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Abstract 
 



Objective  

Progesterone influences mammary gland development and probably breast cancer 

tumorigenesis. We investigated receptor membrane-initiated actions of progesterone in 

MCF-7 breast cancer cells via progesterone receptor membrane component 1 

(PGRMC1). 

Design&Method 

The expression of PGRMC1 in breast cancer was verified by immune fluorescent 

analysis of paraffin sections. MCF-7 cells were transfected with PGRMC1 (wild type) or 

PGRMC1 variants in which potential interaction domains were mutated. These cells 

were stimulated with a membrane-impermeable progesterone:BSA:fluorescein-

isothiocyanate conjugate (P4:BSA-FITC, 10-6 M) or unconjugated progesterone (P4, 10-6 

M) in the presence or absence of the progesterone receptor blocker RU486 (10-6 M) 

followed by measuring the intracellular ATP content or by employing the MTT assay. 

Additionally, the effects on the expression of vascular endothelial growth factor A 

(VEGF-A) was determined using qRT-PCR. 

Results 

PGRMC1 is perinuclearly localised in breast cancer cells. Western Blot analysis 

suggests that PGRMC1 is phosphorylated at serine 180. MCF-7-PGRMC1(S180A) cells 

with this amino acid changed show an approximately 35% increase in proliferation after 

seven days of incubation with P4:BSA-FITC compared to MCF-7 control and MCF-7-

PGRMC1 (wild type) cells. This effect cannot be blocked by co-inbubation with RU486. 

Incubation with P4 reduced proliferation of MCF-7-PGRMC1 cells by approximately 10% 

compared to untreated controls. The proliferative effect of P4:BSA-FITC on MCF-7-

PGRMC1(S180A) cells peaks at a concentration of 10-6 M, higher concentrations act 



antiproliferative. P4:BSA-FITC treatment led to a roughly 3-fold activation of VEGF-A 

gene expression compared to MCF-7 cells. Incubation with BSA alone did not have any 

effect. 

Conclusion 

PGRMC1 is expressed in breast cancer tissue and is mediating an RU486-independent 

proliferative signal. It might also contribute to VEGF induced neovascularization in tumor 

tissue. Thus screening for PGRMC1 expression might be of interest to identify women 

with a higher expression of PGRMC1 and who might thus be susceptible for breast 

cancer development under hormone replacement therapy (HRT). The data presented 

are very important in terms of the positive results of progesterone and breast cancer risk 

in clinical studies so far. Of further interest is if synthetic progestins that are used for 

HRT are different in their stimulation of PGRMC1.  

 
 
 
 
 
 
 
 
 
 
Introduction 
 
The role of progestin addition to estrogen therapy in the postmenopause has come into 

scrutiny since the results of the WHI mono arm are published as compared to the WHI 

combined arm (1,2). The WHI trial used the combination of conjugated equine estrogens 

plus medroxyprogesterone acetate (MPA). In contrast to the WHI combined arm, in the 

estrogen only arm no increase but rather a reduction of breast cancer risk was 

evaluated, which was significant for patients with more than 80% adherence to study 



medication. This result indicates a negative effect of progestins concerning breast 

cancer risk. However, the question remains still open, in as far the combination of 

estrogens with synthetic progestins as well as with natural progesterone may elicit the 

same increased risk. Thus there remain many questions on the extrapolation of the WHI 

results to all synthetic progestins and to natural progesterone.  

Usually progestins act via the activation of the intracellurarly-located receptors PR-A and 

PR-B. Several in vitro data, however, indicate that progestins may have an 

antiproliferative effect by activation of these receptors in human breast cancer cells (3-

5). These data are in contrast to the above mentioned clinical data. Thus the 

mechanisms by which progestins may act proliferative on human breast cells remain 

open. 

Recent experimental data revealed that in addition to the intracellular-located receptors 

also a membrane-located receptor exists, called progesterone receptor membrane 

component 1 (PGRMC1) (6). In this study we investigated receptor membrane-initiated 

actions of progesterone in MCF-7 breast cancer cells via PGRMC1. 

 

 

Material and methods 

Progesterone (P4), progesterone-3-(O-carboxymethyl)oxime:BSA-fluorescein-

isothiocyanate conjugate (P4:BSA-FITC) were purchased from Sigma (Munich, 

Germany) and mifepristone (RU-486) from Biomol (Hamburg, Germany). 

 

In vitro ATP-Assay 

Cell proliferation using the intracellular ATP content was determined with 



chemoluminescence provided in the ATP Tumor Chemosensitivity kit (TCA-100; DCS 

Innovative Diagnostik Systeme, Hamburg, Germany). The ATP-TCA has been 

previously described in detail elsewhere (7).  

Briefly, RPMI 1640 medium was removed from the cells grown at 37°C/5%CO2 for 

indicated time in 96 well plates. Cells were lysed by the addition of 50 µl tumor cell 

extraction reagent (DCS Innovative Diagnostik Systeme) and 50µl of RPMI 1640 

medium. After incubation for 30 min at room temperature 50µl of the lysate from each 

well was added to corresponding wells of a LumiNunc 96 well plate (Thermo Life 

Sciences, Basingstoke, UK). The chemoluminescent reaction was started by adding 

50µl of luciferin-luciferase reagent. The light output corresponding to the level of ATP 

present was measured using a luminometer (Berthold, Hamburg, Germany) and 

analyzed with custom software to provide both numerical and graphical results. 

Luminescence measurements were converted into relative light units (RLU) which are 

directly related to ATP levels and allow measurements of the percentage of proliferation 

by reference to untreated control wells included with each plate.  

 

 

MTT Assay 

Proliferation of treated cells was also determined measuring the enzymatic cleavage of 

the tetrazolium ring of the yellow tetrazolium salt 3-(4,5-Dimethylthiazol-2-yl) 2,5-

diphenyl-tetrazolium bromide (MTT) by mitochondrial dehydrogenase resulting in a blue, 

water insoluble formazane salt. The MTT salt was dissolved in RPMI 1640 medium 

without phenol red to a concentration of 1 mg/ml, filtered sterile and further diluted 1:4 

with RPMI 1640 medium without phenol red.  



For the assay medium was decanted from the 96 well plate used to incubate the cells. 

Then 100 μl MTT solution was added to each well and incubated for 3 h at 37°C. 

Cristallized formazane salt was centrifuged for 10 min with 400 g and supernatant was 

discarded. The resulting salt was solubilized in 100 μl sterile DMSO added into each 

well and the plate was shaken for 7 min at room temperature. Analysis was performed 

using an ELISA-Reader at a wavelength of 550 nm. The resulting extinction is 

proportional to the amount of cells present in the well.  

 

Preparation of cytospins 

For preparation of cytospins 5x104 cells were resuspended in 500 μl PBS spun onto 

slides using Cytospin 2 centrifuge (Shandon, Waltham, USA) at 1000 rpm for 5 min. 

Then the cytospins were dried over night at room temperature and stored at -20°C until 

further use. 

 

Immune fluorescence analysis 

The immune cytochemical fluorescence analysis of cytospins and paraffin tissue was 

performed using a humidified chamber. For labelling of paraffin tissue a standard 

protocol was applied. Cytospins were investigated by fixing the cells in 50 μl 0,05 % 

formalin in PBS for 90 sec at room temperature followed by a wash step for 3 min in 

PBS. Then the slides were placed on ice and permeabilized using 50 μl 0,1 % Triton X-

100 in PBS for 15 min. Afterwards the cytospins were washed three times for 3 min with 

PBS. Blocking of unspecific antibody binding sites was performed with serum of the 

species, which was the source of the secondary antibody – goat in our case. To that aim 

goat serum was diluted 1:10 in Antibody Diluent (Dako Cytomation, Glostrup, Denmark) 



and 50 μl of this diluted serum was pipetted onto the slides and incubated for 30 min at 

room temperature. Then the block was removed and incubated with the first antibody for 

60 min at room temperature followed by washing the cytospins in PBS for 3 min. 

Secondary antibodies were incubated for 30 min at room temperature. Finally, the 

cytospins were washed twice for 3 min with PBS and mounted with Vectashield 

Mounting Medium with DAPI (Vector Laboratories, Burlingame, USA).  

 

The following primary antibodies were used: hybridoma supernatants 5G7 (1:10) and 

3G11A2 (1:1000), rabbit anti-HA (1:100) (Santa Cruz, CA, USA), M30 CytoDeath 

(1:100) (Roche, Mannheim, Germany). As secondary antibodies goat anti-mouse 

AlexFluor 594 (1:1000, Invitrogen, Karlsruhe, Germany) and goat anti mouse-horse 

raddish peroxidase (HRP, 1:1000, Santa Cruz). Vectashield Mounting Medium with 

DAPI (Vector Laboratories) was used for counterstaining. 

 

Extraction of RNA and cDNA synthesis 

Expression of VEGF was determined with real-time RT-PCR. Messenger RNA was 

extracted using the RNeasy Mini Kit (Qiagen, Hilden, Germany) according to the 

manufacturer’s instructions and stored at -20°C until cDNA synthesis using a standard 

protocol. Briefly, 1 μg total RNA was incubated for 30 min with 2 μl DNase I 

(Amplification Grade DNase I Kit; Sigma, St. Louis, MO, USA) at room temperature. 

After thermal inactivation of DNase I at 70°C for 10 min cDNA synthesis was done using 

random and oligo(dT) primers and Superscript II RNase H reverse transcriptase 

(Invitrogen). Reverse transcriptase reaction was performed at 42°C for 50 minutes and 

72°C for 15 minutes. 



To check cDNA quality control RT-PCR was performed for the pyruvate dehydrogenase 

β-subunit (PDH) to verify absence of genomic DNA. 

 

Quantitative Real-Time PCR 

Quantitative Real-Time PCR (qRT-PCR) was performed with the LightCycler System 

(Roche) and SYBR Green incorporation according to the manufacturer’s instructions. At 

the end of the PCR reaction melting curve was determined to check for the purity of the 

PCR reaction.  

For efficiency-corrected relative quantification of gene expression, triplicate reactions 

were set up. Expression of PDH was used to normalize the relative regulation of 

candidate genes employing the efficiency corrected equation (8). Efficiency of every 

single PCR reaction was determined by using LinRegPCR software (version 7.0) (9). 

 

Statistical Analysis 

Statistical analysis was done by ANOVA with the logarithmated values followed by 

Dunnett’s procedure from triplicates of at least three independent experiments. The 

overall alpha level was set at 0.05. 

Results 

Expression of PGRMC1 in breast cancer and transfected MCF-7 cells 

For the functional analysis MCF-7 cells expressing hemeagglutinin-tagged (3xHA) 

PGRMC1 (MCF-7-PGRMC1) or PGRMC1 variants were used which have been 

generated by site-directed mutagenesis. Expression analysis by Western Blot detecting 

the PGRMC1-HA fusion protein resulted in a single band at approximately 30 kDa, 

which is the size of PGRMC1-HA (Figure 1). As a control the housekeeping gene 



product actin (approx. 42kDa) was detected in a second step with rabbit α-actin, the 

similar signal intensities indicate that the gel was loaded with equal amounts of protein.  

In order to investigate the expression of PGRMC1 in breast cancer tissue PGRMC1-

specific hybridoma supernatants were collected and evaluated. In MCF-7 cells 

transfected with PGRMC1(wt) expression vector a PGRMC1-specific protein signal was 

detected (Figure 2A). Western Blot analysis using phopho-PGRMC1 specific hybridoma 

supernatant indicates that PGRMC1 is phosphorylated. In MCF-7 cells transfected with 

PGRMC1(S180A) no signal was observed (Figure 2B). 

For verification of PGRMC1 expression in breast cancer tissue paraffin sections were 

labelled with PGRMC1-specific hybridoma supernatant 5G7 (Figure 2A). Immune 

fluorescent analysis indicated a perinuclear distribution of PGRMC1 in breast cancer 

cells. This signal can be blocked by pre-incubating the hybridoma with non-

phosphorylated recombinant PGRMC1 protein (Figure 2A). 

 

 

 

 

Proliferation of MCF-7-PGRMC1(S180A) cells is increased by progesterone 

First, the dose-dependent effect on cell proliferation of P4:BSA-FITC was determined 

(Figure 3). In the concentration range of 10-9 to 10-4 M P4:BSA-FITC elicits a significant 

proliferation at 10-7 to 10-5 M being highest at 10-6M. This concentration was chosen for 

the subsequent experiments. Higher concentrations than 10-5 M act antiproliferative. 

Using P4:BSA-FITC at a concentration of 10-6 M time-dependent proliferative kinetic 

analysis was done (Figure 4). P4:BSA-FITC increases proliferation starting at day 3 (p 



<0.05) to day 7 with a maximum proliferation rate of about 35% at day 7 (p<0.01) 

compared MCF-7 control cells treated in the same way. These results were proven by 

using the MTT-test, which in fact resulted in an even higher stimulation rate at day 7 

(about 50%, data not shown). This effect cannot be blocked by co-incubation with the 

progesterone receptor blocker RU486 applied for the whole time period at a 10-6 M 

concentration (Figure 4). No stimulating effect was observed in MCF-7 cells stably 

transfected with PGRMC1(wt). 

 

In contrast unconjugated P4 at 10-6 M elicited an antiproliferative effect after 7 days of 

about 15% (p<0.05), an effect which is consistant with the effect observed in wild type 

MCF-7 cells (data not shown). Additionally, this effect by P4 can be blocked by RU486 

(data not shown). 

 

Apoptosis rate is reduced by P4:BSA-FITC 

Qualitative apoptotic results (Figure 5) reveal that P4:BSA-FITC is able to reduce the 

number of apoptotic cells in MCF-7-PGMRC1(S180A) cells. MCF-7-PGRMC1(S180A) 

cells which were grown in medium without steroid hormones for four days showed an 

apoptosis rate of approximately 4 %. When the same cells were cultivated in medium 

with P4:BSA-FITC (1 µM), the apoptosis rate decreased to nearly 0 %.  

 

Transcription of VEGF-A is increased by P4:BSA-FITC 

As it has been demonstrated that P4:BSA-FITC is able to increase the transcription of 

VEGF-A in retinal glia cells (10), similar experiments were performed in MCF-7-

PGRMC1 cells (Figure 6). The P4:BSA-FITC complex does not have an effect on the 



expression of VEGF-A in MCF-7 wild type cells. In contrast the progesterone conjugate 

triggered a significant 3-fold increase of VEGF-A expression in MFC-7-

PGRMC1(S180A) cells after an incubation time of 6 h (p< 0.01). Also the increase after 

3 h was statistically significant (p<0.05). The same effect was observed in MCF-7-

PGRMC1(wt) cells (data not sown). 

 

 
Discussion 
 

Progesterone receptor membrane component 1 (PGRMC1) contains a cytochrome b5 

domain fold and belongs to the so-called membrane-associated progesterone receptor 

(MAPR) protein family that is widespread in eukaryotes (6). 

We have demonstrated that PGRMC1 is present in human breast cancer tissues. In 

addition Peluso et al. demonstrated that this receptor is also present in ovarian cancer 

tissues, whereby in advanced stages a higher expression of PGRMC1 is observed as 

compared to the classic progesterone receptors A and B (11). These authors also 

showed that in an ovarian cancer cell line, PGRMC1 may be responsible for suppression 

of apoptosis. In spontaneously immortalized granulosa cells PGRMC1 is the mediator of 

progesterone-induced antiapoptotic action (12). It has also been shown that PGRMC1-

expression correlates with bad prognosis or bad responding to proapoptotic 

chemotherapy (13). 

 

In the present study we have demonstrated for the first time that PGRMC1 signaling 

leads to an increase in proliferation of human breast cancer cells. However, the 

proliferative signal of P4:BSA-FITC can only be observed in those MCF-7 cells, which 



have been transfected with mutant PGRMC1(S180A). This correlates with the 

assumption that the phosphorylation of S180 is inactivating the receptor (6).  

The suspicion that the P4:BSA-FITC complex is unstable and releases P4 which then 

enters the cells and leads to increased proliferation could be abolished in two 

experiments: first, co-incubation of P4:BSA-FITC stimulated cells with RU486, which is a 

potent inhibitor of the nuclear PR, still leads to increased proliferation. The increase in 

proliferation was not abolished by RU486, which means that the increase is RU486- and 

PR-independent. Second, incubation of transfected cells with unconjugated P4 alone did 

result in a decrease in proliferation, which had been observed in MCF-7 cells before 

(14).  

The only known way in which PGRMC1 influences the proliferation is by an antiapoptotic 

signal that is released upon stimulation. Our experiments show that indeed stimulation of 

the PGRMC1 has an antiapoptotic effect. Apoptosis after steroid hormone withdrawl of 4 

% was reduced after incubation with progesterone conjugate. 

A possible mechanism might involve expression of VEGF-A, which has antiapoptotic 

function (15). Therefore, proliferation could also be increased through enhanced VEGF-

A expression as observed. MCF-7 cells express VEGF as well as the VEGF receptor 1, 

the stimulation of which results in an antiapoptotic signaling (15). Our results show that 

the expression of VEGF-A after stimulation with P4:BSA-FITC in MCF-7-

PGRMC1(S180A) cells is upregulated. This effect is strongest after 6 h of incubation, 

after which VEGF-A expression was increased 3.12 times. This finding correlates with a 

similar observation of another group in retina cells (10). Together, these results fit to a 

model, in which PGRMC1 stimulation leads to an increase in intracellular Ca2+ level and 

subsequent activation of the MAP-kinase cascade, which results in expression of VEGF-



A.  

So far, this effect could not be attributed to PGRMC1, as other progesterone-binding 

receptors could have been involved. According to our new findings, a clear statement is 

possible. Upregulation of VEGF-A expression was shown in MCF-7 PGRMC1(S180A) 

cells. Non-transfected MCF-7 cells treated the same way did not show any upregulation. 

It is hence clear that the upregulation is due to stimulation of PGRMC1.  

Our observation that cell proliferation can only be observed in cells with mutant 

PGRMC1, but that VEGF-A expression is also elevated stimulated MCF-7-PGRMC1(wt) 

cells (unpublished results) suggest that different signal transduction mechanisms for 

both functions of PGRMC1 are likely.  

 

It can be concluded that PGRMC1 may play an important role in tumor progression and 

metastasis by its antiapoptotic, proliferative and VEGF-inducing properties. However, in 

terms of the clinical situation an open question remains how the PGRMC1 is expressed 

in the normal breast epithelial cells. Thus screening might be of interest to identify 

women who show an increased expression of PGRMC1 and who might thus be 

susceptible for breast cancer development under hormone replacement therapy (HRT). 

The data presented are very important in terms of the positive results of progesterone 

and breast cancer risk in clinical studies so far (16). Of further interest is, if synthetic 

progestins that are used for HRT are different in their stimulation of PGRMC1. 
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Legends 
 
 
Figure 1: Expression of PGRMC1 and PGRMC1-Mutants in transfected MCF-7 cells. 



Detection with rabbit α-HA. 
 
 
Figure 2: Characterisation of PGRMC1 in transfected MCF-7 cells and breast cancer 
tissue.  
A. Expression of PGRMC1. PGRMC1 is detected in transfected MCF-7 cells by specific 

hybridoma supernatant 5G7 (upper panel). In breast cancer tissue PGRMC1 is 
localized close to the nucleusn (lower panels). Detection with 5G7 and goat anti-
mouse AlexaFluor 594. DAPI counterstain. In the left panel 5G7 was preincubated 
with recombinant PGRMC1 protein before use in analysis. In the right panel the same 
breast cancer tissue is depicted without preincubation step. 

B. Phosphorylation of PGRMC1. Western Blot analysis with phospho-PGRMC1 specific 
hybridoma supernatant 3G11A2. Upper panels depict loading controls for actin and 
expression control for PGRMC1. In the lower panels specificity of 3G11A2 is 
demonstrated by pretreting it with recombinant phosphorylated PGRMC1 peptide (left 
panel). No blocking (left) or blocking with recombinant non-phosphorylated PGRMC1 
protein (middle) does not abolish the signal. 1: MCF-7 cells; 2: MCF-7-
PGRMC1(S180A); 3: MCF-7-PGRMC1(wt) 

 
Figure 3: Dose-dependent proliferation of MCF-7-PGRMC1 with P4:BSA-FITC. 
Proliferation values are based upon the intracellular ATP-levels and have been 
normalized to the non-stimulated controls. All experiments were performed in triplicates.  
 
Figure 4: Kinetic of the stimulation of MCF-7-PGRMC1 S180A cells with P4:BSA-FITC [1 
µM] in presence or absence of RU486 [1 µM]. The proliferation of stable transfectands 
either stimulated with P4:BSA-FITC alone (red) or additionally with RU486 (green) was 
normalized to the untransfected MCF-7 cells (black).  
 
Figure 5: Comparison of apoptosis with or without stimulation with P4:BSA-FITC. (A) 
Unstimulated cells have a higher rate of apoptosis as the green fluorescence indicates. 
(B) Stimulated cells have low content of cleaved CK18, which is recognized by M30 
antibody (green). PGRMC1 is depicted in red. (n=2) 
 
Figure 6: VEGF-A mRNA expression after stimulation with P4:BSA-FITC. Untransfected 
MCF-7 cells (black) and MCF-7-PGRMC1 S180A cells (red) were stimulated with either 
P4:BSA-FITC or BSA as a control over 1,3, or 6 h. After mRNA isolation and reverse 
transcriptase PCR, the quantity of VEGF-A cDNA in relation to the PDH cDNA was 
measured in the LightCycler System. The quantity of VEGF-A cDNA in stimulated cells 
was normalized to the BSA controls.  
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