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Chemokines fluctuate in the progression

of primary breast cancer
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Abstract. - BACKGROUND: Many studies
have demonstrated that chemokines and their re-
ceptors play important roles in breast cancer.
However, few of them focus on the concentration
change of chemokines along breast cancer
evolvement, especially for primary breast cancer.

PURPOSE OF THE STUDY: To investigate the
effects of chemokines and their receptors on dif-
ferent stage of primary breast cancer, and to find
correlationships between chemokines, between
different clinico-pathological characters of pa-
tients or between chemokines and different clini-
co-pathological characters of patients.

PATIENTS AND METHODS: We evaluated and
compared the concentration of 10 chemokines
and receptors in serum of patients diagnosed as
breast benign change, epithelial proliferation (pre-
sent only or with atypia), in situ carcinoma and in-
vasive carcinoma.

RESULTS: Our oneway ANOVA analysis results
showed that in all cases from benign diseases to
invasive carcinoma, the concentration of CXCLS8,
CXCR4 and CXCL12 was significantly different;
in benign subgroups (benign change, benign
change with proliferation, atypia), the concentra-
tion of CCL2 and CCR5 was significantly differ-
ent; in invasive carcinoma cases, DARC concen-
tration was significantly correlated with the re-
lapse risk of patients.

CONCLUSIONS: The correlation analysis indi-
cated the great crosstalk between chemokines
and receptors in the course of primary breast
cancer; Ki67 expression was associated with
CXCL5 and CXCL7 concentration; tumor size
was associated with CXCL8 concentration; and
the correlation analysis between clinico-patho-
logical characters of patients showed that
pathological diagnosis was correlated with tu-
mor size, relapse risk and Ki67 expression; nu-
clear grades was correlated with LN metastasis,
ER status, PR status and the breast cancer
genotype; LN metastasis was correlated with re-
lapse risk. Our findings clearly indicated for the
first time that the fluctuations of chemokines
and receptors contributed to the evolving of pri-
mary breast cancer.
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Introduction

Chemokines are initially described as regulators
of leukocyte trafficking for their ability to stimu-
late migration of leukocytes during inflammatory
processes. However, chemokines and their recep-
tors work in many biological processes, such as
embryogenesis, angiogenesis, hematopoiesis, ath-
erosclerosis, and HIV-infection'. In tumor growth
and metastasis, chemokines and their receptors
have a multifaceted effects for regulating angio-
genesis, tumor cell proliferation and apoptosis,
mediating tumor cell metastasis in an organ-spe-
cific manner. There are currently four subgroups
within the chemokine family: CXC, CC, CX3C,
and C chemokine ligands (X represents any amino
acid) depending on the positioning of the con-
served cysteines in the aminoterminal part of these
small inducible proteins®. Chemokines bind to
their cognate receptors, most of which belong to G
Protein-Coupled seven transmembrane Receptors
(GPCR)*, except for some atypical chemokine
binders including DARC (Duffy antigen receptor
for chemokines), D6, and CCX-CKR (Chemo
Centrix-chemokine receptor).

DARC is a typical decoy receptor that binds
with angiogenic ELR* CXC (glutamic acid
leucine-arginine™) CXC chemokines, as well as
some CC (chemotactic cytokines) chemokines>®,
but not with ELR" CXC chemokines and C
chemokine’. It is reported that DARC plays a
negative regulatory role in human breast cancer.
Overexpression of DARC protein in breast can-
cer cells can result in significant inhibition of tu-
morigenesis and lung metastasis in vivo®.

In our study, we examined by ELISA the
serum concentration of 10 chemokines and re-
ceptors: CCL2 (MCP-1, MCAF, JE), CXCL5
(ENA-78), CXCL7 (NAP-2), CXCLS8 (IL-8),
CXCL12 (SDF-1), DARC, CCR2, CCRS5, CCR7,
CXCR4, which had been indicated to be related
with breast carcinoma, to investigate the effects
of these chemokines in the whole process of pri-
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mary breast cancer, and to find correlationships
between chemokines, between different clinico-
pathological characters of patients or between
chemokines and different clinico-pathological
characters of patients.

Patients and Methods

Samples

148 patients (26-80 years old) with breast mass
(1.00-7.00 cm) were enrolled in this prospective
study. Blood specimens were obtained between
December 2010 and August 2012, from patients
who underwent surgery at the Department of

Table I. Clinico-pathological characteristics.

Breast Surgery, The International Peace Maternity
and Child Health Hospital, Shanghai, China.
Blood specimens were obtained during patients’
admission examination, by vein puncture collected
in sterile screw-capped bottles. The samples were
allowed to clot at room temperature and the serum
was then separated, labeled and stored in a deep
freezer (—80°C) until testing (classical method). In
all 148 cases, 51 benign disease, 26 in situ carci-
noma, 71 invasive breast cancer cases. Clinico-
pathological data of these patients was summa-
rized in Table 1. The study protocol was approved
by the Ethics Committee of University Hospital.
All subjects gave written informed consent. All the
samples were diagnosed by pathologists.

Characteristics (No of cases) N % Mean = std. error (min-max)
Age (148) 50.39 + 6.42 (26-80)
Pathological diagnosis (148)
Benign disease
Benign change 18 12.24
Benign change with 17 11.56
proliferation atypia 16 10.20
In situ carcinoma 26 17.69
Invasive carcinoma 71 48.30
Tumor size (127) 2.24 + 1.59 (1.00-7.00) cm
Nuclear grades (76)
I 8 10.53
i 43 56.58
I 25 32.89
LN metastasis (71) 1.78 £ 0.47 (0-26)
ER status (82)
- 24 29.27
+ 16 19.51
2+ 22 26.83
3+ 20 24.39
PR status (82)
- 33 40.24
+ 18 21.95
2+ 22 26.83
3+ 9 10.98
HER?2 status (81)
- 22 27.16
+ 35 43.21
2+ 18 22.22
3+ 6 7.41
Relapse risk (68)
Low risk 5 7.35
Medium risk 46 67.65
High risk 17 25
Genotype (63)
LA 33 52.38
LB 7 11.11
HER2 6 9.52
NL 6 9.52
BL 11 17.46
Ki67 (68) 0.19 £ 0.03 (0.01-0.96)
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(Figures 1, 2, 3, 4).
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In all cases, the mean concentrations of CXCLS,
CXCR4 and CXCL12 in benign disease, in situ
carcinoma and invasive carcinoma were signifi-
cantly different: in benign disease, the mean con-
centration of CXCLS8 was 896.83+22.60 pg/ml, in
in situ carcinoma, the concentration was
961.75+£26.59 pg/ml, in invasive carcinoma, the
concentration was 877.45+11.23 pg/ml (p =
0.006); the mean concentrations of CXCR4 in dif-
ferent groups were 10.94+0.19 ng/ml, 11.63+0.12
ng/ml and 10.84+0.64 ng/ml respectively (p =
0.025); The mean concentrations of CXCL12
were 1791.48+54.39 pg/ml, 1836.38+56.75 pg/ml
and 1723.58+21.30 pg/ml respectively (p = 0.029)
(Tables II, V).

In benign disease cases, the mean concentra-
tions of CCL2 (chemokine ligand 2) and CCR5
(chemokine receptor 5) in subgroups of benign
change, benign change with proliferation and
atypia were significantly different: the mean
concentrations of CCL2 were 1373.37 + 47.30
pg/ml, 1467.31 + 50.38 pg/ml and 1201.57 =
18.20 pg/ml respectively (p = 0.013); the mean
concentrations of CCRS were 1283.63+89.75
pg/ml, 1758.64 + 114.38 pg/ml and 1208.49 +
145.39 pg/ml (p = 0.016) (Tables III, IV) (Fig-
ures 5, 6).

In cancer cases, including in situ carcinoma
and invasive carcinoma, the mean concentrations
of CXCLS8, CXCR4 and CXCL12 were signifi-
cantly different: for in situ carcinoma, the mean
concentration of CXCL8 was 961.75+£26.59
pg/ml, for invasive carcinoma, the concentration
was 877.45+11.23 pg/ml (p = 0.002); the mean
concentrations of CXCR4 in different groups
were 11.63+0.12 ng/ml and 10.84+0.64 ng/ml re-
spectively (p = 0.006); the mean concentrations
of CXCL12 were 1836.38+56.75 pg/ml and
1723.58+21.30 pg/ml respectively (p = 0.017)
(Tables III, IV) (Figures 7, 8, 9).

Oneway ANOVA analysis showed the con-
centration of DARC was significantly different
among different relapse risk groups, LN metas-
tasis groups and PR status groups (p = 0.012, p
= 0.012, p = 0.017 respectively). In all cases,
CXCLS concentration was significantly different
according to tumor size; and also the concentra-
tion of DARC, CXCL8 and CCR2 according to
LN metastasis (Table IV). But the correlation
analysis showed that only the correlation coeffi-
cient between DARC and relapse risk was statis-
ticly significant (p = 0.048) (Table Va). In addi-
tion, the correlation analysis indicated that Ki67
expression was associated with CXCLS5 and

Table IV. Significance of oneway ANOVA analysis.
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Figure 5. Means of CCL2 in benign diseases.

CXCL7 concentration (p = 0.027, p = 0.042); tu-
mor size was associated with CXCLS8 concentra-
tion (p = 0.028) (Table Vb).

The correlation analysis showed the great corre-
lationship between chemokines and receptors. The
concentration of DARC in serum was associated
with that of CXCR4, CXCL7 and CCR7 (p =
0.000, p = 0.003, p = 0.036 respectively); CXCL8
with CXCR4, CXCL7 and CXCL12 (p = 0.005, p
= 0.042, p = 0.000 respectively); CXCL7 with
DARC, CXCL8, CXCR4, CXCL12, CCRS and
CCR7 (p = 0.003, p = 0.042, p= 0.007, p = 0.003,
p = 0.043, p = 0.003 respectively); CCRS5 with
CCR2 and CXCL7 (p = 0.000, p = 0.043 respec-
tively); CCR7 with DARC, CXCR4, CXCL7 and
CXCL12 (p = 0.036, p = 0.007, p = 0.003, p =
0.043 respectively); CXCL12 with CXCLS,
CXCL7 and CCR7 (p = 0.000, p = 0.003, p =
0.043 respectively); CCR2 with CCRS (p =
0.000) (Tables Va, Vb, Vc).

The correlationship between clinico-pathologi-
cal characters of patients was also assessed
through the correlation analysis, the outcome
showed that: pathological diagnosis was correlat-
ed with tumor size (p = 0.000), relapse risk (p =
0.025) and Ki67 expression (p = 0.025); nuclear

—¢— CCR5
2000

1500 /

1000

pg/ml

Benign Benign change Atypia

change with
prolifiration

Figure 6. Means of CCRS in benign diseases.

grades with LN metastasis(p = 0.017), ER
status(p = 0.034), PR status (p = 0.030) and the
breast cancer genotype (p = 0.043); LN metasta-
sis with relapse risk (p = 0.000); ER status with
PR status (p = 0.000) and breast cancer genotype
(p = 0.000); PR status with ER status (p = 0.000)
and breast cancer genotype (p = 0.000); relapse
risk with LN metastasis (p = 0.000); breast can-
cer genotype with ER status (p = 0.000) and PR
status (p = 0.000) (Table Va).

Discussion

Chemokines and receptors play multifaceted
roles in tumorienesis and progression, however,
which chemokine or receptor effects during dif-
ferent period of primary breast cancer has not
been well known.

In 1998, a successful model was established
for obtaining knowledge on the molecular and bi-
ological alterations that may contribute to the tu-
morigenic mechanisms through the neoplastic
transformation of HBEC (Human Breast Epithe-
lial Cell) in vitro®. In 2000, Waldman et al'®
found the chromosomal alterations in ductal car-
cinomas in situ and their in situ recurrences
though Comparative Genomic Hybridization
(CGH), and the differences in genetic changes
between Infiltrating Lobular Carcinoma (ILC)
and Infiltrating Ductal Carcinoma (IDC) was
found!!. Many efforts® had contributed to the pat-
tern of multi stage pathological and molecular-
biological progression for primary breast cancer:
HBEC — benign change — epithelial prolifera-
tion atypia — in situ carcinoma — invasive car-
cinoma, which based on the mechanisms as fol-
low: genetic predisposition and differentiation
status and prior immortalization; alterations in
telomerase activity and differential expression of
cell cycle dependent genes as well as others re-
cently isolated through differential cloning such
as H-ferritin, and a calcium binding protein; epi-
genetic and genetic mechanisms microsatellite
instability in specific loci on chromosomes 11,
13, and 16 with the progression of cell transfor-
mation; the loss of function of functional role of
specific genes; tumor suppressor or senescence
genes such as chromosomes 11 or 17°.

To investigate the effects of chemokines and
receptors on the different stage of primary breast
cancer, we enrolled 148 cases which pathology
diagnosis included benign change, epithelial pro-
liferation, atypia, in situ carcinoma and invasive
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carcinoma. We detected the concentration of
chemokines and receptors by ELISA in the
serum of patients. Our findings demonstrated that
there were several chemokines and receptors
played important roles during different stage of
primary breast cancer. The oneway ANOVA
analysis showed the significantly different con-
centration of CCL2 and CCRS during the period
from benign change to epithelial proliferation
and atypia. Both CCL2 and CCRS5 concentration
curves went up from benign change to epithelial
proliferation, and went down from epithelial pro-
liferation to atypia (Figures 5, 6), suggested the
function of CCL2 and CCRS5 on the process of
breast epithelial cells’ proliferation. The concen-
trations of CXCL12, CXCL8 and CXCR4 during
the period from in situ carcinoma to invasive car-
cinoma were also significantly different. The
curves of CXCR4, CXCL12 and CXCLS all
went down (Figures 7, 8, 9) mean that in sifu car-
cinoma cells’ invasive behavior was less affected
by CXCL12, CXCL8 and CXCR4.

CCL2 is a cc chemokine, many studies strongly
support the possibility that CCL2 expression is as-
sociated with advanced disease course and progres-
sion in breast cancer'>!3. CCRS5 is a member of CC
chemokine receptor family. It is identified as the
receptor for CCL3, CCL4 (MIP1-Macrophage In-
flammatory protein-1f3) and CCL5. CCL5-CCRS5
interaction is reported to provide cancer cells with
a proliferative advantage'*. However, the function
of these chemokines in benign disease has not been
well investigated. Our study demonstrated that the
concentration of CCL2 and CCRS increased dur-
ing the period from benign change to benign
change with proliferation, that is to say, CCL2 and
CCRS5 promoted not only malignant process, but
also benign process before atypia.

The interaction of CXCR4 with its unique lig-
and: CXCL12 triggered pleiotropic activity out-
side the immune system'>'¢, including cardiac and
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Figure 7. Means of CXCR4 in atypia and cancer.
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Figure 8. Means of CXCL12 in atypia and cancer.

neuronal development, stem cell motility, neovas-
cularization and tumorigenesis!’*!. CXCL12 was
recently reported to bind also a second receptor
CXCRY7, resulting in tumor angiogenesis and de-
velopment?**. CXCR4 expressing tumors pref-
erentially spread to tissues that highly express
CXCL12, including lung, liver, lymph nodes
and bone marrow. The mechanisms of these
functions include hypoxia, MMP-13 and VEGF
up-regulating CXCR4 expression®*?’.

CXCLS is a strong inducer of angiogenesis and
it mediates endothelial cell chemotaxis and prolif-
eration in vitro and angiogenic activity in vivo®?.
Activation by VEGF in endothelial cells can lead
to the up-regulation of bcl-2 (B-cell lymphoma 2),
an anti-apoptotic molecule that promotes CXCL8
expression®. In addition, CXCL8 exerts its angio-
genic activity in part by the up-regulation of
MMP2 and MMP9 (Matrix Metalloproteinase)!-#2,
In our study, we demonstrated that tumor size was
associated with CXCLS8 concentration.

We found that CXCLS8 concentration from
atypia to in situ carcinoma and invasive carcino-
ma made “*” shape (Figure 9): from atypia to in
situ carcinoma, it went up, which meant that CX-
CLS8 contributed to the breast atypia cells’ can-
ceration; from in situ carcinoma to invasive carci-
noma, it went down, and also the concentration

—i— CXCL8
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000 / \

Atypia In situ
carcinoma

pg/ml

Invasive
carcinoma

Figure 9. Means of CXCLS in atypia and cancer.
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of CXCR4 and CXCL12, which meant that at the
time point of tumor cells passing through the
basement membrane of breast duct, they were
down-regulated. Therefore, the secretion of
chemokines and receptors was undulating in the
whole process of primary breast cancer.

All invasive carcinoma cases were divided into
3 groups according to relapse risk, which based
on the St. Gallen Consensus Recommendations
published in 2007: low-risk group, intermedia-
terisk group and high-risk group. Correlation
analysis showed that the concentration of DARC
was significantly correlated with relapse risk (p =
0.041) (Table Va).

Although DARC is known as a receptor for
the malaria parasites plasmodium vivax and
knowlesi®, it is also identified a typical decoy re-
ceptor binds with angiogenic CXC chemokines,
as well as some CC chemokines. Unlike other
chemokine receptors, ligand binding to DARC
does not induce G protein-coupled signal trans-
duction nor Ca’*-flux®. DARC is proposed to an-
giostatic factor and to limit tumor metastasis.
Many studies have demonstrated the function of
DARC in tumorigenesis and tumor metastasis:
Addison et al** had studied the effects of DARC
on lung cancer cells and showed that DARC in-
duced tumor necrosis. In addition, the anti-
metastatic function of DARC was also derived
from the interaction between DARC and the tu-
mor suppressor gene KAIl (Kangai 1)%.

The correlation analysis showed the great cor-
relationship between chemokines and receptors,
which indicated the great crosstalk among
chemokines and receptors in the process of tu-
morigenesis of primary breast cancer.

Chemokines are thought to facilitate carcino-
genesis by providing a prolonged inflammation
microenvironment for tumor cells. It includes in-
direct function by influencing angiogenesis, tu-
mor-leukocyte interactions, as well as direct
function by influencing tumor transformation,
survival and growth, invasion and metastasis.
However, solid tumors contain not only tumor
cells, but also various types of stromal cells, such
as fibroblasts and endothelial cells. Moreover, tu-
mors are infiltrated by inflammatory cells, in-
cluding neutrophils, macrophages and lympho-
cytes. All of these contribute to the whole mi-
croenvironment for tumor cells to develop. Tu-
mor derived chemokines further determine the
influx of leukocytes into the tumor3®, attracted
neutrophils and macrophages favor tumor pro-
gression by secreting specific cytokines and ma-

trix degrading enzymes and growth factors, re-
spectively®?. Our finding showed the great cor-
relation between chemokines. It is reported that
the expression of CCLS5 and its principle receptor
CCRS displayed a significant positive correla-
tion, indicating a strong affinity between the lig-
and and receptor®.

For all invasive carcinomas, genotype was
identified based on immunohisto-chemistry
staining of ER, PR, and HER2*'. Therefore, it is
a natural result that ER and PR status were corre-
lated with breast cancer genotype. It is reported
that the expression of ER and PR at any level
correlated with low nuclear or tumour grades*>*,
nuclear grades were found to be significantly re-
lated to the presence or absence of both the ER
and PR*. All of these results are in line with our
findings that nuclear grades of invasive carcino-
ma was correlated with ER status and PR status.

Chemokines and receptors play important roles
in both malignant and benign breast disease, how-
ever, the concentration of chemokines and recep-
tors fluctuates along the progression of disease.

Conclusions

Our study demonstrated that the concentration
of CCL2 and CCRS increased during the period
from benign change to benign change with pro-
liferation, to some extent, it is more important
because of its possible prevention function, since
prevention of breast cancer is better than therapy
after the onset of breast cancer. In addition, our
outcome identified that for invasive cancer pa-
tients, DARC concentration in serum before op-
eration strongly indicated patient’s relapse risk,
which implied a more individual and appropriate
therapy plan for each patient.
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