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Background: The most important proinflam-
matory cytokine is interleukin (IL)-1β, how-
ever its precursor, prointerleukin-1β (proIL-
1β), can also potentiate inflammatory state.
The aim of this study was to explore the
involvement of proIL-1β in pathogenesis of
endometriosis. For this purpose, we evalu-
ated concentrations of proIL-1β, IL-1β, and
soluble IL-1 receptor type 2 (sIL-1R2) in
peritoneal fluid (PF) and macrophage cul-
ture medium of women with endometrio-
sis. Methods: PF from 55 women with and
without endometriosis was collected dur-
ing laparoscopy. Peritoneal macrophages
were cultured in basal and stimulated with
lipopolysaccharide (LPS) conditions. Con-
centrations of cytokines were measured
with enzyme-linked immunosorbent assays
(ELISA). Results: PF proIL-1β and IL-1β lev-
els in endometriosis women were higher
than in the control. Higher basal and

stimulated macrophage secretion of cy-
tokines in endometriosis patients than in
the control was observed. However, in en-
dometriosis, there was a higher level of
proIL-1β than for the mature molecule. Ad-
ditionally, lower PF and macrophages cul-
ture medium sIL-1R2 levels were observed
in women with endometriosis. Conclusions:
Abnormal proIL-1β concentration in PF and
higher macrophage secretion can escalate
peritoneal inflammation and endometriosis
formation. The results are presented as a to-
tal IL-1β, which is a sum of proIL-1β and IL-
1β, and we believe that it reflects the actual
cytokine production. The imbalance among
all studied cytokines in endometriosis may
be linked with an ability to transform acute
inflammation to the chronic inflammation. J.
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BACKGROUND

The interleukin (IL)-1 cytokine family is associ-
ated with the immune response and inflammation.
It consists of the following distinct molecular forms:
intercellular IL-1α (IL-1F1), extracellular IL-1β (IL-1F2),
IL-1 receptor antagonist (IL-1Ra, IL-1F3), and also
IL-18 (IL-1F4), IL-33 (IL-1F11), IL-37 (IL-1F7), and
IL-38 (L-1F10) (1, 2). The most important proinflamma-
tory cytokine among them is IL-1β. It is mainly gen-
erated by monocytes and macrophages as an inactive
31 kDa precursor, prointerleukin-1β (proIL-1β). It re-
quires cleavage by the cysteine protease IL-1-converting
enzyme (ICE) to generate a 17 kDa mature and biolog-
ically active protein (3). Cell activation in response to
IL-1 is mediated via two receptors: the functional sig-
naling receptor type 1 (IL-1R1) and “decoy” receptor

type 2 (IL-1R2) (4, 5). Moreover, IL-1R2 could be shed
from the cell surface as a soluble form (sIL-1R2) that
captures IL-1β and inhibits it from binding to IL-1R1
(6).

Recent studies have shown the important role of the
IL-1 cytokine family in endometrium-related disorders,
including endometriosis (7). This is a chronic estrogen-
dependent disorder of an unclear pathogenesis, defined
as a result of implantation of endometrial tissue outside
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the uterine cavity, primarily into the peritoneal cavity. The
peritoneal fluid (PF) of women with endometriosis creates
a specific microenvironment, which contains immune cells
and their secretory products, and succours the growth and
development of the ectopic endometrial tissue. Peritoneal
macrophages in endometriosis patients play a crucial role
in the maintenance of the immune response and inflam-
mation. Those cells secrete a variety of local products,
such as the members of the IL-1 cytokine family (8,9). In
this study, we investigated the endometriosis and nonen-
dometriosis PF levels of IL-1β and proIL-1β, presented
also as total IL-1β (tIL-1β). Moreover, we evaluated the
secretion of the studied parameters from the peritoneal
macrophages of the endometriosis and control women.
To this end, both basal (constitutive) and lipopolysac-
charide (LPS) stimulated (induced) syntheses of IL-1β

and proIL-1β were evaluated. As both studied parame-
ters depend on sIL-1R2, we also measured concentration
of this soluble receptor in PF and macrophage culture
media.

MATERIALS AND METHODS

Study Population

A total of 55 women aged between 23 and 39 (mean
age: 28.4 ± 4.3 years) undergoing laparoscopy for infertil-
ity were included in this study. All patients were admitted
to the Clinic of Gynecology and Obstetrics of the Medi-
cal University of Silesia, in the period of 2009–2011, for
diagnostic or therapeutic laparoscopy for infertility. Clin-
ical data regarding menstrual cycle, obstetrical history,
previous surgical procedures, and history of hormone use
were also obtained by means of an appropriate question-
naire. All diagnostic and laparoscopic procedures were
performed during the proliferative phase of menstrual cy-
cle. Women included in the study had normal menstrual
cycles (28 ± 4 days) and no other pelvic disorders, chronic
circulatory, autoimmune, or neoplastic diseases and had
not been taking any anti-inflammatory or immunomodu-
latory medications in the preceding 2 months.

Endometriosis was confirmed histologically in 30
women, aged 23–35 (mean age ± SD: 29.3 ± 4.7 years).
The studied group, including early (stages I and II, n = 18)
and advanced (stages III and IV, n = 12) endometriosis,
were scored with the revised American Fertility Society
(rAFS) classification (10). The control group included 25
women, aged 25–39 (mean age: 30.5 ± 4.9 years), who had
unexplained infertility but no evidence of endometriosis
or inflammation in the peritoneal cavity. The study proto-
col was approved by the Ethics Committee of the Medi-
cal University of Silesia. All patients and control subjects
who participated in this study signed an informed consent
form.

Collection and Processing of PF Samples

The samples of PF were collected during the laparo-
scopic procedure from the posterior cul-de-sac, under gen-
eral anesthesia, immediately after the introduction of the
second trocar in order to minimize blood contamination.
After aspiration, the samples were processed by a cen-
trifuge at 400 × g for 10 min and stored at –85°C until the
analysis.

For isolation of macrophages from PF, first, peritoneal
mononuclear cells (PMC) were isolated. For this purpose,
cells in PF were suspended in phosphate buffer saline
(PBS), (The Regional Blood Bank, Katowice, Poland)
and then isolated by density gradient centrifuging over
lymphocyte separate medium (LSM 1077; PAA Labo-
ratories, Inc., Pasching, Austria), followed by a double
wash. Peritoneal macrophages were purified by PMCs for
positive selection using MiniMACS magnetic cell sepa-
rator and conjugated with anti-CD68 microbeads (Mil-
teny Biotec GmbH, Gladbach, Germany). The purity
of the isolated CD68+ macrophages was 98% for the
endometriosis patients and 97% for the control group.
Cell viability was consistently >99% as determined by
Trypan blue (Sigma Chemical Corporation, Saint Louis,
MO) staining. The macrophages were resuspended in Dul-
becco’s modified eagle medium (DMEM) (PAA Labora-
tories, Inc., Pasching, Austria), supplemented with 10%
fetal bovine serum (FBS; PAA Laboratories, Inc.) and
with 100 U/ml of penicillin G and 50 mg/ml of strepto-
mycin (Sigma Chemical Corporation) and plated in 4-well
chamber slides (PAA Laboratories, Inc.) at the density of
1 × 106 macrophages/ml under standard conditions of
5% CO2 and 37°C. The isolated cells were cultured for
72 h to assess the basal production of cytokines. To evalu-
ate the stimulated secretion of cytokines, the macrophages
were cultured for another 72 h with 2 ng/ml LPS from
Escherichia coli 0111:B4 (Sigma Chemical Corporation).
After the incubation period, culture supernatants were
collected and stored at −85°C for further analysis.

Cytokine Assay

PF levels of IL-1β, proIL-1β, and sIL-1R2 were
measured with standard cytokine-specific enzyme-linked
immunosorbent assay (ELISA) using commercial kits
eBioscience (Vienna, Austria) and R&D Systems (Min-
neapolis, MN). The sensitivity of the kits was approxi-
mately 1 pg/ml for IL-1β, 3.3 pg/ml for proIL-1β, and
10 pg/ml for sIL-1R2.

Statistical Analysis

The data are presented as mean and SD. The differ-
ences among and within the groups were evaluated using
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Fig. 1. IL-1β and proIL-1β levels as a total IL-1β in peritoneal fluid of women with and without endometriosis.

Student’s t-test and one-way ANOVAS, respectively. The
differences between mean values were considered statisti-
cally significant at P < 0.05.

RESULTS

proIL-1β

The mean PF proIL-1β level was significantly higher
in women with endometriosis than in the controls (P <

0.0001). Higher concentration of the studied parameter
was found in PF of women with the advanced stage of the
disease, as compared to women with early endometriosis
(P < 0.001). Increased proIL-1β production from both
basal and stimulated macrophage culture in women with
endometriosis compared to the control group was ob-
served (P < 0.0001). ProIL-1β secretion was higher at the
advanced endometriosis in comparison to the early stage
of the disease (P < 0.0001).

IL-1β

The concentration of PF IL-1β was significantly higher
in women with endometriosis than in the controls (P <

0.0001). Increased concentration of the mature molecule
was found in PF of women with the advanced endometrio-
sis compared to the early endometriosis (P < 0.0001).
The IL-1β secretion from both basal and stimulated
macrophage culture was elevated in women with en-
dometriosis compared to the control group (P < 0.0001).
Higher secretion of IL-1β was observed at the advanced
endometriosis in comparison to the early stage of the dis-
ease (P < 0.0001).

IL-1β and proIL-1β levels in PF and macrophage cul-
ture media are shown in Figures 1 and 2. A statistically
significant positive correlation between IL-1β and proIL-
1 β levels (P < 0.0001, r = 0.7919) was observed in the PF
of women with endometriosis. We decided to present our
results as a total IL-1β, which is a sum of precursor and
mature molecule concentrations. Levels of proIL-1β and
IL-1β in PF and macrophage culture media are shown in
Figures 1–4.

sIL-1R2

Concentrations of sIL-1R2 in PF and macrophage cul-
ture medium are presented in Table 1. The mean PF sIL-
1R2 level was statistically significantly lower in women
with endometriosis than in the controls (P < 0.0001).
Higher concentration of sIL-1R2 was found in women
with the advanced endometriosis, as compared to women
with the early disease (P < 0.0001). Decreased sIL-1R2
production from both basal and stimulated macrophage
culture in women with endometriosis compared to the
control group was observed (P < 0.0001). There was no
statistically significant difference between the group of
women with the early endometriosis and advanced en-
dometriosis. After LPS stimulation, only the macrophages
of women from the control group produced less sIL-1R2
(P < 0.001).

As all studied parameters depend on each other, we
evaluated the relations between their concentrations. In
the PF of women with endometriosis, we observed a sta-
tistically significant positive correlation between IL-1β

and sIL-1R2 levels (P < 0.001, r = 0.554) and significant
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Fig. 2. IL-1β and proIL-1β levels as a total IL-1β in peritoneal fluid of women with early and advanced endometriosis.

positive correlation between proIL-1β and sIL-1R2 in PF
(P < 0.0001, r = 0.759).

DISCUSSION

The IL-1 family cytokines are the secretory macrophage
products, with IL-1β being the most important mediator
of acute and chronic inflammation and immune response.
Defective mechanisms involved in the control of local IL-
1β activity may enhance susceptibility for the adhesion
and growth of the ectopic endometrium and it leads to
the development of endometriosis (11, 12).

In the present work, for the first time, we measured the
concentration of proIL-1β in PF and macrophage cul-
ture media of women with or without endometriosis. Our
results showed a higher precursor level in endometriosis
patients. It was shaped very similarly to the IL-1β concen-
tration, so consequently there was a higher tIL-1β level
in endometriosis compared to the tIL-1β level in healthy
women. Peritoneal macrophages of affected women, in
contrast to cells from the control group, secreted more
proIL-1β than mature cytokine. After stimulation by LPS,
the secretion of IL-1β was higher in both groups, but
the secretion of proIL-1β was significantly lower. The

Fig. 3. Mean IL-1β and proIL-1β levels as a total IL-1β in macrophage culture media of women with and without endometriosis.
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Fig. 4. Mean IL-1β and proIL-1β levels as a total IL-1beta in macrophage culture media of women with and without endometriosis.

factor that may have control over the activity of IL-1 and
may be related to proIL-1β is sIL-1R2, which prevents
IL-1β from binding to the functional IL-1R1 and blocks
generation effects in target cells. In the present study, we
found a decrease in sIL-1R2 PF level in women with en-
dometriosis compared to the control group. Furthermore,
the sIL-1R2 secretion by macrophages from endometrio-
sis patients was lower compared to the control. LPS stim-
ulation of endometriosis macrophages did not affect the
production of sIL-1R2. It may be due to a lack of culture
medium factors that would cause the degradation of the
receptor membrane to a soluble form.

The complex formation and secretion of proIL-1β by
macrophages is an important regulatory factor for IL-1β.
So far, there have not been many studies on the participa-
tion of the proIL-1β in the disease pathogenesis. This may

be due to the belief that this is only an intracellular factor.
It has been proposed that IL-1β secretion can be through
secretory lysosomes called inflammasomes and IL-1β is
linked to ICE activation. The inflammasomes may poten-
tially play an important role in cytokine release (13). The
most important inducers of IL-1β secretion are a reduced
intracellular potassium level, adenosine triphosphate, and
its purinergic receptor P2X-7R on macrophages, extracel-
lular LPS, and TNF-α (14, 15). However, studies suggest
that released proIL-1β may also be secreted and activated
extracellularly. Moreover, proIL-1β can differ significantly
from cytosolic proIL-1β in its ability to be recognized by
IL-1R2 (16).

In the available literature, there is no information about
the role of proIL-1β in the formation and develop-
ment of endometriosis. However, our results showed that

TABLE 1. sIL-1R2 Level in PF and Macrophage Culture Media of Women With Endometriosis and Control Group

Concentration of sIL-1R2 level (pg/ml)

Endometriosis

Material All (n = 30) Early (n = 18) Advanced (n = 12) Control group (n = 25)

Peritoneal fluid 119.08 ± 32.12a 62.57 ± 11.36a,b 163.17 ± 29.52a 217.72 ± 45.77
Basal culture 24.04 ± 4.29a 20.75 ± 3.93a,c 22.16 ± 2.83a 233.22 ± 28.56
Stimulated culture 24.85 ± 3.36a 26.89 ± 2.42a,c 26.94 ± 3.25a 146.71 ± 25.70

Results are expressed as mean ± SD.
aP < 0.0001 compared to control group.
bP < 0.0001 compared to advanced endometriosis.
cNS compared to advanced endometriosis.
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proIL-1β is an important factor involved in the pathogen-
esis of the disease, and its presence in the PF might be
increasing inflammation. Moreover, the overstimulation
can cause not only increased synthesis but also the proIL-
1β secretion in endometriosis patients. These observations
may be correlated to studies where ICE was found in the
PF of women with endometriosis (17). Perhaps, the pres-
ence of ICE in PF could lead to the precursor transforma-
tion to mature IL-1β. It may convert inflammation from
the acute to the chronic form. The peritoneal environment
of women with endometriosis can lead to the accumula-
tion of the immune and inflammatory factors, which then
can promote the precursor transformation into mature
IL-1β. Thus, it is an initial assumption that the presen-
tation of our results as tIL-1β can reflect real peritoneal
production and secretion of IL-1β. It still requires ad-
ditional studies and it will allow us to confirm our main
theory.

The role of sIL-1R2 in the pathogenesis of endometrio-
sis has been tested in recent years and most authors agree
and indicate the decrease in the concentration of this pa-
rameter in the fluid from endometriosis patients (18). The
reduction of IL-1R2 expression may be the cause of in-
creased endometrial cell responsiveness to IL-1β (19, 20).
Therefore, in this study we only wanted to show the re-
lationship between the precursor and receptor in the ex-
amined women. This is due to the fact that sIL-1R2 can
bind with high-affinity extracellular proIL-1β, and in con-
sequence the receptor is protected from proteolysis (21).
However, sIL-1R2 blocks the processing of proIL-1β and
inhibits its maturation, loses affinity for IL-1Ra, and does
not, therefore, interfere with the IL-1Ra-mediated inhi-
bition of IL-1β effects (22). It might suggest that lower
sIL-1R2 levels in PF of endometriosis patient upregu-
lated IL-1β maturation. However, it should be taken into
account that the factors of the same family of IL-1, as a
proIL-1β, may significantly affect the IL-1R2 and modify
its activity, which requires confirmation in future studies.

CONCLUSIONS

Disorders of the mechanisms involved in the secretion
of IL-1β may be an important factor in the development
of endometriosis, and the changes in the network of cy-
tokines may promote the development of the disease. The
increased secretion of IL-1β and proIL-1β may lead to the
development of inflammation in the peritoneal cavity of
women with endometriosis. The presentation of the results
as tIL-1β can show real production of the cytokine and
its participation in disease development. The absence of
control over the activity of IL-1β promotes the secretion
of other cytokines and growth factors that do not partici-
pate in the removal of ectopic endometrial tissue but also
rather support the implantation and growth of the ectopic

foci. The imbalance between proIL-1β, mature molecule,
and sIL-1R2 in the PF of women with endometriosis may
be enhancing the ability to transform acute inflammation
to the chronic inflammation.
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