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Abstract 
Background: In breast cancer patients, a correlation between endothelin-1 
(ET-1) and lymph node metastasis was found. While breast cancer with a pos-
itive ER status can be treated with Tamoxifen, several studies describe in-
creasing Tamoxifen resistance in patients. We analyzed the relationship be-
tween Tamoxifen, ET-1 overexpression, and ER leading to Tamoxifen resis-
tance. Methods: Breast cancer cell lines were treated with Tamoxifen, ET-1, 
estrogen and combinations. Using qRT-PCR, immune-precipitation, Western 
blot, EMSA and immunohistology target gene expression and ER complex 
partners were investigated. Human biopsies and mastectomy specimens were 
immunohistologically studied for Vimentin 3, and ERß. Results: Breast can-
cer cells stimulated with a combination of Tamoxifen and ET-1 downregulate 
ERα, while upregulating intracellular ET-1, and ERß. Immunoprecipation of 
nuclear extracts with ET-1, ERα or ERß agarose conjugated antibodies reveals 
a complex formation change replacing ERα by ERß once Tamoxifen forms a 
complex with ET-1. ERß and ET-1 migrate into the nucleus. ET-1 stimulation 
upregulates metastases promoting target genes (IL-6, Wnt11), including a 
novel one, Vimentin 3. Tissue analyses show Vim3 and ERß expression in me-
tastases of ERα positive breast cancer, and in ERα negative biopsies/mastectomy 
specimens. Conclusion: We are the first to describe a complex consisting of 
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Tamoxifen, ERß and ET-1, whose nuclear transmigration causes an overex-
pression of target genes. This mechanism may explain Tamoxifen resistance. 
Future pathologic analyses should include estrogen beta receptor status as well 
as the ET-1 expression. This concept presents a new treatment approach for 
individualized medicine in breast cancer patients with increased ET-1 levels. 
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1. Introduction 

Breast cancer is the major type of cancer that occurs in women worldwide [1]. 
Breast cancer is a hormone-dependent tumor. Apart from chemotherapy, a 
hormone-therapy is a frequently elected treatment method for patients with 
positive estrogen receptor status. One important drug for hormone-therapy is 
Tamoxifen (Tam). Tam binds to both estrogen receptors (alpha and beta) and 
inhibits the production of specific target genes [2], important for tumor devel-
opment. 

In 1966, the first description of the estrogen receptor alpha (ERα) was pub-
lished in human tissue [3], thirty years later than the detection of the estrogen 
receptor beta (ERß) [4]. Due to the fact that the ERβ was analyzed 30 years later, 
most of the pathological institutions today analyze the breast cancer samples 
predominantly regarding their ERα levels. Is the tissue sample negative for ex-
pression of the ERα? The pathologist diagnoses this breast cancer as estrogen 
receptor negative tumor and the patient will not be treated with Tam. 

However, several different studies show that the ERα negative samples can be 
ERβ positive [2] [5] and therefore treatable with Tamoxifen (Tam). From the li-
terature, it is known that most of the ERβ positive breast cancer patients treated 
with Tam have a better outcome [6] [7] [8]. 

The biggest problem, however, is that most of the pathological institutions 
will not even analyze the ERβ presence, since this is not required according to 
the gynaecological treatment guidelines, which appears in the light of the results 
from respective studies [6] [7] [8] ethically unacceptable. 

Nevertheless, the presence of the ERβ is also described in the literature with a 
poor outcome and increasing tamoxifen resistances [9]. Furthermore is the ex-
pression of the ERβ associated with lymph node metastasis [10]. Reviewing sev-
eral papers, all describing the aggressive variant of breast cancer, it is notable 
that Endothelin-1 (ET-1) is also associated with the aggressive variant of breast 
cancer [11] [12] [13]. 

ET-1, first described as a vasoconstrictor peptide [14], is also frequently asso-
ciated with the development of tumors [15] [16] [17]. ET-1 binds via two inde-
pendent receptors A and B and the expression of these receptors plays an im-
portant role in the development of tumors [18] [19] [20] [21]. Different studies 

https://doi.org/10.4236/jct.2018.95038


M. von Brandenstein et al. 
 

 

DOI: 10.4236/jct.2018.95038 440 Journal of Cancer Therapy 
 

show the presence of elevated ET-1 levels in breast cancer [13] [22]. Already in 
2003, Wülfing et al. [23] published a study, which described the connection be-
tween ET-1 and its receptors (endothelin A receptor (ETAR) and endothelin B 
receptor (ETBR)). Furthermore, a possible therapeutic blockage of the endothe-
lin receptors was discussed [24]. In 2008, a combination therapy was proposed, 
which would block the estrogen receptors (Tamoxifen) as well as the endothelin 
receptors (Bosentan) [25]; existing levels of ET-1 in the respective patients were 
not determined. 

However, in the present study, we show that, at least in our breast cancer, col-
lective, endothelin receptors are infrequently, and weakly expressed in invasive 
ductal carcinoma compared to the surrounding normal breast tissue, which 
suggests that an ET-blockade alone is an insufficient treatment option. There-
fore, we decided to analyze the signaling pathway which is involved in the 
double treatment of a breast cancer cell lines, MCF-7, and MX1, with ET-1 and 
Tam, and its resulting gene expression, such as IL-6 and Wnt11. Furthermore, 
we present a novel target gene, Vimentin 3, associated with metastatic spread. 

2. Materials and Methods 

Cell Culture 
MCF-7 cells were cultured as previously described [26]. MCF-7 cells were 

cultured in Dulbecco’s Modified Eagle Medium (GIBCO) supplemented with 
10% FCS (PAN Laboratories) and 1% Penicillin/Streptomycin (GIBCO) at 37˚C 
and 5% CO2. MX-1 cells were cultured in RPMI medium under the same condi-
tions as previously described. 

Cell Treatments 
Cells were treated with endothelin-1 (50 nM), ß-estradiol (2 ng/ml) Tamox-

ifen (10 - 6 mol/L). Before treatment, the cells were serum starved for 24 h. The 
endothelin A and B receptor blockage was performed as previously described 
[26]. 

In-Situ Detection of ET and ERß by Duolink Kit 
This detection kit (Sigma Aldrich), previously used by us [27], was employed 

with the following modifications. For fixation, a methanol:acetone (1:1, v/v) di-
lution was used. After removal of DMEM, slides were washed in PBS, air dried, 
and the cells fixed using ice-cold methanol:acetone (1:1, v/v) for 90 s. After the 
fixation procedure, the Duolink kit was used according to the manual. The cells 
were incubated with a blocking solution in a pre-heated humidity chamber at 
37˚C for 30 min, followed by primary antibody incubation for 2 h at room tem-
perature. Antibodies used for detection were for ET-1 a mouse monoclonal an-
tibody (Santa Cruz, sc-390243; 1:500), and for ERß a goat polclonal antibody 
(Santa Cruz, sc-21625; 1:500) for 1 hr at RT. Incubation with the PLA probes for 
1.5 h at 37˚C followed, and the detection protocol was executed according to the 
recommended time points. After completing the final step, slides were mounted 
in Invitrogen fluorescence mounting medium with DAPI (Invitrogen) for nuc-
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lear staining. The Leica Aristoplan microscope with Discus software was used for 
visualization. 

Human Breast Tissue 
From a database of patients with breast cancer operated in the Department of 

Gynecology, University Hospital of Koeln, Germany, and analyzed in the De-
partment of Pathology, University Hospital of Koeln, Germany, biopsies and 
mastectomy specimens with invasive ductal adenocarcinoma were selected. We 
studied 36 cases of ERα positive (all G2; Tam therapy; and consecutive mastec-
tomies in 15 cases). In 8 cases the biopsies from subsequent metastases were also 
studied. In addition, 15 cases of ERα/PR negative breast cancer biopsies (G3) 
which received a subsequent mastectomy were included All cases had been sub-
jected to guideline-based routine histologic and immunohistologic analyses, and 
were now re-evaluated by a senior staff pathologist (J.W.U.F.), with regard to the 
quality and the quantity of the tumor tissue, in particular the biopsies from me-
tastases. 

Tissue Microarray 
To assess the validity of the antibodies used (ET-1, vimentin full length, Vi-

mentin 3), a tissue array made with 1.2 mm sized punch biopsies from selected 
breast carcinoma cases with different receptor status (ERα, PR, Her-2/neu) was 
used. 

Histology and Immunohistology 
Sections and tissue blocks from mastectomy resection specimens and respec-

tive biopsies of metastases were used, being stored in the archives of the De-
partment of Pathology, University Hospital of Cologne, Germany. These had 
been routinely processed by fixation overnight in 4% buffered formalin, subse-
quently embedded in paraffin, and sectioned 3 mm thick. All sections were 
stained with hematoxylin-eosin, and had been routinely analyzed by immuno-
histology, using antibodies against ERα (clone Sp1; 1:50; Ventana), against 
progesterone receptor (clone 16; read to use solution; Ventana) or against Her-
ceptin receptor 2 (clone 4B5; ready to use solution; Ventana) as required by the 
German guidelines for the diagnosis, therapy and follow-up care of breast can-
cer. Sections were pretreated with EDTA (Leica Retrieval Solution 2) according 
to the manufacturer’s instructions. The staining was performed using a BOND 
MAX stainer (Leica, Göttingen) and for detection a polymer with DAB as chro-
mogen as applied. Hemalaun served as counterstain. Grading of staining inten-
sity was performed in analogy to the ER/PR score by Remmele and Stegner. 

The Vim3 antibody was commercially designed (EZbiolab, Inc.) using the 
unique C-terminal ending of Vim3 as target (for detailed information please 
see patent by University of Cologne, Brandenstein/Fries, patent number EP 
13160876.2-1405). This antibody has been pre-evaluated; staining procedure was 
followed as previously outlined [28]. 

For immunohistology with the endothelin receptor antibodies, sections were 
pretreated with either EDTA (pH 9.0) or citrate buffer (pH 6.0) at 95˚C for 25 
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min followed by a block of endogenous peroxidase with 0.3% H2O2 in TBS buf-
fer. The Endothelin A receptor antibody (Life Span, Biosciences, Inc. Seattle), 
and the Endothelin B receptor antibody (Acris Antibodies, Herford) were 
pre-diluted with Zymed diluent (AR 1:75; BR 1:50) and incubated overnight at 
4˚C. 

Since human renal tissue was used, procedures were followed as outlined in 
accordance with ethical standards formulated in the Helsinki Declaration 1975 
(and revised in 1983), or the Declaration of Istanbul (for control transplant bi-
opsies), respectively, with pre-approval by the Ethics Committee at the Univer-
sity Hospital, Cologne (reference number: 09-232). All specimens were analyzed 
in Pathology in a blinded fashion. Informed consent forms from each patient 
had been obtained via the Department of Gynecology, University Hospital of 
Koeln, Koeln, Germany. 

Immunoprecipitation 
For immunoprecipitation, either the ET-1, ERα or ERβ agarose conjugated 

antibody (Santa Cruz) was used. The assay was performed according to the San-
ta Cruz protocol with a 500 μg total cellular protein. The final washing step was 
done 3× with PBS and the samples were diluted in 15 μl 2× electrophoresis sam-
ple buffer. After a boiling step of 5 min, the samples were centrifuged and used 
for Western blot analysis. 

Non-Radioactive Electrophoretic Mobility Shift assay (EMSA) 
Nuclear extracts were isolated from endothelin treated and untreated cells ac-

cording to the manufacturer’s protocol (Nuclear extraction kit, Active motif). 
Protein content was assayed with the Bradford protein assay (Bio-Rad) with BSA 
as standard. 

EMSA probes used: 
Target DNA            Sequence Label 
ERE of ERα                   5’-CTGGTCANNNTGACCGG-3’ 5’-Cy5 
ERE of ERα mut               5’-TCAACTGNNNTGACCGG-3’ 5’-Cy5 
Cold ER forw/rev              5’-CTGGTCANNNTGACCGG-3’ 
ER mut cold                  5’-TCAACTGNNNTGACCGG-3’ 
Nuclear Extract and Cytoplasmic Isolation 
Nuclear and cytoplasmic extracts were isolated from treated cells and controls 

according to the manufacturer’s protocol (nuclear extraction kit, Active motif) 
and as previously described [26]. 

RNA isolation 
RNA was isolated with the RNeasy from Qiagen according to the manufac-

turer’s protocol. RNA was quantified using the NanoDrop technology. 
RT-PCR and PCR 
The cDNA was obtained from 500 ng RNA using random primers and Super-

Script III reverse transcriptase according to the manufacturer’s protocol (Invi-
trogen). In order to be in the semi-quantitative range, the amount of cDNA was 
determined before by titration and the number of PCR cycles was standardized. 
The PCR reactions were performed in a final volume of 25 μl. For PCR reaction, 
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1 μl of the RT-PCR product was always used. The PCR reactions were accom-
plished using of 40 cycles, each consisting of 30 sec at 94˚C, 1 min at the corres-
ponding annealing temperature, and 1 min at 72˚C with a final extension 10 min 
at 72˚C. 

Primers used: 
β-actin Forw 5’-TTGGCAATGAGCGGTTCCGCTG-3’ 
Rev 5’-GACAGCACTGTGTTGGCGTA-3’58 
Vim3 Forw 5’-GAGAACTTTGCCGTTGAAGC-3’ 
Rev 5’-GAAATAAAATGCTTACCCCTCAG-3’58 
IL-6 Forw 5’-GCTATGAACTCCTTCTCCACAAGCG-3’ 
Rev 5’-TGAAGAGGTGAGTGGCTGTC-3’58 
Wnt-11 Forw 5’-CGTGTGCTATGGCATCAAGT-3’ 
Rev 5’-GCTCAATGGAGGAGCAGTTC-3’58 
Statistics 
The densitometric analysis of Western blot bands was performed with the 

ImageJ program as previously described [26] [27]. To determine the net signal of 
each band, the corresponding calculated value obtained from the loading control 
was regarded as 1 and the proportional value of each protein signal was calcu-
lated. For each cell line four qRT-PCRs were run, each containing a duplicate for 
each primer set. A paired t-test with a one-way ANOVA was performed using 
the Graph5 prism program. All data represent the mean of three independent 
experiments. GraphPrism 5 (GraphPad Software, La Jolla, Calif., USA) was used 
to calculate statistical significances with the Student’s unpaired t-test (*p < 0.05, 
**p < 0.01, ***p < 0.001). 

Western blot analysis 
Western blot analysis was performed as described in [26] [27]. For the analy-

sis of the ERα, ERβ, ET-1 and β-actin antibodies from Santa Cruz were em-
ployed and tested for specificity with Santa Cruz designed peptides. 

3. Results 
3.1. Endothelin Receptor Expression Is Reduced in Invasive  

Adenocarcinoma of the Breast 

34 tissue samples of mastectomies due to invasive ductal adenocarcinoma (G2, 
ERα positive) were analyzed by immunohistology for either the expression of 
Endothelin A or B receptor using a 3 grade scoring system (1+ weak, 2+ mod-
erate, 3+ strong) (data not shown). Corresponding, adjacently located normal 
breast tissue served as control. Healthy breast tissue shows in all cases mem-
branous staining for endothelin receptors: ETAR expression was strong in 33%, 
moderate in 33% and weak in 22%. ETBR expression was found in 22% each, 
moderate and weak; no strong expression was observed. In contrast, in invasive 
ductal carcinoma, receptor positivity was rarely detectable: ETAR was observed 
moderately strong in 3 cases (9%), and weakly detectable in 4 cases (12%). The 
antibody for ETBR showed a strong staining in 6 cases (17.6%), a moderate one 
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in 3 cases (9%), and a weak one in 2 cases (5.8%). A correlation between ETAR 
and ETBR staining was not observed. 

3.2. Stimulation of MCF-7 Breast Cancer Cells with a Combination 
of Tam and ET-1 Downregulates ERα and Upregulates ET-1 
and ERß 

Western blot analysis of MCF-7 cells with different mediators showed a distinc-
tive change in the expression levels of ET-1 and the estrogen receptors (Figure 
1(a)). According to the densitometric evaluation in Figure 1(b) (left diagram), 
ERα was detected in relatively high levels in non-stimulated MCF-7 cells (com-
pared to ERß levels), and showed no statistically significant changed after sti-
mulation with ß-est, ET-1, combined ß-est-ET-1 treatment. In contrast, highly 
significant downregulation occurred when the cells were treated with Tam alone 
or even in combination ß-est, showing that ß-est has no rescue function. How-
ever, a Tam treatment followed by ET-1 caused a highly significant upregulation 
even surpassing that of control levels. Thus, ET-1 reinstalls the accessibility of 
breast cancer cells for an ERα mediated response. 

ERß levels were low under control conditions and did not significantly change 
after treatment with ß-est, ET-1, or Tam, nor after the combined treatments 
with ß-est and ET-1 (Figure 1(b), middle diagram). There was a slight increase 
in receptor detectability after ß-est combined with Tam treatment. However, the 
combination of Tam with ET-1 resulted in a highly significant upregulation of 
the ERß receptor. The production of ET-1 seems of an autocrine nature: as the 
densitometric result in Figure 1(b) (right diagram) demonstrates, ET-1 is highly 
upregulated after a combined Tam – ET-1 pretreatment, while these mediators 
by themselves or in combination with others do not exceed levels beyond those 
in control cells. 

3.3. Immunoprecipation of Nuclear Extracts with Either ET-1, ERα 
or ERß Agarose Conjugated Antibodies Reveals Different 
Complex Partners after Stimulation with ET-1 Alone or in 
Combination with Tam 

In Figure 2, three sets of Western blots are depicted after stimulation of 
MCF-cells with either ET-1, the combination of ET-1 and Tam versus nonsti-
mulated control cells. Each blot shows results of an individual immunoprecipita-
tion: in A with an anit-ERα agarose conjugated antibody; in B with an anti-ET-1 
agarose conjugated antibodies, and in C with an anti-ERß agarose conjugated 
antibodies. While in control cells and after ET-1 stimulation in all three Western 
blots both ERs and ET-1 could be detected in the nucleus, after the combined 
ET-1 plus Tam pretreatment no ERα was found, while ERß was still present. 
Thus, a complex formation change transmigrating into the nucleus can be ob-
served with loss of ERα once Tam and ET-1 are simultaneously stimulating 
MCF-7 cells. 

https://doi.org/10.4236/jct.2018.95038


M. von Brandenstein et al. 
 

 

DOI: 10.4236/jct.2018.95038 445 Journal of Cancer Therapy 
 

 
(a) 

 
(b) 

Figure 1. Western blot analysis of nuclear extracts of stimulated MCF-7 cells. (a) After 
Tam treatment of MCF-7 cells a clear decrease of the ERα in the nuclear fraction was de-
tectable whereas ERβ increased, as well as ET-1. Lamin B was used as loading control and 
all signals for densitometry calculation used as 100%. (b) Densitometric evaluation of A. 
High statistical significance is present for ET-1, and ERß expression (p < 0.01) but not for 
ERα expression. 

 

 
Figure 2. Immunoprecipitation with either ERα (a) or ET-1 antibody (b). Using 
either ET-1 (Figure 2(a)), ERα (Figure 2(b)) or ERβ (Figure 2(c)) agarose 
conjugated antibodies an immunoprecipitation demonstrates different complex 
partners after stimulation with ET-1 vs. Et-1 + Tam vs. nonstimulated control 
cells. 
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3.4. ERß and ET-1 Are Translocated into the Nucleus 

To demonstrate the concept of a complex transmigration into the nucleus con-
taining ET-1 plus ERß, an immunofluorescence analysis was performed. In Fig-
ure 3(a) ERß can be demonstrated in the nucleus of MCF-7 cells by a directly 
fluorescein-labeled antibody, while ET-1 is visible using a directly rhoda-
mine-labeled antibody at the same cell culture experiment. To show that these 
two proteins are present in a complex, a Duolink detection kit is used, which re-
leases a fluorescent signal, if both proteins are within less than 40 nm distance 
from each other, as one might require forming an actual complex. In untreated 
cells, the signal is found in a perinuclear location, while it transmigrates after 
stimulation into the nucleus itself (Figure 3(b)). 

3.5. Electrophoretic Mobility Shift Assay with a Specific ERα 
Probe Excludes Tam 

To detect ERα proteins containing a DNA binding sequence, an electrophoretic 
mobility shift assay (EMSA) was performed, which utilizes designed and labeled 
oligonucleotides of the consensus ERE sequence of ERα. Figure 4 shows the re-
sult of the EMSA where bands are present in the samples stimulated with ß-est, 
 

 
Figure 3. Nuclear expression of ERß after ET-1 pretreatment. By Im-
munofluorescence (Figure 4(a)), ERß and ET-1 can be demonstrated 
in then nucleus of MCF-7 cells after ET-1 stimulation; In Figure 4(b), 
the PLA assay shows that in untreated cells a signal formed by a com-
plex between ET-1 and ERß in a perinuclear location. After ET-1 
treatment, this complex has transmigrated into the nuclear compart-
ment. DAPI servers as nuclear detection stain. 
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Figure 4. Non-radioactive EMSA with ET-1 supershift analysis. 5 μg 
nuclear protein extracts of stimulated MCF-7 cells were incubated for 
the supershift with 3 μL of ET-1 antibody and then with palindromic, 
Cy5 labeled oligonucleotides representing the consensus ERE sequence 
of ERα. The 6% non-denaturing polyacrylamide gel was run for 180 
min at 120 V. Complex formation is observed in the samples βest, 
ET-1 and β-est + ET-1. A supershift due to an increased complex size 
with ET-1 antibody can be seen for MCF-7 cells stimulated with ET-1. 

 
ET-1, ET-1+ supershift with ET-1 and ß-est+ET-1. The band in the lane of 
ET-1+Supershift with ET-1 is located higher on the gel indicating a shift in mo-
bility due to the binding of the ET-1 antibody the ERE-ERα complex. 

3.6. IL-6 and Wnt11 Are Target Genes of ET-1 Stimulation in MX-1 
and MCF-7 Cells 

When both cell lines, MX-1 (Figure 5(a), and Figure 5(b)) and MCF-7 cells 
(Figure 5(c), and Figure 5(d)), are stimulated with Tam or one if its respective 
combinational settings (Tam + β-est and Tam+ET-1) the gene expression of the 
described target genes IL-6 and Wnt11 is significantly altered. The differences 
between the mean values observed among the stimulation settings were proven 
to be significant with a paired t-test. In MCF-7 as well as in MX-1 the Vim3 gene 
expression increased steadily with Tam, Tam + β-est and Tam + ET-1 stimula-
tions until a fold change of around 700 RFU were reached. The expression level 
of IL-6 shows a similar Tam + ET-1-dependent increase with fold changes 
around 120 RFU. The Wnt-11 gene expression shows increases up to 100 RFU 
upon Tam + ET-1 stimulation. These results indicate that due to the stimulation 
with Tam together with ET-1 a pro-invasive gene response is triggered in breast 
cancer cell lines as the chosen genes have been correlated with metastasis and 
tumor progression. For both genes, pretreatment with Tam in combination with 
ß-estradiol but particularly with ET-1 resulted in statistically significant target 
gene level upregulation in comparison to stimulation with either mediator alone 
(*p < 0.05). 

3.7. Vim3 Is a Novel Target Gene for Pretreatment with Tam  
Combined with Either ß-Estradiol or ET-1 

Using the same setting as in Figure 5, we studied the expression of Vim3 by 
RT-PCR in stimulated MCF.7 cells. We observed a highly significant  
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Figure 5. IL-6 and Wnt-11 gene expression levels in MX-1 (a), (b), and in MCF-7 c (c), 
(d) cells after stimulation by qRT-PCR anaylsis. (a) presents the obtained graph for the 
paired t-test of IL-6 fold changes. (b) represents the expression levels of Wnt-11 after 
stimulation with different settings. Both graphs show that the highest expression level 
upon T + ET-1 stimulation of MX-1 cells shows a significant increase when compared to 
the other stimulation settings. Data shown is derived from quadruplicates from one in-
dependent experiments. *P < 0.05 and ***P < 0.001. The respective results for MCF-7 
cells in C (IL-6), and D (Wnt11) after ET-1 stimulation. *p < 0.05 

 
upregulation of gene expression (**p < 0.01) when the pretreatment combina-
tion of Tam and either ß-est or particularly ET-1 was used (Figure 6(b)). 

When MX-1 cells were analysed for Vim3, (Figure 6(a)), the fold changes of 
Vim3 expression in the stimulation settings containing Tam show the same 
drastic increase as observed with stimulated MCF-7 cells. The results are also 
identical for the stimulation settings where no Tam is involved and the gene ex-
pression level does not significantly change or increase. 

3.8. Triple-Negative MX-1 Expresses ERβ 

As the PCR showed unexpected results of ERß transcripts in MX-1, protein le-
vels were investigated by Western blot. Figure 6(a) shows the results of 20 μg 
nuclear extract of stimulated MX-1 probed with ERβ, ET-1 and Lamin B  
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Figure 6. Vim3 expression analysis of treated MX-1 (a), (b), and MCF-7 (CC) cells by 
qRT-PCR analysis. In MX-1 cells, (a) shows the complete stimulation set-up where the 
paired t-tests have a significant difference when comparing stimulations. (b) shows the 
same without the T + ET-1 values to get details on the other stimulation settings which all 
represent significant different means after paired t-test. In both diagrams the increase in 
Vim3 expression up to ca 700 RFU upon a combinational stimulation with Tam is deci-
sive. Data shown is derived from quadruplicates from an independent experiment. *P < 
0.05, **P< 0.01 and ***P < 0.001. Results from MCF-7 cells for Vim3 in (c) showing a 
clear increase in mRNA Vim3 expression after combined pretreatment with tamoxifen 
and ß-estradiol/ET-1; **p < 0.01. 
 
antibody (as loading control). We found ERβ after all different stimulations, 
with slightly varying intensity. 

3.9. Tam Upregulates Vim3 

Furthermore, we studied the effect of Tam with regard to its translational capac-
ity for Vim3 after a combined Tam plus ET-1 pretreatment versus ET-1 alone. 
As the analysis of the Western blot (Figure 7(a)) depicts by densitometry 
(Figure 7(b)), adding Tam as additional mediator to ET-1 results in highly sta-
tistically significant induced formation of Vim3 (***p < 0.001). 

3.10. Vim3 Expression in Invasive Ductal Breast Carcinoma, and 
Its Metastases 

From our pre-evalution of breast cancer specimen via tissue-microarray we 
knew, that ET-1 and Vim3 staining could be detected in tumor cells, while  
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Figure 7. Comparison of Vim3 expression after ET-1 vs. combined ET-1 plus Tamox-
ifen pretreatment. WB with 20 μg non-precipitated total cell extract of stimulated 
MCF-7. (a) shows the protein analysis on the WB membrane where the intense band 
of Vim3 (47 kDa) is striking as compared to the very faint band of GAPDH in the 
same sample. (b) shows the corresponding densitometric analysis of the present bands 
with ImageJ, where the background and the control had been subtracted. 

 
vimentin full length was only positive in the interstitial tissue (data not 
shown). 

To analyze the expression of the newly described target gene Vim3 in more 
detail, we investigated its expression in 28 biopsies and their respective resection 
specimens of breast cancer cases. All biopsies showed grade 2 invasive carcino-
ma positive for ERα expression (Table 1). In each biopsy, Vim3 was detected, 
either in nuclear (20/25; strong expression: 3+) and/or diffuse cytoplasmic 
(25/25) localization. After Tam treatment, seventeen respective resection speci-
mens were still diffusely positive for Vim3, now mainly in a cytoplasmic locali-
sation (12/17), with nuclear localization additionally found in 5 specimens 
(5/17). In 4 cases, lymph node but no other metastases were reported (4/28). In 
contrast, 7 cases developed organ metastases (7/28), of which 3 had additional 
lymph node metastases. 

3.11. Vim 3, Co-Expressed with ERß in Invasive Ductal Carcinoma 
Specimens, Is Associated with Metastatic Spread 

We studied the expression of Vim3 and ERß in resection specimens and their 
metastases Table 2). In a set of 8 cases positive for ERα after tam pretreatment, 
we found again a diffuse cytoplasmic expression of Vim3. In addition, in 10/12 
metastases (pleura 2×, skin 2×, bone 3×, uterus 1×, liver 1×, soft tissue 1×) Vim3 
was also expressed (cytoplasm: 12/12; additional nuclear expression 5/12). In 7 
of the 12 metastases, a 3+ nuclear expression for ERß was found, which was al-
ways accompanied by Vim3 expression. 

3.12. ERß Is Expressed in ERα Negative Breast Cancer 

In addition we analysed 15 ERα negative tumor biopsies of invasive ductal car-
cinoma (G3) for the presence of ERß (Table 3). All cases showed a cytoplasmic 
positivity for ERß (15/15); 4 cases displayed a strong nuclear expression. Those 
cases were simultaneously positive for Vim3 in tumor nuclei. 
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Table 1. Analysis if Vim3 expression in ERα biopsy and matching mastectomy speci-
mens. Almost all biopsies show a nuclear positivity for Vim3 (19/21), which is changed to 
a cytoplasmic staining in mastectomies after Tam (13/17). Yes/No. biopsy or mastectomy 
performed/year of performance; LNmet lymph node metasatses; n + nuclear positivity; c 
+ cytoplasmic positivity; M distant metastastic stage; SK sinus carcinosis; empty box no 
clinical data available. 

# Biopsy Vim3 Mastectomy Vim3 Lnmet M 

1 yes/12 n+ yes/12 n + 0 0 

2 yes/12 n+ yes/13 c + 0 0 

3 yes/08 n+ yes/08 c + 0 0 

4 yes/12 n+ yes/12 c + 0 0 

5 yes/03 n+ yes/09 c + 0 0 

6 yes/12 n+ 
  

0 0 

7 yes/12 n+ 
  

0 0 

8 yes/ n+ yes/15 c + 0 0 

9 yes/03 n+ 
  

0 0 

10 yes/ n+ yes/12 c + 0 0 

11 yes/12 n+ yes/12 c + 0 0 

12 yes/12 n+ 
  

0 0 

13 yes/12 n+ 
  

0 0 

14 yes/03 n+ 
  

0 0 

15 yes/14 n+ 
  

0 0 

16 yes/ n+ yes/15 n + 0 0 

17 yes/09 n+ yes/09 c + 0, SK 0 

18 yes/14 n+ yes/14 c + pos 0 

19 yes/12 n+ yes/13 n + pos 0 

20 yes/14 n+ yes/14 c + pos 0 

21 yes/14 n+ 
  

pos 0 

22 yes/12 n+ yes/14 n + 
 

M1 

23 yes/14 n+ 
   

M1 

24 yes/ n+ yes/12 n + 
 

M1 

25 yes/12 n+ 
   

M1 

26 yes/14 n+ yes/14 c + pos M1 

27 yes/15 n+ 
  

pos M1 

28 yes/ n+ yes/14 c + pos M1 

4. Discussion 

This paper analyzes in vitro and in human breast tissue the effect of a complex 
formation between ERß and ET-1 on upregulation of genes such as Vim 3 in as-
sociation with Tam. This promotes a more aggressive behavior of invasive ductal 
carcinoma than in the absence of Tam, when ET-1 is forming a complex with 
ERα (see diagram, Figure 9). 
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Table 2. ERα positive mastectomy specimens after Tam with one (1. Met.) or two (2. 
Met.) distant metastases. Yes/No. mastectomy/year; n + nuclear positivity; c + cytoplas-
mic positivity. 

No. ERα/PR/Her Vim3 Erß 1.Met Vim3 2.Met Vim3 

1 triple neg c+ neg pleura c+ 
  

2 3+/3+/1+ c+ neg LN c+ 
  

3 3+/2+/1+ c+ 
 

pleura c+ 
  

4 3+/3+/0 c+ 
 

skin n+/c+ 
  

5 3+/0/0 c+ neg skin n+/c+ 
  

6 3+/3+/0 c+ 
 

vertebra c+ rip n+/c+ 

7 3+/1+/0 c+ neg skin c+ liver n+/c+ 

8 3+/0/2+ c+ neg uterus c+ skin n+/c+ 

 
Table 3. ERß status and Vim3 expression of ERα negative mastectomy specimens. 

No. ERα Her2 ERß n ERß c Vim 3 bx/res 

1 neg 2+ 
 

pos 
 

bx 

2 neg 3+ pos 
 

n; 3+ bx 

3 neg 2+ 
 

pos 
 

res, G3 

4 neg neg pos 
 

n; 3+ bx 

5 neg 2+ 
 

pos 
 

bx 

6 neg 2+ 
 

pos 
 

bx 

7 neg 3+ 
 

pos neg bx, DCIS 

8 neg 2+ 
 

pos 
 

bx 

9 neg 2+ 
 

pos 
 

bx 

10 neg 2+ 
 

pos 
 

bx/res 

11 neg 2+ 
 

pos 
 

bx 

12 neg 2+ 
 

pos 
 

bx 

13 neg 2+ 
 

pos 
 

bx 

14 neg 3+ pos 
 

n; 3+ bx 

15 neg 3+ pos 
 

n; 3+ bx 

 
In the literature, an important role of ET-1 in the progression of breast cancer, 

and particularly for its invasive behavior [22] [23] is proposed, making it a po-
tential target for anticancer therapy [24]. Knowing that ET-1 is able to use both 
of its receptor isoforms to exert its function in different cell lines, we started our 
study by analyzing a collective of 34 cases of mastectomy of ERα positive, inva-
sive ductal carcinoma (G2) by immunohistology for ETA and ETB receptor ex-
pression. The presence of both receptors was detectable in agreement with the 
literature on normal breast tissue as well as on the surface of invasive ductal 
adenocarcinoma carcinoma. However, the expression of endothelin receptors at 
the tumor cell surface was lower and weaker than the respective control breast 
tissue, so that this therapeutic approach seems insufficient as exclusive therapeu-
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tic approach, while it may be still considered for an adjunct therapy. However, 
there is no obvious pathophysiologic explanation for the problems associated 
with a Tam therapy. 

Thus, we undertook the present cell culture study and a separate immunohis-
tologic evaluation of human breast cancer specimens. The rationale for the cell 
culture study was that the binding of ET-1 to the ER needs to be proven as well 
as finding target genes that are up- or down-regulated when the breast cancer 
cell line is stimulated with the different treatments. Particularly four aspects are 
addressed: 1) Difference in stimulation with or without Tam and the ER switch; 
2) Translocation of ER transcription complexes; 3) Target gene expression rele-
vant for metastatic potential; 4) Development of an invasive phenotype. We used 
two breast cancer cell lines: MCF-7 was chosen as it is an ER+ cancer cell line 
expressing ERα, ER-β and the GPER [29]. We investigated as different treat-
ments β-est as the normal hormonal situation where the tumor proliferates in 
the hormone’s presence; ET-1 to see whether it can trigger a specific gene re-
sponse on its own, and Tam. 

The MX-1 cell line was chosen for further analysis of the gene expression after 
Tam and ET-1 stimulation since the cell line is known from literature to be 
triple-negative [30], thus expressing no ER, progesterone or human epidermal 
growth factor-2 receptor (HER2+). Using this cell line, the absence of the needed 
receptor would trigger no comparable gene expression and confirm its obligate 
involvement in the triggering of specific gene response. However, we found a 
positivity of MX-1 cells for ERß by qRT-PCR (data not shown) as well as by 
Western blot (Figure 8). This result clearly shows possible problems arising 
through disregarding ERß, and the need for carefully analyzing commercially 
provided information used in experimental setting without further control. Fur-
thermore, we recognized a negative effect of tamoxifen on the level of laminB 
expression (Figure 8). As it is known from the literature, tamoxifen causes pre-
mature senescence in human breast cancer [31], thereby decreasing lamin B le-
vels due to receptor downregulation [32]. 

1) Difference in stimulation with or without Tam and the ER switch 
While in nuclear extract blots of MCF-7 cells (Figure 1) after ET-1 and 

ß-estradiol stimulation, ERα is clearly detectable by Western blot, the stimula-
tion of Tam, Tam + β-est and Tam + ET-1 shows a clearly decreased protein 
signal. In addition, in MX-1 cells, this increased presence of ET-1 can be de-
tected in all Tam containing stimulations (Figure 8). This indicates that together 
with Tam, ET-1 is continuously taken up and/or produced by the breast cancer 
cells. To show the direct interaction between possible complex partners, we used 
immunoprecipitation with agarose beads containing ERα. These showed that 
ET-1, ERα, and ERß are able to form a transcription complex (Figure 2(a)). 
However, using an ERß antibody as the anchoring molecule, only ET-1 was de-
tected when stimulating with TAM and ET-1 (Figure 2(c)). 

In addition, by EMSA with a Cy5-labeled ERα probe, we could show (Figure 
4) that ERα is not part of a complex containing Tam or Tam plus ET-1, further  
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Figure 8. MX-1 cells produce ERß. Western blot of 20 
µg of stimulated MX-1 cells nuclear protein extracts 
probed with ERß or ET-1 antibodies, quantified by 
densitometry using Image J. ET-1 is detectable in all 
settings. Lamin B was used as loading control. 

 
supporting the concept of a switch in the signaling partner from ERα to ERß af-
ter Tam pretreatment. 

2) Translocation of ER transcription complexes  
In nuclear extracts from breast cancer cells, after treatment with either ET-1, 

ß-est, Tam or a combination of them, a significant upregulation of the ET-1 sig-
nal in the nuclear fraction after Tam treatment was detectable. The translocation 
of ET-1 into the nucleus is receptor dependent. Therefore we performed an im-
munoprecipitation and showed that the translocation is not ERα dependent. 
Next we have shown by immunofluorescence in Figure 3(a) that ERß and ET-1 
are detectable in the nucleus of ET-1 stimulated MCF-7 cells. This indicated the 
functional importance of ERß after translocation, reflecting the observation in 
the literature that ERß positive tumors can have a poor outcome. Since the ERß 
receptor has a functional nuclear location sequence, and by that serving as a 
chaperone to ET-1, we performed a PLA assay, showing that the ET-1 and the 
ERß build a complex (Figure 3(b)). 

3) Gene target expression relevant for metastatic potential 
The autocrine regulatory role of ET-1 in the growth of several tumor types 

[33] has been shown to be involved in the transcriptional level of progressing 
breast cancer. Therefore, in order to determine how ET-1 mediates its involve-
ment in tumor invasiveness and angiogenesis, we analyzed proteins, being asso-
ciated with a pro-invasive phenotype and progression of the tumor cells. We 
found in both cells lines, MX-1 and MCF-7 (Figure 5(a), Figure 5(a): MX-1; 
Figure 5(c), Figure 5(d): MCF-7), that levels of both proteins, IL-6 and Wnt11, 
are significantly increased following treatment with a tam/ET-1 combination. 
The importance of those proteins for potential breast cancer invasiveness has 
been recognized in several publications. 

Interleukin 6, a cytokine that was originally identified as a regulator of in-
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flammatory and immune responses [34], has been observed in increased levels 
in metastasizing breast tumors and is involved in tumorigenesis. In vitro, IL-6 
treatment promoted the invasiveness potential of MCF-7 cells in a dose-dependent 
manner [35]. 

Wnt-11 has been described as a marker for progression and metastases [36] 
[37]. It is a member of the canonical WNT gene family. As such, it encodes se-
creted signaling proteins. Its particular role in oncogenesis has been described in 
the increased motility of cancer cells [38]. Furthermore, Wnt11 may play a role 
in modifying tumor stroma: cancer-associated fibroblasts have been noticed to 
produce exosomes, which are taken up by breast cancer cells, and being subse-
quently loaded with Wnt11, and released [39]. The up-regulation of Vim3, IL-6, 
Wnt11 and the Wnt-signaling genes upon Tam + ET-1 stimulation confirm that 
the adjuvant treatment with Tam and co-existence of ET-1 may cause breast 
carcinoma to progress. This could explain the fact that 50% of patients expe-
rience a de novo resistance to Tam therapy [40]. 

The third protein, Vimentin 3, a splicing variant of vimentin [41], provides an 
increased mobility in cancer cells due to its missing 3’ tail. The expression of vi-
mentin in cancer types is directly linked to tumor growth, invasion and poor 
prognosis for the patient [42]. Further potential roles of this splicing variant type 
3 of vimentin are presently under investigation, since its upregulation is ober-
served in several different tumor types (patent pending). As Figure 5 depicts, 
levels of Vim3 are equally increased as seen with IL-6 and Wnt11 in Figure 4 by 
the tam – ET-1 complex in both cells lines, MX-1 and MCF-7 (Figure 6(a), Fig-
ure 6(b): MX-1; Figure 6(c): MCF-7). This indicated a special role for Vim3, 
which was further elucidated using human specimens. 

The importance of ERß for transcriptional activation of our target genes is al-
so highlighted by the qRT-PCR results of the MX-1 cells: being heralded as 
ERß negative, they should have no signals detecable, if ERα does not play a 
role after tam treatment instead the results are quite similar to the ones of the 
MCF-7 cells. 

4) Development of an invasive phenotype 
The final requirements for this new mechanism are changes associated with 

an invasive phenotype. The nuclear translocation of ERβ, Tam and ET-1 upon 
Tam-dependent stimulation explains the observed over-expression of Vim3, 
IL-6 and Wnt-11. The up-regulation of these markers for metastases due to the 
presence of this nuclear complex confirms the finding of Speirs and collegues 
[43] that patients with a SERM-resistant, pre-invasive mammary tumors show 
an altered expression of ERβ. From the literature [44] it is also known that the 
ERβ can antagonize ERα-dependent transcription or even suppress the ERα me-
diated transcription completely [45]. Only when Tam is involved in the stimula-
tion setting, ERβ can be found in the nucleus. There, it then can antagonize the 
usually negative effect Tam has on tumor progression and growth. The increase 
in gene expression of our markers for metastases directly correlates with this 
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special feature of ERβ translocation into the nucleus. 
While we had shown by qRT-PCR in Figure 6 that in both cell lines used 

Vim3 was statistically significantly upregulated after treatments using Tam plus 
ß-est or ET-1 simultaneously, it was important to confirm this effect at the level 
of translation. As the Western blot in Figure 8 depicts, Vim3 can be detected 
under control conditions, and being upregulated by ET-1 stimulation in MCF-7 
cells. However, the greatest intensity is observed, when both stimulators, ET-1 
and Tam are used simultaneously, resulting in a densitometric increase 9 times 
higher than with ET-1 alone. Since it is found that the Vim3 protein is exclu-
sively synthesized inside the cells that had been stimulated with Tam + ET-1, it 
further supports our statement, that Tam + ET-1 may trigger a pro-invasive 
phenotype of breast cancer cells. 

In nuclear extracts from breast cancer cells, after treatment with either ET-1, 
ß-est, Tam or a combination of them, a significant upregulation of the ET-1 sig-
nal in the nuclear fraction after Tam treatment was detectable. The translocation 
of ET-1 into the nucleus is estrogen receptor dependent, therefore we performed 
an immunoprecipitation and showed that the translocation is not ERα depen-
dent. From the literature it is known that ERß positive tumors have a poor out-
come. Since the ERß receptor has a functional nuclear location sequence, we de-
cided to perform a PLA assay, showing that the ET-1 and the ERß build a com-
plex (Figure 3). 

To summarize the concept based on our cell culture results, we propose a pa-
thomechanism depicted in Figure 9. In the left side of Figure 9(a) in the pres-
ence of ß-est, and ET-1, a signaling cascade is activated in which ß-est and ET-1 
is complexed with ERα, transmigrating into the nucleus, while ERß is not par-
ticipating. No significant increase in IL-6 and Wnt11 is observed; the amount of 
detecable Vim3 is minimal. This is in contrast to the mechanism after the treat-
ment with Tam (Figure 9(b)). ER complex formation leads here to a switch in 
the respective partner, in which now ERß and not ERα complexes with tamox-
ifen and ET-1. After nuclear transmigration, there is strong induction in target 
genes, involving IL-6, Wnt11, and Vim3, here described for the first time. 

5) Relevance of cell culture results for human breast cancer 
To demonstrate that the cell culture results have relevance for the treatment of 

breast cancer patients in daily practice, we studied biopsies and mastectomy spe-
cimens from invasive ductal carcinoma. For that purpose, the identification of 
patients who belong to the subgroup in Figure 9(b) is important and requires 
the analysis of target genes associated with ERß. Since the overexpression of 
Vim3 is possibly responsible for the higher metastatic potential of a tumor, and 
knowing that under Tam treatment some patients still developed metastases, we 
focused on this novel marker in our investigation. The cases of formalin-fixed 
and paraffin-embedded tissue samples archived at the Department of Pathology 
were derived from patients either ERα positive and receiving Tam treatment or 
ERα negative. In the ERα positive group (Table 1), 26/28 biopsies showed a  
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Figure 9. Schematic depiction of ER signaling switch and target gene expression 
after treatment without (a) or with (b) tamoxifen. 

 
nuclear Vim 3 expression, which was shifted to the cytoplasm in most of the 17 
matching mastectomy cases (12/17), whereas 5 cases still showed a nuclear 
staining pattern. Most importantly, 25% had lymph node metastases, and an ad-
ditional M1 stage was found in 25% after Tam treatment. 

To further characterize the importance of a possible interaction between ERß 
and Vim3, we immunohistologically investigated the expression of these two 
protein in 8 mastectomy specimens being ERα positive and their respective 
non-lymph node metastases (Table 2). Here, all mastectomy cases and their 
metastases showed a positivity for Vim3. In addition, in 7/12 metastases, a si-
multaneous ERß expression could be detected. This seems particularly relevant 
in the light of a report, that increased serum ET-1 levels can also be found in 
breast cancer patients with lymph node metastases, when compared to those pa-
tients having no lymph node involvement [24], while a breast tumor exposed to 
endothelins led to an invasive tumor phenotype in vitro [46]. To highlight the 
importance of ERß in the absence of ERα, we studied 15 cases of ERα negative 
mastectomy specimens (Table 3). All tumors showed a strong cytoplasmic, in 
three an additionally nuclear ERß expression, while all cases had a positive nuc-
lear staining for Vim3. 

From these observations we conclude that in within the limitations of such a 
study, ERß seems to be a more important player in ERα positive but also in ERα 
negative breast cancer, irrespective of the reason for this negativity (Tam in-
duced or epigenetically mediated i.e. by ERα promoter methylation). The obser-
vation of ERß and Vim3 positive tumor parallel our results from the cell culture 
study suggesting that the translocation of ET-1 into the nucleus via ERß is re-
sponsible for the overproduction of Vim3, which may well be important for cells 
to lose their anchorage, and leave the cell layer. 
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Further support for our concept can be drawn from observations in the lite-
rature regarding the role for estrogens and ET-1 in female genital organs such as 
the uterus [47], and the ovary [48], where interactions with Tam have been stu-
died in respective tumors. Williams-Brown and her team showed in 2011 [49] 
that Tam increases the risk of endometrial cancer by altering the estrogen meta-
bolism in endometrial cells. ET-1 has also been found as a mediator of invasive-
ness, neovascularization and promotes proliferation by acting as an antiapoptot-
ic factor in ovarian tumors [48]. Our findings that ET-1 triggers its pro-invasive 
transcriptional and translational effects through the ERα and ERβ could be an 
explanation for the increased risk of endometrial cancer associated with Tam 
therapy. 

The extensive use of Tam in the last three decades [50] in adjuvant therapy for 
breast cancer has been solely based on the presence of ERα [51]. Problems have 
emerged in therapeutic efficiency regarding this concept: a de novo resistance in 
as much as 50% of patients [40], and the development of a relapse in the initial 
positive response [52]. In addition, the discovery of ERß in 1996 did not lead to 
the recognition of the interaction of Tam with the ER type in order to under-
stand how it triggers the agonistic or antagonistic effects in breast cancer. Since 
we describe that the complex of ERβ, Tam and ET-1 triggers a pro-invasive gene 
response and an increased uptake of ET-1, it seems likely that the presence of 
ERβ suppresses the positive effect of Tam on ERα positive breast cancer patients 
[45]. Thus we propose to test breast cancer patients not only for ERα but also for 
ERβ when increased levels of ET-1 are found together with ERß expression. Al-
ternative treatment options for Tam should be considered, since the complex 
formation and subsequent activation of a specific pro-invasive gene response 
seem likely. In this respect, future studies unraveling the mystery of the mechan-
ism behind the switch in the signaling cascade between ERα and ERß after Tam 
treatment may provide new treatment options. Further clinical-histological stu-
dies evaluating this new concept are needed to substantiate our findings and 
their long term implications. However, knowing of the existence of the ER 
switch in signaling after Tam in breast cancer patients with elevated ET-1 levels 
is an important further step for an individualized therapy, particularly in Tam 
resistance. 
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ERα: Estrogen receptor alpha; 
ERß: Estrogen receptor beta; 
ß-est: ß-estradiol; 
ET-1: Endothelin-1; 
ETAR: Endothelin A receptor; 
ETBR: Endothelin B receptor; 
IL-6: Interleukin-6; 
IP: Immunoprecipitation; 
Tam: Tamoxifen; 
Vim3: Vimentin 3; 
Wnt11: Wnt signaling protein 11. 
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