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Abstract

It has been demonstrated that the tumor angiogenic ability is one of the most important predictors of breast
cancer progression. Factors controlling tumor angiogenesis are varied and currently under investigation.
Chemokines, which produced by both tumor cells and cells of tumor microenvironment are known with a role in
tumor angiogenesis. Here, we examined the expressions of SDF-1/CXCR4/CXCR7, CXCL13/CXCR5, RANTES/
CCRS5, MCP-1 and CCRY7 in adipose derived stem cells (ASCs) and breast cancer tissues of breast cancer patients.
Results of ASCs were compared to those from sex matched healthy individuals. Data of breast cancer tissues
were compared between stage Ill and stages | and Il tumors. As a result, SDF-1 protein showed higher expression
in ASCs from patients with pathological stage Ill compared to those with pathological stages | and Il tumors and
normal individuals. In breast cancer tissues, the mRNA expressions of MCP-1 and SDF-1 were 8.4 and 2.6-fold
more in patients with stage Ill than those with stages | and Il tumors. RANTES and CXCR4 mRNAs had significantly
more expression in tissues of HER2* compared to HER2- patients (P value = 0.01 and 0.04, respectively). Current
information suggest adipose derived stem cells as one of the major players of breast cancer microenvironment which

express angiogenic chemokine molecules and contribute to the breast cancer cells growth and progression.
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Introduction

Although most patients with solid tumors, including breast
cancer, undergo primary surgery, they are still at considerable risk of
dying from metastases to other organs [1]. During the past decade
much work has been devoted to the search for predictors of tumor
formation and markers of metastasis in peripheral blood. Recently,
it has been demonstrated that the tumor’s angiogenic capacity
is one of the important features of breast cancer progression [2].
Recently, the importance of chemokines and chemokine receptors
in tumorigenesis has been defined. They closely correlate with
tumor cell proliferation, angiogenesis and metastasis. The stromal
cell derived factor-1 (SDF-1)/CXCR4/CXCR?7 axis plays important
roles in the recruitment of endothelial progenitor cells, angiogenesis
[3,4], and metastasis of different types of tumors [4-6]. There are
several investigations explaining the expressions of chemokine and
chemokine receptors in breast cancer tissues and their roles in breast
cancer growth and metastasis. The most popular report linking the
expressions of chemokine/chemokine receptors specially SDEF-1/
CXCR4 to breast cancer metastasis has been published by Muller et
al. [7]. They succeeded to inhibit the breast cancer metastasis using a
CXCR4 neutralizing antibody [7]. Moreover, CXCR4 may contribute
to the production of angiogenic factors such as interleukin-8 (IL-8) and
vascular endothelial growth factor (VEGF) by tumor cells [8]. Through
angiogenesis, regulated upon activation, normal T cell expressed and
secreted (RANTES) and monocyte chemotactic protein (MCP)-1 has
also been reported to have tumor promoting effects [9].

In contrast, the interferon-gamma-inducible protein 10 (IP-10)/
CXCR3 axis has angiostatic effects and may suppress tumor growth
and progression [3]. In this connection, IP-10 activation was found
to suppress the growth and recurrence of endometrial cancer [10]. In
addition, the expressions of both CXCR3 and IP-10 has been shown

in human breast tumors and the expression level of CXCR3 in breast
tumor samples was shown to be a predictor of poor prognosis for this
type of cancer [11].

It has increasingly been shown that chemokines are produced by
tumor cells as well as by cells of the tumor microenvironment such
as cancer-associated fibroblasts (CAFs) and mesenchymal stem cells
(MSCs) [12,13]. Cancer stem cells can arise from mesenchymal stem
cells (MSCs) recruited to the tumor microenvironment, as shown in
the development of epithelial cancers [14]. Experiments in animal
models showed that MSCs are able to migrate to tumor and injury sites
after intravenous (i.v.) injection [15]. This property is strongly depends
on the expressions of several chemokine receptors, especially CXCR4
on MSCs [16]. These cells may contribute to the cancer progression
through several mechanisms, among which the production of
proangiogenic factors such as VEGF and IL-6 [17], and also matrix-
degrading enzymes such as matrix metalloproteinases (MMPs) [18]
are of particular interest. Thus, MSCs might be predicted to promote,
rather than inhibit, tumor growth [19]. Mesenchymal stem cells can
be isolated from embryonic or adult tissues such as bone marrow and
adipose tissue [20]. Adipose-derived stem cells (ASCs) have a high
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proliferative capacity, and can enter the tumor vessels and differentiate
into endothelial cells. Muehlberg and colleagues demonstrated that
ASCs can home to the tumor microenvironment and promote breast
tumor formation and growth [21].

Based on these reports, this study focused on the expressions of
several chemokine and chemokine receptors in ASCs isolated from
adipose tissue of breast, breast cancer cells and peripheral blood of
breast cancer patients.

Materials and Methods
Subjects

Sixty women diagnosed with breast cancer (90% with infiltrating
ductal carcinoma and 10% with the other types of breast cancer)
referred to our laboratory from the Breast Clinic of the Shiraz
University of Medical Sciences, Shiraz, Iran during the years 2008 to
2010. This group was examined for the expressions of SDF-1, CXCR4,
CXCR7, IP-10, and CXCR3 mRNAs in their peripheral blood. Among
this group, twenty patients were chosen for isolating ASCs and breast
cancer cells in order to determine the expression of SDF-1/CXCR4/
CXCR7, CXCL13/CXCR5, RANTES/CCR5, MCP-1 and CCR7. None
ofthe patients received radiotherapy, chemotherapy or immunotherapy
before sampling. Data of peripheral blood were compared to those
from forty sex matched healthy individuals and data from ASCs were
compared to those extracted from 15 sex matched healthy volunteers
with no history of malignancy or autoimmune disorders. The mean age
of the patients was 51 years, whereas healthy controls were aged 55
years. Data of breast cancer tissues were compared between patients
with stage III and those with stages I and II. Among those patients
recruited for isolation of ASCs and tissues, there were 2 patients
with pathological stage I, 11 with pathological stage II and 7 with
pathological stage III. All participants have given informed consent to
take part in the study.

ASCs isolation and culture

ASCs were isolated and cultured as previously described [22].
Briefly, fragments of adipose tissue isolated from breast tissue of breast
cancer patients and normal individuals from mamoplasty surgery,
were washed with phosphate buffered saline (PBS), minced in small
pieces and digested with 0.2% collagenase at 37 °C on a shaker for
2 hours. The resulted soup was centrifuged at 400 g for 10 minutes.
Then the pellet including the adherent stromal cells was carefully put
on Ficoll (Biosera, UK) and centrifuged at 400 g for 30 minutes. The
second white layer, stromal vascular fraction (SVF), was transferred
into a tube and washed with PBS. The SVF pellet was resuspended in
DMEM culture medium (GIBCO, USA) containing 10% fetal bovine
serum (GIBCO, USA) and 1% penicillin/streptomycin (Biosera, UK).
Non-adherent cells were discarded after 24 hrs culturing. Adherent
cells were cultured by changing medium every 4 days and harvested in
passage 3 nearly after 30 days culture.

Flow cytometry analysis

As shown previously [22], ASCs were harvested by treatment with
1% trypsin-EDTA (Biosera, UK). 5 x 10° of trypsinized cells were
washed twice with PBS and stained with fluorescein isothiocyanate
(FITC)-conjugated mouse anti-human CD14, CD34, CD45 and CCR5
(BD Biosciences) and phycoerythrin (PE)-conjugated mouse anti-
human CD44, CD105 and CD166 (BD Biosciences). For intracellular
staining of RANTES, IP-10 and MCP-1, ASCs were incubated with
Brefeldin (1 pl per 1 x 10° ASCs) for 5 hours. After incubation time, cells

were fixed and permeabilized with 0.2% saponin then stained with 5 pl
PE-conjugated mouse anti-human IP-10 antibody (BD Biosciences).
Cells were also stained with FITC- or PE-labeled mouse isotype control
antibodies as negative controls. After 30 minutes incubation at room
temperature, cells were washed twice with PBS. Approximately 20,000
events were collected and further analyzed with the use of WinMDI
2.5 software.

ASC:s differentiation to chondrocytes

As shown in our previous work [23] to show the stem cell
characteristics of ASCs, they were differentiated into chondrocytes.
Briefly, 1 x 10° passage 3 ASCs were cultured in 24 well tissue culture
plate and used for chondrogenic differentiation. When ASCs were
confluent to 60-80%, they were used for chondrogenic differentiation
using chondrogenesis differentiation kit (STEMPRO Chondrogenesis
Differentiation Kit, GIBCO, USA) and stained with 0.2% Safranin
O (Merck, Germany) in PBS after 2 weeks. Using Q-PCR method,
chondrogenic differentiation was assessed on days 7 and 14 for mRNA
expressions of collagen type II, SOX9 and aggrecan.

RNA extraction and cDNA synthesis

Approximately 1 x 10° passage 3 ASCs were trypsinized,
washed with PBS and dissolved in 150 pl ice-cold PBS and used for
RNA extraction using TRIzol Reagent (Invitrogen, Germany) and
Chloroform (Merck, Germany). Breast cancer tissues isolated from
breast cancer patients were cut into the small pieces and more minced
on ice using a homogenizer device (Hettich, Germany). Total RNA
was extracted using TRIzol Reagent (Invitrogen, Germany) and
Chloroform (Merck, Germany). Moreover, 1 ml peripheral blood with
EDTA was collected and promptly sent to the laboratory for isolation of
total RNA. Briefly, 10 ml RBC lysis buffer was added to 1 ml peripheral
blood and tubes were centrifuged at 600 x g (1400 rpm) for 10 minutes
in a 4 °C microcentrifuge. Supernatant was discarded, the cell pellet
gently resuspended in RBC lysis buffer again and centrifuged at 4°C at
3000 rpm for 2 minutes. This step was done one more time in order to
remove all remain RBCs. The resulted cell pellet was dissolved in 150 pl
ice-cold PBS, and used for RNA extraction using 1 ml TRIzol Reagent
(Invitrogen, Germany) and 300 pl Chloroform. cDNA was produced
from the extracted RNAs using the cDNA synthesis kit based on the
manuscript (Fermentas, Canada).

Quantitative Real Time Polymerase Chain Reaction (Q-PCR)

For Q-PCR method, PCR reactions were carried out in duplicate
for each sample and the mean of C.s were used to calculate 2.
Approximately 2 ul of cDNA was amplified in each 25 pl PCR reaction
mix containing 12.5 ul of 2x SYBR Green Master Mix (Fermentas,
Canada), 0.2 ul of each 10 pmol forward and reverse primers
(designed in primer 3 software, Table 1) and 10.1 pl DEPC water. PCR
amplification was done in 40 cycles using the following program: 95 °C
for 10 minutes, 95 °C for 155, 5 °C for 30 s and 60 °C for 34 s. In all cases
data were compared to the beta actin housekeeping gene.

Western blot

Proteins were extracted from ASCs using the RIPA buffer
(MILLIPORE, USA), 10 ul PMSF (Fluka, USA) and 10 pl protease
inhibitor Cocktail (Sigma, Germany). Samples (70 pg protein per
lane) were run on SDS-PAGE gel for 90 minutes at 100 V and then
transferred to nitrocellulose membrane. Blots were blocked in 5% non-
fat skim milk in PBS with 0.1% Tween 80 for 16 hrs at 4 °C. After 4
times washing with wash buffer (0.1% Tween 80 in PBS), blots were
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Sequences
Gene

Reverse Forward
Beta actin CACCATCACGCCCTGGTGCC ACAGAGCCTCGCCTTTGCCG
SDF-1 CAGCCGGGCTACAATCTGAA [ TGCCAGAGCCAACGTCAAG
IP-10 CAAAATTGGCTTGCAGGAAT AGGAACCTCCAGTCTCAGCA
CXCL13 | ACCATTCCCACGGGGCAAGA GCCTCTCTCCAGTCCAAGGTGT
RANTES | CTCAAGTGATCCACCCACCT GAGGCTTCCCCTCACTATCC
MCP-1 TGGAATCCTGAACCCACTTC |CCCCAGTCACCRGCTGTTAT
CXCR4 TGGAGTGTGACAGCTTGGAG GGTGGTCTATGTTGGCGTCT
CXCR7 AAGGCCTTCATCAGCTCGTA ACGTGGTGGTCTTCCTTGTC
CXCR3 CAGTCACTGCTGAGCTGGAG AGCTCTGAGGACTGCACCAT
CXCR5 TGAAGGAGGCCATGAGGGGC ACCTGGAGGACCTGTTCTGGG
CCR5 AACCTTCTGCAACACCAACC GGCAAAGACAGAAGCCTCAC
CCR7 TGTAGGGCAGCTGGAAGACT GATGCGATGCTCTCATCA

Table 1: The sequences of primers used for detecting the mRNA expressions of

beta catin, chemokines and chemokine receptors.

then incubated for 1 hr either with a rabbit anti-CXCR4 antibody
(Abcam, Cambridge, MA), a rabbit anti-SDF-1 (Abcam, Cambridge,
MA) or a mouse anti-p-actin antibody (Abcam, Cambridge, MA). Blots
were then washed four times with wash buffer and incubated for 1:30
hrs at room temperature with a horseradish peroxidase-conjugated

anti-rabbit or anti-mouse secondary antibody (Abcam, Cambridge,
MA). Finally, blots were washed four more times with wash buffer and
observed via enzyme-linked chemiluminescence using the SuperSignal
West Pico Chemiluminescence kit (Pierce, USA).

Statistical analysis

mRNA expressions of described genes were determined using 2°¢
method. For comparison of data between patients and controls the
median of 2"4%; was used. Analysis of gene expression between patients
and controls and with the pathological information of the patients was
considered significant if P value < 0.05 using the Mann-Whitney U
test and Kruskal-Wallis H tests, respectively. Graphs were presented
using GraphPad Prism 5 and flow cytometry data were analyzed using
WinMDI 2.5 software.

Results
Adipose derived stem cells

ASCs isolation and characterization: ASCs were appeared with a
spindle shape in the culture as documented in Figure la. They were
harvested in passage 3 and characterized as mesenchymal stem cells
using flow cytometry analysis. As recently determined [23], ASCs
were characterized as mesenchymal stem cells through chondrogenic
differentiation. Safranin O staining of differentiated cells demonstrated
the morphological changes in these cells to a rounder and cuboidal
shape (Figure 1b). In addition, results of Q-PCR for the expression
of collagen type II, aggrecan and SOX9 proved chondrogenic
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Figure 1: Adipose derived stem cells (ASCs) in culture at passage 3. They were presented with the spindle shape appearance before differentiation (a) and appeared
with rounder and cuboidal shapes after chondrogenic differentiation (b) [23]. The flow cytometric analysis of ASCs showed that more than 98% of all cells were positive
for the expression of CD44, CD105 and CD166. Absence of CD14, CD34 and CD45 expressions on the surface of ASCs were observed. Filled histograms represent
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differentiation of these cells [23]. As shown previously [22], flow
cytometry characterization revealed that ASCs were approximately
98% positive for the expressions of CD44, CD105 and CD166. Absence
of CD14, CD34 and CD45 expressions on the surface of ASCs were
observed (Figure 1c).

Expressions of chemokine/chemokine receptors in ASCs

Quantitative Real Time Polymerase Chain Reaction (Q-PCR):
The median of 2% of different chemokine and chemokines receptors
in ASCs of patients and controls have been demonstrated in Figures
2 and 3. As a result, IP-10 had 1.7-fold and CXCR4, 5-fold lower
mRNA expression in patients compared to controls. In contrast, SDF-
1, RANTES, MCP-1, CXCL13, CXCR7 and CCR5 were expressed
more in patients than controls. CXCL13 and RANTES showed 2-fold,
MCP-1 1.3-fold, and CCR5 2.5-fold more expression in patients than
controls. CXCR7 mRNA showed 6-fold more expression in patients
than controls (P value = 0.06). These differences were not statistically
significant. There were no difference in the expressions of CXCR3,
CXCR5 and CCR7 in ASCs of two groups (Figure 3).
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Figure 2: Expression of different chemokine mRNAs in ASCs of patients and
controls. Data were shown as the median of 2 x 10° (P value > 0.05 for all).
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Figure 3: mRNA expression of several chemokine receptors in ASCs of
patients and controls. Data were shown as the median of 2-° x 10° (P value
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Figure 4: Flow cytometry results for the expressions of IP-10, RANTES, MCP-
1 and CCRS5 in ASCs isolated from breast cancer patients and controls. Data
were shown as mean + SEM of cell percentages. P value > 0.05 for all.
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Figure 5: Results of western blot analyses of beta actin, SDF-1 and CXCR4 in
protein extracts from ASCs of breast cancer patients and normal individuals.
Lanes 1, 2, 3, 4: normal individuals. Lanes 5,6: ASCs of stage Il patients, Lanes

> 0.05 for all).

7, 8: ASCs of stage Il patients.

Flow cytometry for detecting IP-10, CCR5, RANTES and
MCP-1: The data of Q-PCR for IP-10, CCR5, RANTES and MCP-1
expressions in ASCs was confirmed by flow cytometry. As a result,
expression of IP-10 was lower in ASCs of patients than controls (Mean
+ SEM was 9.8 £ 4.7 in patients and 11.3 + 4.6 in normal individuals).
The expressions of CCR5, RANTES and MCP-1 were higher in ASCs
of patients compared to those from normal individuals (Figure 4). The
Mean + SEM for CCR5 expression was 0.2 + 0.1 in patients and 0.07 £
0.03 in normal individuals. It was 0.2 + 0.1 in patients and 0.04 + 0.02
in normal individuals for the expressions of both RANTES and MCP-1.

Western blot for detecting SDF-1 and CXCR4 in ASCs: The data
of Q-PCR for SDF-1 and CXCR4 expressions in ASCs were confirmed
by western blot. As a result, SDF-1 protein was clearly expressed more
in patients than normal individuals. On the other hand, patients with
pathological stage III tumors significantly expressed more SDF-1
protein compared to stage II tumors as shown for two stage III, two
stage II and four normal samples in Figure 5. In contrast, CXCR4 was
expressed less in ASCs of patients than those from normal individuals
as also indicated by Q-PCR (Figure 5).

Breast cancer tissues

SDF-1 and MCP-1 showed more mRNA expressions in stage III
than stages I and II tumors. The mRNA expressions of MCP-1 and
SDEF-1 were 8.4 and 2.6-fold more in patients diagnosed with stage III
tumors than those with stages I and II. However, these differences were
not statistically significant (Figure 6). No difference was found in the
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expression of chemokines receptors in breast cancer tissues between
different stages of the tumor.

Association study between the expressions of these chemokine/
chemokine receptors and clinicopathological characteristics of breast
cancer patients showed that RANTES and CXCR4 mRNAs had
significantly more expression in tissues of HER2* compared to HER2
patients (P value = 0.01 and 0.04, respectively). CXCR?7 had statistically
significant more mRNA expression in tumors larger than 2 cm (P value
=0.05).

Comparison of chemokine/chemokine receptors expression
between ASCs and breast cancer tissues: Compared to other
chemokines, MCP-1 had the higher mRNA expression in both
sites. Among chemokine receptors, CXCR7 and CXCR4 had higher
expressions in ASCs and tissues, respectively. Interestingly, in ASCs
CXCR7 had 26-fold higher mRNA expression compared to CXCR4,
while in breast cancer tissues CXCR4 had 20-fold higher mRNA
expression compared to CXCR?7.

Peripheral blood: Both IP-10 and CXCR3 mRNA expression levels
were significantly lower in peripheral blood of patients than controls
(P value = 0.001 and 0.05, respectively, Figure 7). SDF-1 mRNA had
lower expression in peripheral blood of patients than controls but not
as lower as IP-10 (P value = 0.01). There were no significant different

BB,
EA
]
H A High stage
% 100 B Low stage
5
@
2
X 38
: .
E A & u
g 1 4
® ]
3 Y
e 4] T T T T T
MCP-1 SDF-1 IP-10 RANTES CXCL13

Figure 6: mRNA expressions of chemokines in patients with stage Ill (high
stage) and stages | and Il (low stage). Data were shown as the median of 24,
P value > 0.05 for all.
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Figure 7: The comparison of Relative Quantitation (RQ) of IP-10/CXCR3 and
SDF-1/CXCR4/CXCR7 mRNAs in peripheral blood of breast cancer patients
and controls. Data were shown as the median of 2‘A°T. P value < 0.05 for IP-10,
CXCR3 and SDF-1 and P value > 0.05 for CXCR4 and CXCR7 expressions.

in the expression of CXCR4 and CXCR7 mRNAs between peripheral
blood of patients and normal individuals (P value > 0.05, Figure 7).

Discussion

Recently, role of chemokines and chemokine receptors in tumor
growth and metastasis has been widely studied. Accordingly, increased
production of CXCR4, CCR10 and CCR7 by breast tumor cells has
been reported as important contributors to the tumor growth and
metastasis to the sentinel lymph nodes [24,25]. Muller et al. [7] have
documented that breast cancer cells express higher concentration of
CXCR4 protein, and metastatic sites express higher levels of SDF-1
protein [7]. Moreover, a positive correlation was observed between
HER2 receptor activation and increased expression of CXCR4 in
breast cancer patients. Thus, it is suggested that the therapeutic
effect of Herceptin (anti-HER2 antibody) may be partially mediated
through down-regulation of CXCR4 activity in breast tumor cells [24].
Interestingly, secretion of a subset of cytokines such as stem cell factor
(SCF) and RANTES is induced by HER2 expression in human breast
cancer [26].

Our findings are in line with these reports, because SDF-1 showed
2.6-fold more mRNA expression in patients with pathological stage III
than those with stages I and II tumors. Also, we found that CXCR4
and RANTES had significantly more mRNA expression in HER2*
patients. Thus, based on the relationship between the expressions of
HER2 and CXCR4 and higher expression of SDF-1, we conclude that
SDF-1/CXCR4 production by tumor cells may influence the survival
and prognosis of breast cancer patients.

In recent years, the participation of tumor microenvironment in
cancer progression and development has extensively been investigated.
In this case, the production of chemokine/chemokine receptors in
tumor microenvironment, either by tumor cells or stromal cells such as
MSCs, might be one of the most important predictors of breast cancer
progression [2,13,27]. Since ASCs are derived from adipose tissue that
is abundantly found in breast tissue, the relationship between these cells
and breast cancer promotion will be attractive to be studied. It has been
reported that ASCs have the ability to penetrate into tumor vessels,
differentiate into endothelial cells and help to the tumor angiogenesis
and invasion [21]. They may contribute to the tumor progression and
metastasis by producing significant amounts of insulin-like growth
factor-1 (IGF-1) [28] and some chemokines such as RANTES [29].
Furthermore, Pinilla S et al. have implicated that ASCs may contribute
to the breast cancer cell invasion through the production of increased
amounts of RANTES. They proposed that inhibition of invasion is
possible after using anti-RANTES antibody [30].

As indicated in our previous reports breast cancer ASCs may
play crucial roles for tumor development through upregulation of T
regulatory cells [31] and the expressions of tumor promoting factors
such as IL-8, VEGF, HGF and IGF-1[22]. Thus, in this study we
investigated the expressions of different chemokines and chemokine
receptors in ASCs of breast cancer patients and normal individuals.
Our results showed that RANTES, MCP-1, CXCL13, CXCR7 and
CCR5 mRNAs were expressed more in ASCs of patients than normal
individuals. Although these differences between patients and controls
were not statistically significant, the production of these factors by
ASCs may play important roles in tumor sites in collaboration with
other tumor promoting mediators such as IL-4, IL-10, IL-8, TGF-f and
growth factors. Moreover, we observed the higher expression of SDF-1
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protein by ASCs of patients with stage III tumors. These may indicate
the important role of ASCs through the production of chemokine/
chemokine receptors specially SDF-1/CXCR?7 in tumor sites. Muehlberg
F.L. et al. have also introduced ASCs as important sources for SDF-1
in tumor site that contribute to the CXCR4 expression by tumor cells
and consequently to the tumor growth, invasion and metastasis [21].
Brand and colleagues have demonstrated that ASC-derived SDF-1
stimulation induces a significant increase in proangiogenic factors
such as VEGF protein levels [32]. Furthermore, it has been reported
that SDF-1 may contribute to the production of other angiogenic
factors such as IL-8 and MMP-3 by tumor cells through both receptors,
CXCR4 and CXCRY7 [4,8].

All together, results of our study may identify new outlooks for
the role of both tumor cells and cells of tumor sites for cancer growth
particularly through the expression of SDF-1 and its receptors. As
indicated before CXCR4 was expressed more than CXCR?7 in breast
cancer cells while CXCR7 was expressed more in ASCs. It has been
reported that the interaction of SDF-1 with CXCR4 or CXCR?7 have
different results due to different downstream events [11]. SDF-
1 interaction with CXCR4 results in chemotaxis [33], while its
interaction with CXCR7 mediates proliferation [34]. Thus, SDF-1 may
cause proliferation of ASCs, production of more tumor promoting
mediators, and contribute to the tumor formation and growth through
CXCR?7 but it may lead to metastasis of tumor cells through CXCR4 in
autocrine and paracrine fashions.

The results presented may illustrate the significance of chemokines,
their receptors and their important sources in tumor microenvironment
for tumor growth and progression. Also, the pathogenesis of cancer
might not only depend on tumor cells themselves but stromal cells
may also play critical roles. Thus, they may be introduced as the
new therapeutic targets for breast cancer but it is required to fully
characterize them before clinical applications.
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