
INTERNATIONAL JOURNAL OF ONCOLOGY  40:  1358-1364,  20121358

Abstract. Choriocarcinoma is a highly malignant epithelial 
tumour that is most often associated with hydatidiform mole 
and presents the most common emergency medical problem in 
the management of trophoblast disease. We hypothesise that the 
hormones/cytokines present within the tumour microenviron-
ment play key roles in the development of choriocarcinoma. In 
this study we assessed the effects of interleukin-1β (IL-1β) on 
cell death in the presence or absence of the sex hormone proges-
terone using two choriocarcinoma cell lines (BeWo and JEG-3) 
as in vitro experimental models. Although IL-1β induced cell 
death in both cell lines, the effect was more pronounced in 
JEG-3 cells, where cell death reached 40% compared to 15% 
in BeWo cells. Cell death of JEG-3 cells in response to IL-1β 
was significantly decreased by co-treatment with 100 nM and 
1000 nM progesterone and completely abolished at a proges-
terone concentration of 1000 nM. Progesterone was also able to 
induce phosphorylation of ERK1/2 in these cells. Pretreatment 
of JEG-3 cells with a specific MAPK inhibitor (UO126) inhib-
ited progesterone's inhibitory effect on cell death. Collectively, 
these data provide  evidence of cross-talk between progesterone 
and IL-1β in this aggressive and poorly understood tumour that 
involves activation of a MAPK pathway and involvement of 
numerous progesterone receptors.

Introduction

Gestational trophoblastic tumors are a group of diseases in 
which cancer (malignant) cells grow in the tissues that are 
formed following conception. They span from a benign hyda-
tidiform mole, through an invasive mole to a highly malignant 
form of choriocarcinoma. Choriocarcinoma is malignant (both 

histologically and clinically) and is one of the most frequent 
emergency medical issues in the management disease of 
trophoblastic origin. The clinical symptoms vary, ranging 
from bleeding when the disease is localized in the uterus to 
a diverse repertoire of symptoms from metastases with the 
central nervous system, lungs, and liver the most frequent sites 
of secondary tumour formation. Therefore, choriocarcinomas 
present certain diagnostic challenges (1).

Gestational choriocarcinoma is a highly malignant epithelial 
tumour that is most often associated with hydatidiform mole. 
On the occasions that pathology is available the characteristic 
findings exhibit the structure of the villous trophoblast but with 
sheets of syncytiotrophoblast or cytotrophoblast cells, haemor-
rhage, necrosis and intravascular growth are also common. A 
number of studies have shown involvement of certain tumour-
associated genes in choriocarcinoma (1). For example, p53 
oncoprotein immunoreactivity was significantly stronger in 
choriocarcinoma than in normal placenta (2). Studies from 
the same group revealed that c-myc, c-erbB-2, c-fms and bcl-2 
oncoproteins may be important in the pathogenesis of complete 
mole and choriocarcinoma since they appear to be overexpressed 
in this aggressive tumour (3). The cellular mdm2 gene, which 
has a potential transforming activity that can be activated by 
overexpression, is also abundantly present in choriocarcinomas 
(4). Interestingly, a protein termed NECC1 is absent in choriocar-
cinomas whereas it is expressed in large amounts in the placenta 
and the uterus (5). Macrophage-derived cytokines have also been 
implicated in trophoblastic diseases. For example, circulating 
levels of interleukin-1 β (IL-1β), interleukin-6 (IL-6) and tumour 
necrosis factor α (TNF-α) are elevated in choriocarcinomas (6).

From an endocrine perspective, choriocarcinoma is not 
an inert tumour as it secrets a wide repertoire of hormones. 
However, apart from extensive studies on human chorionic 
gonadotropin (hCG) very little is known about the involvement 
of sex hormones. Indeed, emerging studies suggest that proges-
terone-mediated responses appear to affect breast and ovarian 
cancers. Recent data point towards mechanisms of progesterone 
receptor (PR) inhibition of inflammatory responses in cellular 
models of breast cancer (7). Hardy et al found that progesterone 
appears to inhibit the effects of IL-1β in myometrial cells (8). 
Subsequent studies from the same group indicated that PR plays 
an important anti-inflammatory role in breast cancer cells via 
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ligand-dependent and ligand-independent mechanisms (9). In 
poorly differentiated endometrial cancer cells, treatment of 
progesterone downregulated gene expression of IL-1β (10). 
This is of particular interest, since a high IL-1β content is often 
associated with tumour invasiveness and with other pathologic 
features suggestive of aggressive tumour biology (11).

We hypothesise that the hormones/cytokines present within 
the tumour microenvironment play a key role for the develop-
ment of choriocarcinoma. In this study we assessed the effects 
IL-1β can exert in the presence or absence of progesterone 
and provide novel evidence of crosstalk in this aggressive and 
poorly understood tumour.

Materials and methods

Cell culture. BeWo and JEG-3 cell lines were purchased from the 
European Collection of Cell Cultures (ECACC, Salisbury, UK). 
The cells were maintained at standard culture conditions of 5% 
CO2 in air at 37˚C. BeWo cells were cultured in Ham F12 (Sigma-
Aldrich, UK) containing 10% heat-inactivated fetal bovine 
serum (FBS), and 0.5% penicillin-streptomycin; whereas, JEG-3 
cells were maintained in MEME (Sigma-Aldrich) containing 
10% heat-inactivated FBS, and 0.5% penicillin-streptomycin, 
0.5% L-glutamine, 0.5% sodium pyruvate and 0.5% MEM non-
essential amino acids.

Trypan blue exlusion assay. BeWo and JEG-3 cells were main-
tained in cell culture as described above. Cells were seeded in 
6-well multi dishes for treatment purposes. Once confluence 
was achieved, the media was aseptically removed and the cells 
were rinsed with 1Χ PBS. A known volume of phenol red-free 
media containing only 100 µg/ml of penicillin and 100 µg/ml of 
streptomycin (Gibco) was added to the cells 24 h prior starting the 
treatments. The cells where incubated for 24 h with the specific 
compounds prior to starting the trypan blue exclusion assay.

Treatments. The following overnight treatments were used for 
the in vitro studies: progesterone (P4) at concentrations of 1 nM, 
10 nM, 100 nM, 1000 nM. Promegestone (R5020), a specific 
agonist of nuclear progesterone receptor, at a concentration of 
30 nM. This concentration was carefully selected, as dose above 
the 30 nM appear to activate membrane progesterone receptors. 
Both agents were applied in the absence or presence of IL-1β 
(10 ng/µl). It should be noted that U0126 compound was used 
to pre-treat the cells for 30 min before continuing with any 
other treatments. The selective MAPK inhibitor was used at a 
concentration of 1 µM.

RNA isolation and cDNA synthesis. Total ribonucleic acid 
(RNA) was isolated using an RNA extraction kit (Sigma-
Aldrich, UK), according to manufacturer's instructions. RNA 
concentration was determined by spectrophotometric analysis 
(NanoDrop; Thermo Scientific, UK) and agarose gel electro-
phoresis. RNA (500 ng) was reverse-transcribed into cDNA 
using 5 IU/µl RNase H reverse transcriptase (Invitrogen, UK).

Quantitative RT-PCR. Relative expression of the genes of 
interest was assessed by quantitative PCR (Q-PCR) on an ABI 
Prism 7900HT Sequence detection system (Applied Biosystems) 
using SYBR® Green-PCR reaction mixture (Sigma-Aldrich) 

and specific primers (Table I). As a negative control, distilled 
water was used in place of the cDNA. For the quantitative PCR, 
the following equations were used: ΔCt=Ct(gene of interest)-Ct(house 

keeping gene), ΔΔCt=ΔCt(sample) - ΔCt(calibrator), Relative Quantity 
(RQ)=2-ΔΔCt. RQ value was set up as 1 for the untreated (no 
supplement) BeWo and JEG-3 cells. We have also calculated 
the gene expression levels as RQ values, using the untreated 
control for each cell line as a calibrator. We did so, since RQ 
values provide a more accurate comparison between the initial 
amounts of template in each sample, without requiring an 
exact copy number for analysis. Q-PCR data are reported as 
the mean ± SEM. Statistical analysis of the ΔΔCt values was 
performed by one-way analysis of variance (ANOVA), followed 
by Bonferroni Multiple Comparison as a post-hoc test using 
GraphPad Prism 5.0.

Immunofluorescent analysis. JEG-3 cells were fixed in 4% 
paraformaldehyde for 10 min prior to washes in PBS and incu-
bation with 10% bovine serum albumin (BSA) for 1 h. Cells 
were incubated for 1 h with antibodies against mPRs, PR-B, and 
PGRMC-1 as previously described (12). Images were captured 
using a Plan Apo Neofluor 63X NA 1.25 oil objective (Zeiss) on a 
Zeiss Axiovert 200 M microscope and viewed using AxioVision 
software. Images were taken at a set exposure time.

Western immunoblotting. Samples were separated on an 
SDS-10% polyacrylamide gel and the proteins were transferred 
to a nitrocellulose membrane. The membrane was blocked in 
TBS containing 5% dried milk powder (w/v) and 0.1% Tween-20, 
for 1 h at room temperature. After three washes with TBS-0.1% 
Tween-20, the nitrocellulose membranes were incubated with 
primary antibodies against phospho- and total ERK1/2 (Santa 
Cruz Biotechnology, USA). The primary antiserum was used at 
a 1:250 dilution overnight at 4˚C. The membranes were washed 
thoroughly for 30 min with TBS-0.1% Tween, before incubation 
with the secondary HRP-conjugated immunoglobulin (1:2000) 
for 1 h at room temperature and further washing for 30 min 
with TBS-0.1% Tween-20. Antibody complexes were visualised 
as previously described (12). The immunoreactive bands were 
analyzed using Image J 1.34s image-analysis software (National 
Institute of Health, USA). Data are presented as mean ± SD. 
Statistical comparisons between the different treatments were 
performed using the Student's t-test. Differences among means 
were considered significant when p<0.05.

Results

Effects of progesterone on BeWo and JEG-3 choriocarcinoma 
cells. Serum starved cells were treated in a dose-dependent 
manner over 24 h with progesterone. Controls, with unstimu-
lated cells were included in order to establish a ‘baseline’ of cell 
death in our experimental model. Significantly lower percent-
ages of dead cells were seen when BeWo cells were treated with 
10 nM, 100 nM and 1000 nM of progesterone compared to the 
untreated BeWo cells (Fig. 1A). When JEG-3 cells were treated, 
significance in terms of increased cell death was achieved only 
at 100 nM and 1000 nM (Fig. 1B).

Progesterone reverses IL-1β-induced cell death. When cells 
were treated with IL-1β, cell death was induced in both cell   
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lines. However, the effect was more exacerbated in JEG-3 cells, 
where IL-1β induced 40% cell death when compared to BeWo 
cells that reached a modest but significant 15% cell death. When 
BeWo cells were treated with IL-1β and progesterone, there 
was a significant decrease in cell death at concentrations of 100 
nM and 1000 nM that reduced the percentage of dead cells 
around 10% (Fig. 2A). Interestingly, in JEG-3 cells the effects 
of progesterone were far more pronounced. Progesterone at a 
concentration as low as 1 nM, significantly reversed the effect 
of IL-1β. This effect was not dose-dependent as a range of 

1-100 nM reduced cell death 30% when compared to IL-1β 
treatment alone. When cells were treated with the supraphysi-
ological dose of 1000 nM, the IL-1β effect was completely 
abolished (Fig. 2B).

Progesterone and R5020 alter the phosphorylation of ERK1/2 

in choriocarcinoma cells. ERK1/2 appears to play a key role in 
promoting cytotrophoblast cell differentiation and proliferation. 
As a result we assessed the effects of progesterone and R5020 
on the phosphorylation of ERK1/2 correcting over total-ERK1/2 

Table I. The primers used for Q-PCR experiments.

Gene of Forward primer Reverse primer Product
interest   size (bp)

mPR-α CGCTCTTCTGGAAGCCGTACATCTATG CAGCAGGTGGGTCCAGACATTCAC 100
mPR-β AGCCTCCTACATAGATGCTGCCC GGTGCCTGGTTCACATGTTCTTCA 194
mPR-γ CAGCTGTTTCACGTGTGTGTGATCCTG GCACAGAAGTATGGCTCCAGCTATCTGAG 120
PGRMC1 TCTGGACTGCACTGTTGTCCTTG GCAAACACCTGTTCCTATTCTG 290
β-actin AAGAGAGGCATCCTCACCCT TACATGGCTGGGGTGTTGAA 216

Figure 1. (Α) Percentage of dead BeWo cells after treatment with various con-
centrations (1-1000 nM) of progesterone. Each histogram represents the mean ± 
SEM of three individual experiments. *Significance of various treatments with 
unstimulated BeWo cells. (B) Percentage of dead JEG-3 cells after treatment 
with various concentrations (1-1000 nM) of progesterone. Each histogram repre-
sents the mean ± SEM of three individual experiments. *Significance of various 
treatments with unstimulated JEG-3 cells. 

Figure 2. (Α) Percentage of dead BeWo cells after treatment with IL-1β 
(10 ng/µl) and progesterone (1-1000 nM). Each histogram represents the mean 
± SEM of three individual experiments. (B) Percentage of dead JEG-3 cells after 
treatment with IL-1β (10 ng/µl) in the presence of progesterone (1-1000 nM). 
Each histogram represents the mean ± SEM of three individual experiments.



ZACHARIADES et al:  CROSS-TALK OF INTERLEUKIN-1β AND PROGESTERONE 1361

levels. The cells were treated with progesterone and R5020, 
for 1, 3, 5, 10 and 20 min. The expression of p-ERK1/2 was 
normalised to total MAPK and the optical density values of 
immunoreactive bands are presented in Fig. 3. When compared 
to the non-supplement (NS) control, a significant increase of 
the phoshporylation level was evident when JEG-3 cells were 
treated with P4 for 1 min. When BeWo cells were treated at 
identical time points, progesterone did not induce any significant 
changes in the phosporylation status of ERK1/2 (Fig. 3A). There 
were no substantial changes even after 1 h of treatment (data 
not shown). However, it should be noted that a progesterone-
induced phosphorylation at 3 min post-treatment just failed to 
reach significance. Given the effect seen with progesterone, 
we have used the specific nuclear PR activator R5020 in order 
to dissect this response further. R5020 induced a significant 
increase in phosphorylation of ERK1/2 after 1 and 20 min of 
treatment when compared to the non-supplement. Similarly, in 
BeWo-treated cells, R5020 did not alter the phorphorylation of 
ERK1/2 significantly (Fig. 3B). Collectively, these data strongly 
suggest involvement of the nuclear PR in this response.

Involvement of MAPK signalling in the progesterone-induced 
cell death. Given the changes in the phosphorylation of ERK1/2, 

we hypothesised that the MAPK pathway might be implicated 
in the progesterone mediated responses. In order to dissect 
this response, cells were pretreated with the selective MAPK 
inhibitor UO126 for 30 min prior to further hormonal chal-
lenges. In BeWo cells pretreatment with UO126 reversed the 
effect of progesterone at 100 nM and significantly inhibited the 
1000 nM effect in presence of IL-1β (Fig. 4A). Interestingly, 
UO126 also inhibited substantially the progesterone effect seen 
in JEG-3 cells. In particular, in JEG-3 cells that were treated 
with 10 nM progesterone, UO126 completely abolished the 
IL-1β effect (Fig. 4B).

An interesting picture emerged when cells were treated with 
R5020 in the presence or absence of UO126 and IL-1β. In BeWo 
cells, R5020 alone did not affect the cell death induced by IL-1β. 
However, when cells were pretreated with UO126, an induction 
of cell death was noted (Fig. 5A). In JEG-3 cells, R5020 reduced-
cell death in the presence of IL-1β but UO126 was unable to 
reverse this effect (Fig. 5B). Collectively these data suggest that 
the MAPK pathway is involved only when multiple progesterone 
receptors are activated by progesterone.  

Differential regulation of mPRs and PGRMC-1 by IL-1β and 
progesterone. Following the differential responses of progesterone 

Figure 3. (Α) Densitometric analysis of phosphorylated ERK1/2 protein normali-
zed to total ERK1/2 protein and reported as optical density (OD) units + SEM. 
JEG-3, BeWo cells were treated with 100 nM of progesterone. (B) Densitometric 
analysis of phosphorylated ERK1/2 protein normalized to total ERK1/2 protein 
and reported as optical density (OD) units mean ± SEM. JEG-3, BeWo cells 
were treated with 30 nM of R5020.

Figure 4. (Α) Percentage of dead BeWo cells after treatment with IL-1β 
(10 ng/µl), pre-treating cells with UO126 (1 µM) and various concentrations 
(1-1000 nM) of progesterone. Each histogram represents the mean ± SEM of 
three individual experiments. (B) Percentage of dead JEG-3 cells after treat-
ment with IL-1β (10 ng/µl), pre-treating cells with UO126 (1 µM) and various 
concentrations (1-1000 nM) of progesterone. Each histogram represents the 
mean ± SEM of three individual experiments. 
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and R5020, we hypothesised that other progesterone receptors 
might be implicated in these events. Therefore, we investigated 
the combined effects of progesterone and IL-1β in an attempt to 
mimic the hormonal-cytokine cross-talk in a tissue microenvi-
ronment. When BeWo cells were treated with progesterone and 
IL-1β, all mPRs and PGRMC-1 were downregulated (Fig. 6). 
However, this effect did not reach significance. In JEG-3 cells the 
combined treatment downregulated mPRα and had no apparent 
effect on mPRγ (Fig. 6A and C). However, it induced a dramatic 
upregulation of mPRβ and a significant (2-fold) upregulation of 
PGRMC-1 (Fig. 6B and D.

Discussion

A number of studies so far have linked the gestational choriocar-
cinoma with alterations in tumor suppressor genes, oncogenes 
or other imprinting genes (13). This study addresses some of 
the unresolved issues in the area of cancer endocrinology, as 
we provide novel evidence of a cross-talk of an inflammatory 
cytokine and a sex steroid hormone in choriocarcinoma.

IL-1β is a proinflammatory cytokine which at the early 
stages of pregnancy is produced and secreted by the maternal 
decidua (14). This cytokine may potentially be an inducer of 

placental trophoblast invasion by stimulating the release of 
metalloproteinase (MMP-9) by human placental cytotropho-
blast (15). Also it has been associated with trophoblast cell 
differentiation by increasing the production of hCG hormone 
in isolated first trimester villous trophoblast (16) as well as 
in human choriocarcinoma cells (17). Of interest, there is an 
increase in production of hCG in gestational choriocarcinomas.

Here we provide a novel insight of the role of IL-1β and 
progesterone within the tumour microenvironment. In both 
in vitro models, IL-1β appears to increase cell death, whereas 
progesterone exerts a protective effect on serum starvation-
induced and IL-1β-induced cell death. In higher doses of 
progesterone, there is a clear shift towards proliferative effects 
(data not shown). To the best of our knowledge this is the first 
study that implicates IL-1β and progesterone as dual regulators 
of choriocarcinoma. Previous studies have shown that IL-1β on 
its own mediated apoptosis of placental cells (18). Similarly, our 
data showing protective effects against cell death are consis-
tent with previous findings that show anti-apoptotic effects of 
progesterone in granulosa cells of the ovary, where this effect 

Figure 5. (Α) Percentage of dead BeWo cells after treatment with IL-1β 
(10 ng/µl), pre-treating cells with UO126 (1 µM) and 30 nM of R5020. Each 
histogram represents the mean ± SEM of three individual experiments. (B) 
Percentage of dead JEG-3 cells after treatment with IL-1β (10 ng/µl), pre-treating 
cells with UO126 (1 µM) and 30 nM of R5020. Each histogram represents the 
mean ± SEM of three individual experiments.

Figure 6. (Α) RQ values of the expression of mPRα in BeWo and JEG-3 cells 
after treating with IL-1β (10 ng/µl) and 100 nM of progesterone. Each histogram 
represents the mean ± [2-ΔΔSD (+) - 2-ΔΔSD (-)] of three individual experiments. (B) 
RQ values of the expression of mPRβ in BeWo and JEG-3 cells after treating 
with IL-1β (10 ng/µl) and 100 nM of progesterone. Each histogram represents 
the mean ± [2-ΔΔSD (+) - 2-ΔΔSD (-)] of three individual experiments. (C) RQ values 
of the expression of mPRγ in BeWo and JEG-3 cells after treating with IL-1β 
(10 ng/µl) and 100 nM of progesterone. Each histogram represents the mean 
± [2-ΔΔSD (+) - 2-ΔΔSD (-)] of three individual experiments. (D) RQ values of the 
expression of PGRMC-1 in BeWo and JEG-3 cells after treating with IL-1β 
(10 ng/µl) and 100 nM of progesterone. Each histogram represents the mean ± 
[2-ΔΔSD (+) - 2-ΔΔSD (-)] of three individual experiments. 
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was PR-specific and was reversed when RU486, an antiprogestin 
was used (19). Also progesterone induced suppression of apop-
tosis in the rat mammary gland during lactation (20). However, 
apart from one study that shows tremendous fluctuations of 
serum progesterone in choriocarcinoma (1.3-182.9 ng/ml) (21) 
there is no further data regarding with relation to trophoblastic 
diseases.

Compared to the BeWo cells the JEG-3 cells upon treat-
ment with the cytokine showed a higher percentage of dead 
cells. This may be the result of an upregulation of interleukin 1 
receptor, which according to an extensive microarray analysis 
in both cell lines, was shown to be present only in the JEG-3 
cells accounting for the sensitivity shown to this cytokine (22). 
Upon co-treatment of JEG-3 cells with IL-1β and progesterone 
a reduction in the percentage of cell death is seen in comparison 
to the cytokine only treated cells. A dramatic reduction is seen 
when 1000 nM of P4 is used. It should be taken into consid-
eration that since treatment was for 24 h it is plausible that P4 
could activate multiple PRs. This indeed appears to be the 
case, since treatment of JEG-3 cells with R5020 also induced 
a significant drop in cell death, indicative of involvement of 
nuclear PRs in this process.

The MAP kinase family controls a wide range of cellular 
events such as the process of cell differentiation, cell proliferation, 
and cell death as well as regulating short-term process required 
for homeostasis and hormonal responses (23). Suppression of 
ERK1/2 activity early in the differentiation process leads to an 

impaired trophoblast differentiation process as the levels of hCG 
secretion were dramatically reduced compared to non-experi-
mental culture conditions (24). Rapid activation of ERK1/2 was 
detected in JEG-3 cells upon stimulation with P4 and the nuclear 
progesterone receptor agonist R5020 as early as 1 min of treat-
ment. Rapid stimulation of ERK activity has also been previously 
reported, upon 2 min of treatment with R5020 in T47D cells (25). 
The responses of progesterone in BeWo cells were more subtle 
and did not reach significance. This is not surprising, as micro-
array data show that approximately 20% of genes represented 
on a microarray analysis were differentially expressed in JEG-3 
and BeWo choriocarcinoma cell lines (22). This JEG-3 specific 
rapid activation of ERK1/2 can be attributed as the result of 
upregulation of genes involved in the MAPK cascade in JEG-3 
cells in comparison to BeWo cells. Genes that have been shown 
to be upregulated include the mitogen-activated protein kinase 
kinase kinase 7 interacting protein 2 (MAP3K7IP2) mitogen-
activated protein kinase kinase kinase kinase 1 (MAP4K1), 
mitogen-activated protein kinase 1 (MAPK1), mitogen-activated 
protein kinase 14 (MAPK14), mitogen-activated protein kinase 3 
(MAPK3), GRB2-associated binding protein 1 (GAB1) and Son 
of sevenless homolog 1 (SOS1) (22). Thus, the progestin induced 
rapid ERK1/2 phosphorylation in JEG-3 compared to BeWo can 
be a direct result of an overexpressed MAPK signalling pathway. 
The potential involvement of the MAPK in these events has been 
further dissected using the specific inhibitor U0126. Again, the 
effect was far more pronounced in JEG-3 cells, where treatment 

Figure 7. Schematic representation of our hypothesis: increase of progesterone within the cellular microenvironment shifts the proliferation dynamics towards 
events that involve MAPK and numerous progesterone receptors to stimulate tumorigenesis.
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with U0126 inhibited substantially the progesterone effect in the 
presence of IL-1β.

The anti-apoptotic effects of P4 cannot be attributed to be 
solidly mediated by PRs, as other putative mediators of the 
action of progesterone have been shown to be expressed, such 
as the mPRs (26) and PGRMC-1 (27). Treatment of JEG-3 cells 
with progesterone and IL-1β exerted a differential effect on these 
alternative membrane receptors. The most significant effect was 
the dramatic upregulation of mPRβ and PGRMC-1. This is of 
particular interest given the involvement of PGRMC-1 in cancer 
progression and tumourigenesis (28,29). Moreover, it is attractive 
to speculate that mPRs are also involved in this response since 
Dressing et al have shown that progestins can mediate anti-
apoptotic effects, via mPRα, in ovarian follicle cells (30).

Based primarily on our findings on the more responsive 
choriocarcinoma cell line JEG-3 we would like to propose 
the following model: when IL-1β is the predominant cytokine 
within the tumour microenvironment, it modulates proliferative 
responses by inducing cell death. However, when the dynamics 
change and there is a surge of progesterone this result to an 
upregulation of PGRMC-1 and mPRβ. The net effect is occupa-
tion of both membrane and nuclear progesterone receptors that 
involving the MAPK pathway inhibit cell death and predispose 
cells for malignant transformation.
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