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Abstract
Purpose The aim of this study was to assess whether the
intrafollicular cytokine profile in naturally developed follicles
is different in women with endometriosis, possibly explaining
the lower reproductive outcome in endometriosis patients.
Methods A matched case-control study was conducted at a
university-based infertility and endometriosis centre. The
study population included 17 patients with laparoscopically
and histologically confirmed endometriosis (rAFS stages II–
IV), each undergoing one natural cycle IVF (NC-IVF) treat-
ment cycle between 2013 and 2015, and 17 age-matched NC-
IVF women without diagnosed endometriosis (control group).
Follicular fluid and serum was collected at the time of follicle
aspiration. The concentrations of inflammatory cytokines (IL-
1β, IL-6, IL-8, IL-15, IL-18, TNF-α) and hormones (testos-
terone, estradiol, AMH) were determined in follicular fluid
and serum by single or multiplexed immunoassay and com-
pared between both groups.
Results In the follicular fluid, IL-1β and IL-6 showed signif-
icantly (P < 0.001 and 0.01, respectively) higher median con-
centrations in the endometriosis group than in the control
group and a tendency towards endometriosis severity (rAFS
stage) dependence. The levels of the interleukins detectable in

follicular fluid were significantly higher than those in the se-
rum (P < 0.01). Follicular estradiol concentration was lower in
severe endometriosis patients than in the control group
(P = 0.036). Follicular fluid IL-1β and IL-6 levels were not
correlated with estradiol in the same compartment in neither
patient group.
Conclusions In women with moderate and severe endometri-
oses, some intrafollicular inflammatory cytokines are upregu-
lated and not correlated with intrafollicular hormone concen-
trations. This might be due to the inflammatory microenviron-
ment in endometriosis women, affecting follicular function
and thereby possibly contributing to the reproductive dysfunc-
tion in endometriosis.
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Introduction

Endometriosis, defined as the presence of endometrial-like
tissue outside of the uterine cavity [1], is a common, chronic,
progressive and inflammatory disease, associated with local
and systemic abnormal immunity [2]. It is considered to be a
complicated cause of female infertility and affects up to 10%
of women of reproductive age [3], while 30–40% of women
with endometriosis experience infertility [4].

Endometriosis is associated with inflammatory changes in
the peritoneum, and which can be reflected in the serum.
Several studies have found increased levels of inflammatory
cytokines such as interleukin (IL)-1β [5], IL-6 [6, 7], IL-8 [8]
and IL-18 [9] in the peritoneal fluid [5, 8, 9] and in the circu-
lation [6, 7] in patients with endometriosis.
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Furthermore, altered levels of inflammatory cytokines have
been found in the follicular fluid of endometriosis patients
undergoing conventional, gonadotropin-stimulated IVF
(cIVF). Most but not all [6, 8, 10] studies revealed increased
intrafollicular levels of cytokines such as IL-1β, IL-6 [6] and
IL-8 [8]. In addition, previous reports have demonstrated that
the hormonal milieu was altered in the follicular fluid of pa-
tients with endometriosis, such as a decreased estradiol con-
centration [2].

A dysregulated intrafollicular hormone milieu [11] as well
as an abnormal intrafollicular cytokine profile might therefore
be a cause of reduced fertility in endometriosis patients. This
suggestion is in line with studies from oocyte donation
programmes. Implantation rates were reduced with oocytes
from women with endometriosis transferred to women with-
out endometriosis, whereas embryos from healthy donors,
transferred to women with endometriosis, did not affect im-
plantation rates [12].

However, the findings mentioned above were mostly ob-
tained from cIVF in which the exogenous gonadotropins con-
siderably affect the intrafollicular hormonal milieu [11] and
immune system [13].

Therefore, it seems logical to determine the function of the
unstimulated follicle with and without endometriosis to better
understand the physiological situation. Based on this knowl-
edge, studies analysing the follicular milieu after high-dosage
gonadotropin stimulation might be easier to interpret.

Natural cycle IVF (NC-IVF) seems to be an adequate mod-
el for a physiological follicle because the follicles undergo the
maturation process without any stimulation apart from a single
HCG administration to induce ovulation and therefore closely
represent natural follicles [11]. Therefore, we have used the
model of NC-IVF in a selected group of women with histo-
logically proven endometriosis and carefully selectedmatched
controls to analyse the concentrations of several inflammatory
cytokines and hormones present in the follicular fluid and
serum at the time of follicular aspiration. We aimed to better
understand the impact of endometriosis on the physiology of
the unstimulated follicles with the wider implication of im-
proving the outcome of IVF treatment in endometriosis
patients.

Materials and methods

Patients

The matched case-control study involved a total of 34
women performing an NC-IVF cycle between 2013 and
2015. To avoid a bias in the selection of the patients, the
biologist (N.A.B.) independently selected the patients and
the controls from a list of patients provided by the physi-
cian (M.v.W.). Furthermore, the technician performing the

cytokine and hormone analysis was blinded to patient’s
group. Seventeen of them were diagnosed with endome-
triosis by laparoscopy and histology. The operation was
performed 0.25–3.0 (1.6 ± 0.9) years before follicle aspi-
ration for IVF, and endometriosis was staged according
to the BRevised American Society for Reproductive
Medicine classification of endometriosis^, rAFS [14],
based on the point system as described in the reference.
Some women were also diagnosed potential infertility
causes such as male (n = 5), tubal (n = 4) and other infer-
tility factors such as peritubal adhesions (n = 1). Another
17 women served as controls in which endometriosis was
excluded by medical history (no dysmenorrhea, no
dyspareunia), vaginal ultrasound (no endometrioma, no
signs of uterine adenoma or adhesions) and clinical exam-
ination. Women in the control group were diagnosed with
male (n = 8), tubal (n = 4), idiopathic (n = 4) or other
infertility factors such as myoma (n = 2) (one woman
had two different infertility factors, resulting in n = 18).
Women included in the study neither suffered from any
infectious diseases nor did they take medications apart
from folic acid. Women had to be 18–42 years of age
and the body mass index needed to be below 35 kg/m2.
The controls were matched with the endometriosis cases
for age, thus resulting in 17 pairs. The age of the controls
was in the range of ±2 years of the endometriosis women
(mean 0.3 ± 1.7 years). Basic characteristics are shown in
Table 1.

IVF procedure and sample collection

The patients were monitored by ultrasound and analysis
of luteinizing hormone (LH) and serum 17β-estradiol (E2)
concentrations. When the latter was above 800 pmol/L,
5000 IU of hCG (Pregnyl®; MSD Merck Sharp &
Dohme GmbH, Lucerne, Switzerland) was administered.
Transvaginal oocyte retrieval was performed 36 h later
without anaesthesia as described elsewhere [15]. As the
follicles were flushed to increase oocyte yield, only the
first aspirate was used for analysis in this study (dead
volume, which remained in the needle, 0.9 mL).
Follicular fluid which appeared macroscopically clear
without any blood contamination was clarified by centri-
fugation at 600×g for 10 min and at 1300×g for another
10 min successively to eliminate cells and cell debris,
respectively. Then, the supernatant fluids were stored at
−70 °C until further analysis. Besides the 34 (17 cases
and 17 matched controls) follicular fluids (FFs), serum
was available from the venous blood, collected at the time
of follicle aspiration, of 10/17 endometriosis and of 7/17
control cycles. Serum was not available from all women
as some of them did not provide consent to provide blood.
Serum aliquots were stored at −70 °C.
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Multiplexed cytokine determinations

The follicular fluids were assayed using a Bio-Plex® platform
(Bio-Rad Laboratories, USA). The custom-designed six-plex
kit included reagents to detect human cytokines IL-1β, IL-6,
IL-8, IL-15, IL-18 and tumour necrosis factor-α (TNF-α). We
have chosen these cytokines as previous studies have shown
dysregulation of these factors in endometriosis in serum [6],
peritoneal [9] and follicular fluid of conventional,
gonadotropin-stimulated IVF [6, 16–18], suggesting these
factors to be associated with endometriosis. The Bio-Plex®
assay was performed according to the manufacturer’s instruc-
tions and has previously been described [13]. As a conse-
quence, follicular fluids were diluted 1:3 using the sample
diluent provided with the kit. Briefly, capture beads (50 μL
per well) were added to pre-wetted filter plates, and then stan-
dards and test samples were added to respective sample wells
(50 μL per well) in duplicates. A mixture of biotinylated de-
tection antibodies (25 μL per well) and labelled streptavidin
(50 μL per well) was added as the first and the second detec-
tion steps successively. Following each of the aforementioned
steps, the test samples were incubated at room temperature on
a vibrating platform covered by a sealing tape.

The collected sera were assayed similarly using the 1:4
dilution as suggested by the manufacturer. The kit was de-
signed to detect the four human interleukins: IL-1β, IL-6,
IL-8 and IL-18; the cytokines IL-15 and TNF-α which turned
out to be undetectable in a majority of samples in the previous
run with FFs were excluded from the serum analysis.

Data acquisition was set to 50 beads per region and the
bead map to 100 regions. The instrument DD gates were set
to 5000 (low) and 25,000 (high). The plate was read at the
high-sensitivity setting. Data analysis and transfer of raw data
and standard curve calculations into Excel tables were per-
formed using Bio-Plex Manager software, version 6.1.

Measurement of hormones

Total testosterone (T) and estradiol (E2) concentrations were
determined by electro-chemiluminescent immunoassay
(ECLIA) on a COBAS 6000 (e601 module) station (Roche
Diagnostics GmbH, Mannheim, Germany). The inter-assay
coefficients of variation (CV) of these assays were less than
4%. Anti-Mullerian hormone (AMH) was determined manu-
ally with a commercially available microplate enzyme
immunometric assay (ELISA) kit obtained from Cloud-
Clone Corp. (Wuhan, China) and performed according to the
manufacturer’s protocol. Inter-assay CV was below 12%.

Statistical analysis

The number of analysed samples in this study, i.e. 17 matched
pairs (34 samples), was determined by the strict inclusion

criteria applied. Since all the data showed skewed distribu-
tions, logarithmic transformation was performed and the data
was transformed into an approximate normal distribution be-
fore statistical analyses. Statistical analyses were performed
by a statistician blinded for the patient’s group using a linear
regression mixed-effects model and an orthogonal contrast
posttest for the comparison of follicular fluid or serum cyto-
kine concentrations or intrafollicular hormone levels. The
analysis was performed for all stages combined (rAFS II to
IV) and for rAFS II and rAFS III + IV groups separately
compared to controls. A P value below 0.05 was considered
to be statistically significant.

Results

Two hundred sixty-nine women were screened, and 222 were
identified as being eligible in fulfilling the inclusion criteria
for the study group. Of these, 17 women were diagnosed to
have endometriosis of rAFS stages II–IVand were included in
the study.

Cases with endometriosis and women without diagnosed
endometriosis were not significantly different regarding basic
characteristics (Table 1). In the follicular fluid, IL-1β and IL-6
showed significantly higher median concentrations in the en-
dometriosis than in the control group (P < 0.001 and 0.010,
respectively, N = 17, Fig. 1a). IL-8 and IL-18 were not signif-
icantly different. The power to detect a significant difference
of cytokine concentrations was according to the mean and
standard deviation of 76.4% (IL-1β), 80.3% (IL-6), 50.1%
(IL-8) and 50.7% (IL-18) (α = 0.05, two-tailed).

Moreover, IL-1β and IL-6 showed a tendency towards a
dependence on the severity of the disease (rAFS stage II,
Fig. 1b) while no such trend was observed for the FF concen-
trations of IL-8 and IL-18. IL-15 and TNF-α could not be
detected in the follicular fluid.

The four cytokines which were measurable in follicular
fluid were also investigated in the serum. IL-1β and IL-6
could not be detected in the matching serum samples collected
on the day of oocyte recovery (and follicular fluid collection),
except for one result for IL-1β. The concentrations of all four
interleukins were significantly higher (P < 0.01) in the follic-
ular fluid than in the serum over the entire study population
(Fig. 2).

Regarding the hormones in follicular fluid, E2 concentra-
tions were lower in severe than in mild cases of endometriosis
(without statistical significance) and in control women
(P = 0.036) (Fig. 3). The median follicular AMH concentra-
tion was slightly increased with severe endometriosis (without
reaching statistical significance), while testosterone did not
differ between groups (Fig. 3). In the follicular fluid, hormone
and cytokine concentrations did not correlate with the differ-
ent endometriosis stages.
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Discussion

Our study revealed an increase of some inflammatory cyto-
kines such as IL-1β and IL-6 in naturally matured follicles in

women with proven endometriosis (rAFS stages II–IV) com-
pared to controls without diagnosed endometriosis.

Some previous studies had already described altered levels
of inflammatory cytokines in the follicular fluid of

Table 1 Basic characteristics of
cases with proven endometriosis
and without diagnosed
endometriosis

Endometriosis (n = 17) No endometriosis (n = 17)

Mean age (years)a 35.4 (±4.3, 26–42) 35.7 (±3.1, 29–41)

Aetiology of infertility (n/total)

Endometriosis, total (rAFS stages II–IV) 17/17 0/17
rAFS stage II 7/17

rAFS stage III + IV 10/17

Male factor 5/17 8/17

Tubal factor 4/17 4/17

Idiopathic 0/17 4/17

Others 1/17 2/17

Anti-Mullerian hormone (pmol/L)b 13.8 (±14.3) 16.1 (±12.7)

a Patients were age matched for the purpose of this study
bAMH was determined in the serum before undergoing IVF treatment. Values do not differ between the two
groups (Wilcoxon-paired test)
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Fig. 1 Box plots of the follicular
fluid concentrations for the
inflammatory cytokines IL-1β,
IL-6, IL-8 and IL-18 as
determined using the Bio-Plex
method. a Endometriosis group
(all stages combined) vs control
group. b rAFS stage II (moderate
endometriosis) plotted separately
from the more severe rAFS stage
III + IV. Boxes represent the 10th
and 90th centiles. Data points
outside this range are plotted as
individual points. P values shown
in the graph are significant
(P < 0.05). Please note the
logarithmic scale
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endometriosis patients, but all these had been performed in
women undergoing conventional, gonadotropin-stimulated
IVF (cIVF). As the follicular function is strongly affected by
high-dosage gonadotropin stimulation [11], we aimed to ana-
lyse the effect of endometriosis on naturally matured follicles
in natural cycle IVF (NC-IVF).

We have chosen a panel of cytokines which have been
shown in previous studies to be increased in the follicular fluid
of gonadotropin-stimulated endometriosis patients, such as
IL-1β [16, 19] and IL-6 [6, 20], or which are known to play
a role in endometriosis such as IL-8 [21, 22] and IL-18 [9].

Pellicer et al. [6] had found non-significantly increased
concentrations of IL-1β and significantly increased concen-
trations of IL-6 in the serum and in the follicular fluid of 12
women with severe endometriosis undergoing cIVF. Our

findings obtained here with 17NC-IVFwomenwithmoderate
and severe endometrioses confirm these results.

The similar results in stimulated as well as in unstimulated
follicles clearly indicate an alteration of the cytokine milieu in
women with moderate and severe endometrioses. As cyto-
kines are involved in the regulation of follicles and as the
follicular fluid contains cytokine-producing immune cells
[23], increased intrafollicular inflammatory cytokine concen-
trations might have an effect on follicular physiology,
resulting in lower oocyte quality and thereby in reduced out-
come of IVF therapies. This suggestion is clinically supported
by Altun et al. [24]. They have reported an increased likeli-
hood for clinical pregnancies in patients with low
intrafollicular IL-6 cytokine concentrations in women without
endometriosis.

Interleukin levels in serum and follicular fluid
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Fig. 2 Box plots of the above cytokines as a comparison between
matched serum and follicular fluid samples, with the case and control
groups combined (controls: N = 7; rAFS stage II: N = 4; rAFS stage III/
IV: N = 6). IL-1β and IL-6 could not be detected in the serum

(P < 0.01 pg/mL) with the exception of one result for IL-1β. The
differences are highly significant for all markers (P < 0.01). For other
details, see the legend in Fig. 1. Please note the logarithmic scale
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Fig. 3 Box plots of the follicular fluid concentrations for the hormones
testosterone (Testo), estradiol (E2) and anti-Mullerian hormone (AMH) in
endometriosis (rAFS stages II and III + IV) and control IVF patients. No
statistically significant differences were observed between the subgroups

except one significance between the disease severities for E2 (see graph).
For other details, see the legend in Fig. 1. Please note the logarithmic
scale
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However, such a negative effect of high cytokine concen-
trations has not been described for IL-1β. Zollner et al. [25]
even found increased fertilisation rates, and Asimakopoulos
et al. [26] found increased pregnancy rates in women with
increased intrafollicular concentrations of IL-1β.

We have also analysed the intrafollicular concentration of
IL-8 and IL-18 as these cytokines are strongly associated with
endometriosis [9, 21, 22, 27]. These factors also seem to play a
role in reproduction as previous studies [28, 29] noted a cor-
relation of IL-8 with follicular size and therefore suggested IL-
8 as an intrafollicular marker of follicular maturity. Follicular
fluid IL-18 at the time of oocyte retrieval was positively cor-
related with the number of oocytes and the chance for success-
ful pregnancy [30, 31]. In contrast to IL-1β and IL-6, our
study did not reveal any differences in the concentration of
IL-8 and IL-18 as a function of the presence of endometriosis.
Therefore, this disease seems to be associated with a selective
but not with a general increase of pro-inflammatory cytokine
concentrations in follicular fluid.

Hypothetically, cytokines might diffuse from the blood cir-
culation into the follicles. Such an event would lead to in-
creased concentrations of cytokines such as IL-8 and IL-18
which are highly concentrated in peritoneal fluid in endome-
triosis. A significant influx of cytokines from the circulation,
however, seems unlikely as we have demonstrated cytokine
concentrations to be much higher in the follicles than in the
serum.

Therefore, it can be assumed that increased amounts of
intrafollicular cytokines are produced by the granulosa cells
or the intrafollicular immune cells. Follicular fluid contains a
broad spectrum of immune cells such as leucocytes and lym-
phocytes [23] which might be, similar to the situation in peri-
toneal fluid, increasingly produced or activated in endometri-
osis. However, as neither the concentration nor the activity of
intrafollicular immune cells has yet been analysed in endome-
triosis patients, this assumption remains hypothetical.

Endometriosis seems to have a distinct but still poorly un-
derstood effect on the cytokine spectrum of the follicles,
resulting in increased concentrations of IL-1β and IL-6 but
not of IL-8 and IL-18. Furthermore, it is still not clear whether
the increased cytokine concentrations would have a detrimen-
tal effect on follicular physiology. Increased cytokine concen-
trations in endometriosis suggest such a hypothetical detri-
mental effect. However, as shown above, increased IL-1β
concentrations have also been reported to be beneficial as high
IL-1β correlated with higher fertilisation and pregnancy rates
[25, 26]. This raises the question whether the maturing folli-
cles require a balanced cytokine profile. A moderate increase
of intrafollicular IL-1βmight be beneficial, whereas a marked
increase might be deleterious.

Following the detection of significantly increased
intrafollicular concentrations of IL-1β and IL-6, we have per-
formed an analysis of intrafollicular hormone concentrations in

order to study a potential impact of increased cytokine concen-
trations on the intrafollicular endocrine milieu. We had previ-
ously characterised the intrafollicular milieu in naturally ma-
tured follicles [11]. Based on these findings and the study from
Wunder et al., who found decreased follicular fluid estradiol
concentrations in endometriosis patients undergoing cIVF
[16], and studies suggesting AMH to be a marker of oocyte
quality [32, 33, 34], we chose testosterone, E2 and AMH to
characterise the endocrine milieu.

In the endometriosis group, we have found decreased E2

concentrations in follicular fluid. Therefore, we have looked at
the correlations of cytokine concentrations with E2 levels to
support or reject the existence of such a link. As we were
unable to demonstrate such a correlation and as testosterone
and AMH concentrations were not altered in women with
endometriosis, we assume that the follicular hormone milieu
would not be relevantly affected by the presence of endome-
triosis. This conclusion is partly in line with Pellicer et al. [6].
They have analysed several steroid hormones in the follicular
fluid obtained from 24 cIVF cycles. They have found an in-
crease of intrafollicular progesterone, decreased testosterone
and unaffected E2. However, as the steroid hormones were not
uniformly affected and as they were not able to identify a
steroid hormone which correlated with the quality of embryos,
a significant and clinically relevant effect of endometriosis on
the intrafollicular endocrine milieu seems to be unlikely.

Can therapeutic consequences be drawn from these find-
ings? It has been proven by several studies that surgical ther-
apy of endometriosis and ultralong downregulation before
IVF therapy resulted in higher pregnancy rates [35].
Therefore, the concept that the follicular physiology could
be improved by reducing the activity of endometriosis and
possibly also resulting in reduced intrafollicular cytokine con-
centrations seems to be intriguing. However, such a concept
requires further studies confirming that surgical or medical
endometriosis therapy would lead to a reduction of
intrafollicular cytokine concentrations.

Furthermore, it needs to be stressed that the study has several
limitations. Firstly, it is based on the assumption that women in
our study group, who were previously diagnosed with endome-
triosis, still had endometriosis when the follicle aspiration was
performed. Secondly, we assumed that women in our control
group without any symptoms and direct or indirect clinical signs
of endometriosis did not have a moderate or severe stage (rAFS
stages II–IV) of endometriosis. We did not prove that women of
the control group were free of endometriosis as laparoscopy
without any signs of endometriosis is not indicated and, there-
fore, ethically not acceptable. However, as women without any
sign and symptoms might still have minimal endometriosis
(rAFS stage I), we only included women with endometriosis
rAFS stages II–IV into our study group to reduce this potential
error. The value of the rAFS classification has been controver-
sially discussed. Although it has been suggested to be of low
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prognostic value for obtaining spontaneous pregnancies [36], it
was shown to correlate well with the success of IVF treatments
[37], qualifying this classification for this study.

In summary, the cytokine milieu is affected not only in
gonadotropin stimulated, as has been shown previously, but
also in naturally matured follicles in women with proven en-
dometriosis. However, this increase does not appear to have a
substantial impact on the follicular endocrine milieu. It re-
mains open whether increased intrafollicular cytokines have
an impact on follicular physiology and thereby on the quality
of oocytes in women with endometriosis.
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