reverse 5'-GTA CAG GCT CCC 
AGA AGG TT-3'; JAK-1, forward 5'-ATG GCC AGA TGA CAG 
TCA CA-3', reverse 5'-TGT CCG ATT GGA TGG TTG GA-3'; 
PI3K, forward 5'-AGA AGC CTT CCT CTG TGT CC-3', reverse 
5'-TCT TGC ACA GCA TCT CGT TG-3'; AKT, forward 5'-CTT 
TCG GCA AGG TGA TCC TG-3', reverse 5'-GTA CTT CAG 
GGC TGT GAG GA-3'; CDK2, forward 5'-GCC TTA TGA GGC 
AGG TGA GA-3', reverse 5'-GTA GGA GGT GGA CGT CAG 
AG-3'; CDK4, forward 5'-ACC GTT TAC AAG GCC AGA GA-3', 
reverse 5'-ATC ATG GGC CTC AGG TGA AA-3'; Rb, forward 
5'-TTC CAG ACC CAG AAG CCA TT-3', reverse 5'-TCT GGG 
TGC TCA GAC AGA AG-3'; and GAPDH, forward 5'-CTT TGT 
CAA GCT CAT TTC CTG G-3', reverse 5'-TCT TGC TCA GTG 
TCC TTG C-3'.

ELISA. Endometrial tissue (1-2 cm3) was collected from 
10 patients with endometrial benign lesions and from 
10 patients with EC. Supernatants from the 20 cases of endo-
metrial tissues (PBS and protease inhibitor were added to the 
tissue, and tissue homogenizer and sonicator were used to 
obtain supernatants) and cultured T-HESC, ECC-1, HEC-1A 
cells (density >90%) which were all cultured in Dulbecco's 
modified Eagle's medium (DMEM; Invitrogen; Thermo Fisher 
Scientific, Inc.) supplemented with 10% heat‑inactivated fetal 
bovine serum (FBS; Sigma‑Aldrich; Merck KGaA) at 37˚C 
in a 95% humidified atmosphere of 95% air and 5% CO2 
were collected to measure the concentrations of CSF-1 by 
microplate reader, according to the manufacturer's protocol 
(DY216; R&D systems, Inc., Minneapolis, MN, USA). Briefly, 
after normal endometrial tissue and EC tissue were homog-
enized and cultured cell supernatants were collected, the total 
protein concentration was determined by BCA Protein Assay 
kit (P0010S; Beyotime Institute of Biotechnology, Shanghai, 
China). According to the manufacturer's protocol, the protein 
supernatant was diluted at different dilutions (1:1, 1:5 and 1:10), 
and the concentration of CSF-1 was calculated in different 
tissues and cells on the basis of the concentration of protein 
standards.

Western blot analysis. Western blot analysis was performed 
as previously described (14). Briefly, total protein (5 mg) was 
extracted from endometrial tissue or cultured cells (2x106) 
using radioimmunoprecipitation lysis buffer (Sangon Biotech, 
Co., Ltd., Shanghai, China) and total protein concentration 
was determined by BCA Protein Assay kit (P0010S; Beyotime 
Institute of Biotechnology). Primary polyclonal anti-rabbit 
CSF-1R (67455, 1:2,000), anti-rabbit JAK-1 (29261, 1:2,000), 
anti-rabbit PI3K (4249, 1:1,500), anti-phosphorylated rabbit 
(p)-AKT (4060, 1:2,000), anti-rabbit CDK2 (2546, 1:1,000), 
anti-rabbit CDK4 (12790, 1:1,000) and anti-rabbit p-Rb (8516, 
1:1,000) were all purchased from Cell Signaling Technology 
Inc. (Danvers, MA, USA), and anti-GAPDH antibodies 
(AF0006, 1:5,000) were purchased from Beyotime Institute 
of Biotechnology. The primary antibody was added to the 
membrane for incubation overnight at 4˚C. The membrane 
was washed three times for 5 min with TBST at room 
temperature. Following a secondary horseradish peroxidase 
(HRP)-conjugated goat anti-rabbit (A0208) or goat anti-mouse 
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(A0216) immunoglobulin (Ig)G antibody (1:5,000, Beyotime 
Institute of Biotechnology) incubation for 2 h at room tempera-
ture, signals were detected by the EasyBlot Chemiluminescence 
kit (Sangon Biotech, Co., Ltd.) and quantified using Image‑Pro 
Plus 6.0 software (Media Cybernetics, Inc, Rockville, MD, 
USA).

Cell culture and immunocytochemistry staining. U937, 
T-HESC, HEC-1A and ECC-1 cell lines (Cell bank, Shanghai 
Institute for Biological Science, China) were all cultured in 
Dulbecco's modified Eagle's medium (DMEM; Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% heat-inactivated fetal bovine serum (FBS; 
Sigma‑Aldrich; Merck KGaA) at 37˚C in a 95% humidi-
fied atmosphere of 95% air and 5% CO2. In U937 and EC 
co-culture system, 100 U/ml M-CSF (Beyotime Institute of 
Biotechnology) were added to the culture medium at 37˚C 
for 24 h to induce M2 type macrophages. Once U937 cells 
were successfully induced to M2 macrophages (expressing 
Arg-1 and CD206), they were used in subsequent experiments. 
Macrophage subtype was confirmed by inducible nitric oxide 
synthase (iNOS; 610328; BD Biosciences, Franklin Lakes, NJ, 
USA) and CD86 (6553689; BD Biosciences; double positive of 
M1 macrophage) and Arginase (Arg-1; PA5-29645; Thermo 
Fisher Scientific, Inc.) and CD206 (MA5-16868; Thermo 
Fisher Scientific, Inc.; double positive of M2 macrophage). 
Prior to CSF‑1R immunofluorescence staining or crystal violet 
staining, cells were fixed with 4% paraformaldehyde for 15 min 
at room temperature. Primary mouse CSF-1R monoclonal 
antibody (sc46662, Santa Cruz Biotechnology, Inc., Dallas, 
TX, USA; 1:100) were revealed with specific goat anti‑mouse 
Alexa Fluor® 555 (IgG H&L)-conjugated secondary anti-
bodies (A0473; 1:50; Beyotime Institute of Biotechnology) for 
1 h at 37˚C. Ki67 antibody (AF1738; 1:100; Beyotime Institute 
of Biotechnology) was used to examine the proliferation of 
EC cells. According to the conventional fluorescent staining 
process, goat anti-mouse Alexa Fluor® 555 secary antibodies 
were used to examine the numbers of Ki67-positive EC cells. 
Subsequently, the cell morphology of U937 or EC cells were 
observed under a fluorescence microscope. Crystal violet 
purchased from Beyotime Institute of Biotechnology and was 
used to stain U937 cells for 15 min at room temperature.

ECC‑1 or HEC‑1A cell transfection. CSF‑1‑specific small inter-
fering (si)RNA (siCSF-1; sense, 5'-ACG UGG CUA AAG UGU 
UAA AG-3'; antisense, 5'-CCU GUU CUG CAG UUC CUU CCU 
UGU-3'), and its corresponding non-silencing negative control 
siRNA (siNeg; sense, 5'-GGCAAAUUGCCCUUAUCCA-3'; 
antisense, 5'-AACGUUUAAACCGGUUACGUA3') were 
designed and synthesized by GeneChem, Inc. (Shanghai, 
China). ECC-1 or HEC-1A cells (50% seeding density) were 
cultured in DMEM supplemented with 10% heat-inactivated 
fetal calf serum (Thermo Fisher Scientific, Inc.) at 37˚C under 
5% CO2 in a humidified incubator. Cells in the exponential 
growth phase were grown for 24 h and then transfected 
using Lipofectamine® 3000 (Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. The concentration 
of siCSF-1 and siNeg were maintained at 100 nM. The culture 
medium was replaced with DMEM plus 10% FBS after 6 h of 
transfection, then 10 µg/ml of puromycin was added at 37˚C 

for 24 h for screening positive cells, and 2 ug/ml puromycin 
were added to the cell culture medium to maintain posi-
tive cell selection. ECC-1 or HEC-1A cells transfected with 
siCSF-1 and siNeg were used for wound healing assay and 
Chemotactic migration assay.

CCK‑8 assay. Cell proliferation or growth rate was evaluated 
with the CCK-8 kit (Beyotime Institute of Biotechnology). 
U937 cells (1x104/well) were cultured in 96-well plates, or U937 
cells (5x104/well) were co-cultured with T-HESC (5x104/well), 
ECC-1 (5x104/well) or HEC-1A (5x104/well) which were 
seeded in 24-well Transwell plates (Corning Inc., Corning, NY, 
USA), with U937 cells cultured on the upper chamber. After 
adding different concentrations of CSF-1 (10, 50, 100, 250 and 
500 U/ml) and 10 µM PLX3397 into the culture medium on 
the upper chamber, cells were incubated with 20 µl CCK-8 
for 1 h at 37˚C, according to the manufacturer's protocol. 
Cell proliferation or growth rate was analyzed using a micro-
plate reader to determine the absorbance at 450 nm (Biotec, 
Dresden, Germany).

Wound‑healing assay. U937 cell migratory ability was 
measured using the wound‑healing assay. Briefly, U937 cells 
were seeded in 6‑well plates and grown to 90% confluency. The 
medium was replaced with cell (T-HESC, ECC-1 or HEC-1A) 
culture supernatant or fresh medium containing 100 U/ml 
CSF-1 or 10 µM PLX3397; PBS was used as a vehicle control. 
Following the fresh medium exchange, a scratch was created 
with a 20 µl pipette tip and an image was captured immediately. 
After 24 h incubation at 37˚C, images were captured again and 
the cell migration was quantified randomly by counting cells 
that had moved above the reference line. The control group 
was calculated as 100 and the experimental group compared 
with the control group to ascertain the difference between the 
groups.

Chemotactic migration assay. Chemotactic migration of 
U937 cells was measured using a Transwell chamber with 
6.5 mm polycarbonate membrane (8 µm pore size) (Corning 
Inc.). Normal U937 cells (5x104/well) with fresh medium 
containing 10 µM PLX3397 or 100 U/ml CSF-1 were plated 
on the upper chamber, ECC-1 or HEC-1A cells (5x104/well) 
that were stably transfected with CSF-1 interference plasmid 
(siCSF-1) or control plasmid (siNeg), were cultured on the 
lower chamber. The U937 cells were loaded at 1x105 cells/well 
to the upper chambers and allowed to migrate for 16 h at 37˚C. 
The cells were subsequently fixed with 4% paraformaldehyde 
at room temperature for 15 min and stained with crystal violet 
at room temperature for 10 min, non-migrating cells on the 
upper surface of the membrane were removed using a cotton 
swab. The cells that had migrated to the lower surface of the 
membrane were randomly counted (5x103/well) under a bright-
field microscope.

Statistical analysis. Statistical analysis was performed using 
SPSS 18.0 software (SPSS Inc., Chicago, IL, USA). Data are 
presented as the mean ± standard deviation of three indepen-
dent experiments. One-way analysis of variance was used 
to determine statistical significance of differences between 
groups followed by Turkey post hoc test for comparison of two 
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or more groups. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Expression of CSF‑1 and CSF‑1R in EC cells and macro‑
phages in vivo and in vitro. In order to investigate CSF-1 
expression in endometrial tissue and corresponding cells, 
RT-qPCR and ELISA were used to detect the RNA and 
protein expression levels, respectively, of CSF-1 in normal 
endometrial tissue, EC tissue and T-HESC, ECC-1 and 
HEC-1A EC cells. It was found that not only RNA but also 
protein expression levels in EC tissues and cell lines were 
significantly higher compared with the respective expres-
sion levels in normal endometrial tissue and T-HESC cells 
(Fig. 1A-D). Similar CSF-1, the protein expression levels of 
CSF‑1R were significantly higher in EC tissue compared 
with normal tissue (Fig. 1E and F). In order to further 
investigate the expression of CSF-1R in macrophages, immu-
nofluorescence staining was used to observe the expression 
of CSF-1R in U937 cell lines (Fig. 1G), which demonstrated 
that CSF-1R was highly positive on U937 cell membrane. 
CSF-1 and CSF-1R were both expressed in normal endome-
trial tissue and corresponding cells, especially in EC tissue. 
These results suggested that EC cells may recruit macro-
phages by secreting CSF-1. In order to examine the function 

of CSF-1, different concentrations of CSF-1 (10, 50, 100 and 
500 U/ml) were used to treat U937 cell, and proliferation was 
investigated. The result demonstrated that CSF-1 concentra-
tions >250 U/ml promoted the proliferation of U937 cells 
(Fig. 1H). Therefore 100 U/ml CSF-1 which did not promote 
cell proliferation was used in order to further observe the 
induction of macrophage migration by EC cells.

EC cells promote macrophage migration by secreting 
CSF‑1. In order to observe whether EC cells could promote 
macrophage migration, EC cell supernatant was used for 
wound-healing and migration assay. In a wound-healing 
assay, the U937 culture medium was replaced with 
the supernatant from T-HESC, ECC-1 or HEC-1A cell 
cultures following a scratch on U937 cells. ECC-1 and 
HEC-1A supernatant treatment promoted more U937 cells 
to migrate compare with normal endometrial cell line 
T-HESC (Fig. 2A), which indicated that the supernatant of 
ECC-1 and HEC-1A cells may contain some components 
that are capable of promoting the migration of U937 cells. 
The CSF-1R inhibitor PLX3397 was added to the culture 
supernatant of U937 cells to observe whether CSF-1R is 
a key protein affecting U937 cell migration. It was found 
that the number of migrated U937 cells decreased when 
CSF-1R was blocked (Fig. 2A), which suggested that CSF-1 
in ECC-1 and HEC-1A culture supernatant may be the key 

Figure 1. Expression levels of CSF-1 and CSF-1R in EC cells and macrophages. (A) mRNA and (B) protein expression levels of CSF-1 in endometrial tissues. 
(C) mRNA and (D) protein expression levels of CSF-1 in normal endometrial cells (T-HESC) and EC cells (ECC-1 and HEC-1A). (E) mRNA and (F) protein 
expression levels of CSF‑1R in endometrial tissues. (G) Immunofluorescence detected CSF‑1R expression levels in U937 cell lines. (H) Cell counting kit‑8 
assay detected the proliferation of U937 cells stimulated by different concentrations of CSF-1. Data are presented as the mean ± standard deviation from 10 
(tissues) or 5 (cells) independent experiments; *P<0.05 vs. Control. Scale bar, 100 µm. CSF, colony-stimulating factor; CSF-1R, colony-stimulating factor 1 
receptor; EC, endometrial cancer; OD, optical density.
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molecule that induces U937 cell migration. Additionally, a 
chemotactic migration assay was used to confirm the role 
of CSF-1 in promoting U937 cell migration, and it was 
demonstrated that EC cells induced U937 cell migration, 
which was significantly reduced by blocking the CSF‑1R on 
macrophages (Fig. 2B).

To further confirm the role of CSF‑1 in inducing macro-
phage migration, 100 U/ml CSF-1 was directly added to 
U937 cell culture supernatant, and it was shown that CSF-1 
may promote U937 cell migration, as measured by a wound 
healing (Fig. 3A) and a chemotactic migration assay (Fig. 3B). 
In order to further confirm the role of CSF-1, the expres-
sion of CSF-1 in ECC-1 and HEC-1A cells was reduced by 
siCSF-1 transfection; RT-qPCR and ELISA assay were used to 
examine the transfection efficiency of the siCSF‑1 plasmid and 
confirmed the expression of CSF‑1 was significantly decreased 
in transfected ECC-1 and HEC-1A cells (Fig. 3C). When the 
expression of CSF-1 in EC cells was silenced, the supernatant 
of ECC-1 and HEC-1A cells also failed to promote U937 cell 
migration (Fig. 3D and E). These results indicated that CSF-1 
secreted by EC cells may be a key factor that promotes macro-
phage migration.

EC cells induce U937 cells into M2 macrophages (TAMs), 
which promote the proliferation of EC cells. In order to inves-
tigate the effects of macrophages migrating to EC tissue and 
whether macrophages affected the proliferation of EC cells, 
macrophages and EC cells were co-cultured. In the co-cultured 
system, EC cells were first cultured in 24‑well plates and U937 
cells cultured on coverslips respectively. When cell density 
reached the experimental requirements, the coverslip was 
moved into the 24-well to establish a co-culture system. U937 
and ECC-1 cell lines were co-cultured in vitro for 24 h, and 
makers of M1 macrophage [inducible nitric oxide synthase 
(iNOS) and CD86] and M2 macrophage [Arginase (Arg-1) and 
CD206] in U937 cell lines were investigated. iNOS and CD86 
expressions in U937 cell lines were low, whereas Arg-1 and 
CD206 showed high expression in U937 cell lines (Fig. 4A). 
These data indicated that U937 were induced into M2 macro-
phages at 24 h culture. Subsequently, whether TAM had a role 
of promoting EC cell proliferation in this co-culture system 
was investigated, and it was found that the proliferation rate 
of EC cells (ECC-1 and HEC-1A) was increased, whereas 
U937 cells did not promote normal endometrial cell (T-HESC) 
proliferation (Fig. 4B). When PLX3397 was added to U937 

Figure 2. CSF-1R inhibition blocks U937 cell migration. (A) Wound-healing assay detected U937 cell migration. (B) Chemotactic migration assay detected 
U937 cells migration. Data are presented as the mean ± standard deviation from 5 independent experiments; **P<0.01 vs. control. Scale bar, 25 µm. CSF-1R, 
colony-stimulating factor 1 receptor.
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culture system, the proliferation rate of endometrial cancer 
cells decreased, without affecting the proliferation of normal 
endometrial cells (Fig. 4B). Additionally, the proliferation of 

EC cells in the co-culture system was investigated by Ki67 
immunofluorescence staining. Consistent with the above 
conclusions, it was found that the proliferation of EC cells was 

Figure 3. CSF-1 promotes U937 cell migration. (A) Wound-healing assay and (B) chemotactic migration assay found that CSF-1 promotes U937 cells migration 
following treatment with 100 U/ml CSF‑1. (C) U937 cells were efficiently transfected with si‑CSF‑1. (D) Wound healing assay and (E) chemotactic migration 
assay confirmed that CSF‑1 promotes U937 cells migration in ECC‑1 and HEC‑1A cells transfected with si‑CSF‑1. Data represent the mean ± standard 
deviation from 5 independent experiments; *P<0.05, **P<0.01 vs. Control. Scale bar: 25 µm. CSF-1, colony-stimulating factor 1; Neg, negative control; si, small 
interfering.

Figure 4. Blocking CSF‑1R inhibits proliferation of endometrial cancer cells. (A) Immunofluorescence staining of M1 macrophage (iNOS and CD86) and M2 
macrophage (Arg-1 and CD206) in U937 cell lines, co-cultured with ECC-1/HEC-1A cell lines and treated with 100 U/ml M-CSF. (B) Cell counting kit-8 
assay found that U937 cells could promote ECC-1 and HEC-1A cell proliferation. Additionally, the CSF-1R inhibitor PLX3397 (10 µM) inhibits proliferation 
of ECC‑1 and HEC‑1A cells in the co‑culture system. (C) Immunofluorescence staining of Ki67 detecting EC cell proliferation. Data are presented as the 
mean ± standard deviation from 5 independent experiments; *P<0.05, **P<0.01 vs. Control. Scale bar: 50 µm. Arg, arginase; CD, cluster of differentiation; CSF, 
colony-stimulating factor; CSF-1R, colony-stimulating factor 1 receptor; EC, endometrial cancer; iNOS, inducible nitric oxide synthase.
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increased in the co-culture system, whereas it was inhibited 
by the CSF-1R inhibitor PLX3397 (Fig. 4C). Therefore, it 
was speculated that CSF-1 secreted by EC cells may promote 
migration of macrophages, transforming them to tumor-asso-
ciated macrophages and that some growth factors secreted by 
tumor-associated macrophages promoted EC cells prolifera-
tion.

In order to further clarify the role of macrophages 
in promoting the proliferation of EC cells by CSF-1 and 
CSF-1R binding, the expression of proliferation-associated 
molecules was investigated at the mRNA and protein 
expression levels. It was found that U937 co-cultured 
with EC cells significantly increased the mRNA expres-
sion levels of JAK-1, PI3K, AKT, CDK2, CDK4 and Rb, 
however, their expression levels, apart from that of CDK2 
(ECC-1 cells only) and Rb (ECC-1 and HEC-1A cells), were 
decreased when PLX3397 was pre-added in the co-culture 
system (Fig. 5A and B). Additionally, the protein expres-
sion levels of JAK-1, PI3K, p-AKT, CDK2, CDK4 and p-Rb 
were all increased in the co-culture system, and, apart from 
p-Rb and CDK2 they all decreased when the CSF-1R was 
blocked (Fig. 5C-F). However, in the ECC-1 and U937 
co-culture system, PLX3397 did not inhibit CDK2 expres-
sion at the mRNA or protein levels, whereas PLX3397 did 
not affect the expression of Rb at the mRNA level either in 

ECC-1 and U937 co-culture system or in HEC-1A and U937 
co-culture system. Consequently, it may be concluded that 
EC cells secreted CSF-1 to promote macrophage migration, 
which would then promote the proliferation of EC cells. On 
the other hand, when CSF-1R was blocked, the migration 
of macrophages and the proliferation of EC cells were both 
attenuated. However, this needs to be validated further.

Discussion

Although macrophages and other mononuclear phagocytes 
are regulated by a variety of growth factors, CSF-1 is still the 
most important regulator of TAM (15,16). Previous studies 
found that CSF-1 and its receptors are mainly involved in 
the induction of monocyte development, and CSF-1 secreted 
by tumor (breast, ovarian and endometrial cancer) cells was 
found to promote tumor cell invasion (17). The present study 
found that CSF-1 secreted by EC cells binds to CSF-1R located 
on the surface of macrophages, inducing macrophage infil-
tration, promoting the proliferation of EC cells. Macrophages 
are divided into M1 type (classic activated macrophages) 
and M2 type (alternatively activated macrophages) (18). M1 
macrophages are involved in the inflammatory response, 
clear the body from pathogens, participate in antitumor 
immunity, whereas M2 macrophages have the function of 

Figure 5. CSF‑1R inhibitor influences proliferation‑associated protein expression. (A and B) mRNA expression levels of JAK‑1, PI3K, AKT, CDK2, CDK4 
and Rb, in (A) ECC-1 and (B) HEC-1A cells and their inhibition by the CSF-1R inhibitor PLX3397 (10 µM), as measured by reverse transcription-quantitative 
polymerase chain reaction. (C) Protein expression of JAK‑1, PI3K, p‑AKT, CDK2, CDK4 and p‑Rb and (D) relative quantification of their expression levels in 
ECC-1 cells and their inhibition by the CSF-1R inhibitor PLX3397 (10 µM), as measured by western blotting. (E) Protein expression of JAK-1, PI3K, p-AKT, 
CDK2, CDK4 and p‑Rb and (F) relative quantification of their expression levels in HEC‑1A cells and their inhibition by the CSF‑1R inhibitor PLX3397 
(10 µM), as measured by western blotting. Data are presented as the mean ± standard deviation from 5 independent experiments; *P<0.05 vs. Control; #P<0.05 
vs. U937 cells and ECC-1 or HEC-1A cells co-culture group. CDK4, cyclin-dependent kinase 4; CSF, colony-stimulating factor; CSF-1R, colony-stimulating 
factor 1 receptor; EC, endometrial cancer; JAK, Janus kinase; p, phosphorylated; PI3K, phosphoinositide 3-kinase; Rb, retinoblastoma-associated protein.
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anti‑inflammatory, repair damage and they promote tumor 
formation (19). Macrophages infiltrate into malignant tumor 
tissues in high numbers and it has been demonstrated that 
macrophages have pro-tumor functions and are closely 
related to tumor progression. Consistent with these functions, 
studies using human tumor samples have demonstrated that a 
higher density of macrophages, especially macrophages with 
the M2 phenotype, is closely associated with worse clinical 
prognosis in many kinds of malignant tumors (20-22). In the 
early stages of tumorigenesis, TAM takes M1 macrophages 
as the main body and serves the role of killing tumor cells, 
whereas in the late stages of tumor development, TAM 
is mainly consisted by M2 macrophages, which could 
promote tumor growth, invasion and metastasis (23). CSF-1 
can promote macrophage survival and differentiation, and 
macrophages can be converted to TAM in its presence (12). 
Therefore, in the present study, when exogenous CSF-1 was 
added to the macrophage culture medium, or macrophages 
and EC cells were co-cultured, macrophages were trans-
formed into TAM favoring the growth of EC cells, therefore, 
macrophages seem to have induced the proliferation of EC 
cells in the co‑culture system, but this needs to be verified in 
future studies.

In the present study, EC cells promoted the migration of 
macrophages by secreting CSF-1, and macrophages did not 
promote cell proliferation after blocking the CSF-1R. The 
above results demonstrated that under the presence of CSF-1, 
macrophages undergo phenotypic conversion, as EC cells 
convert macrophages to TAM which prompting EC cells 
to proliferate more. Therefore, targeting CSF-1 to reduce 
the number of TAMs can be used as a cancer treatment. 
Zeisberger et al (24) used liposome-coated clodronate to 
remove macrophages from the whole body of tumor-bearing 
mice, showing that tumor growth was effectively controlled. 
In a study of murine breast cancer induced by sponta-
neous polyoma virus middle T oncoprotein, Lin et al (25) 
demonstrated that transgenic mice deficient in CSF‑1 could 
significantly reduce the number of TAMs, reduce tumor angio-
genesis and delay tumor growth progression reducing lung 
metastases. Previous studies have pointed out that the removal 
of CSF-1 and other factors from the ascites of ovarian cancer 
would affect the macrophage-induced TAM (26,27). Other 
studies have used transgenic technology to overexpress CSF-1 
in mammary glands, showing that the branches of breast ducts 
increased and precancerous lesions appeared, suggesting 
that CSF-1 promotes tumorigenesis (28). Other studies have 
indicated that CSF-1/CSF-1R-induced activation of nuclear 
factor-κB in TAM is required for tumor progression in inflam-
mation-induced murine tumor models (29,30). Staining of 
CSF-1 and its receptor showed strong positive immunostaining 
in metastatic ovarian carcinoma, while benign ovarian tissue 
showed a little expression of CSF-1/CSF-1R (31). Therefore, 
high expression of CSF-1 and its receptor regulates the prolif-
eration of tumor cells. At present, there are many strategies 
and methods for tumor therapy by targeting TAM; however, 
the role of TAM in EC and by which way EC cells recruit 
macrophage is still unclear. The present study demonstrated 
that EC cells can recruit macrophages by secreting CSF-1, and 
macrophages stimulated by CSF-1 can promote the prolifera-
tion of EC cells. The development of drugs targeting TAM, 

especially humanized antibodies or inhibitors targeting CSF-1 
or its receptor, promise benefits in cancers such as EC.
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