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Treg cells and the production of IL-2 and TGF-f§ by
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Abstract. CD4* regulatory T (Treg) cells are associated with
immune tolerance and antitumor immunosuppression. The aim
of the present study was to investigate the role and molecular
mechanism of C-C motif chemokine ligand 11 (CCL11) in the
regulation of Treg cells from patients with breast cancer (BC)
and healthy individuals in vitro, and from tumor-bearing mice
in vivo. CD4* T cells isolated from patients with BC or healthy
individuals were incubated with anti-CCL11 neutralizing anti-
bodies or recombinant human CCLI11 protein, in the presence
or absence of a STATS inhibitor. The serum CCLI1 level and
proportion of Treg cells characterized as CD4*CD25*forkhead
box P3* (Foxp3) among the CD4* T cells in patients with
BC and healthy individuals were analyzed by ELISA and
flow cytometry, respectively. CCL11, C-C motif chemokine
receptor 3 (CCR3), Foxp3, phosphorylated-STATS and STATS
expression levels were determined by western blotting. The
serum CCLI11 level and the proportion of CD4*CD25*Foxp3*
Treg cells were significantly increased in patients with BC
compared with healthy individuals. CCL11 blockade reduced
the proportion of CD4*CD25*Foxp3* Treg cells, the expres-
sion of CCR3 and Foxp3, and the level of STATS activation
in tumor-associated CD4* T cells, in a dose-dependent
manner. CCL11 blockade also reduced the proportion of
CD4*CD25*Foxp3* Treg cells and the serum levels of inter-
leukin (IL)-2 and transforming growth factor (TGF)-f1 in
tumor-bearing mice. The recombinant human CCLI11 protein
increased the proportion of CD4*CD25*Foxp3* Treg cells, the
expression of CCR3 and Foxp3, and the release of IL-2 and
TGF-p1 in non-tumor-associated CD4* T cells via the STATS
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signaling pathway. The results of the present study may aid
in identifying therapeutics that could further modulate the
immune system during BC.

Introduction

Breast cancer (BC), one of the most common malignancies in
women worldwide, remains a major challenge despite improved
treatments (1). Based on previous reports, it is estimated that
250,000 new cases of BC occurred in women in 2017 and
~40,000 women will die from breast cancer worldwide each
year (2,3). The treatment of BC primarily involves surgical
resection, chemotherapy, radiotherapy, targeted therapy and
hormone therapy. Nevertheless, patients with advanced BC
have highly metastatic and invasive tumors that are difficult
to treat with targeted and hormone therapy (4). Therefore,
novel treatments could reduce the mortality rate of patients
with BC (1). A previous study noted that immunotherapy has
become a novel and potentially effective treatment option
for solid malignancies, including BC (5). Cellular immune
responses and tumor immune escape are two key elements
of cancer immunoediting (6). Recruitment of specific immu-
nosuppressive leukocyte populations, including regulatory
T (Treg) cells, or inducing the tumor cells to produce immuno-
suppressive cytokines, including transforming growth factor
(TGF)-p, which enhances Treg cell proliferation, contribute
to immunosuppression in the tumor microenvironment of
patients with BC who did not respond to the immunotherapy
treatment (5). These findings suggest that effective tumor
immunity can be stimulated in tumor tissues by local or
systemic immunosuppression.

Treg cells are an immunosuppressive subset of CD4* T cells
that constitutively express CD25 on their cell surface. The
lineage-defining transcription factor, forkhead box P3 (Foxp3),
is the most reliable marker of Treg cells and is responsible
for the functional maintenance and differentiation of these
regulatory cells (7). Therefore, Treg cells can be defined as
CD4*CD25*Foxp3™ cells. CD4*CD25*Foxp3* Treg cells play
critical roles in the aggressiveness of disease and cancer by
modulating immune responses (8). A number of studies have
reported that alterations in the number and function of Treg cells
in peripheral blood, as well as alterations to the particular tumor
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microenvironment, are closely related to the development and
progression of various disease settings and different types of
cancer (9,10). Evidence that tumor infiltrating lymphocytes and
their subsets are parallel to BC progression suggests that these
potential interactions with immune cells in the tumor micro-
environment are important (11). An increase in the number of
Treg cells in a breast tumor biopsy is associated with an inva-
sive phenotype and poor overall and relapse-free survival (12).
However, the mechanism by which CD4*CD25*Foxp3* Treg
cells are regulated during the control of autoimmunity and
maintenance of immunological tolerance in patients with BC or
healthy individuals has not been fully clarified.

In some cases, selective ablation of Treg cells in tumors
has been achieved, leading to a strong antitumor response
and reduced autoimmune toxicity, suggesting that directly
targeting the function of Treg cells in tumors is an effective
therapeutic strategy (13). Multiple molecules are involved
in Treg cell-mediated immunosuppressive mechanisms,
including interleukin (IL)-2 and TGF-p (14). IL-2 is a key
cytokine involved in the control of the survival, homeostasis
and function of CD4*CD25*Foxp3* Treg cells (15). In addi-
tion, TGF-f1 activates STATS, which binds to the promoter
of Foxp3 to promote the differentiation of Treg cells via IL-2,
suggesting the involvement of TGF-f1 in the development
of Treg cells and the expression of the transcription factor
Foxp3 (16). Although CD4*CD25*Foxp3* Treg cells are
activated by IL-2 and TGF-f1 in vitro and in vivo (17,18), the
potential of peripheral Treg cells from healthy individuals
and patients with BC as a source of therapeutic cell products
generated in vitro has not been clarified.

There is evidence that certain malignant phenotypes of
cells release chemokines, including CCL2, CCL5 and CCL22,
to attract and activate Treg cells (19,20). CCLI11 was reported
to limit angiogenesis and cause necrosis in a murine model
of osteosarcoma by inducing and attracting eosinophils and
reducing the tumor formation ability (21). Increased tissue and
serum levels of CCL11 mediate the inhibition of dendritic cell
maturation and differentiation in the tumor microenvironment,
skewing the microenvironment toward a T helper 2 (Th2)
immune response and inhibiting CD8" T cell-mediated tumor
cell lysis (22). Additionally, the loss of CCL11 reduced tumor
outgrowth (22). Therefore, the present study hypothesized that
CCLI11 may promote tumor growth by increasing angiogenesis
or inhibiting dendritic cell maturation and the role of CCL11
in regulating tumor growth may vary in different types of
cancer. The biological effect of CCL11 is modulated by CC
chemokine receptor 3 (CCR3), which is downregulated in Th2
and Treg cells of patients with septic shock (23). However, the
potential of CCL11/CCR3 to regulate Treg cells during tumor
immunity remains unknown. In the present study, the serum
and expression levels of CCL11 within tumors of patients
with BC were investigated. Furthermore, the present study
evaluated whether CCL11 could regulate non-tumor or BC
CD4*CD25*Foxp3* Treg cells and also aimed to identify the
underlying molecular mechanisms.

Materials and methods

Patients and specimens. A cohort of 100 women with BC,
aged between 18 and 79 years (median, 58 years), who had
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received mastectomies at the Huangpu Branch, Shanghai
Ninth People's Hospital between January 2015 and June 2018
was included in the present study. The healthy group consisted
of 50 healthy women, aged between 16 and 83 years (median,
55 years), who had undergone a mammary gland examination
prior to sample collection at the Huangpu Branch, Shanghai
Ninth People's Hospital between May 2015 and March 2018.
Fresh peripheral blood and serum samples (10 ml) were
collected from patients with BC and healthy individuals for
ELISA and flow cytometry analysis, respectively. Datasets of
BC, including 1,041 tumors and 112 adjacent normal tissues,
were downloaded from The Cancer Genome Atlas (TCGA)
data portal (http://tcga-data.nci.nih.gov). The present study
was approved by the Ethics Committee of the Huangpu
Branch, Shanghai Ninth People's Hospital. Written informed
consent was obtained from all participants.

Cell treatment. The peripheral blood mononuclear cells
(PBMCs) were isolated from peripheral blood samples
collected from each participant in tubes with K2 ethylenedi-
aminetetraacetic acid (EDTA) as anticoagulant as previously
described (24). CD4* T cells were isolated from the PBMCs
of patients with BC using the MagCellect Human CD4*
T Cell Isolation kit (cat. no. MAGH102; R&D Systems,
Inc.), according to the manufacturer's protocol. The 1x10°
CD4* T cells were treated with different concentra-
tions of anti-CCL11 neutralizing antibodies (0.1, 0.2, 0.5,
1 and 2 pug/ml; cat. no. ab9955; Abcam) or isotype control
antibodies (1:1,000 dilution; cat. no. ab171870; Abcam) for
48 h at 4°C. CD4* T cells were isolated from the PBMCs
of healthy individuals and 1x10° CD4* T cells were treated
with different concentrations of recombinant human CCL11
protein (5, 10,20, 50 and 100 ng/ml; cat. no. ab243753; Abcam;
rhCCL11) alone or 50 ng/ml rhCCLI11 in the presence or
absence of 1 uM STATS inhibitor CAS (cat. no. 285986-31-4;
EMD Millipore) or vehicle (DMSO) was used as a negative
control for 48 h at 4°C.

In vivo xenograft model. Male BALB/c nude mice (age,
6-8 weeks; weight, 18-20 g; n=24) purchased from Vital River
Laboratory were housed in a specific pathogen-free environ-
ment, with a relative humidity of 60-70%, at a controlled
temperature of 25-27°C with 12-h light/dark cycles and were
fed a standard diet and water ad libitum. The mice were intra-
venously injected with 5x10% 4T1 breast cancer cells (ATCC)
or phosphate buffer saline (PBS; Meilunbio) as control and
then intraperitoneally injected with 100 ug anti-CCL11
neutralizing antibodies every 48 h (n=6 per group) (25). Mice
were observed over 21 days for tumor formation. At 21 days
post-injection, the PBMCs were isolated from peripheral blood
samples collected from mice as previously described (26)
and CD4* T cells were isolated from the PBMCs of the
mice using the MagCellect Mouse CD4* T Cell Isolation kit
(cat. no. MAGM205; R&D Systems, Inc.), according to the
manufacturer's protocol. Mice were monitored until they had
reached criteria for predetermined loss of wellness endpoint.
These endpoints were defined as tumor burden where any
tumor had a diameter of 20 mm, impaired mobility, tumor
ulceration, and/or respiratory distress (27). Mice were anes-
thetized with 1% pentobarbital (45 mg/kg) via intraperitoneal
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injection and then sacrificed by cervical dislocation. Tissues
were fixed in neutral 10% formalin for 10 min at 25°C, dehy-
drated and embedded in paraffin wax for sectioning (slice
thickness of 4 ym) by conventional methods. Sections were
stained by routine hematoxylin-eosin processing (hematoxylin
for 5 min followed by counterstaining with the eosin for 2 min
at 25°C), observed under a BX53 light microscope (magnifica-
tion, x100) and photographed with a DP72 camera (Olympus
Corporation). The present study was approved by the Ethics
Committee for the Care and Use of Laboratory Animals at the
Huangpu Branch, Shanghai Ninth People's Hospital.

Evaluation of CD4*CD25*Foxp3* T cells. CD4* T cells isolated
from PBMC:s were stained with either isotype control antibody
(cat. no. 553452 for anti-Foxp3 and anti-CD25 antibody;
cat.no. 555909 for anti-CD4 antibody, all from BD Biosciences;
Becton, Dickinson and Company) or anti-human CD4,
anti-human CD25 and anti-Human Foxp3 antibodies,
according to the protocol of the Anti-Human Foxp3 Staining
kit (cat. no. 560133; BD Biosciences; Becton, Dickinson and
Company). The proportion of CD4*CD25*Foxp3* Treg cells
was analyzed using a flow cytometer (BD Accuri C6, software
version 1.0.264.21; BD Biosciences; Becton, Dickinson and
Company).

Western blotting. Total protein was extracted from CD4*
T cells using RIPA lysis buffer (Applygen Technologies Inc.).
The protein concentration was measured using a bicinchoninic
acid protein assay kit (Pierce; Thermo Fisher Scientific, Inc.),
and absorbance was measured using a microplate reader
(SM600 Labsystem; Shanghai Utrao Medical Instrument
Co., Ltd.). Equal amounts of protein (25 pg) were sepa-
rated by 12% SDS-PAGE and transferred to nitrocellulose
membranes. The membranes were incubated overnight at 4°C
with antibodies targeted against: CCL11 (cat. no. ab133604;
1:2,000; Abcam), CCR3 (cat. no. ab32512; 1:500;
Abcam), Foxp3 (cat. no. ab20034; 1:500; Abcam), STATS
(cat. no. ab230670; 1:500; Abcam), phosphorylated (p)-STATS
antibody (cat. no. 32364; 1:1,000; Abcam) and GAPDH
(cat. no. ab9485; 1:2,000; Abcam). Following the primary
incubation, the membranes were incubated with horseradish
peroxidase-conjugated secondary antibodies (cat. nos. A0208
and A0216; 1:1,000; Beyotime Institute of Biotechnology)
for 1 h at 37°C. Protein bands were visualized using an ECL
detection kit (GE Healthcare), according to the manufacturer's
protocol. Signals were quantified by densitometry (Quantity
One 4.6.3 software; Bio-Rad Laboratories, Inc.).

ELISA. CCL11 content of the serum of patients with BC
and healthy individuals was measured by ELISA, according
to the manufacturer's protocol. The Human Eotaxin ELISA
kit (cat. no. ab185985; Abcam) was used to measure CCLI11
levels, according to the manufacturer's protocol. The IL-2 and
TGF-p1 content of the media of CD4* T cells from the PBMCs
of patients with BC or healthy individuals was measured
using the Human IL-2 Quantikine ELISA kit (cat. no. S2050;
R&D Systems) and the Human TGF-B1 Quantikine ELISA kit
(cat. no. SB100B; R&D Systems), respectively. The CCLI1,
IL-2 and TGF-f1 content of the serum of tumor-bearing mice
was measured using the Mouse CCL11/Eotaxin Quantikine
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ELISA kit (cat. no. MMEQOO; R&D Systems), the Mouse IL-2
Quantikine ELISA kit (cat. no. SM2000; R&D Systems) and
the Mouse/Rat/Porcine/Canine TGF-f31 Quantikine ELISA kit
(cat. no. SMB100B; R&D Systems), respectively.

Statistical analysis. Data are presented as the mean + SD of
triplicate experiments. All statistical analyses were performed
using SPSS software (version 19.0; IBM Corp.). Data were
analyzed using a unpaired two-tailed Student's t-test or
ANOVA followed by Tukey's post hoc test. Correlation of
CCL11 expression with clinicopathological features of BC
in TCGA database and hospital cohort was identified by
¥* test. Pearson's correlation analysis was used to evaluate
the relationship between CCLI11 level and proportion of
CD4*CD25*Foxp3* Treg cells in BC patients. P<0.05 was
considered to indicate a statistically significant difference.

Results

Upregulation of CCLII correlates with the proportion of
CD4*CD25*Foxp3* Treg cells in tumor-associated CD4*
T cells. The TCGA BC database revealed that CCL11 was
significantly upregulated in BC tissues compared with the
adjacent-normal breast tissues (Fig. 1A). The association
between CCLI11 and the clinicopathological features of BC in
the TCGA database suggested that CCL11 expression was asso-
ciated with tumor stage, histologic grade and estrogen receptor
(ER) status, but not with the other clinicopathological features
(Table I). To further define CCL11 expression patterns in BC,
the serum CCLI11 levels in healthy individuals and patients
with BC were analyzed. The serum CCLI11 levels were signifi-
cantly increased in patients with BC (n=100) compared with
healthy individuals (n=50; Fig. 1B). The association of serum
CCLI11 levels with the clinicopathological features of BC in
the hospital cohort suggested that serum CCL11 levels were
associated with tumor diameter, tumor stage and ER status
but not with the other clinicopathological features (Table II).
Treg cells are a T cell subset with regulatory functions that
can inhibit tumor immunity. Foxp3 is the most specific marker
of CD4*CD25* Treg cells and is critical for the regulation
of Treg cells and the maintenance of immune tolerance in
patients with cancer (7). To further study the regulation of Treg
cells in BC, the proportion of CD4*CD25*Foxp3* Treg cells
among the CD4* T cells was measured by flow cytometry. The
percentage of CD4*CD25*Foxp3* Treg cells was significantly
increased in patients with BC (n=20) compared with healthy
individuals (n=10; Fig. 1C and D). Furthermore, the serum
CCLI11 levels were positively correlated with the proportion
of CD4*CD25*Foxp3* Treg cells in patients with BC, by
Pearson's correlation analysis (Fig. 1E). The results suggested
that the increase in CCL11 in patients with BC contributed to
an increase in the proportion of peripheral CD4*CD25*Foxp3*
Treg cells.

CCLII blockade decreases the proportion of
CD4*CD25*Foxp3* Treg cells and the level of STATS
activation in tumor-associated CD4* T cells. To assess the
role of CCLI11 in regulating the proportion of Treg cells,
CD4" T cells were isolated from patients with BC and treated
with anti-CCLI11 neutralizing antibody. The anti-CCL11
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Figure 1. CCLI1 is upregulated in patients with BC and is correlated with the proportion of CD4*CD25*Foxp3* Treg cells. (A) Normalized CCLI11 expression
in TCGA BC tumors (n=1,041) and adjacent-normal breast tissues (n=112). (B) Serum content of CCL11 in patients with BC (n=100) and healthy individuals
(n=50), measured by ELISA. (C) The CD4*CD25*Foxp3* Treg cell proportion among CD4* T cells from peripheral blood mononuclear cells of healthy
individuals (n=10) and patients with BC (n=20), measured by flow cytometry. (D) Representative flow cytometry plots of the proportion of CD4*CD25*Foxp3*
Treg cells. (E) Correlation between the serum level of CCL11 and the proportion of CD4*CD25*Foxp3* Treg cells in patients with BC (n=20). “**P<0.0001
vs. adjacent-normal or healthy controls. CCL11, C-C motif chemokine ligand 11; BC, breast cancer; Foxp3, forkhead box P3; Treg, T regulatory; TCGA, The

Cancer Genome Atlas.

neutralizing antibody significantly reduced the proportion of
CD4*CD25*Foxp3* Treg cells in a dose-dependent manner,
compared with the control group (Fig. 2A). Moreover, the
expression of CCL11, CCR3 and Foxp3 in CD4* T cells
was also measured. The anti-CCLI11 neutralizing antibody
decreased the expression of CCL11, CCR3 and Foxp3 in a
dose-dependent manner, compared with the control group
(Fig. 2B).

Since STATS plays a role in the maintenance of normal
immune function and homeostasis (28), especially in the
function and development of Treg cells, and induces Foxp3
transcription by binding to multiple regulatory regions in the
Foxp3 gene (29), the effect of CCL11 on the STATS signaling
pathway was assessed. The anti-CCLI11 neutralizing antibody
significantly inhibited the level of phosphorylated-STATS, but
not STATS compared with the control group, suggesting the
inactivation of STATS signaling (Fig. 2C). To further investi-
gate the regulation of CCL11 in the STATS signaling pathway,
the expression of IL-2 and TGF-$1, which are important for
IL-2-driven STATS phosphorylation in Treg cells, was also
measured (16,30). The anti-CCL11 neutralizing antibody
significantly inhibited the level of IL-2 and TGF-f1 protein
expression in the media of CD4* T cells compared with the
control group (Fig. 2D). The data suggested that CCL11
increased the proportion of BC-associated CD4*CD25*Foxp3*
Treg cells and therefore may have a role during BC immunity.

CCLII blockade reduces the proportion of
CD4*CD25*Foxp3* Treg cells and the serum levels of IL-2
and TGF-$1 in tumor-bearing mice. The aforementioned
in vitro studies indicated that CCL11 increases the propor-
tion of CD4*CD25*Foxp3* Treg cells and the release of
IL-2 and TGF-p1 by CD4* T cells. Thus, whether CCL11
affected the proportion of CD4*CD25"Foxp3* Treg cells and
the release of IL-2 and TGF-f1 in vivo was investigated.
Mice were simultaneously treated with 4T1 breast cancer
cells and the anti-CCL11 neutralizing antibody or its isotype
antibody, as indicated. At 28 days post-treatment, lung tissues
displayed increased microscopic lesions, the proportion of
CD4*CD25*Foxp3* Treg cells and serum levels of IL-2 and
TGF-B1 compared with the control group (Fig. 3). However,
CCLI11 blockade decreased microscopic lesions, the propor-
tion of CD4*CD25*Foxp3* Treg cells and the serum levels of
IL-2 and TGF-pI1 in mice, compared with mice treated with
4T1 cells alone (Fig. 3). Taken together, these results suggested
that CCLI11 also increased the proportion of BC-associated
CD4*CD25*Foxp3* Treg cells in vivo.

CCLII upregulation increases the proportion of
CD4*CD25*Foxp3* Treg cells in non-tumor-associated CD4*
T cells via the STATS signaling pathway. To assess whether
the effects of CCLI11 on the proportion of CD4*CD25*Foxp3*
Treg cells were also present in non-tumor-associated CD4*
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Table I. Correlation of C-C motif chemokine ligand 11 expres-
sion with clinicopathological features of breast cancer in The
Cancer Genome Atlas database.
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Table II. Correlation of serum C-C motif chemokine ligand 11
levels with clinicopathological features of breast cancer in the
hospital cohort.

Serum CCL11 levels

CCL11 expression

Clinicopathological Clinicopathological
feature High (n=521) Low (n=520) P-value feature High (n=50) Low (n=50) P-value
Age (years) 0.1074  Age (years) 0.6853
<58 215 179 <58 30 28
=58 207 216 >58 20 22
Missing: 224 Tumor diameter (cm) 0.0394
Tumor stage 0.0030 <2 26 36
I 123 87 =2 24 14
II 239 229 Tumor stage 0.0302
III 30 49 1 9 20
v 10 20 I 30 27
Missing: 254 I 8 2
Histologic grade 0.0210 v 3 1
I 96 71 Histologic grade 0.5860
II 274 292 1 7 11
111 111 109 I 25 26
v 3 12 111 14 11
Missing: 73 v 4 2
Histology 0.9002  Histology 0.6701
Ductal 176 196 Ductal 40 43
Lobular 19 17 Lobular 8 5
Mix 8 7 Other 2 2
Other 4 4 ER status 0.0211
Missing: 610 Positive 38 27
ER status 0.0091 Negative 12 23
Positive 309 291 PR status 0.8399
Indeterminate 15 2 Positive 29 28
Negative 9 80 Negative 21 22
Missing: 245 HER? status 0.8595
PR status 0.5448 Positive 25 20
Positive 274 247 Negative 5 30
Indeterminate 1 3
Negative 133 122 The y%* test was used to identify differences between the groups.
Missing: 261 ER estrogen receptor; PR, progesterone receptor; HER2, human
HER? status 03407 epidermal growth factor receptor type 2.
Positive 65 49
Negative 329 322
Equivocal 4 6

Missing: 266

The y* test was used to identify differences between the groups.
ER, estrogen receptor; PR, progesterone receptor; HER2, human
epidermal growth factor receptor type 2.

T cells, CD4* T cells isolated from healthy individuals were
treated with or without rhCCL11, at the indicated doses.
RhCCLI1 treatment significantly increased the proportion
of CD4*CD25*Foxp3* Treg cells and the protein expres-
sion levels of CCL11, CCR3 and Foxp3 in CD4* T cells in

a dose-dependent manner, compared with the control group
(Fig. 4A and B).

To further assess whether the role of CCL11 in regulating
the proportion of CD4*CD25*Foxp3* Treg cells was dependent
on the STATS signaling pathway, CD4* T cells were treated
with thCCLI11 and the STATS5 inhibitor CAS. A vehicle was
used as a negative control. RhCCLI11 treatment significantly
increased the proportion of CD4*CD25*Foxp3* Treg cells
and the levels of Foxp3 expression, STATS activation and
release of IL-2 and TGF-p1 by CD4* T cells, compared with
the control group (Fig. 5). However, the STATS inhibitor CAS
significantly limited the RhCCL11-induced effects (Fig. 5).
These data suggested that CCL11 increased the proportion
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Figure 2. CCLI11 blockade reduces the proportion of CD4*CD25*Foxp3* Treg cells and the level of STATS activation in tumor-associated CD4* T cells.
CD4* T cells collected from the peripheral blood mononuclear cells of patients with BC were incubated with anti-CCL11 neutralizing antibodies
(0.1,0.2,0.5, 1 and 2 pg/ml; n=3 per group). (A) Proportion of CD4*CD25*Foxp3* Treg cells, measured by flow cytometry. (B) CCL11, CCR3 and Foxp3
expression, measured by western blotting. CD4* T cells were incubated with anti-CCL11 neutralizing antibody (0.2 and 2 yg/ml), and the expression levels of
(C) p-STATS and STATS, as well as (D) the serum content of IL-2 and TGF-f1, were measured by western blotting and ELISA, respectively (n=3 per group).
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Figure 3. CCL11 blockade inhibits the 4T1 cell-induced proportion of CD4*CD25*Foxp3* Treg cells and the release of IL-2 and TGF-f1 in vivo. BALB/c
nude mice were intravenously injected with 4T1 cells and intraperitoneally injected with anti-CCL11 neutralizing (100 ug) every 48 h (n=6 per group).
(A) Representative images of the histological inspection of mouse lungs at 21 days post-treatment. Scale bar, 100 zm. (B) Representative plots and (C) quanti-
fication of the proportion of CD4*CD25*Foxp3* Treg cells, measured by flow cytometry. (D) Serum levels of CCL11, IL-2 and TGF-f1, measured by ELISA.
"P<0.0001 vs. the control group; ##*P<0.0001 vs. the 4T1 cell group. CCL11, C-C motif chemokine ligand 11; Foxp3, forkhead box P3; Treg, T regulatory;

IL, interleukin; TGF, transforming growth factor.

of CD4*CD25*Foxp3* Treg cells via the STATS signaling
pathway.

Discussion

CD4+*CD25*Foxp3* Treg cells in patients with solid tumors
have been reported to be attracted to and activated by chemo-
kines (19,20,31). Increased infiltration of CD4*CD25*Foxp3*
Treg cells was observed in BC tissues and was associated
with high histologic grade, negative estrogen receptor and
progesterone receptor status, and human epidermal growth
factor receptor type 2 overexpression, as well as decreased
overall and progression-free survival (32). However, patients
with triple-negative breast cancer and a high number of intra-
tumoural CD4*CD25*Foxp3* Treg cells displayed a higher
tumor grade, lymph node status and improved prognosis (33).
These data indicate that the presence of tumor-infiltrating
lymphocytes is not enough to reliably predict their effects.
Therefore, the present study focused on the peripheral propor-
tion of CD4*CD25*Foxp3* Treg cells and the regulatory

mechanism of these Treg cells in patients with BC and healthy
individuals. Patients with BC displayed altered serum CCL11
levels and proportions of CD4*CD25*Foxp3* Treg cells
in PBMCs compared with healthy individuals. A positive
correlation between CCL11 expression and the proportion
of CD4*CD25*Foxp3* Treg cells was identified, which is
required for the pathogenesis and development of BC (31). The
present study found that CD4*CD25*Foxp3* Treg cells were
induced by CCLI11 and higher CCLI11 expression and propor-
tions of CD4*CD25*Foxp3* Treg cells were associated with
an increased probability of BC occurring. Similarly, CCL11
levels are increased in the serum and tissues of patients with
melanoma and are involved in tumorigenesis by regulating
the function of CD8" T cells and Th2 cells (22). However, in
gastric cancer, the frequency of CD4*CD25*Foxp3* Treg cells
was significantly increased in tumor-infiltrating lymphocytes
but not in tumor-associated peripheral blood lymphocytes
compared with healthy individuals (7).

CCLI11 signaling is involved in the regulation of the tumor
microenvironment and cancer progression. The CCL11/CCR3


https://www.spandidos-publications.com/10.3892/mmr.2020.11049

WANG and HUANG: CCL11 TARGETS Treg CELLS 2529
A A Control 5 ng/ml 10 ng/ml
104 3 104 104 T —
§21.2% 6.4% 3 24.0% . 9.8% 424.2% .| 7 9.8%
Gate on CD4+T cells : 3. N ) ] kR
103 4 103 10:3
. Isotype ]
10" Jo'5% 0.0%| 10? 3 - 10% 5 - ‘ 102 4 "
g 100 1o of% | 128%| qgn 1372% | 89%| 4 ]520% | 13.9%
'S 3 10° 104 10° 104 108 104
102 . 20 ng/ml 50 ng/ml 100 ng/ml
E 10* o7 = . 10* 3 . S 10% 3 S .
E 324.9% 12.0% 421.0% 14.9% 327.2% 18.6%
1 199.4% 0.1% E C E E
10 LILLJ T T TTTITTT T 103 - 103 — 103 -
108 10 E ;
102 102 102
100 fpe3% | 188%| qor |414% | 227%[ g |330% | 212%
108 104 10° 104 103 10* -
CD25 -
20+ S
9
3 154
(=
+
m hkkk
3
L‘Em'
+
[Ts]
a
O 5+
+
by
O
o
04
Control 5 10 20 50 100
rhCCL11 (ng/ml)
0.8 I Control EZZ4 5 ng/ml I 10 ng/ml
== 20 ng/mli I 50 ng/ml E=1100 ng/ml
5 06- ****
0 . res N e
g tltl kR I § . Q
sool =N CEEEN =R
c o = % , = % = %
§o] =1 IN AN HBEN = R
g ABERN BUNERN \
: 0ERN B RERN H BN
=2 mAREHEN B PERN 20 ERN
- - -
+JHIARERN B RHEN B7RHEN

rhCCL11 (ng/ml)

CCL11 CCR3 Foxp3

Figure 4. CCLI11 upregulation increases the proportion of CD4*CD25*Foxp3* Treg cells in non-tumor associated CD4* T cells. CD4* T cells collected from
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recombinant human CCL11; CCR3, C-C motif chemokine receptor 3.

signaling pathway potently stimulates cell proliferation,
invasion and migration in ovarian carcinoma (34), prostate
cancer (35) and lymphoma (36), and regulates necrosis and
angiogenesis via the induction and attraction of eosinophils
in murine osteosarcoma (21). These data suggest that the
CCL11/CCR3 signaling pathway broadly contributes to

pathological and physiological processes of cancer. In the
present study, blockade of CCL11 by administration of an
anti-CCL11 neutralizing antibody, in tumor-associated CD4*
T cells, resulted in decreased expression levels of CCR3
and Foxp3 and the proportion of CD4*CD25*Foxp3* Treg
cells in a dose-dependent manner. Furthermore, a decreased
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proportion of CD4*CD25*Foxp3* Treg cells was also observed
in tumor-bearing mice in the presence of the anti-CCLI11
neutralizing antibody. Foxp3 is crucial for immunosuppression
by Treg cells. Foxp3 undergoes methylation or ubiquitination
results in aberrant perinuclear accumulation and disrupted
regulatory functionin Treg cells (37,38). Moreover, upregulation
of CCLI11 in non-tumor-associated CD4* T cells by adminis-
tration of rhCCLI11 resulted in increased expression levels of
CCR3 and Foxp3 and the proportion of CD4*CD25*Foxp3*
Treg cells in a dose-dependent manner. These data suggested
a role for the CCL11/CCR3 signaling pathway in the regula-
tion of CD4*CD25*Foxp3* Treg cells among tumor and

non-tumor-associated CD4* T cells. Similarly, hepatocellular
carcinoma cells recruit CD4*CD25*Foxp3* Treg cells to
promote angiogenesis under hypoxic conditions and regulate
Foxp3 expression by CCL28 upregulation (39).

The present study also further suggested that STATS
activation is involved in the control of Foxp3, TGF-p1 and
IL-2 expression levels and the increased proportion of
CD4*CD25*Foxp3* Treg cells in healthy individuals in the pres-
ence of thCCLI11. Previous studies have reported that TGF-f1
and IL-2 regulate Foxp3 expression in human CD4*CD25*
Treg cells via the STATS signaling pathway, and are involved
in the generation, function and stabilization of peripheral Treg
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cells (40-42). Moreover, TGF-P1 activates the transcription
factor STATS via IL-2 (16). The present study suggested that
CCL11 may regulate the proportion of CD4*CD25*Foxp3*
Treg cells via a positive feedback loop involving the STATS
signaling pathway, IL-2 and TGF-f1. However, CCL11 inhibits
granulocyte-macrophage colony stimulating factor-mediated
STATS activation in a range of hematopoietic cells (43).
Therefore, further investigation is required to clarify the
alternative mechanism by which the TGF-p1/IL-2/STATS
signaling pathway regulates the CCL11-mediated effects on
the proportion of CD4*CD25*Foxp3* Treg cells in non-tumor
or BC-associated CD4* T cells.

To the best of our knowledge, the present study is the first to
report that CCL11 increased the proportion of CD4*CD25*Foxp3*
Treg cells and the production of IL-2 and TGF-1 via the STATS
signaling pathway. The results of the present study may aid in the
development of new therapeutics for BC.
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