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Expression of CCL2 is significantly different in five 
breast cancer genotypes and predicts patient outcome
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Abstract: Breast cancer is one of the most common malignancies in women. Current treatment of breast cancer is 
mainly based on clinicopathological characteristics, and is not sufficiently customized for individual cases. The con-
cept of genotyping in breast cancer was first proposed in 2001. Five major genotypes of breast cancer have been 
identified and their study has given rise to a new field of research. In our study, we investigated the expression of 13 
chemokines and chemokine receptors, which play important roles in inflammation and tumor progression, in five 
breast cancer genotypes. Using immunohistochemistry, we found that CCL2 expression was significantly different 
between the different breast cancer genotypes and was negatively associated with estrogen and progesterone re-
ceptor expression. Kaplan Meier analysis showed that a low expression of CCL2 was associated with better outcome 
in breast cancer patients. Enzyme-linked immunosorbent assay results revealed that CCL2 expression in different 
breast cancer genotype cell line suspensions was significantly different.
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Introduction

Breast cancer is a heterogeneous disease, 
comprising a number of distinct biological enti-
ties associated with specific morphological and 
immunohistochemical features and clinical 
behavior. For many decades, invasive breast 
carcinomas were only classified according to 
histological type, grade, and expression of hor-
mone receptors, which does not adequately 
reflect the disease process. In 2001 [1], micro-
array-based expression analysis uncovered five 
genotypes of breast cancer: Luminal A subtype, 
Luminal B subtype, human epidermal growth 
factor receptor-2 (HER2) subtype, normal 
breast-like subtype, and basal-like subtype, 
which provided a new direction for research 
[2-4] (Table 1).

Chemokines comprise a superfamily of at least 
46 cytokines that were initially thought to be 
involved in inflammation, based on their ability 
to bind to 18 to 22 G protein-coupled receptors 
to induce the directed migration of leukocytes. 

In addition to mediating cellular migration, che-
mokines and chemokine receptors have been 
shown to be involved in processes of malignant 
progression, such as proliferation, survival, 
adhesion, invasion, and regulation of circulating 
chemokine levels.

CCL2 was one of the first chemokines to be  
discovered, and has been extensively studied. 
It is secreted by a variety of cells, including 
fibroblasts, endothelial cells, and monocytes 
[5]. Some tumor cell lines such as breast can-
cer and prostate cancer cell lines also express 
the CCL2 protein. CCL2 combines not only with 
CCR2, but also with CCR4 and CCR10. However, 
CCR2 is the major receptor for CCL2, and its 
binding activates a series of downstream bio-
logical effects. CCR2 is mainly expressed on 
the cell membranes of monocytes, leukocytes, 
and dendritic cells.

The expression of many chemokines can be 
detected at the protein level in primary breast 
cancer tissue. However, differences in the 
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expression of chemokines and chemokine 
receptors between different breast cancer gen-
otypes have not been widely reported. In this 
study, we selected 205 patients with breast 
cancer surgically treated between 2002 and 
2007, and tested the surgical specimens for 
the expression of 13 chemokines and chemo-
kine receptors (CCL2, CCL5, CXCL5, CCL19, 
CCL3, CCL21, CXCL12, CXCL1, CXCL8, CCR5, 
CCR25, CCR7, and CXCR4) by immunohisto-
chemical staining. We found that the expres-
sion of CCL2 was significantly different between 
the five breast cancer genotypes and was asso-
ciated with the expression of estrogen receptor 
(ER) and progesterone receptor (PR). Analysis 
of follow-up data showed a statistically signifi-
cant difference in overall survival between 
patients showing high expression of CCL2 and 
patients with low expression of CCL2.

Materials and methods

Regents and cell lines

Dulbecco’s modified Eagle’s medium (DMEM), 
Ham’s F-12 medium (F12), and fetal bovine 
serum (FBS) were obtained from Life Tech- 

nologies, Inc (Carlsbad, CA, USA). Iscove’s mod-
ified Eagle’s medium (IMEM) (phenol red-free) 
was purchased from Biofluids (Rockville, MD, 
USA). Human breast cancer cell lines, BT474 
(Luminal B subtype), MCF-7 (Luminal A sub-
type), SKBR3 (HER2 subtype), and MDA-
MB-231 (basal-like subtype) were purchased 
from ATCC. Normal breast-like subtype cells 
were routinely cultured in DMEM/F12 medium 
supplemented with 10% FBS. The cultures 
were incubated at 37°C in humidified 5% CO2. 

Evaluation of immunohistochemistry (IHC)

Two hundred and five breast cancer patients 
(age range, 27-82 years) surgically treated at 
the Department of Breast Surgery, The 
International Peace Maternity & Child Health 
Hospital, Shanghai, China, were enrolled in this 
study. Tumors from all 205 patients were clas-
sified into five genotypes according to ER and 
PR status, HER2 expression, and Ki67, CK5/6, 
and EGFR immunochemistry (IHC) results, eval-
uated by pathologists following surgery. Patient 
follow-up ranged from 0 to 155 months. The 
study protocol was approved by the Ethics 
Committee of The International Peace Maternity 
& Child Health Hospital, Shanghai, China. 
Written informed consent was obtained from all 
patients. Patient details are shown in Table 2.

IHC, carried out for 13 chemokines and chemo-
kine receptors, was evaluated microscopically 
(at 20× and 40× magnification) by two inde- 
pendent investigators (pathologists) who were 
blinded to patient outcome. IHC expression of 
the 13 chemokines and chemokine receptors 
was scored as 0, 1, 2, or 3 based on staining 
intensity and percentage of positive cells. 
Positive and negative controls were also evalu-
ated for each IHC marker.

IHC for CCL2 shows a membranous or cytop- 
lasmic staining pattern. To evaluate if CCL2 
expression is associated with patient outcome, 
patients were divided into two groups: those 

Table 1. Five genotypes of breast cancer
Genotypes Characteristics Other characteristics*

Basal-like subtype ER (-), PR (-), HER2 (-) CK5/6 (+), EGFR (+), BRCA1 mutation, 82% TP53 mutation [2]
HER2 subtype HER2 (+), ER (-), PR (-) GRB7 (+), TRAP100 [3] high expression, 71% TP53 mutation
Luminal A subtype ER (+) or PR (+), HER2 (-) GATA3 (+), FOXA1 [4] high expression
Luminal B subtype ER (+) or PR (+), HER2 (+) CGH (+), LAPTMB4 (+), NSEP-1F high expression, 40% TP53 mutation
Normal breast-like subtype ER (-), PR (-), HER2 (-) CK5/6 (-), EGFR (-), 33% TP53 mutation
*In our study, we detected CK5/6, EGFR, TP53 by IHC to identify the tissue belonging to Basal-like subtype or Normal breast-like subtype.

Table 2. Patient’s clinical characteristics
Case 205
Median age 52.68±9.64
Status of menses
    Premenopause 97
    Menopause 108
Tumor size (cm) 2.25±0.96 (0.50-7.00)
Pathological type
    Infiltrating ductal 166
    Carcinoma 39
    Others
Nuclear grade
    I 19
    II 147
    III 39
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with high expression of CCL2 
(at least 25% of the cytoplas-
mic cells with moderate to 
high staining intensity) and 
those with low expression of 
CCL2 (weak staining or stain-
ing in less than 25% of the 
cells). 

ELISA

The four cell lines (BT474, 
MCF-7, SKBR3, and MDA-
MB-231) express many che-
mokines and chemokine re- 
ceptors. However, based on 
our IHC results on 205 
tumors, we only used an 
ELISA to investigate if there 
were significant differences  
in concentrations of CCL2  
in suspension between the 
different breast cancer ge- 
notype cell lines.

Cells were grown for 24 h, 36 
h, and 48 h before the sup- 
ernatant was collected. The 
human CCL2 ELISA kit (eBio-
science, San Diego, CA, USA) 
was used to measure CCL2 
concentration, following the 
manufacturer’s instructions. 

Statistical analysis

Results were reported as the 
mean ± standard deviation 

Table 3. Thirteen chemokines and receptors expression in 5 
genotype breast cancer tissue by IHC staining, CCL2 expression in 
different genotype is statistically significant

Sum of 
squares

Mean 
square F Significance

CCL2 Among groups 8.238 2.746 3.336 0.023
*Genotypes 5.476 5.476 6.653 0.012*

Within groups 71.609 0.823
CCL5 Among groups 2.836 0.709 1.862 0.125
*Genotypes 1.433 1.433 3.764 0.056

Within groups 31.607 0.381
CXCL5 Among groups 9.579 2.395 4.402 0.003
*Genotypes 0.404 0.404 0.742 0.392

Within groups 46.244 0.544
CCL19 Among groups 0.772 0.193 0.329 0.857
*Genotypes 0.356 0.356 0.607 0.438

Within groups 50.414 0.586
CCL3 Among groups 3.192 0.798 1.620 0.177
*Genotypes 1.105 1.105 2.244 0.138

Within groups 40.888 0.493
CXCL8 Among groups 5.477 1.369 3.116 0.019
*Genotypes 0.002 0.002 0.004 0.951

Within groups 36.905 0.439
CCR7 Among groups 1.683 0.421 1.176 0.327
*Genotypes 0.310 0.310 0.868 0.354

Within groups 31.478 0.358
CCL21 Among groups 3.303 0.826 2.066 0.093
*Genotypes 0.257 0.257 0.643 0.425

Within groups 35.574 0.400
CCR25 Among groups 3.171 1.057 1.676 0.179
*Genotypes 1.619 1.619 2.564 0.113

Within groups 52.347 0.631
CXCL1 Among groups 2.399 0.600 0.971 0.428

Figure 1. The expression of CCL2 in 
5 genotype breast cancer: A. HER2 
subtype; B. Basal-like subtype; C. Lu-
minal A subtype; D. Luminal B sub-
type; E. Normal breast-like subtype. 
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(SD) or the mean ± standard error (SE). One-
way ANOVA followed by post hoc Tukey’s test, 
correlation analysis, and Kaplan Meier analysis 
were used to determine the statistical signifi-
cance of differences between experimental 
groups.

Results

In order to study the differences in expression 
of chemokines and their receptors between 
five breast cancer genotypes in human breast 
cancer tissue, we examined the expression of 
13 chemokines and chemokine receptors by 
IHC in 205 cases of breast cancer. We found 
that CCL2 expression (Figure 1) was signifi-
cantly different between the different breast 
cancer genotypes (P=0.012, Table 3), while 
there was no statistical difference in CCL5 
expression between genotypes (P=0.056, 
Table 3). 

CCL2 expression in tumors was given a staining 
score of 0, 1, 2, or 3, and the mean staining 
scores of the five genotypes were as follows: 
HER2 subtype, 1.44; basal-like subtype, 1.2; 
Luminal B subtype, 0.76; Luminal A subtype, 
0.64; and normal breast-like subtype, 0.60. 
One-way ANOVA followed by post hoc Tukey’s 

types patients with high CCL2 expression were 
statistically significant (P=0.000, Figure 2B), 
and the differences between overall survival of 
five different genotypes patients with low CCL2 
expression were also statistically significant 
(P=0.000, Figure 2C).

In order to study the expression of CCL2 in the 
different breast cancer genotypes in vitro, we 
detected the CCL2 concentration in suspen-
sion of different genotype breast cancer cell 
lines after 24 h incubation for 3 times by using 
ELISA. The column bar graph through one-way 
ANVOA analysis indicated that the difference 
between individual cell lines was statistically 
significant (P=0.000, Figure 3). The means of 
CCL2 concentration in MCF7, BT474, MDA-
MB-468, and SKBR3 were 1310.56, 1389.13, 
1720.80, and 1799.19 respectively, which me- 
ant that after 24 incubation, different genotype 
breast cancer cell lines expressed significantly 
different amount of CCL2.

Discussion

Many studies have detected CCL2 expression 
at the protein level in primary tumor cells, 
regional lymph nodes, and metastatic sites. It 

test revealed that mean 
expressions of CCL2 in 5 
genotype breast cancer tis-
sue were significantly differ-
ent (Tables 3 and 4).

Correlation analysis showed 
that CCL2 expression was 
significantly associated with 
the expression of both ER 
and PR in breast tumor  
tissues, and more strongly 
associated with the expres-
sion of PR (correlation co- 
efficient =-0.299, P=0.002) 
(Table 5).

Kaplan Meier analysis sh- 
owed that the overall surviv- 
al between the groups with 
high CCL2 expression and 
low CCL2 expression was  
significantly different (P= 
0.002, Figure 2A). The diff- 
erences between overall sur-
vival of five different geno-

Table 4. Means of CCL2 expression in 5 genotype breast cancer 
tissue (One-way ANOVA followed by post-hoc Tukey’s test)
Genotypes Means N Standard deviation Min Max
HER2 subtype 1.44 31 1.094 0 3
Basal-like subtype 1.20 34 1.095 0 3
Luminal B subtype 0.76 53 0.723 0 3
Luminal A subtype 0.64 67 0.908 0 3
Normal breast-like subtype 0.60 20 0.895 0 3
Total 0.83 205 0.931 0 3

*Genotypes 1.297 1.297 2.100 0.151
Within groups 52.501 0.618

CXCR4 Among groups 2.265 0.566 0.897 0.469
*Genotypes 0.877 0.877 1.389 0.242

Within groups 54.898 0.631
CXCL12 Among groups 3.287 0.822 0.862 0.490
*Genotypes 0.420 0.420 0.440 0.509

Within groups 82.919 0.953
CCR5 Among groups 2.167 0.542 1.076 0.374
*Genotypes 0.269 0.269 0.535 0.467

Within groups 42.304 0.504
*P<0.05.
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has been confirmed that CCL2 expression is 
associated with tumor malignancy [6]. More 
than 50% of breast cancer tissue shows 
enhanced expression of CCL2 [7], and pros- 
pective research has further revealed that  
high expression of CCL2 is closely related to 
advanced tumor stage, lymph node metastasis 
[8], and early recurrence [9]. In this study, our 
results demonstrate that CCL2 expression is 
significantly different between the five breast 
cancer genotypes. This is based on the results 
of IHC staining of 205 paraffin embedded 
breast cancer tissues and ELISA detection in 
cell line suspensions. 

The tumor microenvironment consists of tumor 
cells, stromal cells, cytokines, chemokines, 
and other components. Carcinoma-associat- 
ed-fibroblasts (CAFs) arise from fibroblasts  
existing in normal tissue, which have been 
stimulated by soluble signal molecules. They 
are activated fibroblasts and the most impor-
tant host cells at the tumor-host interface. CAFs 
affect the development or reverse of malignant 
disease through the secretion of a variety of 
biological factors, which interact with constitu-
ents of the microenvironment [10]. An increase 
in CCL2 expression in breast tumor tissue is 
related with tumor-associated macrophage 
(TAMs) infiltration and microvascular density 
increase [7, 9]. 

CCL2 is synthesized and secreted rapidly by 
fibroblasts and vascular endothelial cells when 
vascular endothelial growth factor (VEGF) is 
increased in the tumor microenvironment or in 

a hypoxic state. Through its interaction with  
its main receptor, CCR2, CCL2 recruits large 
numbers of monocytes to the tumor tissue, and 
initiates the following biological processes: (1) 
chemo-attraction of inflammation cells that 
infiltrate tumor tissue [11], (2) promotion of 
tumor cell growth and survival [12], (3) induc-
tion of tumor angiogenesis [13, 14], (4) inhibi-
tion of anti-tumor immunity [15, 16], and (5) 
promotion of tumor invasion and metastasis 
[11]. 

The interaction of CCL2 and CCR2 causes an 
increase in Ca2+ flow, cyclic adenosine mono-
phosph-ate (CAMP) inhibition, and phospholi-
pase-c and phosphatidylinositol3-kinase (PI3-
k) activation. Studies have shown that CCL2/
CCR2 regulates the proliferation and biological 
behavior of breast cancer cells through the 
Smad3 and p42/44MAPK pathways [17]. CCL2 
also causes crosstalk between tumor cells  
and stromal fibroblasts and the induction of 
NOTCH1 expression, which promotes the pro-
gression of tumor stem cell-related diseases 
[18].

Chavey et al. found that CCL2 expression in 
breast cancer tissue correlated with a lack of 
ER and PR expression, indicative of a poor 
prognosis [19]. CCL2 expression by TAMs and/
or tumor cells was strongly associated with the 
expression of membrane type 1-matrix metal-
loproteinase, tumor necrosis factor-α, thymi-
dine phosphorylase, and other angiogenic fac-
tors [7, 9]. Ghilardi et al. [20] reported that the 
CCL2-2518A/G promoter region polymorphism 

Table 5. CCL2 expression is significantly associated with ER and PR expression in breast cancer tis-
sue

ER PR HER2 CCL2
ER Pearson correlation significance (2-tailed) 1 0.731** -0.153 -0.228*

0.000 0.088 0.018
N 205 205 205 205

PR Pearson correlation significance (2-tailed) 0.731** 1 -0.061 -0.299**

0.000 0.497 0.002
N 205 205 205 205

HER2 Pearson correlation significance (2-tailed) -0.153 -0.061 1 0.170
0.088 0.497 0.105

N 205 205 205 205
CCL2 Pearson correlation significance (2-tailed) -0.228* -0.299** 0.170 1

0.018 0.002 0.105
N 205 205 205 205

**P<0.01; *P<0.05.
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found in monocytes, influ-
ences CCL2 transcriptional 
activity and the level of 
CCL2 secretion. The pres-
ence of at least one G in  
the CCL2 allele is a marker  
of significantly increased 
breast cancer metastasis 
risk. In our study, we demon-
strated that the expression 
of CCL2 in different breast 
cancer genotypes was ne- 
gatively associated with ER 
and PR expression. When 
comparing overall survival, 
we found that the tumors 
with low CCL2 expression 
had better survival than 
those with high expression.

Together, these studies sug-
gest that CCL2 is involved in 
promotion and progression 
of breast cancer, that CCL2 
is associated with the ex- 
pression of ER and PR, and 
that the expression of CC- 
L2 is significantly different 
between different breast 
cancer genotypes. Due to 
differential gene expression 
between cavity epithelial 
cells and basement epithe-
lial cells in the five geno-
types, the degree of ER,  
PR, HER2, CK5/6, EGFR,  
P53, GATA3, FOXA1, GRB7, 
TRAP100, CGH, LAPTMB4, 
and NSEP-1F expression is 
different. These differences 
will in turn result in differ-
ences in downstream signal 
pathway conduction. There- 
fore, further studies to  
elucidate the role of CCL2  
in different signaling path-
ways in the different breast 
cancer genotypes need to 
be carried out.

Investigating the regulation 
of CCL2/CCR2 signaling  
in CAFs and TAMs and  
elucidating the different 
CCL2 signal transduction 

Figure 2. Kaplan Meier analysis: A. The overall survival of CCL2 high express-
ing group and CCL2 low expressing group; B. The overall survival of 5 subtype 
patients in CCL2 high expressing group; C. The overall survival of 5 subtype 
patients in CCL2 low expressing group.
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pathways in the different breast cancer geno-
types is expected to contribute to new and  
individually targeted therapy for the different 
breast cancer genotypes.
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