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Abstract Clinical symptoms of endometriosis, such as
pain and infertility, can be described as persistent
stressors. Such continuous exposure to stress may severely
affect the equilibrium and bidirectional communication of
the endocrine and immune system, hereby further aggra-

vating the progression of endometriosis. In the present
study, we aimed to tease apart mediators that are involved
in the stress response as well as in the progression of
endometriosis. Women undergoing diagnostic laparoscopy
due to infertility were recruited (n=69). Within this
cohort, early stage of endometriosis were diagnosed in
n=30 and advanced stage of endometriosis in n=8. Levels
of progesterone in serum were determined. Frequency of
progesterone receptor (PR) expression on CD56+ and
CD8+ peritoneal lymphocytes was analysed by flow
cytometry. The production of tumour necrosis factor
(TNF) and interleukin (IL)-10 by peritoneal leukocytes
upon stimulation with the potent stress mediator
corticotropin-releasing hormone (CRH) and the progester-
one derivative dydrogesterone, or both, were evaluated.
Furthermore, the production of progesterone-induced
blocking factor (PIBF) by peritoneal leukocytes and the
expression of PR in endometriotic tissue were investigat-
ed. Levels of progesterone in serum were decreased in
women with endometriosis and inversely correlated to
pain scores. Furthermore, an increased frequency of
CD56+PR+ and CD8+PR+ peritoneal lymphocytes was
present in advanced endometriosis. The TNF/IL-10 ratio,
reflecting cytokine secretion by peritoneal cells, was
higher in cells derived from endometriosis patients and
could be further heightened by CRH stimulation, whereas
stimulation with dydrogesterone abrogated the CRH-
mediated inflammation. Finally, the expression of PIBF
by peritoneal leukocytes was increased in endometriosis.
Low levels of progesterone in the follicular phase could be
responsible for the progression of endometriosis and
related pain. Peripheral CRH, increasing upon high
psychological stress, might contribute to the peritoneal
inflammation present in endometriosis. The therapeutic
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application of progesterone derivatives, CRH blocking
agents as well as improvement of stress coping may
disrupt the vicious circle between the chronic peritoneal
inflammation and high perception of psychological stress
in endometriosis.

Keywords Stress . Sickness behaviour . Progesterone .

PIBF. Pain . Peritoneal inflammation . Steroids .

Endometriosis

Introduction

Endometriosis is a chronic gynaecological disease. It affects
up to 22% of women in their reproductive age [1].
Morphologically, it is characterised by endometrial glands
and stroma outside the uterine cavity. Clinical symptoms
include severe chronic pain and infertility which interfere
with social life, sexuality, psychological well-being and,
hence, quality of life. Women with endometriosis report an
enhanced stress perception and are more likely to suffer
from depression, introversion and anxiety [2–4]. Therefore,
the clinical symptoms of endometriosis are viewed as
persistent stressors.

Historically, endometriosis has been considered as an
oestrogen-dependant disease since estradiol seems to
stimulate endometrial proliferation. Clinical studies
revealed an improvement of endometriosis-related symp-
toms during pregnancy, which gave rise to treatments
exerting anti-proliferative effects by inducing a pseudo-
pregnancy regime, i.e. the application of synthetically
produced progestins [5]. A relative or absolute progesterone
deficiency or failure of progesterone to appropriately
regulate gene expression during endometrial differentiation
has also been proposed to be relevant in endometriosis [6].
Intriguingly, progesterone and progestins also alleviate
endometriosis-associated pain [7, 8].

A large body of data suggests a pivotal involvement of the
peritoneal immune surveillance in the pathogenesis of
endometriosis, such as an impaired activation or function of
peritoneal cells such as natural killer (NK) cells, macrophages
and T lymphocytes [9–12]. These cells of the innate and
adaptive immune system are possible targets of progesterone.
For example, CD8+ lymphocytes have been proven to be
necessary for actions of the progesterone derivative dydro-
gesterone [13], and peripheral CD8+ blood lymphocytes
positive for the progesterone receptor (PR) were proposed to
be involved in successful pregnancy [14]. Intriguingly,
progesterone has been shown to increase NK cell activity
in experimental endometriosis [15].

It is well established that high perception of psycholog-
ical stress may trigger the incidence or exacerbation of
inflammatory diseases ranging from inflammatory bowel

disease [16], immune dermatosis [17] and pregnancy
complications such as spontaneous abortion and preeclamp-
sia [18]. High levels of perceived stress activate the
hypothalamus–pituitary–adrenal (HPA) axis and the release
of neurohormones such as corticotropin-releasing hormone
(CRH) [19]. Peripheral CRH, which increases upon psy-
chological stress [20], also exerts potent pro-inflammatory
actions, as demonstrated, e.g. in the context of intestinal
inflammation [21].

Additional to defective cytotoxicity of peritoneal im-
mune cells, inflammation plays a key role in endometriosis.
Pro-inflammatory cytokines such as the tumour necrosis
factor (TNF), interleukin (IL)-1, but also IL-6—produced in
great quantities by peritoneal macrophages in endometriosis
[22, 23]—perpetuate pain perception, angiogenesis and
exert embryotoxic effects [24, 25]. Intriguingly, CRH is
highly expressed in endometriotic lesions [26] and the CRH
binding protein is increased in peritoneal fluid in endome-
triosis [27]. Urocortin, a member of the CRH family of
peptides, was also found increased in plasma and cyst
contents in ovarian endometriosis [28].

Although high perception of stress and stress-related
anxiety are known to be strongly associated with inflam-
matory cytokines in healthy humans [29], it remains to be
elucidated whether psychological stress and up-regulation
of CRH can be made attributable for the peritoneal
inflammation present in endometriosis.

Mechanisms of dampening inflammation have been
demonstrated, e.g. for the progesterone derivative dydro-
gesterone [13, 30, 31]. The progesterone-induced blocking
factor (PIBF) has been identified as one factor mediating
the immunosuppressive effects of progesterone. Originally
demonstrated in CD8+ T cells [32], PIBF is produced by a
variety of tumour cell lines, e.g. SRIK-NKL, a CD8+ NK/T
cell line; its production is increased by progesterone
receptor-dependent pathways [33], and it blocks NK cells
[34].

The specific aims of the present study were to compare
serum and peritoneal fluid from infertile patients without or
with endometriosis (stages I+II and III+IV, respectively) as
well as endometriotic tissue in order to evaluate:

(a) if levels of progesterone in serum vary between
groups,

(b) if frequencies of CD56+PR+ or CD8+PR+ peritoneal
lymphocytes differ between the respective groups,

(c) if cytokine profiles of peritoneal leukocytes change
upon stimulation with CRH, representative of the
stress-related neuroendocrine system,

(d) if the progesterone derivative dydrogesterone is able to
counteract the effects of CRH on cytokine production,

(e) if levels of PIBF produced by peritoneal leukocytes
fluctuate between the groups,
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(f) if endometriotic cells express the PR and if this
expression differs between early and advanced endo-
metriosis.

Materials and methods

Study population, collection of peritoneal fluids,
endometriotic tissue and peripheral blood

Women undergoing diagnostic laparoscopy due to infertil-
ity, defined as the absence of pregnancy despite the wish of
having a child and regular sexual intercourse for a duration
of 1 year, were included in the present study (Fig. 1). In
most cases, pelvic pain was an additional indication for
laparoscopy. Women during the luteal phase of the
menstrual cycle, taking hormonal or immunosuppressive
medication or undergoing in vitro fertilisation treatments
were excluded. In total, 69 infertile women during the
follicular phase of the menstrual cycle at the time of
laparoscopy could be included (Fig. 1). All women had
regular cycles of 28–30 days and did not receive medical
treatment related to endometriosis since—based on the
study design—endometriosis was first diagnosed or ex-
cluded macroscopically during laparoscopy; this diagnosis
was further substantiated by histological analysis of tissue
taken during laparoscopy. All women were invited to
provide information with regard to their demographic,
biometric data and the intensity of pain during the last
3 days or 4 weeks, respectively, using two numerical rating

scales (NRS) from 0 (no pain) to 10 (the worst pain
imaginable).

Laparoscopy was conducted before hysteroscopy to
avoid contamination with uterine cells. Peritoneal fluid
was collected after the placement of the trocars before any
surgical intervention such as biopsy sampling and saved in
sterile falcon tubes. If only a very small volume was
present, peritoneal flushing with 10 ml saline was necessary
to obtain the fluid. Biopsies of macroscopically suspect
tissue were analysed microscopically by a pathologist
unrelated to the research team. Additionally, one part of
the tissue was preserved in sterile phosphate-buffered saline
(Dulbecco’s PBS, PAA Laboratories GmbH, Pasching,
Austria), transferred to the laboratory together with perito-
neal fluids within 2–4 h after collection and processed as
described below.

According to the laparoscopic macroscopic evaluation
and microscopic analysis of biopsies, patients were divided
into the following subgroups: with endometriosis (n=38)
and without endometriosis (n=31; Fig. 1). Endometriosis
was staged according to the revised American Society of
Reproductive Medicine classification [35], and endometri-
osis patients were further divided into the group of patients
with early endometriosis at stage I or II (n=30) and the
group of patients with advanced endometriosis at stage III
or IV (n=8). The median of the day of menstrual cycle was
8 (5–13) in women without endometriosis, 8.5 (4–14) in
women with endometriosis stage I or II and 8 (5–10) for
stage III or IV, which largely excludes that the insights
arising from progesterone analysis are camouflaged by the
rise of progesterone near ovulation.

This study, including all analyses performed on tissues,
has been approved by the local ethics committee, and
written informed consent was obtained from all the patients
prior to any intervention.

Determination of serum progesterone concentration

Peripheral blood was taken prior to anaesthesia then
centrifuged at 400×g for 10 min at 4°C, and serum was
stored at −80°C until analysis. The serum concentrations of
progesterone were determined using a commercially available
ELISA kit (DRG Instruments GmbH, Marburg, Germany).
The assay range of the progesterone ELISA kit we used was
0–40 ng/ml, and the coefficients of variation were as follows:
intra-assay, 8.3/4.6/5.2%; inter-assay, 9.9/4.8/6.5%. Samples
were then read on a microtitre plate reader (at 450 nm;
FLUOstar OPTIMA; BMG LABTECH, Offenburg, Ger-
many), and progesterone concentration was calculated from
the standard curve.

Clearly, it would have been desirable to obtain data on
progesterone levels not only during the follicular phase but
also during the luteal phase. However, women scheduled

Fig. 1 Flowchart of study population. Diagnosis of endometriosis
was made by macroscopic and histological confirmation. Stages were
defined according to the revised ASRM classification (ASRM, 1997).
IVF in vitro fertilisation, ASRM American Society for Reproductive
Medicine
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for laparoscopy for abdominal pain and infertility routinely
undergo surgery in the follicular phase of the menstrual
cycle. Considering that progesterone during the luteal phase
also shows a large variation, we considered the insights
gained from analysing progesterone during the follicular
phase as valuable.

Frequency and phenotype of PR+ peritoneal lymphocytes

Peritoneal fluid was centrifuged at 400×g for 10 min at
4°C; supernatants were removed and cells were resus-
pended in flow cytometer buffer (Dulbecco’s PBS with
1% bovine serum albumin (BSA), 5 mM EDTA and 0.1%
sodium azide). Three-colour flow cytometry was per-
formed using the following antibodies (Ab): anti-
CD8APC, anti-CD56PE (BD Biosciences, San José, CA,
USA), anti-PR (DAKO Denmark A/S, Glostrup, Den-
mark), biotinylated goat-anti-rabbit (Jackson ImmunoRe-
search Europe, Newmarket , Suffolk, UK) and
streptavidinPerCP (BD Biosciences, San José, CA, USA)
at concentrations of 1:10 for anti-PR and biotinylated Abs
and 1:20 for APC-, PE- and PerCP-conjugated Abs. As a
negative control, cells were stained with the corresponding
isotype-matched Ab.

Cells were incubated with the respective Abs for 30 min
at room temperature in the dark, thereafter incubated with
10% lysis buffer (A. dest. with 1.56 M NH4Cl, 100 mM
KHCO3, 0.78 mM EDTA) to lyse red blood cells for
10 min in the dark, followed by a wash with flow cytometer
buffer. Cells were fixed using CellFIX solution (BD
Biosciences, Erembodegem, Belgium) and left overnight
at 4°C in the dark. The next morning, cells were washed
with PBS azide (Dulbecco’s PBS with 0.1% sodium azide),
resuspended and measured using a FACSCalibur (BD
Biosciences, San José, CA, USA). Flow cytometer instru-
ment compensation was set in each sample using single-
colour stained samples. The threshold was set to exclude
dead cells in the analyses. Data were analysed using
CellQuest Pro software (BD Biosciences, San José, CA,
USA). Examples of lymphocyte gating and histograms of
the respective staining are shown in Fig. 3a–c.

In vitro stimulation of peritoneal leukocytes

In 17 samples, we performed in vitro stimulation studies
to investigate the cytokine profile and PIBF production
of peritoneal leukocytes. Samples were derived from
women without (n=8), with early (n=8) or advanced (n=
1) endometriosis. After pretesting different concentrations
of CRH and dydrogesterone, finally, 104 cells per well
were incubated on a 96-well plate (SARSTEDT, Nüm-
brecht, Germany) in AIMV medium (Invitrogen, Paisley,
UK) containing L-glutamine, 50µg/ml streptomycin sul-

phate and 10µg/ml gentamicin sulphate, supplemented
with 10% foetal calf serum (Biochrom, Berlin, Germany)
and either 10−9M CRH (BACHEM, Bubendorf, Switzer-
land), 10−5M dydrogesterone (SOLVAY, Hannover, Ger-
many), both or none of the substances. A medium control
was performed for every substance to identify spontane-
ously released cytokine levels. Supernatants were taken
after an incubation of 24 h at 37°C in a humidified
atmosphere of 5% CO2 and stored at −80°C until further
analysis. Cellular death was excluded by the Trypan blue
method.

Quantitative determination of cytokines in cell supernatants

Test measurements of several inflammatory and regulatory
cytokines including IL-2, IL4, IL-6 and Interferon-γ revealed
that TNF and IL-10 were the optimal cytokines in the samples,
as their levels were consistently in the sensitivity range of
cytometric bead arrays (CBA). Subsequently, levels of TNF
and IL-10 were analysed using the CBA Flex Set system (BD
Biosciences, San José, CA, USA). Briefly, 50µl of each
sample and standard dilution were mixed with 50µl of mixed
capture beads and incubated for 1 h at room temperature in the
dark before adding 50µl of the mixed PE detection reagent to
each assay tube. After 2 h of incubation at room temperature
in the dark, samples were washed once and resuspended in
300µl of washing buffer before acquisition on a FACSCalibur
cytometer (BD Biosciences, San José, CA, USA; Fig. 4a, b).
Data were analysed using CBA software (BD Biosciences,
San José, CA, USA). Standard curves were generated for
each cytokine. The concentration of each cytokine in cell
supernatants was determined from the corresponding
standard curve. We further calculated the TNF/IL-10 ratio
with high values representing a Th1-dominant cytokine
profile. In addition, we calculated the relative changes of
the TNF/IL-10 ratio in CRH-, dydrogesterone- or CRH
and dydrogesterone-stimulated samples (ratio b) over the
native (=unstimulated) sample (ratio a). Furthermore, the
relative change of the TNF/IL-10 ratio in CRH-stimulated
(ratio a) over CRH and dydrogesterone-stimulated sam-
ples (ratio b) was calculated. The following formula was
used: ratio b� �ratio að Þ=ratio a½ � � 100.

Determination of PIBF concentration in cell supernatants

To determine the native amount of PIBF in the supernatants
of cells incubated only with medium, we used a non-
commercial ELISA. In brief, a 96-well microtiter plate was
coated with 100µl of recombinant human PIBF (rhuPIBF)
0.125µg/ml in 0.5 M Tris buffer, pH6.5, incubated
overnight at 4°C and washed three times with PBS-
Tween. The rhuPIBF standard (1.24, 25, 50, 100,
1,000 ng/ml) was diluted in 0.5 M phosphate buffer (pH
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7.3–7.4) and then mixed with the same volume of
biotinylated anti-rhuPIBF IgG at a dilution of 1:2,500 in
0.5 M PBS buffer. Samples were diluted 1:2.5 and mixed
1:1 with 1:2,500 biotinylated anti-rhuPIBF IgG in 0.5 M
PBS to achieve a final dilution of 1:5 (samples) and 1:5,000
(anti-rhuPIBF). Standards and diluted samples were incu-
bated for 1 h at 37°C. The coated ELISA plate was washed
three times with PBS-Tween and blocked with 0.1% BSA,
0.5% gelatine in PBS-Tween during 1 h at 37°C. One
hundred microlitres of diluted standards and samples were
added to the plate and incubated for 1 h at 37°C. After
triple washing, horseradish peroxidase-conjugated strepta-
vidin (Amersham-Pharmacia, Hungary) diluted 1:1,000 in
0.1% BSA PBS-Tween was added and incubated for
30 min at 37°C. After repeated washing, TMB solution
(BD OptEIA; BD Biosciences, San José, CA, USA) was
added and the reaction was terminated by 1 M H2SO4

30 min later. Absorbance was determined at 450 nm, and
the concentrations of PIBF were calculated from the
corresponding standard curve.

Immunohistochemistry of PR on endometriotic tissue

Endometriotic tissue of women with early or advanced
endometriosis was stored in 10% formalin at 4°C until
paraffin embedment. Paraffin sections (5 μm) of endo-
metriotic lesions were stained for PR using automated
tissue staining at the Institute for Pathology, Charité,
University Medicine Berlin. Briefly, sections were incubat-
ed with anti-PR Ab (DAKO Denmark A/S, Glostrup,
Denmark), a rabbit anti-human Ab which recognises both
PR-A and PR-B. The Ab was diluted 1:50 before
application. The signal was detected by incubating sections
with Fast Red substrate. Slides were examined using a
Zeiss Axioscope light microscope (Jena, Germany). Photo-
documentation was performed using digital image analysis
system (Zeiss KS400, Jena, Germany). Biopsies from
malignant breast tumours were labelled in the same setting
and served as a positive control for the staining.

Statistical analysis

SPSS 15.0 for windows was used for statistical analysis.
The significance of differences between the groups was
determined using the chi-square test for nominal variables
or the Mann–Whitney U test for continuous variables,
respectively. Correlations were calculated using the non-
parametric Spearman test. Intra-group variation was deter-
mined with the Wilcoxon test. Significance was set at P<
0.05. Results are shown as medians for continuous
variables or as absolute numbers (n) and percentages (%)
for nominal variables or Spearman’s correlation coefficient
(r), respectively.

Results

Demographic and biometric evaluation

Among our study cohort of infertile women, 38 women were
newly diagnosed with endometriosis (Fig. 1). The analysis of
the questionnaires and clinical documentation is provided in
Table 1. Women without endometriosis, with endometriosis at
stages I and II and at stages III and IV did not show significant
differences with regard to age, body mass index (BMI) and
socioeconomic or medical factors. Pelvic pain perception was
reported as higher by women suffering from endometriosis
compared to women without endometriosis. However, these
differences did not reach levels of significance.

Low levels of progesterone in endometriosis

Levels of progesterone in serum were decreased in women
with early and advanced endometriosis (Fig. 2); the latter stage
reached levels of significance compared to women without
endometriosis.

Inverse correlation between progesterone levels and pain
scores in advanced endometriosis

Correlations between serum progesterone and pain scores
are shown in Table 2. In women without and with early
endometriosis, there were no significant correlations be-
tween levels of progesterone and pain during the last 3 days
or 4 weeks. However, in women with advanced stages of
endometriosis, levels of progesterone were inversely corre-
lating with pain perception.

High frequency of PR+ cells among peritoneal lymphocytes
in advanced endometriosis

Analysis of peritoneal lymphocytes by flow cytometry, for
which exemplary plots and histograms are given in Fig. 3a–e,
revealed a higher frequency of PR+ cells in women with
advanced endometriosis compared to early stages or women
without endometriosis (Fig. 3f). A co-expression of CD56+

(Fig. 3g) and CD8+ (Fig. 3h) on PR+ peritoneal lymphocytes
could further be identified.

Inflammatory cytokine profile is more prominent
in endometriosis

The TNF/IL-10 ratio—analysed by CBA, as exemplarily
shown in Fig. 4a, b—was higher in endometriosis than in
women without endometriosis under in vitro conditions,
mirroring a dominance of TNF over IL-10 production in
peritoneal cells derived from patients with endometriosis
(Fig. 4c). It should be noted that endometriosis patients of stages
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I–IV, respectively, were merged in one group due to the small
sample size of stages III and IV. Single cytokine production was
not significantly different between the two groups after
stimulation with CRH, dydrogesterone or both (Table 3).

Dydrogesterone dampens the CRH-induced TNF>IL-10
skew in endometriosis samples

In both patients with and without endometriosis, we observed
an increase of the TNF/IL-10 ratio upon CRH stimulation,
indicating a TNF>IL-10 skew, which was dampened when
dydrogesterone was added to the culture (Fig. 4c).

Relative changes of the TNF/IL-10 ratio upon stimulation
with CHR and dydrogesterone

In order to further test the biological significance of the
variation from basal (native, unstimulated) levels seen

Table 1 Comparison of demographic, anamnestic and biological parameters at time of recruitment between eligible study participants without
endometriosis, with endometriosis at stage I or II and endometriosis at stage III or IV

Parameter No Signs of Endometriosis Endometriosis stage I+II Endometriosis stage III+IV

Age (years) Median 35.5 36.5 35.0

Available data (n) 30 30 8

BMI (kg/m2) Median 22.95 21.59 22.10

Available data (n) 29 30 8

Educationa N (%) 25 (89.3) 29 (96.7) 7 (87.5)

Available data (n) 28 30 8

Work N (%) 25 (83.3) 26 (89.7) 8 (100.0)

Available data (n) 30 29 8

Living with partner N (%) 29 (96.7) 27 (90.0) 6 (75.0)

Available data (n) 30 30 8

Chronic diseaseb N (%) 4 (12.9) 6 (20.0) 2 (25.0)

Available data (n) 31 30 8

Smoking habitsc N (%) 12 (40.0) 5 (16.7) 1 (12.5)

Available data (n) 30 30 8

Pelvic paind N (%) 4 (12.9) 7 (23.3) 4 (50.0)

Available data (n) 31 30 8

Pain score (3 days)e Median 0.5 0 0

Available data (n) 30 30 8

Pain score (4 weeks)e Median 3 3 5

Available data (n) 29 30 8

Results are shown as medians for continuous variables or as absolute numbers (n) and percentages (%) for nominal variables, respectively. Inter-
group differences of all parameters were not statistically significant

BMI body mass index, NRS numerical rating scale
a As defined >10 years at school
b Such as hypothyroidism, insulin-dependent diabetes mellitus, atopic diseases, irritable bowel syndrome (note: a significant effect on the
parameters investigated was excluded)
c As defined more than two cigarettes per day
d Diagnosis as indication for laparoscopy
e As reported by NRS scores

Fig. 2 Levels of progesterone
in serum. Levels of serum pro-
gesterone in women without
endometriosis and at stages I
and II or stages III and IV of
endometriosis. Results are
shown as box plots with outliers
(circle). Medians are 0.19/0.14/
0.09 ng/ml for women without,
with stage I and II or stage III
and IV of endometriosis, re-
spectively. *P<0.05
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with regard to the TNF/IL-10 ratio in the various groups
and in vitro conditions , we calculated the relative
changes of the TNF/IL-10 ratios upon stimulation with
CRH, dydrogesterone or both vs. native (=unstimulated)
samples. Furthermore, the relative changes induced by
CRH stimulation alone compared to the effect of CRH
in the presence of dydrogesterone were tested (Fig. 4d).
This approach confirmed the findings displayed in
Fig. 4c, as stimulation in the CRH-induced inflammatory
response (relative change of TNF/IL-10 ratio >1) was

abrogated in samples co-stimulated with dydrogesterone
(relative change of TNF/IL-10 ratio <1). This effect was
particularly profound in samples from patients with
endometriosis.

High production of PIBF by peritoneal lymphocytes
in endometriosis

Levels of PIBF secreted by peritoneal cells in vitro were
higher in endometriosis as compared to women without

Table 2 Correlation between serum progesterone and pain scores (pain during the last 3 days or 4 weeks, respectively) in eligible study
participants without endometriosis, with endometriosis at stage I or II and endometriosis at stage III or IV

Parameters No signs of endometriosis Endometriosis stage I+II Endometriosis stage III+IV

Progesterone/Pain (3 days)a r −0.248 −0.064 −0.518
Available data (n) 28 27 8

Progesterone/Pain (4 weeks) a r −0.148 0.101 −0.766b

Available data (n) 27 27 8

Spearman’s correlation coefficient (r) of each correlation is shown

NRS numerical rating scale
a As reported by NRS scores
b Equals P<0.05

Fig. 3 Progesterone receptor on
peritoneal lymphocytes. Repre-
sentative examples of flow
cytometry on peritoneal lym-
phocytes. Lymphocyte scatter
gate was set as shown in a;
histograms showing results from
PR+ cell labelling (b), the re-
spective isotype control (c). Cell
surface staining for CD56+ is
shown in d, for CD8+ cells in e,
staining for PR+ is depicted in f.
The frequency of CD56+PR+

cells is displayed in g and of
CD8+PR+ cells in h. Frequency
is expressed as percentages (%)
of all lymphocytes. Results are
shown as box plots with outliers
(circle) and extremes (caret).
Medians are 1.6/1.5/3.4% (f),
0.6/0.5/1.7% (g) and 0.4/0.5/
1.2% (h) for women without,
with stage I and II or stage III
and IV of endometriosis, re-
spectively. *P<0.05. SSC side
scatter, FSC forward scatter, PR
progesterone receptor, CD clus-
ter of differentiation
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endometriosis; however, levels of significance were not
reached (Fig. 5a).

Expression of PR on endometriotic tissue

Next, we wished to analyse the expression of the PR on
endometriotic lesions taken during laparoscopy. However,
quantification of the overall PR expression was camouflaged
by the tissue heterogeneity and, at least in some cases, very
small amounts of material; therefore, we refrained from an in-
depth analysis of the expression of PR subtypes. We could
observe an intense expression of PR throughout the samples
of which representative examples are shown in Fig. 5b, c
showing H&E staining used for orientation.

Discussion

In our cohort of 69 infertile women, 55.1% were diagnosed
with endometriosis. This high prevalence is in line with a
previous study revealing that 68% of infertile women
additionally suffer from endometriosis [36].

Serum progesterone levels in endometriosis patients
were decreased as compared to women without endometri-
osis, particularly at advanced stages, whereby none of these
women was under any treatment with steroid hormones.
Although highly speculative and currently not supported by
published evidence, it may be conceivable that these low
levels of progesterone could be responsible for the
progression of endometriosis to advanced stages, e.g. by
prolonging the proliferative phase in the ectopic tissue due
to a relative predominance of oestrogen. However, to
further clarify the role of progesterone and estrogens in
endometriosis, more research including patients in the luteal
phase of the menstrual cycle as well as experimental studies
of the effects of progesterone and estrogens on endometri-
otic tissue would be required.

Low levels of late luteal progesterone in endometriosis
were shown in earlier studies [37], although fertile women
served as controls in that investigation. In the present study,
we could show that levels of progesterone in all study
participants—with and without endometriosis—were over-
all lower than levels of progesterone in healthy women
during the follicular phase of the menstrual cycle, which are
0.2–1.4 ng/ml. This suggests a role for progesterone in
infertility independent of endometriosis. However, serial
measurements of progesterone are recommended due to
intra-individual variations to sustain such suggestion, which
could not be performed in the setting of this study.

�Fig. 4 Effect of CRH and dydrogesterone in vitro stimulation on
cytokine secretion of peritoneal leukocytes. Cytokine secretion of
peritoneal leukocytes was analysed by CBA flex; representative
examples of the acquisition of TNF and IL-10 are shown in a, b.
Peritoneal leukocytes were either unstimulated, stimulated with CRH,
dydrogesterone or both. c The ratio of TNF to IL-10 cytokine levels
are shown in box plots with outliers (circle). Medians are 2.1/5.2
(native), 2.3/5.9 (CRH), 1.8/3.8 (dydrogesterone) and 1.7/4.2 (CRH
and dydrogesterone) for women without or with endometriosis,
respectively. *P<0.05. It should be noted that one sample of advanced
endometriosis (III+IV) was integrated in these analyses; the rest of the
tissue was obtained from patients with endometriosis at stages I+II.
Exclusion of the sample from advanced endometriosis did not change
the overall outcome of the experiment. d Percent changes (%) of the
native=unstimulated TNF/IL-10 ratio in samples deriving from
women without or with endometriosis upon stimulation with CRH
was 21.6/78.6, upon stimulation with dydrogesterone was 32.6/33.0
and CRH plus dydrogesterone was 32.8/37.1. Percent changes of the
TNF/IL-10 ratio under CRH upon stimulation with CRH plus
dydrogesterone was 14.5/32.7. TNF tumour necrosis factor, IL
interleukin, CBA cytometric bead array, CRH corticotropin releasing
hormone
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Due to tissue constraints available for hormonal analy-
ses, we prioritised the analysis of progesterone. However,
additional insights on other sexual steroids like estradiol
and androgens as well as the anti-mullerian hormone as
indicator for the ovarian reserve would also be of great
interest. This information could clarify whether low levels
of progesterone are specifically linked to endometriosis or
to other hormonal changes within the patients’ cohort.

In the present study, levels of progesterone were strongly
inversely correlated to pain scores in advanced endometriosis,
which is in line with studies indicating that progesterone is
able to alleviate pain [7, 31], e.g. via down-regulation of a
receptor involved in mediating pain, the neurokinin (NK)-1
receptor [31]. In this context, it would be of interest to
elucidate whether the NK-1 receptor is involved in the
mediation of pain in endometriosis. In the present study, high
pain perception reported for the period of the last 4 weeks
inversely correlated with progesterone levels. It would be
desirable to gain more insights on the effects of progesterone
on pelvic pain at various times of the cycle since levels of
progesterone undergo considerable variations during the
menstrual cycle.

We further detected an increased expression of surface
PR on peritoneal lymphocytes in advanced endometriosis.
It can be speculated that this is a compensatory up-
regulation due to low levels of progesterone detected in
serum. Unfortunately, due to the necessary peritoneal
flushing in several cases, we could not assess the quantity
of progesterone in peritoneal fluid, whilst all the above
presented assays were not influenced by this dilution. The
expression of PR on lymphocytes, such as CD56+ NK cells
and CD8+ T cells, suggests that these cells are possible

targets for progesterone. Our in vitro analyses revealed that
the production of PIBF by unstimulated peritoneal leuko-
cytes was increased in endometriosis. PIBF is known to
functionally block NK cells, which may be undesirable in
the context of endometriosis where activated NK cells
could strengthen the immunosurveillance within the perito-
neal cavity. However, this interpretation requires more
studies on the production of PIBF in endometriosis and
may be challenged by one study which indicates that
dienogest, a synthetic steroid with progestational activity,
increases NK cell activity [15].

In vitro, the TNF/IL-10 ratio was increased in endome-
triosis, supporting the well-established model of sterile
inflammation in endometriosis which is likely to drive
angiogenesis, pain and infertility. Our study could confirm
an inflammatory effect of CRH on peritoneal cells, as we
observed that the TNF/IL-10 ratio was increased by CRH,
which in turn could be dampened when the progesterone
derivative dydrogesterone was added to the culture.
Dydrogestrone has previously been shown to suppress
inflammation due to a predominance of anti-inflammatory
cytokines [30, 38]. Not surprisingly, these effects were also
present in cultures of cells from non-endometriosis patients,
although at a lower scale. As previously mentioned, mast
cell-derived CRH and urocortin were found at high levels

Fig. 5 PIBF levels in cell supernatant and endometrial tissue
expression of progesterone receptor. Levels of PIBF in cell super-
natants of unstimulated peritoneal leukocytes are shown in a. Results
are shown as box plots with outliers (circle). Medians are 12.5/
15.8 ng/ml for women without or with endometriosis, respectively.
Representative example of immunohistochemical staining for PR (b)
in endometriotic tissue (b). H&E staining (c) was used for orientation
(b, c). PIBF progesterone-induced blocking factor, H&E hematoxy-
lin–eosin, PR+ E PR+ epithelial cell, GL glandular lumen, EE
endometrial epithelium, CS&E cytogenic stroma, erythrocytes, P
peritoneum

Table 3 Individual cytokine levels for TNF and IL-10 in supernatants
after in vitro culture of peritoneal cells

Cytokine
levels
(pg/ml)

CRH in
culture

Dydro
in culture

No signs of
endometriosis

Endometriosis

TNF − − 5.4 13.8

+ − 4.9 10.9

− + 7.3 10.8

+ + 5.1 11.3

IL-10 − − 2.0 2.1

+ − 1.8 1.7

− + 3.7 3.0

+ + 3.5 2.4

Cytokine levels are presented as medians. Samples from eight patients
without and nine patients with endometriosis were analysed, except
for the analysis of patients without endometriosis and CRH/Dydro
supplementation of the culture; here, one sample was lost. Intergroup
differences were not statistically significant. TNF tumour necrosis
factor, IL interleukin, CBA cytometric bead arrays, CRH corticotropin
releasing hormone, Dydro dydrogesterone
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in endometriotic tissue [26, 28], and the increase of CRH
binding protein in peritoneal fluid in endometriosis [27]
may be interpreted as an attempt of the body to down-
regulate high levels of peripheral CRH, derived from
immunocytes and/or descending nerve fibres [39–41].
However, the results of the present study should be
confirmed in a larger sample of endometriosis and non-
endometriosis patients. Additionally, it should be consid-
ered that in endometriosis, inflammation is often followed
by adhesions in advanced stages which are responsible for
clinical symptoms like chronic pain. Thus, it would be
pivotal to therapeutically dampen inflammation before
clinical symptoms can occur.

The HPA axis, when activated by stress, exerts an
inhibitory effect on the female reproductive system. CRH is
likely to be the key hormone; it inhibits hypothalamic
gonadotropin-releasing hormone secretion. Subsequently,
glucocorticoids inhibit pituitary luteinising hormone and
ovarian oestrogen and progesterone secretion [42]. Inter-
estingly, levels of CRH have been shown to increase not
only in the central nervous system but also in the periphery
[20]. Thus, in the context of endometriosis, CRH may
aggravate the inflammatory response in peritoneal cells via
direct effects as well as indirectly via dampening proges-
terone, a potent suppressor of inflammation. To further
strengthen this hypothesis, we aimed at analysing levels of
CRH in peritoneal fluid; however, the sensitivity of this
approach was not satisfactory.

A rising number of publications force an interdisciplin-
ary approach to complex diseases such as endometriosis by
elucidating the links and cross talks between the immune,
endocrine and neuronal systems [43]. Peripheral immuno-
logical events such as high levels of pro-inflammatory
cytokines can signal certain brain regions to induce the so-
called sickness behaviour which comprises depressive-like
behavioural patterns [44]. These effects are likely to be in
parts mediated by vagal afferents [45]. Acetylcholine
(Ach)+ nerve fibres were found in endometriotic tissue
[46]; thus, in endometriosis, pro-inflammatory cytokines
might contribute to behavioural changes and enhanced
stress perception by signalling from the peritoneal cavity to
the brain via vagal afferents.

Before focussing approaches such as blocking CRH at the
periphery, therapeutic possibilities aiming at an improvement
of stress coping strategies should be better implemented in the
therapy of women who are likely to benefit from such
treatment. Endometriosis patients indicated a need for
additional therapy strategies for improving their quality of
life [47], and there is evidence that relaxation programmes
can decrease stress perception and anxious depression and,
intriguingly, induce a reduction of TNF, e.g. in the serum of
tinnitus patients [48]. Such approaches are getting even more
relevant when we keep in mind that many women suffering

from endometriosis desire having a child and therefore
should not be treated with substances interfering with
ovulation or pregnancy maintenance.
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