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ABSTRACT 

The coordinated activity of estrogens and epidermal growth factor receptor (EGFR) family 

agonists represents the main determinant of breast cancer cell proliferation. Stromal cell-

derived factor-1 (SDF-1) enhances ERK1/2 activity via the transactivation of EGFR and 17β-

estradiol (E2) induces SDF-1 production to exert autocrine proliferative effects. On this basis, 

we evaluated whether the inhibition of the tyrosine kinase (TK) activity of EGFR may control 

different mitogenic stimuli in breast tumors using the EGFR-TK inhibitor, gefitinib, to 

antagonize the proliferation induced by E2 in T47D human breast cancer cells. 

EGF, E2 and SDF-1 induced a dose-dependent T47D cell proliferation, that being non 

additive suggested the activation of common intracellular pathways. Gefitinib treatment 

inhibited not only the EGF-dependent proliferation and ERK1/2 activation, but also the 

effects of SDF-1 and E2, suggesting that these activities were mediated by EGFR 

transactivation. Indeed, both SDF-1 and E2 caused EGFR tyrosine phosphorylation. The 

molecular link between E2 and SDF-1 proliferative effects was identified since AMD3100, a 

CXCR4 antagonist, inhibited SDF-1- and E2-dependent proliferation, and EGFR and ERK1/2 

phosphorylation. EGFR transactivation was dependent on c-Src activation. E2 treatment 

caused a powerful SDF-1 release from T47D cells. Finally, in SKBR3, E2-resistant cells, 

EGFR was constitutively activated and AMD3100 reduced EGFR phosphorylation and cell 

proliferation, while HER2-neu was transactivated by SDF-1 in SKBR3 but not in T47D cells. 

In conclusion, we show that activation of CXCR4 transduces proliferative signals from the E2 

receptor to EGFR whose inhibition is able to revert breast cancer cell proliferation induced by 

multiple receptor activation. 
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INTRODUCTION 

 

Breast cancer is the most frequent cause of cancer-related deaths in women. Whether or not 

breast cancers are estrogen-dependent represents a critical factor for patients’ prognosis and 

feasibility of antiestrogenic therapy. Two thirds of breast carcinomas express estrogen 

receptor-α (ERα) and most of them are responsive to antiestrogens or aromatase inhibitors 

(Nilsson et al., 2001). However, many initially responsive, ERα-positive breast carcinomas 

frequently acquire resistance to endocrine therapy. The overexpression or hyperactivation of 

epidermal growth factor receptor (EGFR) represents one of the main determinants of the 

antiestrogen resistance (Nicholson et al., 1994) mainly through ERK1/2 activation (Gee et al., 

2001). Altered EGFR activity is involved in the initiation, development and progression of 

different tumors, being its hyperactivation generally considered a negative prognostic feature 

(Nicholson et al., 2001). The activation of ERK1/2, via EGFR, plays a significant role in 

breast cancer tumorigenesis, with EGFRs (in particular HER2-neu), overexpression often 

responsible of increased duration and magnitude of ERK1/2 activity. ERK1/2, besides its 

direct role in cell proliferation, also increases ER activity via the phosphorylation of serine118 

(Yue et al., 2002). In turn, ER potentiates ERK1/2 activity (Improta-Brears et al., 1999) in a 

self-propagating loop. Moreover, elevated ERK1/2 activity was associated with a highly 

invasive and metastatic behavior of breast cancer (Sivaraman et al., 1997). Thus, deregulation 

of ERK1/2, via EGFR, accounts for most of the intracellular mechanisms associated with 

antiestrogen resistance in breast cancer.  

Besides growth factor receptors, G protein-coupled receptors (GPCR) also activate ERK1/2 

via the regulation of small G proteins, the direct activation of Raf or MEK (Della Rocca et al., 

1999) or the transactivation of EGFR, through the Src-dependent phosphorylation of its 

intracellular domain. EGFR phosphorylation allows the assembly of the Shc/Grb2/SoS 

complex and the activation of the MAP kinase cascade (Luttrell et al., 1999).  
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Stromal cell-derived factor-1 (SDF-1, or CXCL12), upon binding to CXCR4, activates 

ERK1/2 via a Src-dependent transactivation of EGFR (Cabioglu et al., 2005; Porcile et al., 

2005). SDF-1 is an autocrine/paracrine chemokine acting as proliferative and chemotactic 

factor for B and T lymphocytes and endothelial cells, stimulating cell migration through the 

re-organization of the cytoskeleton. SDF-1 and CXCR4 are essential components of 

organogenesis, haematopoiesis, immune responses (Tachibana et al., 1998) and in the 

development and functioning of the central nervous system (Bonavia et al., 2003). Besides its 

physiological functions, SDF-1 is also a powerful mitogen for normal (Bonavia et al., 2003) 

and cancer cells (Balkwill, 2004; Barbero et al., 2003), via the activation of ERK1/2. SDF-1 

and CXCR4 are over-expressed in ovarian and breast cancer cells affecting tumor cell 

migration and metastasization (Kang et al., 2005; Muller et al., 2001). CXCR4 overexpression 

was recently recognized as a requirement for HER2-mediated metastasis (Li et al., 2004) and 

breast cancer cell proliferation. Silencing of CXCR4 caused a significant reduction of breast 

cancer cell proliferation in vivo and in vitro (Lapteva et al., 2005; Smith et al., 2004), 

suggesting a possible autocrine/paracrine growth factor role of SDF-1 (Luker and Luker, 

2006). Importantly, it was proposed that 17β-estradiol (E2)-induced proliferation of T47D and 

MCF-7 breast cancer cell lines is mediated by an increased synthesis and release of SDF-1, 

identified as a novel estrogen-responsive gene that, in an autocrine/paracrine fashion, controls 

ERK1/2 activity (Hall and Korach, 2003).  

In the perspective of an integration between E2 and EGF signaling (Silva and Shupnik, 2007), 

the inhibition of EGFR tyrosine kinase (TK) activity and down-stream signaling cascade 

provides the theoretical basis for the use of specific TK inhibitors for the therapy of breast 

cancer. Gefitinib (ZD1839, Iressa) is a non-peptide anilino-quinazoline compound that 

selectively inhibits the EGFR-TK activity, with an IC50 of 0.02µM (Herbst et al., 2004). In 

tumor cell lines, gefitinib abolishes the activity of HER2-neu, the heterodimerization partner 

of EGFR, resulting in the inhibition of downstream signaling (Sewell et al., 2002). Gefitinib 
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inhibits the growth of tumor cell lines that express EGFR and induces complete regression of 

well-established tumor xenogafts (Ciardiello et al., 2000; Heimberger et al., 2002).  

Here we evaluated the effects of gefitinib on E2-induced proliferation of T47D human breast 

cancer cells. In particular, we investigated the role of SDF-1/CXCR4 as convergence point 

between E2 and EGFR intracellular pathways. We demonstrate that E2-induced breast cancer 

cell proliferation is dependent on the autocrine activation of CXCR4, followed by a c-Src-

dependent transactivation of EGFR. As a consequence, the inhibition of the EGFR-TK by 

gefitinib reduces SDF-1- and E2-mediated cell proliferation and ERK1/2 activation. 

Conversely, in the E2-insensitive SKBR3 cells, EGFR and HER2-neu transactivation is 

potentiated by a constitutive CXCR4 activity. 

 

MATERIAL AND METHODS 

Antibodies and reagents 

Antibodies against phospho-ERK1/2, ERK1/2, phospho-HER2-neu/ErbB2 (Tyr1221/1222), 

HER2-neu/ErbB2, phospho-Akt (Ser473), Akt and phospho-Src (Tyr416) were purchased 

from Cell Signaling Technology (Beverly, MA, USA), anti-phospho-EGFR (Tyr1173) and 

anti-EGFR from Santa Cruz Biotechnology (Santa Cruz, CA, USA), anti-phospho-Src 

(Tyr529) and anti-Src pan antibodies were purchased from BioSource International (Nivelle, 

Belgium). SDF-1 and EGF were obtained from PeproTech (London, UK).  

 E2 (stock solution 1mM in ethanol), AMD3100 (stock solution 10mM in distilled water) and 

PD98059, wortmannin (stock solution 10mM in dimethyl sulfoxide) were purchased from 

Sigma-Aldrich (Milano, Italy). C-Src inhibitor 4-amino-5-methylphenyl-7-(t-buthyl)pyrazolo 

3,4-[d]pyrimidine (PP1) (stock solution 1mM in DMSO) was from Biomol Research 

Laboratories (Plymouth, PA, USA) and gefitinib (ZD1839, Iressa, stock solution 1mM in 

DMSO) was kindly provided by Astra Zeneca (Milano, Italy). When appropriated, the same 

dilution of the different vehicles was added in the respective control samples.  
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Cell lines and transfections 

The human breast cancer cell lines T47D and SKBR3 were obtained from the Interlab Cell 

Line Collection (Genova, Italy). Cells were cultured in DMEM containing 10% fetal bovine 

serum (FBS), penicillin-streptomycin (100 U/ml) and L-glutamine (2 mM). Before all the 

experiments, cells were cultured for 48 h in phenol red-free DMEM and estrogen-deprived 

FBS, starved for further 48 h in DMEM without phenol red alone. All these reagents were 

purchased from Euroclone (Milano, Italy). 

Transfection of T47D was performed using the Fugene reagent (Roche Molecular 

Biochemicals, Indianapolis, IN, USA) according to the manufacturer’s instructions. Cells 

were transfected with pUSEamp vector containing the cDNA encoding c-Src wild type or a 

Src dominant negative (DN) mutant (K296R/Y528F mutations) (Upstate Biotech, Lake 

Placid, NY, USA) (Arena et al., 2007). The plasmid encoding MEK dominant negative 

mutant (K97R) has been previously described (Florio et al., 1999). 

[3H]-Thymidine Incorporation Assay  

DNA synthesis was measured by means of the [3H]-thymidine uptake assay.  

Cells were plated at 20,000/well in 24-well plates, serum-starved for 48 h and then treated 

with SDF-1, E2 or EGF for 24 h; in the last 4 h cells were pulsed with 1 µCi/ml of [3H]-

thymidine (GE Healthcare, Milano, Italy). When indicated, cultures were pre-treated with 

gefitinib (0.1-1 µM, for 10 min), AMD3100 (1-100 µM, for 10 min), PD98059 (10 µM, for 

10 min) and wortmannin (1 µM, for 10 min). 

Cell Survival Assay 

Cell viability, was evaluated measuring the reduction of 3-(4,5-dimethylthiazol-2-yl)-

2,5,diphenyl tetrazolium bromide (MTT). The cleavage of MTT to a purple formazan product 

by mitochondrial dehydrogenase was quantified spectrophotometrically. Briefly, treated and 

control cells were incubated for 1 h with 0.25 mg/ml MTT in serum-free culture medium at 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on October 24, 2007 as DOI: 10.1124/mol.107.039974

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #39974 

 8

37°C; after the removal of the medium, formazan crystals were dissolved in DMSO and 

absorbance was measured at 570 nm. 

Human SDF-1 detection immunoassay  

Quantitative determination of SDF-1 concentration was carried out in cell culture 

supernatants using the Quantikine kit (R&D Systems, Biosource International, CA, USA) 

following the manufacturer's instructions. 

Quantitative Real Time-PCR (qPCR)  

Total RNA was isolated from T47D and SKBR3 cells using the “RNAeasy” isolation system 

(Qiagen, Hilden, Germany). First-strand cDNA was synthesized from total RNA using 

Moloney murine leukemia virus reverse transcriptase (Promega, Madison, WI, USA) and 

random hexamer primers (Promega), according to the manufacturer’s instructions.  

qPCR was performed using the iQ SYBR Green Supermix (Bio-Rad, Milano, Italy) in a Mini 

Opticon System (Bio-Rad). 

Standard curves were plotted by using serially diluted cDNA of the SKBR3 and T47D cell 

lines; for quantification of the results, the CXCR4 and SDF-1 mRNA levels were normalized, 

in the same reaction, to the L-41 mRNA level and expressed as ratio of the normalized 

expression of the gene of interest.  

The following primers were used: human CXCR4 = 5’-CCTCCTGCTGACTATTCCCGA-3’ 

and 5’-GGAACACAACCACCCACAAGT-3’; human SDF-1 = 5’-

GCCCGTCAGCCTGAGCTACA-3’ and 5’-TTCTTCAGCCGGGCTACAATCT-3’; human 

L-41 = 5’-AGTGGAGGAAGAAGCGAATG-3’ and 5’-TTTATGAGCAAGGTGGGTCTC-

3’. For each measurement, two independent qRT-PCR analyses were performed. 

Western blotting 

Cultures were serum-starved for 48 h and treated as described. Then cells were lysed in a 

buffer containing 1% NP-40, 20 mM Tris HCl pH 8, 137 mM NaCl, 10% glycerol, 2 mM 

EDTA, 1 mM phenylmethylsulfonyl fluoride, 1 mM sodium orthovanadate, 10 mM NaF (all 
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from Sigma-Aldrich) and the “Complete” protease inhibitor cocktail (Roche Diagnostics SpA, 

Milano, Italy) for 10 min at 4°C. Nuclei were removed by centrifugation (5000 rpm at 4°C) 

for 10 min and total protein contents were measured using the Bradford assay (Bio-Rad). 

Proteins (5-10 µg) were diluted in equal volume of 2x reducing sample buffer (2% SDS, 62.5 

mM Tris pH 6.8, 0.01% blue bromophenol, 1.43 mM 2β−mercaptoethanol , 0.1% glycerol), 

electrophoresed on 10-15% SDS-polyacrylamide gels, transferred on PVDF membrane (Bio-

Rad) and probed with specific antibodies. The detection of immunocomplexes was performed 

using the enhanced chemiluminescence system (GE Healthcare).  

Statistical Analysis 

Unless otherwise specified, all experiments were performed in quadruplicate and repeated at 

least three times. Data are expressed as mean ± SE values and statistical significance was 

assessed by ANOVA. A P value less than or equal to 0.05 was considered statistically 

significant. 

 

RESULTS 

Expression of CXCR4 and SDF1 in T47D and SKBR3 cell lines 

To study the possible role of the SDF-1/CXCR4 system in the E2- and EGFR-mediated breast 

carcinoma cell proliferation, we first evaluated the mRNA expression of the chemokine and 

its receptor in the E2-sensitive T47D and E2-insensitive SKBR3 cell lines.  

T47D cells were previously reported to express ERα (Htun et al., 1999), EGFR and moderate 

levels of HER2-neu (Cabioglu et al., 2005). SKBR3 cells express EGFR and high levels of 

HER2-neu but not ERα (Cabioglu et al., 2005).  

Quantitative real-time PCR (qPCR) experiments showed that T47D cells express both 

CXCR4 and SDF-1 mRNA, while in SKBR3 cells only CXCR4 mRNA was detected.  

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on October 24, 2007 as DOI: 10.1124/mol.107.039974

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #39974 

 10

Mean CXCR4 mRNA levels were 0.02 ± 0.005 and 0.06 ± 0.003 copy/copy L-41, for T47D 

and SKBR3 cells, respectively. T47D cells also showed high levels of SDF-1 mRNA (1.4 ± 

0.02 copy/copy L-41). 

The different SDF-1 expression levels in the two cell lines were further confirmed evaluating 

the chemokine content in the cell culture media by ELISA. In normal culture conditions, 

T47D released 77 ± 5 pg of SDF-1/50,000 cells in 24 h, while, in the same experimental 

conditions, the SDF-1 released in the culture medium by SKBR3 cells was below the ELISA 

detection level.  

 

EGF, E2 and SDF-1 induce proliferation of human T47D breast cancer cells 

The proliferation pattern of T47D cells in response to EGF, E2 and SDF-1 was assessed using 

the [3H]-thymidine incorporation assay.  

To avoid estrogen-like activity of the culture medium, before the experiments breast cancer 

cells were cultured two days in DMEM without phenol red, supplemented with estrogen-

deprived FBS and then grown in the same medium without serum for further 48 h (see 

Material and Methods’ section).  

EGF treatment (10-20 ng/ml) induced a powerful increase in T47D cell proliferation showing 

dose-dependence and a maximal stimulation of 4 folds over the basal value (Fig. 1A).  

E2 (10-100 nM) also induced T47D cell proliferation in a dose-dependent manner, increasing 

DNA synthesis up to +200% as compared to untreated control cells, at the highest 

concentration tested (Fig. 1B). When T47D cells were treated with SDF-1 (3.12-50 nM), a 

statistically significant increase of [3H]-thymidine incorporation was reached at the 

concentration of 6.25 nM, while a maximal effect was observed at 25 nM (Fig. 1C). 

Conversely, the highest SDF-1 concentration tested (50 nM) induced a proliferative response 

lower than that observed with 25 nM SDF-1 (Fig. 1C). A similar effect was observed in other 

human tumor cell lines (glioblastoma, pituitary adenoma, ovarian carcinoma) and was 
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proposed to be dependent on a down-regulation of CXCR4 (Barbero et al., 2003; Florio et al., 

2006; Porcile et al., 2005).  

These data show that besides E2 and EGF also SDF-1 is an effective mitogenic factor for 

T47D cells. 

To investigate the possible cross-talk among these receptor systems leading to cell 

proliferation, we performed [3H]-thymidine incorporation experiments in T47D cells treated 

with the combination of sub-maximal concentrations of EGF (10 ng/ml), SDF-1 (12.5 nM) 

and E2 (10 nM). Figure 1D shows that both EGF and E2 did not display additive effect as far 

as cell proliferation, when co-administered with SDF-1, while a less than additive potentiation 

of the EGF-dependent cell proliferation was observed in the presence of E2. These data 

suggest the possibility that all these mitogens may act via the activation of the same 

intracellular pathway. 

 

Gefitinib treatment inhibits T47D mitogen-dependent cell proliferation and EGFR and 

ERK1/2 activation 

Then we evaluated whether E2, SDF-1 and EGF may induce their proliferative effects via the 

activation of a common intracellular signaling. Indeed, E2 was reported to induce the release 

of SDF-1 (Hall and Korach, 2003) that may exert its proliferative activity via the 

transactivation of EGFR (Cabioglu et al., 2005; Porcile et al., 2005). Thus, if this was the 

case, we should be able to block all these proliferative stimuli by inhibiting the EGFR kinase 

activity. To verify this hypothesis we pretreated T47D cells with gefitinib, an inhibitor of the 

EGFR-TK activity, and measured cell proliferation, EGFR phosphorylation and ERK1/2 

activation in response to EGF, SDF-1 and E2. To demonstrate the specificity of the gefitinib 

activity and to exclude non-specific toxic effects, we first evaluated the direct cytotoxicity in 

vitro of increasing doses of gefitinib (0.01-10 µM) on T47D cells in the absence of EGF 

treatment, using the MTT assay. A significant (50%) cytotoxicity occurred only at the 
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concentration of 10 µM, while, at lower concentrations (0.01-1 µM), gefitinib per se did not 

affect cell viability (data not shown). Thus, these concentrations were considered suitable for 

the following experiments to specifically interfere with EGF intracellular signaling. 

We performed [3H]-thymidine uptake dose-response experiments to study the effects of 

gefitinib on T47D cell proliferation induced by EGF (10 ng/ml). Figure 2A shows that 

gefitinib significantly reduced EGF-dependent T47D cell growth already at the concentration 

of 0.01 µM, while at 0.1 µM and 1 µM the inhibition was more complete, reducing, for the 

highest concentration tested, DNA synthesis below the basal level. To confirm the specificity 

of the effects of gefitinib in the cell proliferation mediated by EGF, we investigated its effects 

on EGFR and ERK1/2 activation induced by EGF. T47D cells were serum starved for 48 h, 

pre-treated with increasing concentrations of gefitinib (0.01-1 µM) for 10 min and then 

treated with EGF (10 ng/ml) for 5 min. T47D cell lysates were immunoprobed with anti 

phospho-EGFR and anti phospho-ERK1/2 antibodies. In these experimental conditions EGF 

treatment caused a marked EGFR and ERK1/2 phosphorylation that was completely reverted 

by gefitinib, in a dose-dependent manner (Fig. 2B).  

To analyze whether SDF-1-dependent T47D cell proliferation may involve EGFR 

transactivation, we evaluated the possible EGFR phosphorylation after treatment with this 

chemokine. In Figure 3 we show that SDF-1 treatment increased EGFR tyrosine 

phosphorylation that was detectable after 10 min of treatment and lasted up to 2 h (Fig. 3A, 

left panels). The co-treatment with SDF-1 and EGF resulted in a slight increased EGFR 

phosphorylation as compared with the individual treatments (Fig. 3A, right panels). The role 

of EGFR transactivation in SDF-1 proliferation was then directly demonstrated showing that 

gefitinib, at concentrations devoid of any aspecific toxic effect (1 µM and lower), reduced the 

proliferation induced by the chemokine (Fig. 3B). The proliferative effects of SDF-1 were 

dependent on ERK1/2 activation since it was completely abolished in the presence of the 

MEK inhibitor PD98059 or transfecting the cells with a dominant negative mutant of MEK 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on October 24, 2007 as DOI: 10.1124/mol.107.039974

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #39974 

 13

(mutation K97R, MEKdn) (Fig. 3C). Importantly, ERK1/2 activation induced by SDF-1 was 

blocked not only by the overexpression of MEKdn, as expected, but also by gefinitib pre-

treatment (Fig. 3D and E). Thus, these experiments indicate that the mitogenic activity of 

SDF-1 is mainly dependent on EGFR transactivation and that it is possible to shut-down SDF-

1-dependent T47D cell growth, blocking the kinase activity of this receptor.  

Similarly, E2 treatment caused EGFR phosphorylation starting after 10 min of treatment, 

reaching a maximum after 1 h and then lasting up to 2 h (Fig. 4A). In [3H]-thymidine uptake 

experiments, we show that gefitinib significantly reduced E2-dependent proliferation, 

although, in the presence of high E2 concentrations (100 nM) the inhibition was not complete 

(-42% for the gefitinib concentration of 0.1 µM and -62% for the 1 µM concentration) (Fig. 

4B). E2-dependent proliferation was mediated by ERK1/2 activation, since it was completely 

abolished in the presence of PD98059 and in cells transfected with MEKdn (Fig. 4C). 

Furthermore, E2-dependent ERK1/2 activation was also completely abridged in cells 

transfected with MEKdn (Fig. 4D). In agreement with the involvement of EGFR 

transactivation in E2-regulated proliferation, the pre-treatment with gefitinib significantly 

reduced E2-induced ERK1/2 activation (Fig. 4E). These data confirm that also the E2-

dependent proliferation of T47D cells is, in a large part, mediated by the activation of EGFR. 

 

E2 induces T47D cell proliferation inducing SDF-1 secretion and autocrine/paracrine 

activation of CXCR4 

In T47D cells, both E2 and SDF-1 exert their proliferative effects, at least in part, through 

EGFR transactivation. It was previously reported that E2 induces breast cancer cell 

proliferation through the stimulation of SDF-1 secretion (Hall and Korach, 2003). Thus, we 

evaluated whether, in T47D cells, a similar mechanism could take part in the proliferative 

effects of E2. To this aim, we used the selective CXCR4 antagonist AMD3100 (Rosenkilde et 

al., 2004) to evaluate the effect of CXCR4 inhibition on cell proliferation induced by SDF-1, 
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E2 and EGF. As expected, all SDF-1 mitogenic effects were inhibited by the pre-treatment 

with AMD3100, in a dose-dependent manner (Fig. 5A, panel I). Similarly, ERK1/2 

activation induced by SDF-1 was completely inhibited in the presence of AMD3100 (Fig. 5A, 

panel II).  

The pre-treatment with AMD3100 caused also a significant inhibition of the E2-dependent 

proliferation. In particular, the highest AMD3100 concentration tested (100 µM) that per se 

did not modify DNA synthesis, reduced by 60% E2-dependent cell proliferation (Fig. 5B, 

panel I). Moreover, we show that in the presence of AMD3100, E2-dependent stimulation of 

ERK1/2 phosphorylation was significantly reduced (Fig. 5B, panel II). These results clearly 

demonstrate the involvement of CXCR4 activation in E2-promoted T47D cell proliferation. 

Conversely, EGF-mediated proliferation and ERK1/2 activation were not affected by 

AMD3100 pre-treatment (data not shown), thus confirming that as far as the E2- and SDF-1-

dependent proliferation, EGFR activation is downstream the stimulation of CXCR4. 

SDF-1 is functional soon after it is secreted from cells, an event that enables it to signal 

through its cell surface receptor CXCR4. Thus, we evaluated the possibility that E2 treatment 

may promote SDF-1 secretion thus, representing an intermediate step between ERα and 

EGFR activation. In these experiments, T47D cells, plated at 60% confluence in 24-well 

plates in serum free medium, were treated with E2 (50 nM) for 24 or 48 h and cell culture 

supernatants were analysed for SDF-1 contents by ELISA.  

In basal conditions, T47D cells produce and secrete moderate amounts of SDF-1, in a time-

dependent manner (Fig. 6A). E2 treatment (50nM) markedly increased SDF-1 accumulation 

in the culture medium (3 and 4 folds over basal levels after 24 and 48 h, respectively). E2-

induced SDF-1 secretion was inhibited by the pre-treatment with the ER antagonist ICI 

128,436 (Fig. 6B), confirming the specificity of the E2 effects in the enhancement of SDF-1 

secretion. These data show that T47D cells synthesize and release SDF-1 in response to E2 
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and that this activity may induce an autocrine-paracrine mechanism of proliferation, via 

CXCR4.  

 

SDF-1 transactivation of EGFR is mediated by a CXCR4 regulation of Src activity 

Many GPCRs control tyrosine kinase receptor activity via a Src-dependent transactivation. 

Thus, we verified whether, in T47D cells, CXCR4 modulation of EGFR activity was 

dependent on the activation of this kinase. We measured Src activation by SDF-1, monitoring 

the phosphorylation state of the tyrosines 416 and 529 located in the catalytic domain and the 

carboxyl terminus of the protein, respectively (Arena et al., 2007). Under basal conditions, 

tyrosine 529 is phosphorylated by the C-terminal Src kinase (CSK). Phosphorylated tyrosine 

529 acts as a negative regulator, keeping Src inactive through an intramolecular interaction 

with its SH2 domain. When tyrosine 529 is dephosphorylated, Src conformation changes and 

allows the autophosphorylation of the tyrosine 416 causing a powerful increase in Src catalytic 

activity. Using specific antibodies directed against phosphorylated Src Tyr529 and Tyr416, we 

were able to evaluate in WB experiments the changes in Src phosphorylation at these sites, 

representing indexes of the kinase activation.  

Figures 7A and B depict the time-course of the effects of SDF-1 (25nM) on pSrcY529 and 

pSrc Y416 levels. The chemokine induced the dephosphorylation of the inhibitory tyrosine of 

Src starting after 60 sec of treatment, increasing until 300 sec, with a partial recovery toward 

basal level after 600 sec. A mirror-like effect was observed on pSrcY416. In order to 

demonstrate the specificity of the SDF-1 effects, we evaluated Src phosphorylation at Tyr529 

treating the cells with SDF-1 (25 nM for 5 min) in the presence of the CXCR4 antagonist 

AMD3100 (1 µM). As shown in figure 7C, AMD3100 inhibits SrcY529 

dephosphorylation/activation subsequent to SDF-1 treatment, thus confirming the role of 

CXCR4 in the modulation of Src activity by SDF-1. 
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To assess the role of Src activation in SDF-1 and E2 proliferative effects we performed [3H]-

thymidine incorporation experiments in T47D cells treated with the two mitogens, in the 

presence or absence of the Src inhibitor PP1 (200 nM) (Fig. 8A). The inhibition of Src 

activation caused a statistically significant reduction of both SDF-1 and E2- induced cell 

proliferation, thus confirming that the activation of this kinase is also involved in the E2- and 

SDF-1-induced cell proliferation. Moreover, we analysed the effects of PP1 on ERK1/2 

phosphorylation/activation induced by EGF, SDF-1 and E2. As shown in figure 8B, Src 

activity inhibition by PP1 completely reverted ERK1/2 phosphorylation induced by SDF-1 

(panel I) and E2 (panel II). Conversely, no effects were observed on EGF-mediated ERK1/2 

activation (Fig. 8B, panel I). To further assess the role of Src in E2, SDF-1 and EGF 

activation of ERK1/2, we used T47D cell transfected with a dominant negative mutant of Src 

(Src[K296R/Y528F] mutations) (Arena et al., 2007). When Src activation was blocked by the 

overexpression of Src[K296R/Y528F], the increase in ERK1/2 phosphorylation was not detectable 

after treatments with either E2 or SDF-1, but only in the presence of EGF (Fig. 8B, panel 

III). 

 

Role of Akt activation in the SDF-1 induced proliferation of T47D cells 

It was reported that in several tumor cell lines SDF-1 proliferative effects involve the 

activation of the phosphatidyl inositol 3-kinase (PI3K)/Akt signalling pathway (Barbero et al., 

2003). Akt activation by SDF-1 was reported to be independent from ERK1/2 activation 

being mainly involved in CXCR4-mediated tumor cell migration (Cabioglu et al., 2005; Peng 

et al., 2005). To evaluate the role of the PI3K/Akt pathway in the T47D cell proliferation 

induced by SDF-1, we performed [3H]-thymidine uptake experiments in the presence the 

PI3K inhibitor wortmannin that completely blocked SDF-1 induced DNA synthesis (Fig. 9A). 

The involvement of Akt in the intracellular signalling upon CXCR4 activation in T47D cells 

was directly demonstrated measuring the Akt phosphorylation levels in Western blot 
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experiments (Fig. 9B). Similar results were also obtained after E2 treatment (Fig. 9A and B), 

reinforcing the hypothesis that T47D cells are stimulated to proliferation through the 

sequential activation of ERα and CXCR4. 

 

Constitutive CXCR4/EGFR signalling controls proliferation in E2-insensitive SKBR3 

breast cancer cell line 

The identification of the molecular link between E2, SDF-1 and EGF in the regulation of 

breast cancer cell proliferation, led us to evaluate whether, in cells insensitive to E2, the 

commonly observed constitutive EGFR activation was the resultant of sustained 

autocrine/paracrine CXCR4 activation. To this aim we used the SKBR3 human breast cancer 

cell line that was reported to be E2-insensitive but express both EGFR and HER2-neu. These 

cells express CXCR4 mRNA [as previously reported (Cabioglu et al., 2005) and further 

verified by qRT-PCR in this study, see above], but do not release SDF-1 (this study).  

EGF treatment (10ng/ml-1µg/ml) of SKBR3 cells did not affect the proliferative activity of 

these cells (data not shown), while gefitinib treatment at concentrations per se non cytotoxic, 

inhibited cell growth in both basal (data not shown) and EGF-treated conditions (Fig. 10A). 

These results suggest that EGFR may be already maximally activated under basal conditions.  

Thus, to confirm this observation, EGFR phosphorylation status was analyzed. As shown in 

Figure 10B (left panels), EGFR was highly phosphorylated in untreated serum-starved 

SKBR3 cells. However, after EGF administration, the level of phospho-EGFR markedly 

increases and the pretreatment with gefitinib greatly reduced its levels below the basal level. 

Several data in literature reported a cross-talk between CXCR4 and HER2-neu/EGFR via 

receptor transactivation (Cabioglu et al., 2005; Luker and Luker, 2006). We show that also in 

SKBR3 cells SDF-1 increased EGFR phosphorylation over the basal level, an effect that was 

additive to that of EGF (Fig. 10B, right panels). Therefore we assayed the effect of the 

CXCR4 antagonist AMD3100 on cell proliferation. 
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Interestingly, AMD3100 reduced basal DNA synthesis (-27%, P>0.05, data not shown), thus 

suggesting that, in SKBR3 cells, basal proliferation, likely dependent on EGFR constitutive 

activation is related to the activity of CXCR4. 

Moreover, we evaluated the activity of SDF-1 on SKBR3, alone and in combination with 

gefitinib. SDF-1 treatment induced a weak stimulation of SKBR3 cell proliferation as 

compared with T47D (+20% vs. +60%, Figs. 10C and 1C, respectively) however, in the 

presence of gefitinib a highly significant inhibition of DNA synthesis was observed in both 

basal and SDF-1 treated conditions indicating the involvement of EGFR in these effects (Fig. 

10C). Moreover, SDF-1 dose-response curve in SKBR3 cells was left-shifted as compared to 

T47D cells with the down-regulation of the proliferative response occurring already at the 

concentration of 25 nM (as compared with 50 nM in T47D cells). This different sensibility 

likely reflects the higher CXCR4 expression level detected in SKBR3 cells by qRT-PCR 

experiments.  

Furthermore, we evaluated the modulation of EGFR phosphorylation in the presence of 

AMD3100. In agreement with the proliferation data, we found that SDF-1 slightly increased 

EGFR phosphorylation that, on the other hand, was significantly activated already in 

untreated cells (Fig. 11A). The inhibition of CXCR4 activity by AMD3100 significantly 

reduced basal and EGF- or SDF-1-induced EGFR phosphorylation (Fig. 11A, upper panels), 

clearly implying the occurrence of a constitutive role of CXCR4 activity in EGFR activation. 

Similarly, AMD3100 slightly reduced also ERK1/2 activation following EGF and SDF-1 

treatment (Fig. 11A, lower panels).  

Another important feature of SKBR3 cells is represented by the high levels of expression of 

HER2-neu, as compared with the low level expression in T47D cells (Cabioglu et al., 2005). 

Thus, we evaluated, comparing side-by-side the effects of SDF-1 on HER2-neu 

phosphorylation in both T47D and SKBR3 cells, in the presence or absence of EGF. In basal 

conditions a significant HER2-neu tyrosine phosphorylation was observed in SKBR3 but not 
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in T47D cells. Interestingly, in agreement with previous data (Cabioglu et al., 2005) EGF 

treatment increased HER2-neu phosphorylation in both cell lines but SDF-1 was able to 

transactivate HER2-neu only in SKBR3 cells, while no effects were observed in T47D cells 

(Fig. 11B). However, differently from the previous study (Cabioglu et al., 2005) no additive 

effects were detected on HER2-neu phosphorylation by the co-treatment with EGF and SDF-1 

in both cell lines (Fig. 11B). 

 

DISCUSSION 

Current anti-hormonal treatment of estrogen-positive breast cancer commonly lead to 

incomplete responses and development of resistance, ultimately resulting in disease 

recurrence. In particular, EGFR overexpression and dysregulated activation, occurring in 50% 

of breast cancers, has been linked to the acquired resistance to ER antagonists both in vitro 

and in vivo (Osborne et al., 2005).  

Thus, the understanding of the underlying molecular pathways, involved in estrogen- and 

growth factor-mediated signal transduction mechanisms involved in breast tumor cell 

proliferation, represents a major goal to improve therapies and prevent endocrine resistance.  

SDF-1/CXCR4 system was reported to control proliferation, angiogenesis, migration and 

metastasis in a variety of cancer cells (Balkwill, 2004), including breast carcinomas (Luker 

and Luker, 2006). In addition, breast cancer cell lines exhibiting an active autocrine SDF-

1/CXCR4 signal pathway, display aggressive behavior, increased invasiveness and faster 

growth (Kang et al., 2005). Recently, in breast carcinoma cells E2 regulation of SDF-1 

production and the consequent autocrine activation of CXCR4 was described (Hall and 

Korach, 2003), as well as the CXCR4-mediated EGFR and HER2-neu transactivation 

(Cabioglu et al., 2005; Porcile et al., 2005). 
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Here we evaluated the role of SDF-1 as a convergence factor between the proliferative 

activity of E2 and EGF in breast cancer cells, to establish a role for EGFR TK inhibitors as a 

tool to control not only EGF-induced proliferation but also E2 and SDF-1 growth effects.  

We used the T47D cell line as in vitro model of ER-positive human breast cancer and SKBR3 

cells as a model of E2-insensitive and HER2-neu overexpressing cells. Both cell lines express 

CXCR4 and EGFR (Cabioglu et al., 2005; Muller et al., 2001, this paper). Here we show that 

T47D cells, but not SKBR3 cells, release SDF-1 in E2-stimulated conditions. Interestingly, 

CXCR4 levels were higher in the SKBR3 cells that do not secrete SDF-1, suggesting the 

possibility of a down-regulation of the receptor in T47D cells. This evidence may reflect 

possible autocrine CXCR4 activation.  

We show that T47D cell proliferation was markedly stimulated by E2, EGF and SDF-1. In 

particular, SDF-1 displayed a bell-shape dose-response curve, showing a desensitization of 

the receptor for high concentrations of the chemokine. This pattern of response was observed 

in many different kind of tumors, including gliomas, meningiomas, ovarian cancers and 

pituitary adenomas (Bajetto et al., 2007; Barbero et al., 2003; Florio et al., 2006; Porcile et al., 

2005). Indeed, it was reported that, upon SDF-1 binding, β-arrestins are recruited to CXCR4 

to promote its endosomal internalization and down-regulation of its intracellular signaling 

(Cheng et al., 2000). 

The main observation we provide in this paper is that the three stimuli not only induce 

proliferation via the same intracellular pathway (i.e. the activation of ERK1/2), but that the 

sequential activation of E2, SDF-1 and EGF receptors controls T47D cell proliferation. In 

particular, the blockade of EGFR by gefitinib not only reverted EGF-induced cell 

proliferation but also the effects of SDF-1 and E2. Similarly, the inhibition of CXCR4, using 

the selective antagonist AMD3100, affects both the SDF-1- and E2-dependent cell growth, 

without interfering with the EGF proliferative activity. Altogether these experiments suggest a 

molecular ordering in the activation of mitogenic receptors in T47D cells, in which E2-
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stimulated cell growth requires the activation of CXCR4 that, in turn, modulates EGFR 

proliferative activity. Differently from a previous study (Hall and Korach, 2003), in our 

experiments not all the proliferative effects of E2 were involved in this pathway, since in the 

presence of gefitinib and AMD3100, a residual, small proliferative activity was observed. We 

do not know the reason for such a discrepancy, but it likely depend on the different cell lines 

used. Conversely, in our study, the effects of SDF-1 were completely blocked by gefitinib, 

and SDF-1 and EGF promoted cell proliferation without displaying additive effects, 

indicating that the proliferative stimuli activated by E2 are mediated by SDF-1/CXCR4 

transactivation of EGFR.  

To identify the intracellular mechanisms responsible for such signaling cascade, we evaluated 

the capability of E2 to induce SDF-1 release. SDF-1 acts mainly as an autocrine/paracrine 

factor not only in breast cancer (Hall and Korach, 2003) but also in other cell types. Indeed, 

not only SDF-1 and its receptor were often identified in the same tumor cells (Bajetto et al., 

2007; Barbero et al., 2003) but, recently, it was proposed that stromal fibroblast could also 

provide SDF-1 to promote breast carcinoma growth and neovascularization (Orimo et al., 

2005). Here we show that E2 treatment induced SDF-1 release from breast cancer cells and 

that this event was mediated via ER activation. Thus, SDF-1 released after E2 treatment may 

directly interact with CXCR4 expressed by the same or nearby cell. Subsequently, the 

activated receptor determines the phosphorylation/activation of EGFR.  

We directly evaluated the molecular mechanism of such transactivation process, 

demonstrating a pivotal role for the cytosolic tyrosine kinase c-Src in this effect. Indeed, the 

blockade of this kinase significantly reverted E2 and SDF-1 dependent cell proliferation and 

prevented ERK1/2 activation. These data extend, on cell proliferation activity, previous 

reports in which the transactivation of EGFR and HER2-neu via c-Src was responsible for the 

breast cancer cell migration (Cabioglu et al., 2005). We propose a model in which E2 induces 

cell proliferation via SDF-1/CXCR4 mediated activation of EGFR that in turn activates both 
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Akt and ERK1/2 cascade. In fact, we show that besides a role in cell migration, Akt activation 

by E2 and SDF-1 was also involved in breast cancer cell proliferation. Since this model 

directly connects E2 and EGF activity as mediators of breast cancer proliferation, we can 

speculate that, being the E2 proliferative effects mediated by EGFR, if cancer cells develop an 

independent EGFR activity, the effects of antiestrogens are likely to be lost inducing tumor 

resistance. Interestingly, a recent paper described that elevated c-Src activity was responsible 

of proliferation in tamoxifen-resistant breast cancer cells that was inhibited by co-treatment 

with the c-Src inhibitor AZD0530 and gefitinib (Hiscox et al., 2006). This observation well fit 

with the model we propose, since CXCR4 may be responsible of the hyperactivation of c-Src 

and EGFR transactivation.  

In this perspective it is particularly relevant our observation that in the SKBR3 estrogen-

resistant cell line, EGFR is constitutively transactivated through a CXCR4-dependent 

mechanism, being inhibited by AMD3100 altogether with cell proliferation.  

Since SKBR3 cells are insensitive to E2 and neither express SDF-1 mRNA nor secrete the 

protein, we hypothesized that this phenotype is dependent on the lack of the ER-mediated 

regulation of  SDF-1 gene, identified as E2 responsive gene (Hall and Korach, 2003; 

Kishimoto et al., 2005). In addition, these cells display a high expression of HER2-neu that 

does not bind any specific ligand likely being a co-receptor and part of a heterodimer complex 

with EGFR (Citri and Yarden, 2006). HER2-neu is one of the most commonly analyzed 

proto-oncogenes in human cancer studies as it plays a pivotal role in tumorigenesis and 

metastasization (Menard et al., 2003). Patients with HER2-neu overexpressing breast cancers 

are associated with unfavourable prognosis, shorter relapse time, and low survival rate. 

HER2-neu and EGFR transactivation may be mediated by several GPCRs, including CXCR4 

(Cabioglu et al., 2005). On the other hand, HER2-neu contributes to increase cell surface 

levels of CXCR4. Recently, it was  proposed that CXCR4 and HER2-neu expression are 

linked, since most CXCR4 positive cells were also HER2-neu positive (Li et al., 2004). These 
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Authors demonstrated that HER2-neu up-regulates CXCR4 expression either enhancing  

CXCR4 translation, through the activation of the PI3K/Akt/mTor signaling pathway, or  

inhibiting its degradation, preventing CXCR4 ubiquitination, a process that sorts internalized 

GPCRs to the degradative pathway (Li et al., 2004).  

CXCR4 signaling is mainly dependent on ligand binding but there is recent evidence that 

ligand-independent mechanisms can be activated in different tumor types. In glioblastomas, 

EGFR activation can stimulate CXCR4 phosphorylation to induce its activity (Woerner et al., 

2005). The effects of AMD3100 observed in our study in SKBR3 cells may support these 

findings. In fact, also in the absence of SDF-1, the CXCR4 antagonist significantly reduced 

cell proliferation, EGFR phosphorylation and ERK1/2 activation. Thus, we can hypothesize 

that in these cell line a constitutive proliferative loop may occur in which HER2-neu ligand-

independent activity may sustain a constitutive CXCR4 activation (as demonstrated by the 

effects of AMD3100 in untreated cells and, indirectly, by the low responsivity to exogenous 

SDF-1) that, in turn, may control both EGFR and HER2-neu activation. Interestingly, as 

previously reported (Cabioglu et al., 2005) SDF-1 induces HER2-neu activation mainly in 

cells ovexpressing this receptor (SKBR3 cells) but not when HER2-neu levels are low (T47D 

cells). This mechanism may sustain some of the E2 independent proliferation of breast 

tumors. Further studies will be required to support this hypothesis.  

In conclusion, from our results we propose that: 1) the SDF-1/CXCR4 system represents the 

link between the proliferative stimuli induced by E2 and EGF, with E2-induced SDF-1 release 

can control EGFR phosphorylation through a CXCR4 mediated c-Src activation; 2) 

alterations in CXCR4 activity may by-pass the requirement for E2 in estrogen-resistant cells; 

3) the occurrence of such transductional cascade have to be considered when evaluating the 

pharmacological approaches to breast cancer. 
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FIGURE LEGENDS 

 

Figure 1 

Activation of DNA synthesis assessed by [3H]-thymidine incorporation assay in T47D 

breast cancer cells, in response to EGF, E2 and SDF-1.  

A-C. Serum-starved T47D cells were treated with increasing concentrations of EGF (A), E2 

(B) and SDF-1 (C). Data are expressed as percentage of untreated controls ± SE of three 

replicate determinations (**P<0.01 vs. control value).  

EGF and E2 significantly stimulate T47D cell proliferation at all the concentrations tested; 

SDF-1 induces a significant dose-dependent growth stimulation from 6.25 to 25 nM while for 

the highest dose tested (50 nM) a lower effect is observed. 

D. Serum-starved T47D cells were co-treated with concentrations of EGF (10 ng/ml), SDF-1 

(12.5 nM) and E2 (10 nM) that give submaximal proliferative stimuli.  

Data are expressed as percentage of the untreated control. Each bar represents the mean ± SE 

of three replicate determinations (**P<0.01 vs. control, °P<0.05 vs. EGF-stimulated cells).  

Each molecule induced significant increase of [3H]-thymidine uptake vs. the untreated control 

but only the combination of EGF+E2 showed a slight but statistically significant additive 

effect. 

 

Figure 2 

Effects of gefitinib on the EGF-induced DNA synthesis and EGFR/ERK1/2 activation. 

A. [3H]-thymidine incorporation assay on serum-starved T47D cells treated with EGF (10 

ng/ml) in the absence or presence of increasing concentrations of gefitinib. Data are expressed 

as percentage of the untreated control (C). Each bar represents the mean ± SE of three 

replicate determinations. Gefitinib inhibits EGF-induced cell proliferation in a dose-

dependent manner (**P<0.01 vs. control cells, °°P<0.01 vs. EGF-stimulated cells).  
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B. Cells were treated with EGF (10 ng/ml) for 5 min in the absence or presence of increasing 

concentrations of gefitinib; cell lysates were analyzed by Western blotting. Blots were probed 

with anti-phospho-EGFR and anti-phospho-ERK1/2 antibodies. Anti-EGFR and anti-ERK1/2 

antibodies were used to reprobe blots to ensure the equal loading of proteins. Gefitinib dose-

dependently inhibits the phosphorylation of EGFR and ERK1/2 induced by EGF treatment.  

 

Figure 3 

A. SDF-1 modulation of EGFR phosphorylation in T47D cells 

Left Panel : Lysates from cells treated with SDF-1 (25 nM) were analyzed by Western 

blotting. Blots were probed with anti-phospho-EGFR and then reprobed with anti-EGFR 

antibodies to ensure the equal loading of proteins. EGFR phosphorylation is detected after 10 

min of exposure to SDF-1 and lasts up to 120 min. 

Right Panel: Cells treated with EGF (10ng/ml), SDF-1 (25nM) alone or in combination were 

analysed by western blotting using anti-phospho-EGFR and anti-EGFR antibodies. The co-

treatment with SDF-1 and EGF causes a slight additive increase in EGFR phosphorylation. 

B. Effects of gefitinib on SDF-1-induced DNA synthesis. 

[3H]-thymidine incorporation assay on serum-starved T47D cells treated with SDF-1 (25 nM) 

in the absence or presence of increasing concentrations of gefitinib. Data are expressed as 

percentage of the untreated control. Each bar represents the mean ± SE of three replicate 

determinations. Gefitinib significantly inhibits SDF-1-induced cell proliferation, in a dose-

dependent manner (**P<0.01 vs. control, °P<0.05 vs. stimulated cells, °°P<0.01 vs. 

stimulated cells).  

C. Effects of MEK inhibition, by PD98059 or MEKdn transfection in T47D cells, on 

SDF-1-induced DNA synthesis. 

[3H]-thymidine incorporation assay on serum-starved T47D cells treated with SDF-1 (25 nM) 

in the absence or presence of PD98059 (10µM, PD). Data are expressed as percentage of 
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untreated controls. Each bar represents the mean ± SE of three replicate determinations. 

PD98059 significantly inhibits SDF-1-induced cell proliferation in w.t. T47D.  

SDF-1 does not affect DNA synthesis of MEKdn (dominant negative mutant of MEK[K97R]) 

transfected cells. (**P<0.01 vs. control, °°P<0.01 vs. stimulated cells).  

D. The  expression of MEKdn reverts the SDF-1 dependent ERK1/2 phosphorylation 

Western blot analysis of ERK1/2 phosphorylation after SDF-1 (25 nM) treatment in T47D wt 

or transfected with MEKdn (dominant negative mutant of MEK[K97R]). The expression of 

MEKdn blocks ERK1/2 activation by SDF-1. 

E. Effects of gefitinib on the SDF-1-induced ERK1/2 activation. 

Cells were treated with SDF-1 (25 nM) in the absence or presence of increasing 

concentrations of gefitinib. Cell lysates were analyzed in Western blot experiments using anti-

phospho-ERK1/2 antibody and reprobed with anti-ERK1/2 antibody to ensure equal loading 

of proteins. Gefitinib inhibits ERK1/2 phosphorylation induced by SDF-1 in a dose-dependent 

manner. 

 

Figure 4 

A. Time-course of EGFR activation in T47D cells treated with E2. 

Lysates from cells treated with E2 (50 nM) were analyzed by western blotting. Blots were 

probed with anti-phospho-EGFR and reprobed with anti-EGFR antibodies to ensure the equal 

loading of proteins. E2 treatment induces EGFR phosphorylation starting after 10 min of 

treatment, reaching a maximum after 60 min and lasting up to 120 min. 

B. Effects of gefitinib on the E2-induced DNA synthesis.  

[3H]-thymidine incorporation assay on serum-starved T47D cells treated with E2 in the 

absence or presence of gefitinib (0.1 or 1 µM). Data are expressed as percentage of the 

untreated controls. Each bar represents the mean ± SE of three replicate determinations. Both 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on October 24, 2007 as DOI: 10.1124/mol.107.039974

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #39974 

 34

concentrations of gefitinib significantly inhibit E2-induced cell proliferation (**P<0.01 vs. 

control, °°P<0.01 vs. stimulated cells).  

C. Effects of MEK inhibition, by PD98059 or MEKdn transfection in T47D cells, on E2-

induced DNA synthesis. 

 [3H]-thymidine incorporation assay on serum-starved w.t. T47D cells treated with E2 (100 

nM) in the absence or presence of PD98059 (10µM, PD). Data are expressed as percentage of 

the untreated controls. Each bar represents the mean ± SE of three replicate determinations. 

PD98059 significantly inhibits E2-induced wt T47D cell proliferation, while E2 does not 

increase DNA synthesis in MEKdn (dominant negative mutant of MEK[K97R]) transfected 

cells. (**P<0.01 vs. control, °°P<0.01 vs. stimulated cells).  

D. The  expression of MEKdn reverts the E2-dependent ERK1/2 phosphorylation 

Western blot analysis of ERK1/2 phosphorylation after E2 (100 nM) treatment in w.t. T47D 

cells or in cells transfected with MEKdn (dominant negative mutant of MEK[K97R]). The 

expression of MEKdn blocks ERK1/2 activation by E2. 

 E. Effects of gefitinib on E2-induced ERK1/2 activation. 

Cells were treated with E2 (50 nM) in the absence or presence of gefitinib (1 µM). Cell 

lysates were analyzed by western blotting; blots were probed with anti-phospho-ERK1/2 and 

reprobed with anti-ERK1/2 antibodies to ensure the equal loading of proteins. The 

phosphorylation of ERK1/2 induced by E2 treatment is inhibited by gefitinib pretreatment. 

 

Figure 5 

A. Effects of AMD3100 on the DNA synthesis and ERK1/2 activation induced by SDF-1. 

 Panel I: [3H]-thymidine incorporation assay on serum-starved T47D cells treated with SDF-1 

(25 nM) in the absence or presence of AMD3100 (1-100 µM). Data are expressed as 

percentage of basal value of the untreated controls. Each bar represents the mean ± SE of 
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three replicate determinations. AMD3100 significantly inhibits T47D cell proliferation 

induced by SDF-1 (*P<0.05 vs. control cells, °°P<0.01 vs. SDF-1-treated cells).  

Panel II: Cells were treated with SDF-1 (25 nM) in the absence or presence of AMD3100 (1 

µM). Cell lysates were analyzed by Western blotting using anti-phospho-ERK1/2 antibody 

and reprobed with anti-ERK1/2 antibody, to ensure the equal loading of proteins in different 

lanes. AMD3100 inhibits ERK1/2 activation induced by SDF-1.  

B. Effects of AMD3100 on DNA synthesis and ERK1/2 activation induced by E2.  

Panel I: [3H]-thymidine incorporation assay on serum-starved T47D cells treated with E2 (50 

nM) in the absence or presence of AMD3100 (1-100 µM). Data are expressed as % of the 

untreated control. Each bar represents the mean ± SE of three replicate determinations. 

AMD3100 significantly inhibits T47D cell proliferation induced E2 (**P<0.01 vs. control 

cells, °P<0.05 and °°P<0.01 vs. E2-treated cells).  

Panel II: Cells were treated with E2 (50 nM) in the absence or presence of AMD3100 (1 

µM). Cell lysates were analyzed by Western blotting using anti-phospho-ERK1/2 antibody 

and reprobed with anti-ERK1/2 antibody, to ensure the equal loading of proteins in different 

lanes. AMD3100 inhibits ERK1/2 activation induced by E2.  

 

Figure 6 

Effects of E2 on SDF-1 secretion  

A. SDF-1 concentrations in the culture medium were assayed in supernatants from serum-

starved cells treated or not with E2 (50 nM, 24 or 48 h) by a specific ELISA. T47D cells 

constitutively released SDF-1 and this secretion is significantly increased after E2 treatment 

(**P<0.01 vs. respective control values). 

B. Effect of the ER antagonist, ICI 128,436 (100nM), on the E2-induced SDF-1 release from 

T47D cells (**P<0.01 vs. control cells, °°P<0.01 vs. E2-treated cells).  
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Figure 7  

SDF-1 treatment induces c-Src activation in T47D cells 

A. Time-course of c-Src activation subsequent to SDF-1 treatment in T47D cells.  

SDF-1 (25 nM) effects were detected using anti pSrcY529 (upper panel) or pSrcY416 (middle 

panel) antibody in Western blot. Normalization of protein loading was performed probing the 

membrane with an antibody directed against the total Src (lower panel). 

B. Quantification of SDF-1 effects on c-Src activation measured by densitometric analysis of 

the blots performed as described in A. Results represent the average of three independent 

experiments (*P<0.05 and **P<0.01 vs. control values). 

C. Effects of AMD3100 on SDF- 1-induced c-Src activation. 

Cells were treated with SDF-1 (25 nM, 300 sec) in the absence or presence of AMD3100 

(1µM). Cell lysates were analyzed by Western blotting using anti-pSrcY529 antibody and 

reprobed with anti-total Src antibody, to ensure the equal loading of proteins. The panel 

reports a blot representative of two independent experiments. AMD3100 inhibits c-Src 

dephosphorylation/activation induced by SDF-1 treatment. 

 

Figure 8 

Role of c-Src in SDF-1- and E2-dependent cell proliferation and ERK1/2 activation 

A. Effects of the Src inhibitor PP1 on the DNA synthesis induced by SDF-1 and E2. 

[3H]-thymidine incorporation assay was performed in serum-starved T47D cells treated with 

SDF-1 (25 nM) and E2 (50 nM) in the absence or presence of PP1 (200 nM). Data are 

expressed as percentage of inhibition vs. respective treated cells. Each bar represents the mean 

± SE of three replicate determinations (**P<0.01 vs. stimulated cells).  

The inhibition of c-Src activity by PP1 significantly reverts both SDF-1 and E2-induced cell 

proliferation.  

B. Effects of PP1 on ERK1/2 activation induced by EGF, SDF-1 and E2. 
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Panel I: Phosphorylation/activation of ERK1/2 detected by Western blot performed in T47D 

cells treated with EGF (10 ng/ml) or SDF-1 (25 nM) in the presence or absence of PP1 (200 

nM, 10 min pre-treatment), using phospho-ERK1/2 antibody. Equal protein loading was 

demonstrated by reprobing the membrane with ERK1/2 antibody. 

Panel II: Phosphorylation/activation of ERK1/2 detected by Western blot performed in T47D 

cells treated with E2 (50 nM) in the presence or absence of PP1 (200 nM, 10 min pre-

treatment), using phospho-ERK1/2 antibody. Equal protein loading was demonstrated by 

reprobing the membrane with ERK1/2 antibody.  

The Src inhibitor, PP1, completely reverts ERK1/2 phosphorylation induced by SDF-1 and 

E2, while it has no effects on EGF-mediated ERK1/2 activation.  

Panel III: Effects of E2, SDF-1 and EGF in T47D expressing Src[K296R/Y528F] 

Western blot showing the effect on ERK1/2 phosphorylation after the treatments with E2 (50 

nM), SDF-1 (25 nM) and EGF (10 ng/ml) in T47D cells transfected with the cDNA encoding 

for the dominant negative mutant of Src[K296R/Y528F]. In these cells an increase in ERK1/2 

phosphorylation is detectable only after EGF treatment indicating that SDF-1 and E2 

dependent ERK1/2 phosphorylation requires the activation c-Src. Equal protein loading was 

demonstrated by reprobing the membrane with an antibody directed against ERK1/2. 

 

Figure 9 

A. Effects of PI3K inhibition by wortmannin pre-treatment on SDF-1- and E2-induced 

DNA synthesis. 

[3H]-thymidine incorporation assay on serum-starved T47D cells treated with SDF-1 (25 nM) 

or E2 (50 nM) in the absence or presence of wortmannin (1 µM). Data are expressed as 

percentage of the untreated control. Each bar represents the mean ± SE of three replicate 

determinations. Wortmannin, while not effective on basal activity, significantly inhibits SDF-
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1- and E2-induced cell proliferation (**P<0.01 vs. control cells, °°P<0.01 vs. SDF-1-treated 

cells).  

B. Effects of wortmannin on the SDF-1- and E2-induced Akt phosphorylation/activation. 

Cells were treated with SDF-1 (25 nM) or E2 (50 nM) for 15 min in the absence or presence 

of wortmannin (1 µM, W); cell lysates were analyzed by Western blotting. Blots were probed 

with anti-phospho-Akt (Ser 473) antibody and reprobed with anti-Akt antibody to ensure the 

equal loading of proteins. SDF-1 and E2 increase basal Akt activation an effect reverted by 

pre-treatment with wortmannin. 

 

Figure 10 

Role of EGFR inhibition by gefitinib in the control of SKBR3 cell proliferation 

A. Effects of gefitinib on the EGF-induced DNA synthesis. 

 [3H]-thymidine incorporation assay on serum-starved SKBR3 cells treated with EGF (50 

ng/ml) in the absence or presence of increasing concentrations of gefitinib. Data are expressed 

as percentage of the untreated control. Each bar represents the mean ± SE of three replicate 

determinations. Gefitinib inhibits EGF-induced cell proliferation in a dose-dependent manner 

(**P<0.01 vs. EGF-treated cells cells).  

B. Effects of gefitinib on the EGF-induced EGFR activation. 

Left Panel: Cells were treated with EGF (50ng/ml) for 5 min in the absence or presence of 

gefitinib (1 µM) and cell lysates analyzed by Western blotting. Blots were probed with anti-

phospho-EGFR antibody. The anti-EGFR antibody was used to reprobe blots to ensure the 

equal loading of proteins. EGF increased basal EGFR activation and the pre-treatment with 

gefitinib reduced the phosphorylation of EGFR below the control level. 

Right Panel: Lysates from cells treated with EGF (10 ng/ml), SDF-1 (25 nM) alone or in 

combination were analysed by Western blotting using anti-phospho-EGFR and anti-EGFR 
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antibodies. The co-treatment with SDF-1 and EGF causes a slight additive increase in EGFR 

phosphorylation. 

C. Effects of gefitinib on the SDF-1-induced DNA synthesis. 

[3H]-thymidine incorporation assay on serum-starved SKBR3 cells treated with SDF-1 (10-25 

nM) in the absence or presence of gefitinib (0.1 µM). Data are expressed as percentage of the 

untreated controls. Each bar represents the mean ± SE of three replicate determinations. 

Gefitinib significantly inhibits basal and SDF-1-induced cell proliferation (**P<0.01 vs. 

control, *P<0.05 vs. control, °°P<0.01 vs. stimulated cells).  

 

Figure 11 

A. Effects of AMD3100 on the EGF- and SDF-1-induced EGFR/ERK1/2 activation. 

SKBR3 were treated with EGF (10 ng/ml) or SDF-1 (25 nM) in the absence or presence of 

AMD3100 (1 µM) and cell lysates analyzed by Western blotting. Blots were probed with anti-

phospho-EGFR (upper panels) and anti-phospho-ERK1/2 (lower panels) antibodies. Anti-

EGFR and anti-ERK1/2 antibodies were used to reprobe the blots to ensure the equal loading 

of proteins. The inhibition of CXCR4 activity induced by AMD3100 significantly reduces 

EGFR and ERK1/2 activation induced by EGF and SDF-1. 

B. Effects of EGF and SDF-1 on HER2-neu activation in T47D and SKBR3 cells. 

Cells were treated with EGF (10 ng/ml) or SDF-1 (25 nM) and cell lysates analyzed by 

Western blotting. Blots was probed with anti-phospho-HER2-neu (Tyr 1221/1222) antibody. 

Anti-HER2 antibody was used to reprobe blots to ensure the equal loading of proteins. In 

T47D cells, expressing moderate HER2-neu levels SDF-1 did not transactivate HER2-neu, 

while in the highly expressing SKBR3 cells, an increased HER2-neu phosphorylation was 

detected after SDF-1 treatment. The co-treatment with EGF and SDF-1 did not result in an 

additive HER2-neu activation in both cell lines. 
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