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Prognosis of breast cancer is believed to be a multifactorial process best achieved by complex factors 
including host and tumor-derived biomarkers together with traditional clinicopathological parameters and 
tumor histologic markers. The present study aimed at evaluating the prognostic significance of chemokine 
ligand-2 (CCL-2) and interleukin-8 (CXCL-8) expression in extracts of breast carcinomas through correlation 
with clinicopathological aspects as well as estrogen receptor (ER) and progesterone receptor (PR) 
phenotyping. The study was conducted on 30 Egyptian breast cancer patients diagnosed by fine needle 
aspiration cytology (FNAC) and subjected to modified radical mastectomy. Excised tissues were used to 
prepare tissue sections and extracts for histopathological and immunohistochemical studies. Expression of 
CCL-2 and CXCL-8 was determined by enzyme-linked immunosorbent assay (ELISA). 26 patients had 
invasive ductal carcinoma, grades II and III with metastasis to axillary lymph nodes and ER and PR positive 
phenotype. Expression of CCL-2 and CXCL-8 was significantly influenced by patient's age, menopausal 
status, nodal involvement, tumor grade and the ER phenotype. In contrast, it was not affected by either 
tumor size or PR staining pattern. Both chemokines correlated positively to each other and to tumor grade 
and negatively to age, menopausal status of patients and ER phenotyping. It is concluded that the 
angiogenic chemokine CXCL-8 and the macrophage chemoattractant CCL-2 might be useful prognostic 
markers where their routine follow up might be of importance in assessment of tumor aggressiveness in 
clinical settings. 

reast cancer is one of the most 
frequent malignancies occurring in 
women in developing countries (Ma et 

al., 2006). It ranks second in mortality only to 
lung cancer and shows a sequence of events 
including in situ growth, local invasion 
followed by distant metastases which are 
grossly dependent on angiogenesis 
(Konstantinovsky et al., 2005). Currently, 
routine clinical management of breast cancer 
relies on traditional prognostic factors 
including nodal status, tumor histologic grade 
and primary tumor size in addition to putative 
histologic markers like ER and PR and C-erb-
B2 (Her-2) (Kumar et al., 2008). However, 
Ponzone et al., (2006) claimed that ER and 
PR might loose their prognostic value after 
long-term follow up. Subsequently, 
continuous search for candidate biomarkers 

for prognosis of breast cancer is highly 
advisable.

During the process of carcinoma 
formation, cancer cells release various growth 
factors and cytokines into their surroundings, 
recruit and reprogram various types of host 
cells to establish the so-called "tumor 
microenvironment" (Lu et al., 2006). Recent 
efforts have focused on dissecting the role and 
the prognostic value of tumor cell-derived 
cytokines in human breast cancer. Many 
cytokines are linked to cancer progression, 
prediction and prognosis and screening high-
risk patients. These cytokines constitute a 
diverse group of proteins that include 
hematopoietic factors, growth factors, 
interferons, lymphokines and chemokines 
(Romagnani et al., 2004). 

B
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Chemokines are members of a superfamily of 
chemotactic cytokines with small molecular 
weight (8-10 KD) that are initially 
characterized because of their association with 
inflammation being responsible for the 
orientation of leukocyte chemotaxis 
(Dowsland et al., 2003). However, it is now 
evident that they also play crucial roles in 
homoeostasis, cell proliferation, 
haematopoiesis, virus/cell interaction and 
neovascularization and metastasis of tumors 
(Chen et al., 2006). CXCL-8 (IL-8) is an 8.4 
KD protein belonging to the ELR+ (Glu-Leu-
Arg+) CXC family of chemokines (Wei et al.,
2007). Recently, genetic polymorphism of 
CXCL-8 has been implicated in the 
susceptibility to a range of cancers including 
oral squamous cell carcinoma, as well as 
breast and gastric cancers (Nasr et al., 2007). 
The CCL-2 (previously designated monocyte
chemoattractant protein-1, MCP-1) belongs to 
the CC family of chemokines that are mainly 
expressed by macrophages in response to a 
wide range of inflammatory cytokines such as 
tumor necrosis factor-alpha (TNF-α) and 
interleukin-1 beta (IL-1β) (Gangur et al.,
2002). The expression of CCL-2 in malignant 
cells is correlated with subsequent tumor-
associated macrophage (TAMs) accumulation 
at the tumor site (Ueno et al., 2000). Breast 
cancer cells have been reported to produce 
CCL-2 which is recognized as an angiogenic 
chemokine through induction of vascular 
endothelial growth factor-A (VEGF-A) 
expression and mediating transforming 
growth factor beta (TGF-β) stimulated 
angiogenesis (Saji et al., 2006). Despite being 
among the most frequently investigated 
chemokines in tumor biology, the role of 
tumor-derived CCL-2 and CXCL-8 in tumor 
immunology remains poorly understood and 
needs further elucidation. In addition, the 
interplay among ER, PR and CXCL-8 and 
CCL-2 chemokines in promoting growth, 
angiogenesis and metastasis of breast cancer 

is still a subject of active research (Brault &
Kurt, 2003). The study of the role of these 
cytokines may facilitate the efforts in the field 
of breast cancer therapy, prediction and 
prognosis. Therefore, the present study aimed 
at quantitative measurement of CCL-2 and 
CXCL-8 in extracts of tumors excised from 
patients with breast cancer. Chemokines 
expressed in tumor microenvironment was 
evaluated as markers of breast tumor 
aggressiveness by correlation with 
conventional clinicopathological features of 
cancer breast as well as with the ER and PR 
phenotypes.

Subjects and Methods

Subjects

This study was conducted on a total of thirty Egyptian 
patients newly diagnosed with breast carcinoma and 
scheduled for Modified Radical Mastectomy at the 
Department of Clinical Surgery, Medical Research 
Institute, Alexandria University. They were initially 
screened by Fine Needle Aspiration Cytology (FNAC) 
and, prior to any surgical or therapeutic interventions, 
they were subjected to full personal and familial 
history, thorough clinical examination with special 
emphasis on axillary lymphadenopathy.

Tissue Sampling

Following surgery, excised tumor tissues were divided 
into two parts; the first was immediately fixed in 10% 
buffered formalin and devoted for histopathological 
and immunohistochemical assays. The second part was 
preserved as such at -70°C and employed for 
preparation of tumor tissue extracts and assessment of 
CCL-2 and CXCL-8 chemokines.

Histopathological Examination

Formalin-fixed, paraffin-blocked breast tumor tissues 
were cut into sections of 2 µm thickness and subjected 
to Haematoxylin and Eosin (H&E) staining followed 
by microscopic examination (x40) to assess the detailed 
morphological appearance of the tumor regarding the 
histologic type as well as grading of carcinoma 
including nuclear grade, mitotic activity and histologic 
glandular pattern.

Immunohistochemical Staining for ER and PR

Tumor tissue's expression of ER and PR was 
qualitatively monitored on deparaffinized sections by 
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indirect immunohistochemical localization employing 
murine anti-human ER and PR and biotin/streptavidin-
peroxidase complex system according to the method 
described by Gehring et al., (2000). Tumor cells 
showing distinct brown nuclear staining for either ER 
or PR in ≥ 5% of nuclei were scored as positive while 
those with normal unstained breast epithelial cells 
and/or tumor-associated lymphocytic infiltrates were 
considered negative. Immuohistochemical assessment 
of ER and PR status of breast tumor sections was 
evaluated and expressed as either positive or negative 
neglecting its intensity.

Preparation of Tumor Extracts

Preparation of tumor extracts was carried out according 
to the standard protocol adopted by Sharma et al.,
(2004). Briefly, the frozen tissues were allowed to thaw 
to room temperature and then individually weighed so 
that volumes of extraction buffer (Tris/EDTA) 
equivalent to their weights were added (1 ml buffer/1 g 
tissue). Tumor tissues were vigorously homogenized in 
an automated homogenizer at 4°C and the crude 
extracts were aspirated and subjected to an 
ultracentrifugation step (10,000 xg) to get rid of cell 
debris. Resultant supernatants were collected and 
stored at -20°C until use. 

Assessment of Tumor-Derived Chemokines

The chemokines CCL-2 and CXCL-8 levels were 
determined in all tumor extracts by a sandwich ELISA 
using commercial kits provided by Bendermed systems 
(Austria) and according to standardized protocols 
(Benoy et al., 2004 and Dominic et al., 2005). Briefly, 
chemokines in unknown or provided standard samples 
were bound to specific coating antibodies adsorbed 
onto 96-wells microtitre plates followed by addition of 
HRP-conjugated anti-chemokine antibodies. Following 
incubation, unbound material was removed by washing 
and the specific substrate Tetra methyl Benzidine 
(TMB) was added forming colored product directly 
proportional to the original concentration of 
chemokines in unknown samples. After terminating the 
reaction by acidification, the absorbance was read at 
450 nm and the chemokine concentrations in the tested 
tumor extracts were determined from standard curves 
constructed from the results of the provided standards. 

Statistical Analysis

All data were presented as mean±SD. They were 
compared with the tabulated probability values (P
values) as the 0.05 level using SPSS computer 
program. P values were considered significant if ≤0.05. 
Different statistical analysis were considered including 
student "t" test for comparison between different 

groups, paired "t" test for comparison applied to the 
same subject, linear correlation coefficient "r" for 
examination of the relationship between different 
parameters and F test for comparison between more 
than two groups.

Results

Breast Cancer Clinicopathological 
Aspects

The results of routine clinicopathological 
investigations are summarized in table 1. The 
study subjects had an age range from 30-67 
years; of them 13 were below age 50 years 
and 17 exceeded 50 years. Premenopausal 
women represented the minority of included 
subjects (12 patients compared to 18 at post 
menopause). Clinical examination of patients 
revealed that only 5 of them were free from 
any regional lymph node metastasis compared 
to 25 subjects with various degrees of nodal 
affection. 

Histopathological assessment of excised 
tumors showed that 26 out of the 30 examined 
tumors were infiltrating (invasive) ductal 
carcinoma. Only one tumor was at grade I 
compared to 18 and 8 at grades II and III 
respectively while neither of them was at 
grade IV. Regarding tumor size, 4 patients 
had tumors of 2 cm compared to 16 and 9 
with tumors 2-5 cm and 5 cm respectively. 

Immunohistochemical identification of ER 
and PR phenotypes revealed that 10 tumors 
were ER negative while 20 were ER positive. 
Similarly, 10 tumors exhibited negative PR 
staining while 20 individuals retained the PR 
positive staining pattern.

Chemokine Results and 
Clinicopathological Parameters 

Results of chemokine assessment are 
illustrated in table 2. Statistical analysis 
showed a mildly significant increase in tumor-
derived chemokines in patients ≤50 years 
relative to those ≥50 years. The results 
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revealed also a moderately significant 
elevation in tumor-derived CXCL-8, but not 
CCL-2, in premenopausal patients as 
compared to their postmenopausal partners. In 
addition, there was a slightly significant 
elevation in CXCL-8, but not CCL-2, 
expression by grade III tumors relative to their 
grade II partners. Moreover, the obtained data 
point out to a highly significant elevation in 
the expression of both chemokines in patients 
with positive regional lymph node affection as 
compared to their corresponding nodal 
negative partners. Concerning tumor size, the 
results showed that only CXCL-8 in extracts 
of small-sized tumors (≤2 cm) was 
significantly reduced when compared to 
moderate-sized (2-5 cm) and large-sized (≥5 
cm) ones while comparable statistical 
verification of CCL-2 data revealed no 
significant differences.

Chemokine Results and ER/PR Single 
Phenotypes

Results of tumor-derived chemokines were 
further analyzed as a function of ER and PR 
single phenotype expression as summarized in 
table 3. Statistical analysis of the results 
revealed that only comparison between PR-
and PR+ tumors did not show any statistical 
difference in the rate of synthesis of examined 
chemokines while chemokine expression by 
ER- tumors was always significantly higher 
when compared either to ER+ or PR- tumors. 
In addition, ER+ tumors expressed 
significantly lower amounts of CCL-2 and 
CXCL-8 when compared to their PR+ 
partners. 

Chemokine Results and ER/PR Double 
Phenotypes

The obtained tumor-derived CCL-2 and 
CXCL-8 results were also expressed and 

statistically analyzed in terms ER/PR double 
expression. Results are summarized in table 4
and revealed that only tumors with ER-/PR+ 
double phenotype expressed significantly 
higher CCL-2 than tumors having ER+/PR- or 
ER+/PR+ phenotypes. Neither of the 
remaining combinations, however, gave 
statistically significant variations. These 
results are confirmation of those obtained 
with CCL-2 results as ER or PR single 
phenotypes indicating that the expression of 
CCL-2 by breast tumors is primarily an ER 
negative-dependent parameter. On the other 
hand, ER- tumors associated either with PR-
or PR+ expression synthesized always 
significantly higher amounts of CXCL-8 
when compared to their ER+ partners 
expressing either PR- or PR+ phenotypes 
confirming that the significance of the results 
of CXCL-8 in tumor extracts is ER-
dependent. Similarly, no significant difference 
was recorded upon comparing the results of 
tumor-derived CXCL-8 between ER+/PR-
with that of ER+/PR+ tumors.

Correlation Analysis

Table 5 summarizes the correlation studies 
among all parameters of the present study 
which revealed that, tumor-derived CCL-2 
and CXCL-8 were positively correlated to 
each other as well as to tumor grade while 
negatively correlated to both patient`s 
menopausal status and tumor ER 
phenotyping. In addition, CXCL-8, but not 
CCL-2, was negatively correlated to patient`s 
age. Our results revealed also a significant 
negative correlation between tumor grade and 
both patient`s age and menopausal status as 
well as a significant positive correlation 
between ER phenotyping and patient`s 
menopausal status and between tumor size 
and patient`s lymph node affection.
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Table 1. Different Clinicopathological Parameters of Cancer Breast Study Population. 

Clinicopathological 
aspect

Patient's age 
(years)

Menopausal 
status

Tumor grade* Tumor size (cm)
Lymph node 

affection

< 50 > 50 Pre Post I II III <2 2-5 > 5 Positive Negative

No. of patients 13 17 11 19 1 22 5 3 15 12 25 5

Percent of total 43.3 56.7 36.7 63.3 3.3 72.3 16.7 10 50 40 83.3 16.7

* 2 cases were presented with undefined tumor grade. 

Table 2. Statistical Analysis of the Results of Tumor-Derived CCL-2 and CXCL-8 (pg/ml) Sorted Out as a Function of 
Different Routine Clinicopathological Tumor Aspects. 

Clinicopathological Parameters 
Tested

CCL-2 (pg/ml)
Test of 

Significance t(p)
CXCL-8 (pg/ml)

Test of 
Significance t(p)

Age
< 50 years 88.2±43.6 2.199 (0.041*) 195.7±165 2.139 (0.045*)

> 50 years 59.3±25.4 82.4±110

Menopausal 
status 

Pre 86.1±43.0 1.693 (0.102) 211.4±161.7 2.505 (0.022*)

Post 63.9±30.4 78.2±108.2

Lymph node 
status 

Positive 76.5±38.6 3.33 (0.002*) 149.7±152.8 3.194 (0.004*)

Negative 48.7±7.8 40.7±34.0

Tumor 
grade 

II 68.9±34.0 0.629 (0.535) 98.8±133.3 1.997 (0.05*)

III 79.1±39.2 218.2±157.4

Tumor size 

< 2 cm 75.3±42.4 0.258 (0.616) 13.5±7.6 1.794 (0.186)

2-5 cm 68.5±28.6 140.0±157.8

> 5 cm 72.7±37.8 175.3±142.8

Significant change at P≤0.05
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Table 3. Statistical Analysis of the Results of Tumor-Derived CCL-2 and CXCL-8 (pg/ml) Distributed According to ER 
or PR Single Phenotype of the Excised Tumor. 

ER or PR single 
phenotype

CCL-2 (pg/ml)
Test of significant 

t(p)
CXCL-8 (pg/ml)

Test of significance 
t(p)

ER – tumors 133.9±31.0 6.477 (0.001*) 325.3±64.3 13.7 (<0.001*)

ER + tumors 54.1±7.2 34.6±27.1

ER – tumors 133.9±31.0 3.13 (0.007*) 325.3±64.3 4.617 (<0.001*)

PR – tumors 69.5±43.6 110.5±132.3

ER + tumors 54.1±7.2 2.656 (0.02*) 34.6±27.1 3.072 (0.006*)

PR + tumors 83.9±38.0 142.0±153.9

PR – tumors 69.5±43.6 0.695 (0.511) 110.5±132.3 0.551 (0.586)

PR + tumors 83.9±38.0 142±153.9

*Significant change at P≤0.05

Table 4. Statistical Analysis of the Results of Tumor-Derived CCL-2 and CXCL-8 (pg/ml) Expressed as the State of 
ER and PR Double Phenotype of Excised Tumors. 

ER and PR double 
phenotype

CCL-2 (pg/ml)
Test of significance

t(p)
CXCL-8 (pg/ml)

Test of significance

t(p)

ER - / PR - 10.1±5.2 0.539 (0.614) 301.2±19.02 0.755 (0.472)

ER - / PR + 12.7±3.8 335.6±75.3

ER - / PR - 10.1±5.2 2.038 (0.133) 301.2±19.02 27.4 (<0.001*)

ER + / PR - 8.5±1.6 28.8±12.5

ER - / PR - 10.1±5.2 1.78 (0.172) 301.2±19.02 13.3 (<0.001*)

ER + / PR + 8.5±1.6 37.8±32.5

ER - / PR + 12.7±3.8 4.739 (0.008)* 335.6±75.3 10.66 (<0.001*)

ER + / PR - 5.9±1.0 28.8±12.5

ER - / PR + 12.7±3.8 4.278 (0.011)* 335.6±75.3 9.98 (<0.001*)

ER + / PR + 8.5±1.6 37.8±32.5

ER + / PR - 5.9±1.0 1.94 (0.076) 28.8±12.5 0.88 (0.39)

ER + / PR + 8.5±1.6 37.8±32.5

*Significant change at P≤0.05
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Table 5. Correlation Analysis among Different Clinicopathological Parameters, ER and PR Histologic Markers of 
Cancer Breast as well as CCL-2 and CXCL-8 Chemokines in Tumor Extracts

Lymph 
node 
status

Menstrual 
status

Tumor size
Tumor 
grade

ER PR

Tumor 
derived

CCL-2

Tumor 
derived

CXCL-8

Patients age
r

p

-0.109

0.565

-0.097

0.661

-0.089

0.647

-0.517

0.017*

0.345

0.061

-0.050

0.793

-0.344

0.108

-0.361

0.050*

Lymph node 
status

r

p

-0.183

0.334

0.591

0.004*

0.210

0.294

-0.316

0.089

-0.126

0.505

0.379

0.074

0.284

0.128

Menstrual 
status

r

p

-0.184

0.341

-0.460

0.016*

0.433

0.017*

0.006

1.00

-0.414

0.050*

-0.456

0.011*

Tumor size
r

p

0.314

0.110

-0.210

0.274

0.019

0.922

0.068

0.763

0.303

0.110

Tumor grade
r

p

-0.254

0.201

-0.061

0.764

0.484

0.026*

0.400

0.038*

ER 
r

p

-0.050

0.793

-0.91

0.0001*

-0.884

0.0001*

PR
r

p

0.073

0.703

0.052

0.787

Tumor 
derived

CCL-2

r

p

0.686

0.001*

* Significant correlation at P < 0.05

Discussion

Despite significant advances in the 
management of primary human breast 
cancers, preventing and cleaning up micro-
metastasis remains a clinical challenge. 
Tumor cell migration and metastasis share 
many similarities with leukocyte trafficking 
which is critically regulated by chemokines 
and their receptors which not only attract 
infiltrating defense host cells into tumor sites 
but may also contribute to tumor progression. 
We aimed at evaluating the prognostic 
potential and ER/PR relevance of locally 
synthesized CCL-2 and CXCL-8 chemokines 
in extracts of breast carcinomas obtained from 

patients initially diagnosed by FNAC and 
prepared for radical mastectomy.

H&E staining of surgically excised tumors 
revealed that IDC was the most common 
histologic type coinciding with moderate 
tumor grading (II and III) and moderate-to-
large tumor size (2-5 and ≥5 cm); 
clinicopathological findings that entitle an 
unfavorable category of aggressive breast 
tumors [Julin et al., (2004); Elston, (2005)]. 
Estrogen and progesterone receptor 
phenotyping revealed that tumors with 
negative expression represented 33% 
compared to 67% carrying variable degrees of 
positive signals. Expressing the results as 
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double phenotypes revealed that double 
negative tumors represented a minority (10%) 
compared to 46% with heterogenous profiles 
and 44% double positives. Most ER negative 
patients were at premenopause (70%) while 
most ER positive cases were at post 
menopause (75%). However, 40% of both 
PR+ and PR- patients were at post menopause 
indicating that the essential factor in 
determining breast tumor aggressiveness is 
the ER, not the PR, phenotype. In addition, 
tumors with ER/PR double positive staining 
represented 65% compared to 35% ER+/PR-. 
It has been previously shown by (Bardou et 
al., (2003) and Yu et al., (2007) that 15-28% 
of breast tumors are ER+/PR- with lower 
incidence in premenopausal patients and that 
PR is an ER-regulated gene where its 
synthesis requires estrogen and its relevant 
receptors. 

The inflammatory chemokines CCL-2 and 
CXCL-8 synthesized in tumor 
microenvironment constitute potential 
components in the complex of biomarkers 
associated with breast cancer progression and 
metastasis due to their chemoattractant and 
angiogenic properties. According to our 
results, lower age, advanced tumor grade, 
premenopausal status and regional lymph 
node affection had their own contribution in 
influencing localized CXCL-8 expression by 
respective tumors. On the other hand, only 
regional lymph node involvement and 
patient`s age were among the traditional 
clinicopathological parameters affecting the 
localized expression of CCL-2. Patients with 
ER- breast tumors had significantly higher 
CXCL-8 and CCL-2 expression than did those 
with other ER and PR single phenotypes. 
Similar results were obtained by interpreting 
data as ER/PR double phenotypes. On the 
other hand, neither tumor size nor PR status 
influenced the studied chemokines. Chavey et 
al., (2007) reported that CCL-2, MIP-1β and 
CXCL-8 are more abundant in breast 

carcinomas than in normal breast tissues and 
many of them are over expressed in ER 
negative tumors accounting for their 
aggressiveness. CCL-2 contribution to breast 
cancer progression is exerted by inducing 
monocyte migration to tumor sites resulting in 
deleterious presence of tumor-associated 
macrophages (TAM) and exhibiting 
additional pro-malignancy activities including 
promotion of angiogenesis/neovascularization 
(Ueno et al., 2000). In addition, Dora et al.,
(2006) proved a correlation between ER status 
and angiogenesis augmenting the proliferative 
characteristics of tumors with negative 
phenotypes. Furthermore, Lin et al., (2004) 
showed that expression of the potent 
angiogenic factors IL-8 and VEGF is 
negatively correlated with the ER status of the 
tumor. Since mediators of inflammation are 
positively influenced by CCL-2, it might be 
reasonable to be strongly expressed in breast 
tumors having the ER negative phenotypes. 

A further demonstration for the indirect 
angiogenic role of CCL-2 comes from the 
results of Wang et al., (2006) who 
demonstrated that Duffy antigen receptor 
chemokines (DARC) over expression induced 
inhibition of tumorigenesis and/or metastasis 
through interfering with the in vivo tumor 
angiogenesis. This inhibition is associated 
with decreased CCL-2 synthesis. According 
to the same authors, lower expression of 
DARC is significantly associated with ER-
status reflecting a pivotal role for the CCL-
2/ER phenotype complex in influencing the 
aggressiveness of cancer breast. Another 
explanation for the increased expression of 
CCL-2 by ER- tumors comes from the results 
of Nam et al., (2006) who demonstrated 
higher expression of dysadherin in ER- breast 
cancer cell lines and tumors indicating that 
CCL-2 could play an important role in 
mediating the prometastatic effects in these 
molecules in ER- tumors. Rakha et al., (2007) 
revealed that ER-/PR+ tumors exhibited more 
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aggressive behavioral characteristics than 
other double phenotypes. Furthermore, 
Dunnwald et al., (2007) showed that, relative 
to women with ER+/PR+ tumors, those with 
ER+/PR-, ER-/PR+ or ER-/PR- tumor 
markers experienced higher risks of mortality 
confirming again the strong relationship 
between tumor aggressiveness and the CCL-2 
in correlation with ER and PR staining 
pattern. Whether these findings eventually 
mean that CCL-2 in tumor microenvironment 
is a determining factor in influencing the 
clinical outcome of cancer breast in PR+ 
patients remains questionable.

Evidently, the importance of CCL-2 in 
determining the fate of cancer breast does not 
correlate only to its relationship with ER and 
PR status since other tumors which eventually 
do not depend on ER and PR in their growth 
(cancer prostate for example) retain also a 
crucial role for CCL-2 (Loberg et al., (2007) 
demonstrated by systemic delivery of 
neutralizing anti-CCL-2 antibodies. 
Introducing similar approach for anti-CCL-2 
immunotherapy might be expected to 
ameliorate the clinical outcome of breast 
cancer.

Chen et al., (2007) reported that decreased 
IL-8 expression reduced significantly the 
metastatic and invasive ability of aggressive 
breast cancer cells in vitro. In addition, Yokoe 
et al., (2000) described the occurrence of 
sustained higher circulating IL-8 levels in 
cancer breast patients not responding to 
chemotherapy. It has also been found by Ali 
et al., (2007) that CXCL-8 at both protein and 
mRNA levels is over expressed in breast 
tumors at advanced stages compared to 
normal breast tissues reflecting a direct 
correlation with the clinical stage of the 
disease. 

Interestingly, Snoussi et al., (2006) showed 
that all malignant breast tumor cells express 
CCR1 and CCR2 specific receptors for IL-8 
whereas only 50% of benign breast tissue 

samples expressed either of them. Moreover, 
the regional endothelial cells also expressed 
either of these receptors indicating that 
autocrine and paracrine interactions between 
the stroma and tumor cells might be mediated 
through IL-8. These data suggest that tumor-
derived IL-8 could contribute to tumor growth 
directly, by autocrine stimulation of mitogenic 
activities and indirectly by paracrine 
modulation of vascular endothelial cells 
leading to angiogenesis of the breast cancer 
tissue which subsequently contributes to 
tumor growth and metastasis. 

The interplay between other inflammatory 
cytokines and IL-8 in breast cancer is 
explained by the work of Kamali et al., (2007) 
and Rhim et al., (2008) who demonstrated 
that the proinflammatory cytokines TNF-α 
and IL-1α and β are potent in vitro inducers of 
IL-8 from non-tumor and tumor breast cells 
and in vivo from adjacent endothelial cells. 
This induction is mediated by sustaining 
persistent RNA stabilization and is linked to 
increased tumor invasiveness and metastasis 
in various experimental models. Delarco et 
al., (2004) indicated that neutrophils attracted 
by IL-8 release proteases, heparin and other 
proteolytic factors causing degradation of 
extracellular matrix and promoting metastasis 
of the tumor. Moreover, Itoh et al., (2005) 
speculated that the relevance of IL-8 to tumor 
cell survival and invasion might pass through 
an apoptotic mechanism since signaling 
through IL-8 receptors by tumor cells leads to 
insufficient heterodimerization of the anti-
apoptotic marker Bax-XL allowing the 
inhibition of the pro-apoptotic marker Bax 
with subsequent inhibition of apoptotic 
pathway of endothelial cells and persistence 
of tumor cell survival.

According to our results, a significant 
positive correlation was recorded between 
tumor grade and localized expression of CCL-
2 and CXCL-8 as well as among the two 
chemokines, a finding which is supported by 
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Bieche et al., (2007) who showed that CXCL-
8 content in primary breast tumors was 
increased in tumors at higher grades.

Furthermore, Delarco et al., (2003) 
claimed also that the higher the IL-8 
expression, the more powerful is the invasive 
ability of the tumor. However, the most direct 
evidence for the positive correlation between 
elevated expression of IL-8 in breast cancer 
and it's invasive potential comes from the 
work of Salcedo et al., (2002) who showed 
that combined administration of a neutralizing 
IL-8 antibody and epidermal growth factor 
(EGF) antibody specifically blocked the IL-8-
mediated xenografted tumor invasion. 
Vasquez et al., (2008) demonstrated that IL-8 
overexpression in invasive breast cancer cells 
has been found to inversely correlate with the 
ER status. Earlier results by Wang et al.,
(2005) and Yao et al., (2007) showed that 
exogenous induction of ER in ER- tumors 
significantly reduced their IL-8 expression. 
Also, Freund et al., (2004) showed that 
exogenous ER expression could down 
regulate CXCL-8 promoter by inhibiting, in 
particular, the NF-kβ transcriptional activities. 
The positive correlation of tumor grade to 
tumor-derived CCL-2 and CXCL-8 possibly 
denotes a potential role for these chemokines 
in aggressiveness of breast tumors; 
representing complementary candidate 
predictive/prognostic markers that might 
influence the clinical outcome of the disease.

There was also a negative correlation 
between menopausal status of patients and 
both CCL-2 and CXCL-8 expression going in 
accordance with Chelbowski et al., (2007) 
who showed that the majority of post 
menopausal breast cancer patients are ER+ 
known to be less aggressive. However, it 
remains unclear whether cancer breast in 
postmenopausal women is less aggressive 
because it misses a leading role for CCL-2 
and CXCL-8 in tumor invasion or, simply, 
because less aggressive tumors at older 

postmenopausal patients produce lower levels
of these chemokines.

Collectively, results obtained from the 
present study presents the potent chemokines 
CCL-2 and CXCL-8 as additionally potential 
biomolecules eventually influencing the 
clinical course of breast cancer. This, 
however, does not preclude the crucial role 
played by other established and potential 
prognostic and predictive markers. We 
believe that prognosis of this disease is 
multifactorial where its complicated destiny is 
determined by the magnitude of several 
factors within a broader "prognostic index". 
The localized expression of these chemokines 
by tumor cells is greatly influenced by the ER 
not the PR phenotype of the tumor. Hence, 
targeting these chemokines, in anti-tumor 
immunotherapeutic approaches, by 
monoclonal antibodies or, at least, by drugs 
known to interfere with their expression or to 
block their specific receptors might have 
promising effects in reducing aggressiveness 
of the disease and increasing disease-free 
survival in affected patients. 
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