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Abstract 
Estrogen signaling via GPER in breast cancers has been intensively discussed 
over years, but the underlying molecular mechanism remains to be fully elu-
cidated, especially for the transcriptional profiles of the GPER under estrogen 
stimulation. In this study, we evaluated the potential role GPER in regulating 
invasion of metastatic breast cancer cell line MDA-MB-231 via transcriptional 
way. First, with primary breast cancer tissue samples, we found that the ex-
pression of GPER significantly coordinated with another membrane recep-
tor-CXCR1. Besides, the expression level of these two proteins was associated 
with the development of the primary breast cancers. Second, to dissect the 
cross talk between GPER and CXCR1, we further our studies to detect the ac-
tivation of ERK, Akt and transcriptional factor NF-kB. We found that upon 
estrogen stimulation, the phosphorylation level of ERK and Akt were rapidly 
increased and then resulted in the activation and nucleus translocation of 
NF-kB. When we considered the sub-sequence of the NF-kB activation, we 
found the autocrine of IL-8 was boosted by stimulation of the estrogen and 
followed by the promoted invasion of the MDA-MB-231 cells. In conclusion, 
our data demonstrated the estrogen-mediated GPER stimulation would regu-
late the invasive activities of metastatic breast cancer cell line MDA-MB-231 
coupled with another membrane receptor CXCR1 via transcriptional pathway, 
the cross talk between GPER and CXCR1 may be another target for breast 
cancer therapies. 
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1. Introduction 

The growth of 40% - 70% breast cancer is related to the estrogen [1]. By binding 
to the estrogen receptor (ER), estrogen modulates the expression of downstream 
genes and regulates the growth and differentiation of many normal and neoplas-
tic tissues including breast, endometrial and ovarian tumors [2] [3]. In addition 
to its ability to mediate gene transcription, estrogen also elicits rapid, non-trans- 
criptional effects involving activation of signal transducing pathways including 
activation of extracellular signal-regulated kinase (ERK) and phosphatidylinosi-
tol 3-kinase (PI3K)/Akt signaling in normal and cancer cells [4] [5].  

It’s been established that estrogen mediates rapid signaling events via path-
ways that involve transmembrane ERs, such as G-protein-coupled ER 1 (GPER) 
[6] [7]. GPER has been recently shown to mediate estrogen signaling in a variety 
of normal and cancer cell types [8] [9] [10] [11]. In particularly, GPER has been 
involved in rapid events induced by estrogens, including the transactivation of 
epidermal growth factor receptor, the activation of the mitogen-activated pro-
tein kinase (MAPK) and (PI3K)/Akt transduction pathways, the stimulation of 
adenylylcyclase and the mobilization of intracellular calcium [10] [12] [13]. It 
has been suggested that tumor cells produce IL-8 as an autocrine growth factor, 
which promotes tumor growth, tissue invasion and metastasis [14] [15] [16]. 
Moreover, IL-8 expression is considered to be associated with a higher invasive-
ness potential of ER-negative breast cancer cells in vitro, which suggests that 
IL-8 could be a novel marker of breast cancer aggressiveness [17]. The biological 
effects of IL-8 are mediated through the binding of IL-8 to two cell-surface G 
protein-coupled receptors, termed CXCR1 and CXCR2 [18] [19], but the de-
tailed signaling pathway for IL-8 and its two receptors are not quite clear at 
present. The recent studies showed that CXCR1 blockade would significantly in-
hibit the proliferation and metastasis of breast cancer stem cells [20] and this 
result suggested that IL-8/CXCR1 would be a key signaling pathway for breast 
cancer cells. Since it has been reported that IL-8 levels are modulated by NF-kB 
which is an important transcriptional factor in estrogen-GPER signaling path-
way [21] [22], it’s quite reasonable for us to imagine the activation of GPER may 
stimulate the ERK or Akt cascades and then promote the autocrine of IL-8 in 
breast cancer cells. The accumulation of IL-8 may directly activate CXCR1 re-
sulting in enhanced invasion activities. 

To provide evidences for our hypothesis, in this study, we investigated the 
possible role of GPER in breast cancer cell invasion upon estrogen stimulation. 
First, the expression level of GPER and CXCR1 were checked with different 
stage of primary breast cancer tissue samples followed by determination of ex-
pression level of GPER and CXCR1 expression in metastatic and non-metastatic 
breast cancer cell lines; Second, the effect of estrogen on ERK/Akt cascades acti-
vation and its relationship with NF-kB/IL-8 pathways were investigated; Fur-
thermore, the invasive activities of breast cancer cells were determined upon es-
trogen stimulation via IL-8/CXCR1 signaling pathway. Our results indicated that 
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the activation of GPER by estrogen may trigger the ERK/Akt cascades resulting 
in the increased expression of IL-8 promoted by NF-kB, ultimately enhance the 
invasive activities of breast cancer cells via IL-8/CXCR1 signaling pathway. 

2. Material and Methods 
2.1. Tissue Samples and Clinicopathological Data 

Total 39 human breast cancer tissue samples were obtained from Second Affi-
liated Hospital of Chongqing Medical University. All patients were underwent 
surgery at Second Affiliated Hospital of Chongqing Medical University during 
2008-2011 and all tissue samples were identified as breast cancer by clinicopa-
thological diagnose and divided into three groups by TNM standard: 3 for stage 
I, 27 for stage II and 9 for stage III. Patients were informed before all experi-
ments with ethical approval. 

2.2. Immunohistochemical Staining 

All tissue samples were fixed with formalin and embedded in paraffin. Immuno-
histochemical staining with streptavidin-peroxidase assay was conducted as 
manufacturer instructions (Minneapolis, MN). Briefly, 4 μm thick tissues sec-
tions were deparaffinized, heated at 95˚C sodium citrate for antigen retrieval, 
and the endogenous peroxidase activity was quenched by 3% H2O2. Nonspecific 
binding sites were blocked by goat serum. Slides were exposed to Rabbit an-
ti-GPER polyclonal antibody (Abcam) and Rabbit anti-CXCR1 polyclonal anti-
body (Abcam) with 1:250 dilution or PBS as negative control for 2 h at 25˚C. 
Sections were incubated with horseradish peroxidase-conjugated goat anti-rabbit 
IgG (Hyclone) for 20 minutes at 37˚C to detect tissue-associated rabbit antibo-
dies. Nuclei were counterstained with hematoxylin. Reduction mammoplasty 
tissue was used as positive control. 

2.3. Evaluation of Immunohistochemical Staining Pattern 

Evaluation of immunohistochemical staining was processed by semiquantitative 
method under phase-contrast microscopy system. Briefly, five 400X yields were 
randomly chosen from every specimen, 100 cells were counted for each yield and 
the positive staining was identified by yellow or brown staining of nuclei, cytop-
lasm or membrane. Staining scores were consisted by two parts. The staining 
proportion scores: 0, negative staining in all cells; 1, ≤25% cells stained; 2, 26% ~ 
50% cells stained; 3, 51% ~ 75% cells stained; 4, >75% cells stained. The staining 
intensity scores: 0, negative staining; 1, light yellow; 2, yellow; 3, brown. Adding 
two parts of scores as the staining scores: 0, (−); 2 - 3, (±); 4 - 5, (+); 6 - 7, (++). 
(+) and (++) were considered as positive staining. 

2.4. Cell Culture 

Human breast cancer cell lines MDA-MB-231 and MCF-7 were maintained in 
RPMI1640 (GIBCO) supplemented with 10% fetal bovine serum (GIBCO) and 
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1% antibiotics (Penicillin-Streptomycin, GIBCO). Cells were cultured at 37˚C un-
der a 5% CO2 atmosphere and all experiments were conducted with log phase cells. 

2.5. Western-Blotting Analysis 

The expression level of total GPER, CXCR1, ER, Akt (tAkt), phosphorylation 
Akt (pAkt), total ERK (tERK), phosphorylation ERK (pERK) and NF-kB (p65) 
were evaluated by western-blotting analysis using Quantity one system. MDA- 
MB-231 cells were treated with 10−8 mol/L E2 and proteins were extracted after 
different time course. Total cell extracts were separated on SDS-PAGE and im-
munoblotted with rabbit anti-GPER, CXCR1, ER, tAkt, -pAkt, -tERK, -pERK, 
-p65 polyclonal antibodies (Abcam), followed by anti-rabbit secondary antibo-
dies conjugated with horseradish peroxidase (Hyclone) respectively. For p65, the 
MDA-MB-231 cells were treated with 10−8 mol/L E2 alone or combination with 
2 μM lycopene and incubated for 4 h before the cells harvested for lysis. The di-
gitized fluorescent bands were integrated by ECL and normalized against the 
amount of β-actin, which was used as a loading reference. 

2.6. ELISA Analysis 

The expression level of IL-8 in MDA-MB-231 cells was evaluated by ELISA 
analysis (Minneapolis, MN). MDA-MB-231 cells were treated with 10−8 mol/L 
E2 for 1 - 24 h and the supernates were collected for ELISA analysis. The mea-
surements were according to manufacturer instructions. Briefly, 50 µl of Stan-
dard, blank control and sample were added for each well, incubated at 37˚C for 
0.5 h and wash. 50 µl IL-8 Conjugates were added for all wells and incubated at 
37˚C for 0.5 h followed by adding 100 µl Substrate Solution after wash with 10 
min incubation at 37˚C. 50 µl stop solution was added to each well and optical 
density of each well was determined with microplate reader at 450 nm using 
blank well as reference. 

2.7. Cell Invasion Assay 

Cell invasion was assayed with 24-well cell invasion Transwell assay plates com-
prising a polycarbonate membrane with 8-μm pores (BD). The inner and outer 
chamber membranes were coated with 5 μg/ml of human fibronectin (R&D) at 
37 ˚C for 2 h, and then rinsed with PBS. MDA-MB-231 cells were treated with 
E2 for 8 h before seeding on the inner chamber of the Transwell plate at a concen-
tration of 1 × 106 cells/ml in 200 μl serum-free RPMI1640. The outer chamber was 
filled with 800 μl full culture medium which contained 10% FBS and incubated for 
48 h at 37 ˚C. The number of invaded cells was counted in fields randomly chosen 
from 5 equally divided zones of the membrane in triplicates under phase-contrast 
and fluorescence channel with the phase-contrast microscope system.  

2.8. Statistical Analysis 

The SPSS version 17.0 for Windows (SPSS Inc., Chicago, USA) was used for the 
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statistical analysis. All measurements are expressed in terms of mean ± standard 
deviation ( x  ± s). Comparisons between 2 samples of unequal variance were 
performed by the χ2 test, the Spearman test and individual sample t test. P-values 
of 0.05 or less were considered to be statistically significant. 

3. Results 
3.1. GPER and CXCR1 Staining Patterns in Breast Cancer Tissues  

and Cells 

The predominant staining patterns of GPER and CXCR1 were cytoplasmic in 
carcinoma tissues regardless of the histopathological type (Figure 1). No nuclear 
staining was observed. GPER was positive in 68.9% of all specimens in which 
CXCR1 was 71.7%, revealing the extensive expression of GPER and CXCR1 in 
primary breast carcinomas (Table 1). The association between GPER and 
CXCR1 was significant (p = 0.04), whereas 96% of the CXCR1+ specimens were 
positive for GPER, implying the expression of GPER may be consistent with 
CXCR1. Furthermore, the expression level of GPER and CXCR1 were signifi-
cantly associated with the developing stage of the breast cancer tissues, the stage 
I showed relatively low staining of GPER and CXCR1 which significantly in-
creased in stage II. The stage III tissues exhibited much higher GPER and 
CXCR1 expression than stage I and II which means GPER and CXCR1 expres-
sion level may have positive relationship with the malignity of breast cancer 
(Figure 1).  

 

 
Figure 1. The immunohistochemical stainings of GPER and CXCR1 in breast cancer tis-
sues (x100). A-C were immunohistochemical staining of GPER from stage I to III: the 
expression level of GPER was increased with the developing stage of breast cancer and 
stage III tissues exhibited highest expression of GPER; D-F were immunohistochemical 
staining of CXCR1 from stage I to III: the expression level of CXCR1 was increased with 
the developing stage of breast cancer and stage III tissues exhibited highest expression of 
CXCR1. 

 
Table 1. Expression of GPER and CXCR1 with clinicopathological factors. 

Tissue samples GPER+ GPER- CXCR1+ CXCR1- 

39 27 12 28 11 
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3.2. The Comparison of GPER, CXCR1 and Estrogen Nuclear 
Receptors Expression between Metastatic and Non-Metastatic 
Breast Cancer Cells 

In order to distinguish the different expression level of GPER, CXCR1 and es-
trogen nuclear receptors in metastatic and non-metastatic breast cancer cells, 
MDA-MB-231 and MCF-7 were chosen for western-blotting analysis (Figure 2). 
Results showed that the expression level of estrogen receptors ERα and ERβ were 
almost undetectable in MDA-MB-231 cells whereas MCF-7 cells had significant 
high expression (Figure 2(A)). Compared to the expression level of β-actin, the 
relative expression amounts in MCF-7 were 4 folds for ERα and 18 folds for ERβ 
to MDA-MB-231 respectively (Figure 2(B)). The MDA-MB-231 and MCF-7 
cells had very similar expression level of GPER and the difference was not sig-
nificant. But, interestingly, the CXCR1 expression level was much stronger in 
MDA-MB-231 than MCF-7 cells and the relative expression level of CXCR1 was 
nearly 3 folds in MDA-MB-231 to MCF-7 cells (Figure 2(B)). As a kind of me-
tastatic breast cancer cell line, MDA-MB-231 cells naturally had stronger migra-
tion and invasion activities than MCF-7 cells despite the lower ERα, ERβ and 
similar GPER expression, the difference in CXCR1 expression level may play a 
important role to determine the malignance in MDA-MB-231 and MCF-7 cells 
and this different malignance was independent from the expression level of es-
trogen receptors ERα and ERβ.  

3.3. Effect of Estrogen on Activation of Akt and ERK 

Signaling through GPER by estrogen stimulation occurs via transactivation of 
the epidermal growth factor receptor (EGFR) [23] [24]. In order to probe such  

 

 
Figure 2. The expression levels of ERα, ERβ, GPER and CXCR1 in MDA-MB-231 and MCF-7 cells. The 
signals of ERα, ERβ, GPER and CXCR1were quantified to the β-actin after measurement of the optical den-
sity of the protein bands, and the relative expression amounts of ERα, ERβ, GPER and CXCR1 are shown in 
the bar diagram. Data represent a mean of three independent experiments *p < 0.05. (A) The expression of 
ERα, ERβ, GPER and CXCR1 in MDA-MB-231 and MCF-7 cells, β-actin as reference; (B) The relative ex-
pression level of ERα, ERβ, GPER and CXCR1 after quantified to β-actin: ERα and ERβ expression were 
much lower in MDA-MB-231 than MCF-7 cells; Both cell line had similar expression in GPER but the ex-
pression level of CXCR1 was much stronger in MDA-MB-231 than MCF-7 cells. 
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Figure 3. Effect of estrogen on activation of Akt and ERK in time course. MDA-MB-231 
cells were treated with 10−8 mol/L E2 and incubated for different durations of time before 
the cells harvested for lysis. The signals of p-protein and total protein were quantified af-
ter measurement of the optical density of the protein bands, and the ratios of p-pro- 
teins/t-proteins are shown in the bar diagram. Data represent a mean of three indepen-
dent experiments *p < 0.05. (A) expression of p-Akt and total Akt in MDA-MB-231 cells; 
(B) bar diagram of the ratios of p-Akt/total Akt in the MDA-MB-231 cells in time course; 
(C) expression of p-ERK and total ERK in MDA-MB-231 cells; (D) bar diagram of the ra-
tios of p-ERK/total ERK in the MDA-MB-231 cells in time course. 

 
regulation and dissect the possible signaling pathway, we examined Akt and 
ERK activation in MDA-MB-231 cells in response to treatment with estrogen. 
Akt and ERK activation stimulated by 10−8 mol/L E2 after exposure at different 
lengths of time were investigated in MDA-MB-231 cells. The ratio of phospho-
rylation proteins/total proteins was used as levels of activation of Akt and ERK. 
Result showed that a rapid activation of Akt was observed by this concentration 
of E2 within 15 mins, estrogen induced a significant increase of Akt phosphory-
lation and the peak level of p-Akt could be observed at 15 min in MDA-MB-231 
cells (Figure 3); The activation of ERK by estrogen was even faster than Akt, the 
peak level of p-ERK appeared at 5 min. 

3.4. The Activation and Nuclear Translocation of NF-kB upon 
Estrogen Stimulation 

NF-kB is one of the redox-sensitive transcription factors. Upon stimulation, ac-
tivated NF-kB will translocate to the nucleus and bind to promoters of its target 
genes and regulates the expression of genes involved in many cellular events in-
cluding proliferation and migration through the activation of the Akt and ERK 
cascades [25] [26] [27] [28]. To elucidate whether the activation of GPER by es-
trogen affected activation and nuclear translocation of NF-kB through Akt and 
ERK cascades, NF-kB (p65)-associated proteins in cytoplasma and nucleus were 
measured in MDA-MB-231 cells upon estrogen stimulation by western-blotting. 
We analyzed the effects of E2 alone and in combination with lycopene, on total 
NF-kB expression level in MDA-MB-231 cells. As shown in Figure 4, a 4 
h-treatment of the MDA-MB-231 cells with 10−8 mol/L E2 resulted in an increase  
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Figure 4. The effect of estrogen on NF-kB activation. MDA-MB-231 cells were treated 
with 10−8 mol/L E2 alone or combination with 2 μM lycopene and incubated for 4 h be-
fore the cells harvested for lysis. The signals of NF-kB quantified after measurement of 
the optical density of the protein bands, and the relative expression of NF-kB is shown in 
the bar diagram. Data represent a mean of three independent experiments *p < 0.05. (A) 
expression of NF-kB in MDA-MB-231 cells treated with E2 alone or combination with 
lycopene; (B) bar diagram of the relative expression of NF-kB. 

 

 
Figure 5. The effect of estrogen on NF-kB nuclear translocation. *p < 0.05. (A) expression 
of NF-kB in nucleus and cytoplasma of MDA-MB-231 cells treated with E2, relative 
amount of NF-kB in nucleus was increased by estrogen stimulation with time depending 
and the peak level of NF-kB in nucleus present at 4 h stimulation (black arrow); (B) bar 
diagram of the ratio of NF-kB in nucleus and cytoplasma. 

 
of the NF-kB DNA-binding activity; pre-treated with lycopene with 2 μM con-
centration for 4 h, the expression of NF-kB was significantly inhibited and this 
inhibition was turned over by combination with E2, the expression level of 
NF-kB was significantly recovered and even higher than control. 

Furthermore, the ratio between the content of NF-kB in nucleus and cytop-
lasma was used to present the nuclear translocation of NF-kB in MDA-MB-231 
cells upon estrogen stimulation. Results showed that before exposure to 10−8 
mol/L E2, NF-kB in nucleus was nearly 65% of cytoplasma; after activated by 
10−8 mol/L E2, NF-kB gradually translocated to nucleus according to the expo-
sure time and the peak level of NF-kB in nucleus appeared at 4 h with almost 1.5 
folds amount of NF-kB compared to the cytoplasma (Figure 5).  

3.5. Estrogen Induced IL-8 Production in MDA-MB-231 Cells 

Overexpression of IL-8 has been detected in many human tumors, including 
breast cancer, and is associated with poor prognosis [29]. We investigated the 
effect of estrogen on IL-8 production via NF-kB transcription in MDA-MB-231 
cells by ELISA. Results showed that the pre-incubation of MDA-MB-231 cells 
with 10−8 mol/L E2 for different time length had significant effect on IL-8 pro-
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tein production in culture medium and IL-8 production reached the peak level 
at 8 h treatment with estrogen (Figure 6), demonstrating the key role of estrogen 
in IL-8 production by NF-kB modulation. 

3.6. Estrogen Promoted the Invasion Activities of MDA-MB-231 
Cells 

To determine the role of estrogen in breast cancer cells, the metastatic potential 
of MDA-MB-231 cells was investigated by using in vitro Matrigel invasion assay. 
Results showed that the invasive potential of MDA-MB-231 cells was signifi-
cantly promoted by estrogen stimulation and the stimulated cells exhibited 3 
folds increase in invasion above control cells (Figure 7). Thus, it seems like es-
trogen had significant effect on in vitro invasion activities of MDA-MB-231 cells. 

4. Discussion 

Many studies have reported that estrogen-mediated activation of GPER was 
correlated with many rapid signaling events in cells including activation of 
EGFR [30], production of cAMP [31] intracellular calcium mobilization [32]  

 

 
Figure 6. Estrogen induced IL-8 production in MDA-MB-231 cells. MDA-MB-231 cells 
were treated with 10−8 mol/L E2 incubated for different time length before the cells cul-
ture medium harvested for ELISA. There was no significant increase for IL-8 in culture 
medium for IL-8 in 4 h treatment with E2, but the peak level of IL-8 presented at 8 h 
treatment.  

 

 

Figure 7. (A) Dark staining were invaded MDA-MB-231 cells, E2 induced more cells in-
vaded through the Matrigel; (B) The number of invaded MDA-MB-231 cells counted 
from 5 equally divided zones of the membrane. The E2 stimulated cells exhibited almost 3 
folds invasive activities than control cells. Data represent a mean of three independent 
experiments *p < 0.05. 
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and PI3K activation [33]. But, how to GPER coordinate with other membrane 
receptors and involve in transcriptional regulation is still not intensively dis-
cussed. In this study, we reported for the first time that the estrogen-mediated 
GPER stimulation would activate the ERK/Akt signaling pathway and then albeit 
indirectly, stimulated the activation and nuclei translocation of NF-kB; Auto-
crine of IL-8 was promoted by activated NF-kB and the accumulation of IL-8 
may directly activate CXCR1resulting in enhanced invasion activities of breast 
cancer cells MDA-MB-231. 

GPER protein is expressed in ~50% of all breast cancers, regardless of their ER 
status [34]. Our studies reinforced that GPER was positive in 68.9% of our pri-
mary breast cancer specimens, although the number of the tissue samples was 
limited, the results still could indicate the wide distribution for GPER in breast 
cancers. Besides, the expression of GPER is significantly associated with CXCR1 
which is an important chemokine receptor for breast cancer cells proliferation 
and migration [20]. Our findings showed 96% of the CXCR1+ specimens were 
positive for GPER. These results may imply some potential signaling chains be-
tween these two membrane receptors in breast cancer especially considering the 
manipulation in IL-8 expression by GPER signaling pathways.  

When we compared the expression difference of nuclear estrogen receptor 
ERα, ERβ and membrane receptor GPER between metastatic breast cancer cell 
line MDA-MB-231 and non-metastatic breast cancer cell line MCF-7, we found 
that the GPER expression was significantly independent with ERα and ERβ. Al-
though the relative expression amounts in MCF-7 were 4 folds for ERα and 18 
folds for ERβ to MDA-MB-231 respectively, the MDA-MB-231 and MCF-7 cells 
had very similar expression level of GPER and this result is consistent with pre-
vious histology findings which referred the GPER expression had no significant 
relationship with ERs status [35]. Furthermore, our findings showed that the 
relative expression level of CXCR1 was nearly 3 folds higher in MDA-MB-231 
than MCF-7 cells. As two kinds of classical breast cancer cell lines, the metastatic 
MDA-MB-231 naturally has more invasive activities than non-metastatic MCF-7 
despite they have similar expression of GPER, this may indicate that not the 
GPER but the cross-talk between GPER and CXCR1 would determine the ma-
lignity of breast cancer. 

Our studies also provided the direct evidences that the activated GPER by es-
trogen promoted the phosphorylation level of ERK and Akt in MDA-MB-231 
cells. Stimulated by 10−8 mol/L E2, the peak phosphorylation level of ERK and 
Akt in MDA-MB-231 cells were observed within 5 and 15 mins respectively 
(Figure 4) and these results were consistent with earlier reports which referred 
to the non-transcriptional effect GPER in breast cancer cells [8] [9] [10] [11]. In 
particularly, our findings have also indicated that GPER signaling may trigger a 
typical gene expression profile which was mainly about NF-kB. NF-kB is one of 
the redox-sensitive transcription factors. Upon stimulation, activated NF-kB will 
translocate to the nucleus and bind to promoters of its target genes and regulates 
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the expression of genes involved in many cellular events including proliferation and 
migration through the activation of the Akt and ERK cascades [25] [26] [27] [28]. 
After treated by estrogen for 4 h, the total expression of NF-kB in MDA-MB-231 
cells increased almost 2-fold than control and the nucleus translocation of 
NF-kB was significantly promoted (Figure 5, Figure 6). These results together 
with FOS and AP-1 which were recognized previously as downstream transcrip-
tional factors of GPER will further our understanding on transcriptional effect of 
GPER in breast cancers. More importantly, when we moved forward to dissect 
the detailed information on effect of GPER activation on breast cancer cells in-
vasion via transcriptional way, we found the autocrine of IL-8 was significantly 
promoted. IL-8 which is reported to play an important role in tumor progression 
and metastasis [14] is one of the candidates in NF-kB modulation pathways. Our 
results showed that the pre-incubation of MDA-MB-231 cells with 10−8 mol/L E2 
had significant effect on IL-8 protein production in culture medium and the 
peak level of IL-8 was observed at 8 h (Figure 7). As a cytokine of the CXC fam-
ily, IL-8 will directly activate the membrane receptor CXCR1 which has impor-
tant effect on breast cancer cells migration and metastasis. In term of the high 
expression level of CXCR1 in metastatic breast cancer cell line MDA-MB-231, 
it’s reasonable to reach the hypothesis the boosted autocrine of IL-8 mediated by 
estrogen may promote the invasion of the MDA-MB-231 cells via CXCR1 acti-
vation. When we furthered our research to detect the effect of estrogen on breast 
cancer cell invasive activities, we found after stimulated MDA- MB-231 with es-
trogen for 8 h, the stimulated cells exhibited 3 folds increase in invasion above 
control cells (Figure 7) and this result coordinated with the increased produc-
tion of IL-8 in culture medium. These results implied estrogen-mediated GPER 
stimulation may indirectly affect the NF-kB transcriptional events to regulate 
breast cancer cells invasion and IL-8/CXCR1 may be an important molecular 
trigger in this pathway. 

5. Conclusion 

In conclusion, our data filled this field that GPER may be an important regulator 
for invasive activities of breast cancer cells. Despite the effect on triggering rapid 
signaling pathways, activated GPER by estrogen also could indirectly affect the 
activation of transcriptional factor NF-kB and then regulate the interaction be-
tween IL-8 and CXCR1 and finally boost the invasive activities of the metastatic 
breast cancer cells. Targeting the GPER/CXCR1 cross-talk may be a potential 
method for breast cancer therapies. 
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