
Abstract. Background: The presence of circulating tumor
cells (CTCs) in the peripheral blood is a prerequisite for the
formation of distant metastases. Transforming growth factor-
βeta (TGF-β) and Chemokine (C-X-C Motif) Ligand-1
(CXCL1) are cytokines involved in the colonization of distant
sites by CTCs in several pre-clinical animal models.
However, their role is poorly-investigated in patients with
metastatic cancer. Here, we investigated whether circulating
levels of TGF-β and CXCL1 are predictors of CTC seeding
in preferential distant sites in patients with metastatic breast
cancer. Materials and Methods: CTCs were isolated from the
peripheral blood of 61 patients with metastatic breast cancer
by immunomagnetic separation. Plasma samples were
collected from the same patients and assayed for TGF-β and
CXCL1 by enzyme-linked immunoassay. Results: Patients
were grouped in CK1+/– (N<10), CK2+ (N≥10<50) and
CK3+ (N≥50), according to the number (N) of cytokeratin
7/8-positive CTCs: the highest number of CK7/8-positive
CTCs was detected in patients with negative  Human

epidermal growth factor receptor-2 (HER-2/NEU) status
(p<0.0001) antigen, identified by the monoclonal antibody
Ki-67 (Ki-67) ≥15% (p=0.003), Carcinoma antigen 15-3
(CA-15.3) ≥40 U/ml (p=0.004) and those with lung
metastases (p=0.01). We found that elevated plasma
concentrations of TGF-β and CXCL1 are predictive for the
detection of CTCs. In particular, patients with CK3+ CTCs
and plasma concentrations of TGF-β and CXCL1 higher
than the median value had a poor prognosis in comparison
to patients with CK1+/– CTCs and TGF-β and CXCL1
concentrations below the median value. Conclusion: Our
study shows that elevated circulating levels of TGF-β and
CXCL1 are associated with a poor prognosis, and higher
detection of CTCs and propensity of these cells to seed lung
metastases in patients with breast cancer.

In epithelial cancer, invasion of cancer cells through the basal
membrane into blood vessels, generating circulating tumor
cells (CTCs), is a crucial step for the metastatic spread of
cancer cells. The presence of CTCs in the peripheral blood is
therefore a prerequisite for the formation of distant metastases
(1). Metastases represent a major obstacle for the treatment of
epithelial cancer and are responsible for most cancer-related
deaths. The influence of the tumor microenvironment on
metastatic growth is well-recognized (2). Metastatic spread is
influenced by both intrinsic tumor properties and
microenvironmental factors that facilitate the formation of the
pre-metastatic niche prior to the arrival of disseminated tumor
cells (3). The potential of a tumor cell (seed) to become
metastatic depends on its interactions with homeostatic factors
in a target organ (soil) that promote cell survival, angiogenesis
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and tumor growth. According to the ‘the seed and soil’ theory,
postulated by Stephen Paget in 1889, there is a propensity for
certain tumors to seed in particular organs (4). In addition, the
metastatic process is extremely inefficient and the fate of
CTCs can vary according to their molecular profile; fewer than
one tumor cell in a million gives rise to metastases (5). CTCs
have a low survival rate in the blood circulation. In fact more
than 85% of CTCs undergo a rapid phase of intravascular
disappearance which is completed in less than 5 min. This
process is believed to be due to different events including an
augmented susceptibility to anoikis (6). The fate of CTCs is
dependent on an active crosstalk within the tumor
microenvironment. In this context, inflammatory mediators,
such as cytokines and chemokines, play a pathogenic role by
stimulating factors that promote angiogenesis, extracellular
matrix degradation and motility of tumor cells (7-9). For
instance, increased migration and invasion of epithelial cells
can be induced in response to Transforming growth factor-beta
(TGF-β) (10, 11). The contribution of fibroblasts to cancer
initiation and progression has been the subject of recent
investigation with respect to TGF-β and cancer progression
(12, 13). In fact, in different models of human cancer, TGF-β
has shown activity in the regulation of stromal tumor
interactions in tumor angiogenesis and progression by acting
in an autocrine/paracrine fashion (14-16). For example,
carcinoma-derived TGF-β acting on stromal fibroblasts or
carcinoma-associated fibroblasts (CAF) remodels the tumor
matrix and induces expression of mitogenic signals towards
the carcinoma cells, thus promoting tumor progression (17,
18). In addition, acting directly or indirectly (through
stimulation of pro-angiogenic factors) on endothelial cells and
pericytes, TGF-β regulates angiogenesis (15, 19). Chemokines
and their receptors are implicated in many aspects of tumor
progression and metastasis (20). Chemokine (C-X-C Motif)
Ligand-1 (CXCL1) is a small chemokine belonging to the
CXC subfamily of chemokines, previously known as growth-
related oncogene-α (GROα), that normally controls leukocyte
trafficking from peripheral blood into tissues during
inflammation and hematopoiesis (21). Many chemokines,
including CXCL1 are strong inducers of chemotaxis and there
are several lines of evidence showing that they play a role in
tumor progression, for example, by increasing metastasis
formation in preferential target organs (22). Targeting
chemokines or their receptors may pave the way for
therapeutic intervention in cancer metastasis (23). CXCL1
promotes growth of tumor cells and is involved in
angiogenesis of several tumors in animal models but its role
in human cancer remains to be elucidated (24, 25). In this
study, we investigated whether levels of circulating TGF-β and
CXCL1 are associated with a higher detection rate of CTCs
in metastatic breast cancer and also if these mediators have a
role in favoring the colonization of metastatic cells to
preferential sites.

Materials and Methods

Patients. A total of 61 patients with metastatic breast cancer median
aged 59 (range 37-82) years were enrolled in this prospective study
at Giovanni Paolo II National Cancer Institute (NCI) of Bari, Italy.
The criteria for inclusion of patients were the following: informed
consent; age ≥18 years <85 years; histologically-proven diagnosis
of breast cancer; non-treated stage III-IV disease (TNM staging);
distant metastatic disease (M1: TNM staging); no double cancer; no
major pathologies; at least three months of life expectancy. The
clinical characteristics of patients (age, sex, therapeutic
interventions, etc.) were obtained from medical records. For
detection of CTCs 15 ml of peripheral blood were collected from
each participant in a vacutainer system with EDTA. For analysis of
cytokine, 5 ml of peripheral blood were collected in a vacutainer
system with EDTA and plasma was immediately separated from the
cellular fraction by centrifugation at 1,500 ×g for 10 min and frozen
at –20˚C. Blood samples from 20 healthy individuals were used as
negative control. Samples were collected from each participant
before any invasive procedures or therapy. In according to national
and institutional standard procedures, all patients received systemic
therapy. Patient evaluation consisted of imaging studies (Computed
Tomography, Positron Emission Tomography - Computed
Tomography, chest X-ray, abdominal ultrasound) and biochemical
analyses and was performed at the beginning, at mid-therapy and at
the end of treatment (at different intervals, depending on treatment
and schedule). Written consent was obtained from all patients prior
to enrolment in the study and the Ethical Committee of the NCI
approved the protocol in accordance with once the ethical guidelines
of the 1975 Declaration of Helsinki.  

Enumeration and characterization of CTCs. This procedure has
been previously described (26). Briefly, 15 ml of anti-coagulated
blood were centrifuged at 400 ×g for 35 min and buffy coats were
collected into 50-ml conical tubes. Enrichment of disseminated
carcinoma cells from peripheral blood was performed by positive
selection of cytokeratin-7/8 expressing cells. For direct
immunomagnetic labeling of intracellular cytokeratin-7/8, cells were
permeabilized with MACS CellPerm Solution, fixed with MACS
CellFix Solution and incubated with MACS Cytokeratin
MicroBeads in MACS CellStain Solution (Carcinoma Cell
Enrichment and Detection Kit, Miltenyi Biotec Inc., Bergish
Gladbach, Germany). The magnetically labeled cells were enriched
on a positive selection column in the magnetic field of a MACS
separator. For immunocytochemical detection of carcinoma cells in
the MACS-enriched cell fraction, the cells were first incubated with
Fluorescein Isothiocyanate (FITC)-conjugated antibody to
cytokeratin and then with anti-FITC antibody conjugated to alkaline
phosphatase. These staining steps were performed in suspension
before magnetic enrichment. After MACS enrichment, cells of the
magnetic fraction were spun on slides and incubated with alkaline
phosphatase substrate.

TGF-β and CXCL1 enzyme-linked immunoassay (ELISA). Plasma
samples from patients and healthy donors were assayed for levels of
TGF-β and CXCL1 by a sandwich ELISA assay (Quantikine Human
TGF-β and Quantikine Human CXCL1 Immunoassay; R&D Systems,
Inc., Minneapolis, USA) according to the manufacturer’s
recommendations. The absorbance of the solution produced was
measured at 490 nm. The absorbance is directly proportional to the
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amount of TGF-β and CXCL1 present in the sample. A standard curve
was constructed by plotting the mean absorbance value measured for
each standard versus its corresponding concentration. The minimal
detection limit was 4.61 pg/ml for TGF-β, and 10 pg/ml for CXCL1.

Statistical analysis. The association between the detection rate of
CTCs and clinical parameters was investigated with the Chi-square
test, whereas the association between CTCs and plasma levels of
TGF-β and CXCL1 was analyzed with unpaired t-test and ANOVA
test. Spearman correlation was used for the correlation analysis and
the survival analysis was evaluated with log-rank test. Progression-
free survival (PFS) and overall survival (OS) were defined as the
time between the date of the blood sample drawing and the date of
clinical progression or death or the last follow-up examination,
respectively. A p-value ≤0.05 indicates statistical significance. All
statistical analyses were performed by the Number Cruncher
Statistical System-Power Analysis and Sample Size Software 2007
(NCSS-PASS, 329 North 1000 East Kaysville, Utah. USA). 

Results

CTCs isolated from peripheral blood and circulating levels of
TGF-β and CXCL1 were assayed in 61 patients with
metastatic breast cancer. As shown in Figure 1, only one type
of CTCs, those circulating as single cells, were identified by
microscopy. As part of the single CTCs and according to the
number of cells, we classified three groups of patients: i)
patients at low risk, with number of CTCs <10 (CK1+/–)
n=21; ii) patients at medium risk, with CTC number between
10 and 50 (CK2+) n=17; and iii) patients at high risk, with
CTC number ≥50 (CK3+), n=23. No cytokeratin-7/8-positive
CTCs were identified in any of the 20 healthy donor samples.

Correlation between CTCs and clinical parameters of
patients with metastatic breast cancer. The association
between clinical features and the number of CTCs in patients
with metastatic breast cancer is shown in Table I. A high
number of CTCs was significantly associated with negative
HER-2/NEU status (p<0.0001, Chi-square test), Ki-67 index
greater than its cut-off value (≥15) (p=0.003, Chi-square
test) and Carcinoma Antigen 15-3 (CA-15.3) ≥40 U/ml
(p=0.004, Chi-square test). Elevated levels of CTCs were
also associated with the presence of lung metastases. In fact,
in patients with lung metastases, we observed a greater
number of CTCs compared to patients with only bone or
visceral metastases (p=0.01, Chi-square test).

Association between CTC positivity and plasma TGF-β and
CXCL1 levels. The circulating plasma levels (mean±SD) of
TGF-β and CXCL1 are reported in Table II. The mean
values of these cytokines were much higher in patients than
in control individuals (p=0.0001, t-test). We found that the
circulating levels of TGF-β and CXCL1 significantly
correlated with an increased the number of CTCs
(p<0.0001 and p=0.02, respectively, ANOVA). In addition,
when the TGF-β and CXCL1 plasma levels were compared
as continuous variables, a significant direct correlation
between the two cytokines was found (Spearman
correlation r=0.3, p=0.01) (Figure 2). Finally, a positive
correlation was observed only for TGF-β when the number
of CTCs was compared with the plasma concentrations of
each cytokine (Spearman correlation r=0.01, p=0.67)
Figure 3A and B).
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Figure 1. Representative circulating tumor cells found in the peripheral blood of patients with metastatic breast cancer. Cells from the enriched
fraction were immunocytochemically-stained using a FITC-conjugated anti-cytokeratin antibody in combination with anti-FITC antibody-conjugated
alkaline phosphatase and substrate (×40).



Mean survival in correlation to CTC positivity, circulating
levels of TGF-β and CXCL1. The median follow-up was 12
months (range=0-24 months) from blood sampling. The
median PFS and OS in relation to CTC positivity for
cytokeratin 7/8 and in relation to plasma concentrations of
TGF-β and CXCL1 above their median value (of 110 pg/ml
and 380 pg/ml, respectively) are reported in Table III. For all
patients, median PFS and OS were 10 and 17 months,
respectively. When considering CTC positivity, PFS was 11
months for CK1+/– patients vs. 9 and 7.4 months for CK2+
and CK3+ patients, respectively (p=0.001, log-rank test). The
median OS was much higher in CK1+/– patients (19.5
months) compared to that of CK2+ (16.5 months) and CK3+
patients (12.6 months), (p=0.001, log-rank test). In 22
patients (36.2%) with elevated plasma levels of TGF-β
(median value: ≥110 pg/ml) and CXCL1 (median value:
≥380 ng/ml), the median PFS was 7.3 months vs. 10.7
months observed in 19 patients (31.1%) with non-elevated
levels of TGF-β and CXCL1 (p=0.001, log-rank test). The
OS for these patients was 15.2 vs. 18.6 months (p=0.001). 
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Figure 2. Scatter plot showing correlation between serum levels of
transforming growth factor-beta (TGF-β) and Chemokine (C-X-C Motif)
Ligand-1 (CXCL1). 

Table I. Association between clinical characteristics and presence of
circulating tumor cells (CTCs) in patients with breast cancer.

Patients’ characteristics N CK1+/– CK2+ CK3+ p-Valuea

(%) (n=21) (n=17) (n=23)

Steroid hormonal 
receptor status 0.9

ER+/PgR+ 31 (51) 9 9 13
ER–/PgR– 22 (36) 9 6 7
ER+/PgR– 8 (13) 3 2 3

Nodal status 0.6
Negative 14 (23) 6 4 4
Positive 47 (77) 15 13 19

HER-2/NEU <0.0001
Negative 36 (59) 6 10 20
Positive 25 (41) 15 7 3

Ki-67 0.003
<15% 16 (26.2) 11 3 2
≥15% 45 (73.7) 10 14 21

CA-15.3 0.004
<40 U/mL 27 (44.2) 15 7 5
≥40 U/mL 34 (55.7) 6 10 18

Metastatic site 0.01
Bone 15 (24.5) 8 3 4
Visceral 20 (32.7) 12 5 3
Lung 26 (42.6) 1 9 16

ER: Estrogen receptor, PgR: progesterone receptor. HER-2/neu: human
epidermal growth factor receptor, Ki-67: marker of proliferative index,
CA-15.3: carbohydrate antigene. aAll p-values were calculated with
Chi-square test.

Table II. Association between plasma levels of trasforming growth
factor-β (TGF-β) and chemokine (C-X-C Motif) ligand-1 (CXCL1) in
relation to circulating tumor cells (CTC) positivity and to clinical
characteristics in patients with metastatic breast cancer.

N TGF-β p-Value CXCL1 p-Value
(%) (pg/ml) (pg/ml)

Control group 20 39.5±9.8 0.0001a 58.4±12 0.0001a

Patient 61 309±311 407±147
CTC positivity

CK1+/– 21 (34.4) 70±9 <0.0001b 352±120 0.02b

CK2+ 17 (27.8) 216±203 394±148
CK3+ 23 (37.7) 714±202 482±156

Hormonal 
receptor status 0.2b 0.6b

ER+/PgR+ 31 (51) 319±321 423±144
ER–/PgR– 22 (36) 242±258 386±154
ER+/PgR– 8 (13) 456±383 400±142

Nodal status 0.9a 0.3a

Negative 36 (59) 458±321 396±152
Positive 25 (41) 460±350 432±175

HER-2/NEU 0.08a 0.07a

Negative 36 (59) 391±367 349±132
Positive 25 (41) 243±241 417±158

Ki-67 0.5a 0.6a

<15% 16 (26.2) 273±307 390±113
≥15% 45 (73.7) 322±315 412±157

Metastatic site
Bone 15 (24.5) 90±52 <0.0001b 125±100 <0.0001b

Visceral 20 (32.7) 210±123 326±135
Lung 26 (42.6) 653±208 456±189

ER: Estrogen receptor, PgR: progesterone receptor. HER-2/neu: human
epidermal growth factor receptor, Ki-67: marker of proliferative index.
ap-values Calculated with unpaired t-test; bcalculated with ANOVA test.



Discussion

Metastasis results from a complex cascade of events by
which cancer cells leave the site of the primary tumor and
disseminate to distant organs where they proliferate and form
secondary tumor foci (27, 28). During their journey through
the blood circulation to colonize distant sites, CTCs undergo
a series of events that eventually define their phenotypic fate
(29). These events are regulated by a plethora of molecular
factors, including cytokines and chemokines released into the
microenvironment by both host and tumor cells (30, 31). In
this study, we have shown that circulating levels of TGF-β
and CXCL1 are useful indicators to predict both the presence
of CTCs and their capacity to metastasize to certain
preferential sites (i.e. the lung) in patients with metastatic
breast cancer. Unlike others, we stratified CTC-positive
patients expressing cytokeratin 7/8 into three groups
according to the number of cancer cells isolated from their
peripheral blood: CK1+/– (N<10), CK2+ (10≤N<50) and
CK3+ (N≥50). The latter group, with highest number of
CTCs, was associated with negative HER-2/NEU status, Ki-
67 and CA 15.3 greater than their cut-off values of 15% and
40 U/ml respectively, and with lung metastasis. As a
consequence the analysis of circulating cytokines, TGF-β and
CXCL1 had a significant impact on CTCs, as demonstrated
by the fact that elevated plasma levels of TGF-β and CXCL1
are predictive of detection of CTCs in patients with breast
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Figure 3. Scatter plots showing correlation between tumor cell counts and serum levels of transforming growth factor-beta (TGF-β) (A) and
Chemokine (C-X-C Motif) Ligand-1 (CXCL1) (B).

Table III. Mean survival in correlation to circulating tumor cell (CTC)
positivity and plasma transforming growth factor-β (TGF-β) and
Chemokine (C-X-C Motif) Ligand 1 (CXCL1) levels.

N PFS p-value OS p-value
(%) months months

All patients 61 10 17
CTC positivity

CK1+/– 21 (34.4) 11.1 19.5
CK2+ 17 (27.8) 9 0.001 16.5 0.001a

CK3+ 23 (37.7) 7.4 0.001 12.6 0.001b

TGF-β (pg/ml)
≥110 31 (50.8) 8.4 0.001 15.2 0.001
<110 30 (49.2) 10.3 18.1

CXCL1 (ng/ml)
≥380 33 (54.1) 9 0.03 15.7 0.05
<380 28 (45.9) 10 17.6

TGF-β ≥110 
CXCL1 ≥380 22 (36.2) 7.3 0.001 15 0.001

TGF-β <110 
CXCL1 <380 19 (31.1) 10.7 18.6

TGF-β ≥110 
CXCL1 <380 9 (14.7) 8.7 0.08 15.7 0.07

TGF-β <110 
CXCL1 ≥380 11 (18) 10.0 17.2

aCK2+ compared with CK1+/–; bCK3+ compared with CK2+. All p-
values were calculated with log-rank test.



cancer. In fact, we have shown that plasma levels of TGF-β
and CXCL1 are positively correlated with the presence of
cytokeratin 7/8-positive CTCs in these patients. In patients
with late stages of tumorigenesis, TGF-β may favor a more
aggressive phenotype by promoting tumor growth and
resistance to apoptosis or by enhancing tumor cell motility
and eventually metastasis. These features have a negative
impact on the prognosis of patients that we have examined.
The positive correlation found between CXCL1 and TGF-β
would lead us to postulate that CXCL1 modulates the
expression of TGF-β within the tumor microenvironment and
its releases into the blood circulation by CTCs. The
chemokine CXCL1 is constitutively overexpressed in
tumorigenic cells and transcribed in normal cells only during
growth stimulation (32). Overexpression of the CXCL1 gene
is associated with lung relapse in patients with breast tumors
and increases the aggressiveness of CTCs (33). Chemokines
and growth factors such as CXCL1 and TGF-β are
intricately associated with cellular transformation, tumor
growth and increase of invasive potential (34, 35). Our study
shows that elevated circulating levels of TGF-β and CXCL1
in patients with metastatic breast cancer are associated with
a higher propensity of CTCs to seed lung metastases. We
can now conclude that expression of chemokine CXCL1
may facilitate cell seeding and outgrowth of metastases at
distant sites and that CXCL1 also plays an important role in
the recruitment of CTCs to distant target organs in patients
with metastatic breast cancer. However, further studies are
needed to better-clarify the mechanisms by which CXCL1
and TGF-β regulate the transit of CTCs towards certain
metastatic target sites in patients with breast cancer.
Targeting these mediators may unveil new therapeutic
opportunities to treat or prevent metastatic disease in these
patients. 

Competing Interests

The Authors declared that no competing interests exist.

References

1 Bilarga FC, Pierga JY, Vincent Salomon A and Poupon MF: A
“class action” against the microenviroment: Do cancer cells
cooperate in metastasis? Cancer Metastasis Rev 27(1): 5-10,
2008.

2 Brooks SA, Lomax-Browne HJ, Carter TM, Kinch CE and Hall
DMS: Molecular interactions in cancer cell metastasis. Acta
Histochemica 112: 3-25, 2010.

3 Nguyen DX, Bos PD and Massague J: Metastasis: From
dissemination to organ-specific colonization. Nat Rev Cancer 9:
274-284, 2009.

4 Fidler IJ: The pathogenesis of cancer metastasis: The ‘seed and
soil’ hypothesis revisited. Nat Rev Cancer 3: 453-458, 2003.

5 Friedl P and Wolf K: Tumor cell invasion and migration: Diversity
and escape mechanisms. Nat Rev Cancer 3: 362-374, 2003.

6 Howard EW, Leung SC, Yuen HF, Chua CW, Lee DT, Chan KW,
Wang X and Wong YC: Decreased adhesiveness, resistance to
anoikis and suppression of GRP94 are integral to the survival of
circulating tumor cells in prostate cancer. Clin Exp Metastasis
25(5): 497-508, 2008.

7 Friedl P and Alexander S: Cancer invasion and the micro-
environment: Plasticity and reciprocity. Cell 147(23): 992-1009,
2011.

8 Kopfstein L and Christofori G: Metastasis: Cell-autonomous
mechanisms versus contributions by the tumor
microenvironment. Cell Mol Life Sci 63: 449-468, 2006.

9 Hanahan D and Weinberg RA: The hallmarks of cancer. Cell
100: 57-70, 2000.

10 Bierie B, Stover DG, Abel TW, Chytil A, Gorska A E, Aakre M,
Forrester E, Yang L, Wagner KU and Mose HL: Transforming
Growth Factor–β regulates mammary carcinoma survival and
Interaction with the adjacent microenvironment. Cancer Res 68:
1809-1819, 2008.

11 Bierie B and Moses HL: TGF-β and cancer. Cytokine & Growth
Factor Reviews 17: 29-40, 2006.

12 Mazzocca A, Antonaci S and Giannelli G: The TGF-β signaling
pathway as a pharmacological target in a hepatocellular
carcinoma. Curr Pharm Des 18(27): 4148-54, 2012.

13 Tian M, Neil JR and Schiemann WP: Transforming growth
factor-β and the hallmarks of cancer. Cell Signall 23: 951-962,
2011.

14 Mazzocca A, Fransvea E, Dituri F, Lupo L, Antonaci S and
Giannelli G: Down-regulation of connective tissue growth factor
by inhibition of transforming growth factor beta blocks the
tumor-stroma cross-talk and tumor progression in hepatocellular
carcinoma. Hepatology 51(2): 523-534, 2010.

15 Mazzocca A, Fransvea E, Lavezzari G, Antonaci S and
Giannelli G: Inhibition of transforming growth factor beta
receptor I kinase blocks hepatocellular carcinoma growth
through neo-angiogenesis regulation. Hepatology 50(4): 1140-
1151, 2009.

16 Hembruff SL and Cheng N:  Chemokine signaling in cancer:
Implications on the tumor microenvironment and therapeutic
targeting. Cancer Ther 14(7): 254-267, 2009.

17 Mazzocca A, Dituri F, Lupo L, Quaranta M, Antonaci S and
Giannelli G: Tumor-secreted lysophostatidic acid accelerates
hepatocellular carcinoma progression by promoting differentiation
of peritumoral fibroblasts in myofibroblasts. Hepatology 54(3):
920-930, 2011. 

18 Su G, Sung KE, Beebe DJ and Friedl A: Functional screen of
paracrine signals in breast carcinoma fibroblasts. PLoS One
7(10): e46685, 2012. 

19 Ribatti D, Nico B and Crivellato E: The role of pericytes in
angiogenesis. Int J Dev Biol 55(3): 261-268, 2011.

20 Raman D, Baugher PJ, Thu YM and Richmond A: Role of
chemokines in tumor growth. Cancer Lett 256(2): 137-165, 2007.

21 Guerreiro R, Santos-Costa Q and Azevedo-Pereira JM: The
chemokines and their receptors: Characteristics and
physiological functions. Acta Med Port 24(Suppl 4): 967-976,
2011.

22 Raghuwanshi SK, Su Y, Singh V, Haynes K, Richmond A and
Richardson RM: The chemokine receptors CXCR1 and CXCR2
couple to distinct g protein-coupled receptor kinases to mediate
and regulate leukocyte functions. J Immunol 189(6): 2824-2832,
2012.

ANTICANCER RESEARCH 33: 1491-1498 (2013)

1496



23 Acharyya S, Oskarsson T, Vanharanta S, Malladi S, Kim J,
Morris PG, Manova-Todorova K, Leversha M, Hogg N, Seshan
VE, Norton L, Brogi E and Massagué J: A CXCL1 paracrine
network links cancer chemoresistance and metastasis. Cell
150(1): 165-178, 2012.

24 Ogata H, Sekikawa A, Yamagishi H, Ichikawa K, Tomita S,
Imura J, Ito Y, Fujita M, Tsubaki M, Kato H, Fujimori T and
Fukui H: GROα promotes invasion of colorectal cancer cells.
Oncol Rep 24(6): 1479-1486, 2010.

25 Turbic A, Leong SY and Turnley AM: Chemokines and
inflammatory mediators interact to regulate adult murine neural
precursor cell proliferation, survival and differentiation. PLoS
One 6(9): e25406, 2011. 

26 Bellizzi A, Sebastian S, Ceglia P, Centonze M, Divella R,
Manzillo EF, Azzariti A, Silvestris N, Montemurro S, Caliandro
C, De Luca R, Cicero G, Rizzo S, Russo A, Quaranta M, Simone
G and Paradiso A: Co-expression of CD133(+)/CD44(+) in
human colon cancer and liver metastasis. J Cell Physiol 228(2):
408-415, 2013. 

27 Duffy MJ, McGowan PM and Gallagher WM: Cancer invasion
and metastasis: Changing views. J Pathol 214: 283-293, 2008.

28 Zijl F, Krupitza G and Mikulits W: Initial steps of metastasis:
Cell invasion and endothelial transmigration. Mutat Res 728: 23-
34, 2011.

29 Paterlini-Brechot P and Benali LN: Circulating tumor cell (CTC)
detection: Clinical impact and future directions. Cancer Lett 253:
180-204, 2007.

30 Balkwill F: Cancer and the chemokine network. Nat Rev Cancer
4: 540-550, 2004.

31 Calvo F and Sahai E: Cell communication networks in cancer
invasion. Curr Opin Cell Biol 23: 621-629, 2011.

32 Amiri KI and Richmond A: Fine tuning the transcriptional
regulation of the CXCL1 chemokine. Prog Nucleic Acid Res
Mol Biol 74: 1-36, 2004.

33 Bièche I, Chavey C, Andrieu C, Busson M, Vacher S, Le Corre
L, Guinebretière JM, Burlinchon S, Lidereau R and Lazennec G:
CXC chemokines located in the 4q21 region are up-regulated in
breast cancer. Endocr Relat Cancer 14(4): 1039-52, 2007. 

34 Bierie B, Chung CH, Parker JS, Stover DG, Cheng N, Chytil A,
Aakre M, Shyr Y and Moses HL: Abrogation of TGF-β signaling
enhances chemokine production and correlates with prognosis in
human breast cancer. J Clin Investi 119(6): 1571-1582, 2009.

35 Acharyya S, Oskarsson T, Vanharanta S, Malladi S, Kim J,
Morris PG, Manova-Todorova K, Leversha M, Hogg N, Seshan
VE, Norton L, Brogi E and Massagué J: A CXCL1 paracrine
network links cancer chemoresistance and metastasis. Cell
150(1): 165-178, 2012.

Received January 17, 2013
Revised February 25, 2013

Accepted February 25, 2013

Divella et al: TGF-β and CXCL1 in Metastatic Breast Cancer 

1497


