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Abstract: Chemokine (C-C motif) ligand 4 (CCL4) and vascular endothelial growth factor-A (VEGF-A) are involved 
in the progression and metastasis of some tumors, including ovarian cancer, colon cancer and prostate cancer. 
However, the roles of CCL4 and VEGF-A in human endometrial cancer (EC) are still unclear. Here, we demonstrated 
that the production of CCL4 and VEGF-A was significantly higher in EC tissues than in normal tissues, and their 
expression profiles were associated with the clinical stage of EC. In addition, we found that CCL4 promoted the 
angiogenesis and invasive ability of EC tumors by increasing the production of VEGF-A. We further confirmed the 
effect of CCL4 in the growth of EC tumors by silencing the expression of CCL4 in EC cell lines. Finally, we found that 
CCL4 upregulated VEGF-A expression by activating STAT3, and it enhanced the progression and metastasis of EC. 
Our study showed that CCL4 promoted tumor growth by upregulating VEGF-A expression, which affected the STAT3 
signal pathway in the EC cells.
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Introduction

Endometrial carcinoma (EC) is thought to be 
the most common gynecologic malignancy in 
the world, with a mean age at diagnosis of 60 
years [1]. Epidemiological data have shown that 
due in large part to the obvious clinical symp-
toms, approximately 73% of EC patients have 
stage I at diagnosis, which has a low recurrence 
rate, and the five year survival is approximately 
85% [2, 3]. However, approximately 10% of 
patients are diagnosed at stage II, which has a 
very poor prognosis [2, 4]. Advanced stage (III-
IV) EC is less common, and it is often associat-
ed with metastasis. Previous studies have indi-
cated that advanced stage EC can metastasize 
to the ovaries, lymph nodes and even outside 
the abdomen, which is fatal [5]. Currently avail-
able treatments, such as surgery, radiation and 
chemotherapy, are not very effective for EC, 
especially in patients with advanced stage dis-
ease [5, 6]. It is very important to understand 
the underlying mechanism of EC so that we can 

explore more effective strategies for the detec-
tion, prevention and treatment of this disease.

Cancer cells need oxygen and nutrients for their 
survival, and they are hence located near blood 
vessels; without blood vessel support, tumors 
could not survive or metastasize to other organs 
[7, 8]. Numerous studies have shown that angio- 
genesis is regulated by pro- and anti-angiogenic 
agents, such as transforming growth factor β 
(TGF-β), matrix metalloproteinases (MMPs) and 
vascular endothelial growth factor-A (VEGF-A). 
Among these agents, VEGF-A is thought to be 
the major inducer of angiogenesis, and evi-
dence has shown that VEGF-A is involved in the 
growth of various tumors [9, 10]. While the 
roles of VEGF-A in EC remain unclear, it is impor-
tant to understand the effects of VEGF-A in EC.

Previous studies have demonstrated that many 
factors can stimulate cancer cells to release 
VEGF-A, such as chemokines, a kind of chemo-
tactic cytokine that is produced by stimulation 
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like cytokines and growth factors [11, 12]. The 
activation of chemokines results in the tran-
scription regulation of a target gene, which is 
involved in the cancer cell proliferation, inva-
sion, and metastasis [13]. Chemokine (CC 
motif) ligand 4 (CCL4) is a member of the che-
mokine family, and it is associated with the leu-
kocyte traffic, angiogenesis, and metastasis of 
various tumors, such as ovarian cancer, colon 
cancer and prostate cancer [14-16]. Recently, 
several studies have demonstrated that CCL3 
promotes the metastasis of some cancers 
through the VEGF-A signal pathway, although 
the roles of CCL4 in VEGF-A and angiogenesis 
in endometrial cancer have not been clarified 
[10, 17, 18]. In this article, we showed that 
CCL4 promoted tumor angiogenesis by upregu-
lating VEGF-A expression via the phosphoryla-
tion of STAT3 in EC.

Materials and methods

Acquisition of tissue specimens

We collected 22 EC tissue specimens from pa- 
tients who were diagnosed with endometrial 
cancer and treated at Huai’an First People’s 
Hospital between Jun 2014 and Jun 2016. In- 
formed consent was obtained from all patients. 

Cell culture

The human endometrial cancer cell lines 
AN3CA, HEC-1B, and the endothelial progenitor 
cells (EPCs) were obtained from ATCC (Rockville, 
MD, USA). AN3CA and HEC-1B were cultured in 
Dulbecco’s modified Eagle medium (DMEM, 
Gibco, Gaithersburg, MD), which was supple-
mented with 10% fetal bovine serum (FBS) 
(HyClone, Logan, USA). While EPCs were main-
tained in RPMI-1640 (Gibco), they were also 
supplemented with 10% FBS. All cells were cul-
tured in a humidified atmosphere containing 
5% CO2 at 37°C.

Construction of a stable expression CCL4 
shRNA cell line 

The CCL4 shRNA and control shRNA were 
designed and obtained from GenePharma 
(Shanghai, China). HEC-1B and AN3CA cells (5 
× 104 cells/well) were seeded in 24-well plates 
and incubated overnight, and then, they were 
transduced with CCL4-shRNA or control shRNA 

lentiviral supplemented with 8 mg/mL poly-
brene (Sigma-Aldrich, the Netherlands). Finally, 
the media was removed, and the resuspended 
cells were maintained in fresh medium contain-
ing 2 μg/ml puromycin to select for stable 
transfectants. 

Detection of cell growth phenotypes

The effect of CCL4-shRNA on the proliferation 
of EC cells was evaluated by MTT, colony forma-
tion and apoptosis assays. The stable expres-
sion CCL4 AN3CA and HEC-1B cells were plated 
in 96-well culture plates (3 × 103 per well) and 
incubated for 12, 24, 36 and 48 hours. Then, 
the MTT (0.5 mg/ml; Sigma-Aldrich, USA) was 
added to each well (20 μl/well). After 4 hours of 
additional incubation, the MTT solution was dis-
carded, 200 ml of DMSO (Sigma, USA) was 
added, and the plates were shaken gently. The 
absorbance was measured on an ELISA reader 
at a wavelength of 490 nm. For the colony for-
mation assay, cells were counted and seeded 
in 12-well plates (in triplicate) at 100 cells per 
well. Fresh culture medium was replaced every 
3 days. The number of viable cell colonies was 
determined after 14 days, and colonies were 
fixed with methanol, stained with crystal violet, 
photographed and counted. For the cell apop-
tosis assay, cell apoptotic rate was determined 
by using Annexin V-FITC and a PI staining flow 
cytometry kit (KeyGEN BioTECH, China) accord-
ing to manufacturer’s instructions. Briefly, the 
cells in the different groups were harvested 
and washed twice with PBS. Next, the cells 
were resuspended in 500 ml of binding buffer 
included in the kit. Then, 5 ml Annexin V and 5 
ml propidium iodide (PI) were added to the cells 
and incubated at room temperature for 15 min-
utes in the dark. The cells’ apoptotic rate was 
then tested by flow cytometry within 1 h. Each 
experiment was performed in triplicate.

Quantitative real-time PCR 

The total RNA of the EC cells was prepared 
using a TRIzol kit (Invitrogen, Carlsbad, CA, 
USA) following the manufacturer’s instructions, 
and then, it was reverse transcribed into cDNA 
using an oligo primer using the RevertAid First 
Strand cDNA Synthesis kit (Thermo Fisher). A 
quantitative real-time polymerase chain reac-
tion (q-PCR) assay was carried out using SYBR 
Premix Ex Taq (Takara, Japan). The sequence of 
all the primers used in the current study were 
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designed and purchased from Sangon, China, 
and the sequences of these primers are listed 
in Table 1.

Western blot

Total proteins of AN3CA and HEC-1B cells were 
extracted using RIPA buffer (0.1% SDS, 1% 
Triton X-100, 1 mM MgCl2, 10 mM Tris-HCl, pH 
7.4) including a protease inhibitor in 4°C for at 
least 30 mins. The total protein concentration 
was estimated using the BCA method (Thermo 
Fisher Scientific, Rockford, IL, USA) according 
to the manufacturer’s instructions. The pro-
teins (50 μg) were separated by SDS-PAGE, and 
then transferred to nitrocellulose membranes 
(Millipore, Billerica, MA, USA). Nonspecific bind-
ing sites of membranes were blocked by 5% 
bovine serum albumin (BSA) for 2 h at room 
temperature, and primary antibodies were incu-
bated overnight at 4°C. Horseradish peroxi-
dase-conjugated secondary antibodies were 
applied for 2 h. Proteins were then detected by 
enhanced chemiluminescent reagents. Actin 
was used as an internal control. The following 
antibodies were used: anti-pSTAT3 (1:200, Ab- 
cam, Cambridge, UK), anti-STAT3 (1:200, Ab- 
cam, Cambrige, UK), and anti-actin (1:2000, 
CST Inc., CST, Danvers, Massachusetts, USA). 

Immunohistochemical (IHC) staining 

The samples of normal or EC tissues were pre-
pared and analyzed using a Histostain-Plus kit 
(MRBiotech, Emeryville, USA), as previously 
described [19]. Briefly, the paraffin-embedded 
specimens were stained with CCL4, CCR5 and 
VEGF-A primary antibodies at a dilution of 
1:300 and incubated at 4°C for 12 h. Next, bio-
tinylated secondary antibodies (MRBiotech) 
were applied to the sections for 2 h at room 
temperature. Then, a horseradish peroxidase-
conjugated avidin-biotin complex was added, 
and the signal was detected by diaminobenzi-

dine according the manufacturer’s instructions. 
The IHC results were scored by the intensity of 
the stain, and the percentage of staining was 
analyzed in the following manner: Intensity: 0, 
negative; 1, weak; 2, moderate; 3, strong; and 
percentage: 0, 0-5%; 1, 5-25%; 2, 25-50%; 3, 
50-75%; and 4, 75-100%. 

Cell invasion assay

The EPCs invasion assay was performed using 
Transwell chambers (8 μm pore size; BD Bio- 
sciences, USA). The treated cells (1 × 104 cells/
well) were seeded in the upper chamber of 
each individual well, and the complete medium 
was transfused into the bottom chamber. After 
24 h of incubation at 37°C in 5% CO2, cells on 
the upper side were removed with cotton-tipped 
swabs, and cells that were attached to the 
other side of the membrane were fixed and 
stained with 5% crystal violet. At least five ran-
dom fields were selected for statistical purpos-
es, and the invasion assay was repeated three 
times.

Tube formation assay

A plate was coated with 150 μl Matrigel per well 
and incubated at 37°C for approximately 2 h. 
Next, the EPCs (1 × 104 cells/well) were sus-
pended in 2 ml CM of AN3CA, and HEC-1B cells 
were seeded in the pre-coated plate for 16 h  
at 37°C. Finally, tube formation was observed 
under a microscope, and the total length of  
the tube was calculated using three randomly 
selected fields using MacBiophotonics ImageJ 
software.

Mouse xenograft assay 

Ten male 5-week-old BALB/c nude mice were 
randomly divided into 2 groups. HEC-1B cells 
transfected with CCL4-shRNA or control shRNA 
were suspended in serum-free medium and 
then subcutaneously injected into the flanks of 
the mice. Three weeks after the injections, the 
mice were euthanized, and tumor volumes and 
weights were measured. The volumes were cal-
culated using the following standard formula: 
tumor volume (cm3) = (the longest diameter) × 
(the shortest diameter)2 × 0.5. 

Statistical analysis 

The data were analyzed by the Student’s t- 
test and variance (ANOVA), and the correlation 

Table 1. Primer sequences for real-time PCR 
analysis
mRNA Primer sequence
CCL4 Forward: 5’-GCTGTGTTTGTGCTGATGCT-3’

Reverse: 5’-GCTGGCTGGTCTTTTGGTAG-3’
VEGF-A Forward: 5’-CCTTGCCTTGCTGCTCTACCTC-3’

Reverse: 5’-TTCTGCCCTCCTCCTTCTGC-3’
β-actin Forward: 5’-CTGGGACGACATGGAGAAAA-3’

Reverse: 5’-AAGGAAGGCTGGAAGAGTGC-3’
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between CCL4 expression and VEGF-A expres-
sion was analyzed by Pearson’s correlation 
coefficient. The data was calculated using 
GraphPad (GraphPad Prism Software, La Jolla, 
CA, USA) and SPSS statistics (IBM SPSS Sta- 
tistics 20, Chicago, IL, USA). All experiments 
were completed at least three times. All results 
were counted and presented as the means ± 
SD. P < 0.05 was considered statistically sig- 
nificant. 

Results

CCL4, CCR5 and VEGF-A were upregulated in 
EC tissues

To explore the roles of CCL4 and VEGF-A in 
endometrial cancer, we first examined the 
expression levels of CCL4, CCR5 and VEGF-A in 
22 EC tissues and their corresponding normal 
tissues from patients. We confirmed this result 
by detecting the mRNA expression level of 
CCL4 and VEGF-A using a qRT-PCR assay in the 
22 EC tissues and normal tissues, and the 
results demonstrated that CCL4 and VEGF-A 
were highly expressed in the EC tissues com-
pared with normal individuals (Figure 1A and 

1B). In addition, we found that the mRNA ex- 
pression level of CCL4 had a positive correla-
tion with VEGF-A (r2 = 0.7089, P < 0.05, Figure 
1C). The immunohistochemistry results also 
showed that the expression levels of CCL4, 
CCR5 and VEGF-A were higher in the EC tissues 
than in the normal individuals (Figure 1D), and 
their expression profiles were associated with 
the clinical stage of EC (Figure 1E). Therefore, 
these results demonstrated that CCL4 and 
VEGF-A may be involved in the pathogenesis of 
EC.

CCL4 promoted the migration and invasion 
abilities of EC cells by increasing VEGF-A ex-
pression 

As the preliminary results showed that CCL4 
and VEGF-A are upregulated in the EC tissues, 
we next examined the effects of CCL4 and 
VEGF-A on the migration and invasion of EC 
cells by Transwell migration and invasion 
assays in vitro. The invasive abilities of two EC 
cell lines (AN3CA and HEC-1B) were evaluated 
following CCL4 treatment for 30, 60, or 100 
μg/ml. The results demonstrated that CCL4 
promoted the invasion abilities of AN3CA and 

Figure 1. The expression levels of CCL4 and VEGF-A were highly expressed in the EC patients and showed posi-
tive correlation. A. The mRNA expression levels of CCL4 were detected by qRT-PCR in twenty-two tumor specimens 
and their corresponding normal specimens. B. VEGF-A expression was measured by qRT-PCR in twenty-two tumor 
specimens and their corresponding normal specimens. C. The correlation between CCL4 expression and VEGF-A 
expression was analyzed (r2 = 0.7089, P < 0.05). D. Quantitative intensity of CCL4 was counted in the normal and 
tumor specimens of different clinical stages using IHC, the representative images were shown at the top from one 
stage IV patient. E. VEGF-A intensity was analyzed in the normal and tumor specimens of different clinical stages 
using IHC, the representative images were shown at the top from one stage IV patient. 
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Figure 2. CCL4 promoted the migration and invasion abilities of EC cells by increasing VEGF-A expression. AN3CA 
and HEC-1B cells were treated with various concentrations of CCL4 (0, 10, 30, 60, and 100 μg/ml), or they were 
pretreated with CCR5 antibody or VEGF-A antibody and then treated with CCL4 (100 μg/ml). A and B. Transwell as-
says were performed to detect the invasion abilities of AN3CA and HEC-1B cells (*P < 0.05, **P < 0.01, ***P < 
0.001). C and D. The migration abilities of AN3CA and HEC-1B cells were measured by Transwell assays (*P < 0.05, 
**P < 0.01, ***P < 0.001).

Figure 3. CCL4 promoted angiogenesis in a VEGF-A dependent manner. A and B: AN3CA and HEC-1B cells were 
pretreated with VEGF-A antibody for 30 mins, followed by stimulation with CCL4 (30, 60, 100 μg/ml) for 24 h, and 
then the culture medium was collected as conditional medium (CM) and applied to EPCs for 24 h. Tube formation 
in EPCs was quantified by averaging the length of the tubes in three randomly chosen microscope fields (*P < 0.05, 
***P < 0.001).
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HEC-1B cells in a dose-dependent manner. In- 
vasion cell numbers were obviously increased 

following 30, 60, and 100 μg/ml CCL4 treat-
ment compared with the control group (*P < 

Figure 4. CCL4 by shRNA inhibited tumor 
growth and induced cellular apoptosis 
in vitro. A and B: The efficiency of CCL4 
shRNA (sh-CCL4) was detected with RT-
PCR in AN3CA and HEC-1B cells. C and D: 
Cell viability was determined for 12 h, 24 
h, 36 h, and 48 h using an MTT assay with 
stable sh-CCL4 expression and control EC 
cells. E and F: The long-term cell prolifera-
tion capacity was determined by a colony 
formation assay with stable sh-CCL4 ex-
pression and control EC cells. G and H: 
Cell apoptosis was detected using an An-
nexin V assay with stable sh-CCL4 expres-
sion and control EC cells (*P < 0.05). 
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0.5, **P < 0.01, ***P < 0.001, respectively), 
but the 10 μg/ml condition did not induce a sig-
nificant alteration in invasion cell numbers. 
However, the CCL4 (100 μg/ml) induced enhan- 
cement of invasive ability was reversed when 
the neutralizing antibody of CCR5 or VEGF-A 
was added (Figure 2A and 2B). In addition, we 
found that CCL4 promoted the migration abili-
ties of AN3CA and HEC-1B cells in a dose-
dependent manner. The neutralizing antibody 
of CCR5 or VEGF-A then reversed CCL4 (100 
μg/ml) induced enhancement of the migration 
abilities of AN3CA and HEC-1B cells (*P < 0.5, 
**P < 0.01, ***P < 0.001, Figure 2C and 2D).

CCL4 promoted angiogenesis in a VEGF-A de-
pendent manner

It is widely accepted that tumor growth needs 
to be supplied by blood vessels, and some evi-
dence has demonstrated that VEGF-A is a criti-

cal regulator of tumor angiogenesis. To deter-
mine whether CCL4 affects VEGF-A dependent 
angiogenesis in EC cells, we applied the tube 
formation assay to investigate it. The results 
showed that the CM from CCL4 (30, 60, and 
100 μg/ml) treated AN3CA or HEC-1B cells sig-
nificantly promoted tube formation in a CCL4 
dose-dependent manner, and this effect was 
completely blocked when a VEGF-A antibody 
was added into the CM (Figure 3A and 3B). 
These results indicated that CCL4 induced 
angiogenesis was VEGF-A mediated.

Knockdown of CCL4 by shRNA inhibited tumor 
growth in vitro 

To explore the role of CCL4 in regulating cell 
growth, the stable expression sh-CCL4 AN3CA 
and HEC-1B cells were established. Compared 
with the control group, the transfection of sh-
CCL4 markedly decreased the level of CCL4 in 

Figure 5. CCL4 by shRNA inhibited tumor growth in a mouse xenograft model in vivo. Control shRNA and CCL4 shR-
NA were injected into the HEC-1B cells and then inoculated into nude mice for 21 days. Finally, the nude mice were 
sacrificed, and the tumors were excised. A: The tumor volume was measured (***P < 0.001). B: The tumor weight 
was measured (***P < 0.001). C: The tumors were photographed with a microscope and shown. D: The correlation 
between CCL4 expression and VEGF-A expression was analyzed in a mouse xenograft model (r2 = 0.8605, P < 0.01).
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EC cells (Figure 4A and 4B). Next, we tested the 
effects of sh-CCL4 on cellular growth. The MTT 
and colony formation assays results showed 
that the knockdown of CCL4 can inhibit cell 
growth in EC cells (Figure 4C-F). Furthermore, 
the Annexin V assay showed that sh-CCL4 cau- 
sed a significant increase in cell apoptosis com-
pared with the control group (Figure 4G and 
4H). Taken together, these results revealed a 
functional role for CCL4 in regulating EC cell 
proliferation in vitro.

Knockdown of CCL4 by shRNA inhibited tumor 
growth of the mouse xenograft model in vivo 

To further understand the role of CCL4 in the 
progression of EC, we established a tumor 
xenograft model in nude mice in vivo. We first 
constructed HEC-1B cell lines that were trans-
fected with either CCL4 shRNA or control 
shRNA. Then, the transfected cells were inject-
ed into the nude mice, and several weeks after 
the injection, the size and weight of the tumors 
were calculated; we found that the tumor size 
and weight was significantly smaller in the 
CCL4 knockdown group compared with the 
control group (Figure 5A-C). In addition, we 
found that the CCL4 expression was positively 
correlated with VEGF-A (r2 = 0.8605, P < 0.01, 
Figure 5D).

CCL4 promoted angiogenesis by upregulating 
VEGF-A and pSTAT3

Although the phosphorylation of STAT3 occurs 
in several cancer cells, it is still undetermined 
whether CCL4 can lead to STAT3 activation in 
EC cells. Thus, we treated AN3CA and HEC-1B 
cells with CCL4 (30, 60, and 100 μg/ml), and 
then, the protein expression levels of pSTAT3 
and STAT3 were detected by Western blot 
assay. The results showed that CCL4 upregu-
lated the production of pSTAT3 in AN3CA and 
HEC-1B cell lines, and this effect was blocked 
by the application of VEGF-A antibody (Figure 
6A and 6B). Additionally, the expression of 
STAT3 did not change significantly after treat-

ment with CCL4 or CCL4 and VEGF-A antibody 
(Figure 6C and 6D). These results indicated 
that CCL4 may promote the angiogenesis and 
invasion of EC cells by increasing the produc-
tion of VEGF-A, which upregulated the expres-
sion levels of the STAT3 signal pathway (Figure 
6E).

Discussion

Endometrial carcinoma is a type of uterine can-
cer, and most cases of EC are diagnosed in the 
early clinical stages because of abnormal uter-
ine bleeding. The tumor is confined to the uter-
us for most patients, and the treatments are 
curative. However, there are currently no effec-
tive treatments for patients whose tumors have 
progressed outside of the uterus [20]. Although 
the pathogenesis of EC is still unclear, increased 
evidence has indicated that chemokines may 
play a critical role in the progression and metas-
tasis of this disease [21-23]. In the current 
study, we found that CCL4 upregulated the 
expression level of VEGF-A through the STAT3 
pathway in EC, which is responsible for the 
increased tumor angiogenesis and invasive 
ability.

Chemokines are thought to be a connection 
between inflammation and cancer [24, 25], and 
sufficient evidence has suggested that the che-
mokine system is involved in the pathogenesis 
of several cancers, including ovarian cancer, 
gastric cancer and prostate cancer [26-28]. 
Previous studies have demonstrated that CCL3 
could promote tumor growth by increasing the 
VEGF-A production in human osteosarcoma 
cells [10], and CCL2 may promote the progres-
sion of human endometrial cancer by inhibiting 
the expression of LKB1, a kind of tumor sup-
pressor [20]. Overexpression of CCL4 has been 
found in prostate cancer, and it plays a pivotal 
role in the progression of prostate tumors [29]. 
In our research, we found that the expressions 
of CCL4, CCR5 (the receptor of CCL4), and 
VEGF-A are upregulated in EC patients com-
pared with normal specimens, and the produc-

Figure 6. CCL4 promoted angiogenesis by upregulating VEGF-A and pSTAT3. AN3CA and HEC-1B cells were treated 
with CCL4 (30, 60, 100 μg/ml) or pretreated with the antibody of VEGF-A followed by the application of CCL4 (100 
μg/ml). A: The protein expression level of pSTAT3 was detected by Western blot in treated AN3CA cells (*P < 0.05, 
***P < 0.001). B: The protein expression level of pSTAT3 was detected by Western blot in treated HEC-1B cells (*P < 
0.05, ***P < 0.001). C: The protein expression level of STAT3 was detected by Western blot in treated AN3CA cells. 
D: The protein expression level of STAT3 was detected by Western blot in treated HEC-1B cells. E: The underlying 
mechanism of CCL4 induced growth of EC cells. 
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tion of CCL4, CCR5 and VEGF-A is associated 
with the clinical grade of the tumors in EC using 
an immunohistochemistry assay. We further 
confirmed the increase of CCL4 and VEGF-A 
using qRT-PCR. In addition, we demonstrated 
that the mRNA expression level of CCL4 is posi-
tively correlated with VEGF-A in EC patients. 

CC-chemokine receptor 5 (CCR5) is a G protein 
coupled receptor that functions as a chemo-
kine receptor by binding to several chemokines, 
including CCL3, CCL4 and others [30]. Increas- 
ing evidence has supported that CCR5 is 
expressed on the surface of some tumor cells 
and is involved in angiogenesis via VEGF-A [10, 
31]. In this research, we found that increa- 
sed CCL4 expression was positively correlated 
with the invasive ability of AN3CA and HEC-1B, 
and we also found that the antibody of CCR5  
or VEGF-A could block this effect induced by 
CCL4. Moreover, ELISA and qRT-PCR results 
indicated that CCL4 promoted the expression 
level of VEGF-A in AN3CA and HEC-1B cells, and 
the upregulation of VEGF-A was also reversed 
by the antibodies of CCR5 or VEGF-A. These 
data suggested that CCL4 promoted the inva-
sive ability and VEGF-A production by interact-
ing with CCR5. VEGF-A plays a critical role in the 
growth and progression of tumor cells and is 
considered the most notable mediator of angio-
genesis in various cancers [32, 33]. The tube 
formation assay demonstrated that CCL4 pro-
moted angiogenesis by upregulating the expres-
sion level of VEGF-A. 

To further confirm the effects of CCL4 in EC 
cells, we knocked down the expression of CCL4 
in HEC-1B cells by shRNA, and then we trans-
ferred the cells into nude mice to establish a 
tumor xenograft model in vivo. The results 
showed that silenced CCL4 inhibited the growth 
of EC tumors in nude mice. 

Signal transducers and activators of transcrip-
tion (STAT3) is a member of the STAT family, 
which acts as transcription factors and are acti-
vated by the phosphorylation of tyrosine [34]. 
Activated STAT3 has been found in several can-
cers, including colorectal cancer, lung cancer 
and endometrial cancer [19, 35, 36]. In our 
results, we demonstrated that STAT3 was acti-
vated after exposure to CCL4 (30, 60, 100 μg/
ml) in AN3CA and HEC-1B cells, and the CCL4 
(100 μg/ml) induced upregulation of pSTAT3 
was reversed by the application of VEGF-A neu-

tralizing antibody. These results suggested that 
the phosphorylation of STAT3 may be involved 
in the CCL4-VEGF-A pathway, which is respon-
sible for the progression of EC cells.

In conclusion, CCL4 was highly expressed in 
the EC cells, and it promoted the expression of 
VEGF-A by activating STAT3 via binding to CCR5. 
Additionally, VEGF-A promoted the invasive abil-
ity and angiogenesis of the EC cells. These 
results support the possibility that CCL4 may 
be a novel therapeutic target in EC.
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