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Abstract

Objectives

To evaluate the effect of endometriosis on fertility and the levels of the IL-2 and IFN-γ in the

peritoneal fluid in a mouse model; to evaluate the effect of pregnancy on endometriotic le-

sion growth, apoptosis and cell proliferation.

Study Design

Two month old C57BL/6 female mice underwent either a surgical procedure to induce endo-

metriosis or a sham surgery. Four weeks after surgery mice were mated and sacrificed at

day 18 of pregnancy. Number of implantation sites, fetuses and fetal weight were recorded.

Endometriotic lesions were counted, measured, excised and fixed. Apoptosis and cell prolif-

eration were evaluated in lesions by TUNEL and immunohistochemistry for PCNA respec-

tively. Levels of IL-2 and IFN-γ were assessed by ELISA in the peritoneal fluid.

Results

Pregnancy rate (i.e. pregnant mice/N) decreased in mice with endometriosis. However

there were no significant differences in resorption rate, litter size and pup weight between

groups. IFN-γ augmented in endometriosis mice independently of pregnancy outcome. Ad-

ditionally IFN-γ increased in pregnant endometriosis mice compared to pregnant sham ani-

mals. While IFN-γ increased in non pregnant versus pregnant mice in the sham group, IL-2

was increased in non pregnant mice in the endometriosis group. The size of endometriotic

lesions increased in pregnant mice while apoptosis increased in the stroma and cell prolifer-

ation decreased in the epithelium of these lesions. Additionally, leukocyte infiltration, necro-

sis and decidualization were increased in the same lesions.

Conclusions

Pregnancy rate is reduced in this mouse model of endometriosis. Levels of IL-2 are in-

creased in the peritoneal fluid of mice with endometriosis suggesting a role of this cytokine

in infertility related to this disease. The size of endometriotic lesions is increased in pregnant
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mice; however pregnancy has a beneficial effect on lesions by decreasing cell proliferation

and by increasing apoptosis, decidualization and necrosis.

Introduction
Endometriosis is a chronic gynecological disorder associated with pelvic pain and infertility. It
is characterized by the presence of endometrial glands and stroma outside the uterine cavity
and is estimated to occur in up to 10% of women of reproductive age [1,2].

Although the association between endometriosis and infertility is well supported through-
out the literature, a definite cause-effect relationship has not been found. Different studies sug-
gest that 20% to 50% of infertile women suffer from endometriosis and that 30% to 50% of
women with endometriosis are sub-fertile or infertile [3,4,5,6].

According to literature the presence of endometriotic lesions produces a cytokine imbalance
in the peritoneal environment [7,8]. Infertility in women with endometriosis is believed to be
related to these alterations because the pelvic cavity, uterus, fallopian tubes and ovaries are
bathed in the peritoneal fluid [6]. High levels of IFN-γ have been seen in spontaneous abortion
in women, additionally IL-2, TNF-α or IFN-γ injected intraperitoneally (i.p.) increase abortion
rates in mice [9,10,11]. Furthermore, higher concentration of IL-2 has been observed in the
peritoneal fluid of infertile patients with endometriosis compared to controls [12]

In addition, it is widely accepted that endometriosis symptoms tend to improve during nat-
ural pregnancy [13,14]. Moreover, it has been proposed that pregnancy has a suppressive effect
on endometriotic lesion growth and recurrence [14]. McArthur et al. have observed a reduction
in non-ovarian endometriotic lesion size during pregnancy, however they have also found
some lesions of augmented size [15]. Moreover, a recent study showed that the size of ovarian
endometriotic cysts decreases during pregnancy in only 52% of the cases analyzed; whereas
there is no change in 28%, and it increases in 20% [16]. Also several reports have shown serious
complications of endometriosis during pregnancy, such as perforations of the appendix and
sigmoid colon, rupture of the uterus affected by endometriosis and hemoperitoneum and spon-
taneous bleeding from blood vessels secondary to endometriosis [17,18,19,20,21,22,23]. These
complications are infrequent but they are potentially life threatening and are increasing be-
cause more patients with endometriosis can achieve pregnancy through the use of assisted re-
production techniques [21].

Based on the reviewed data, the objective of the present work was to evaluate the effect of
endometriosis on fertility and the levels of the IL-2 and IFN-γ in the peritoneal fluid in a
mouse model. In addition we evaluated the effect of pregnancy on endometriotic lesion growth,
apoptosis and cell proliferation.

Materials and Methods

Animals
C57BL/6 two month old female mice were used in this study. Animals were kept in ventilated
cages (Tecniplast, Buguggiate, Italy) with free access to water and food in a 12 hour light/dark
cycle. All experimental procedures were performed according to NIH Guidelines for the Care
and Use of Laboratory Animals and approved by the Ethics and Research Committee from
IBYME, Buenos Aires, Argentina.
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Surgery
Endometriotic lesions were experimentally induced by syngeneic transplantation of uterine tis-
sue onto the bowel mesentery as previously described (Fig 1) [24,25,26]. Briefly, donor animals
were sacrificed by cervical dislocation and both uterine horns were removed and placed into
warm medium (DMEM F12, Gibco, Paisley, United Kingdom). The uterine horns were opened
longitudinally and then cut into square pieces measuring approximately 4 mm2. Recipient syn-
geneic mice were placed under general anesthesia with an i.p. injection of ketamine (100 mg/
kg) and xylazine (10 mg/kg) and a mid-ventral incision was made to expose the bowels. Three
equal pieces of one uterine horn from a donor mouse were sutured onto the colonic mesentery
with the endometrial layer facing the bowel serosa. A single suture (Supralon 6–0, Ethicon,
Somerville, New Jersey) was used for each piece of uterine tissue. The abdomen was then closed
using the same suture material.

Because surgery itself can have effects on peritoneal cytokines, we have chosen sham ani-
mals as the control group. These animals underwent the same surgical procedure as the endo-
metriosis group with the difference that suture was performed onto the colonic mesentery
without uterine tissue. In this way, we were able to distinguish the effects of the presence of en-
dometriosis in the peritoneal cavity from any effect that could be a consequence of the surgery
itself.

All efforts were made to minimize suffering.

Experimental design
All mice were undergoing normal estrous cycle as we confirmed by the vaginal cytology meth-
od [27]. There were no differences in the vaginal cytology between sham and endometriosis
groups. Four weeks after surgery 20 sham females and 22 females with surgically induced

Fig 1. Mouse syngeneic model of endometriosis and experimental design.

doi:10.1371/journal.pone.0124900.g001

Endometriosis and Pregnancy in Mice

PLOS ONE | DOI:10.1371/journal.pone.0124900 April 27, 2015 3 / 15



endometriosis were mated irrespective of the day of the estrous cycle. Groups of two female
mice were placed in cages with a male of proven fertility until the visualization of a vaginal plug
(up to 12 days; i.e. 3 reproductive cycles). The presence of vaginal plug was considered day 1 of
pregnancy and these females were separated and placed in new cages. Mice that failed to get
pregnant after vaginal plug visualization were included in the non pregnant group (4 sham
mice and 9 mice with endometriosis). Animals were euthanized by CO2 at day 18 post mating
(day 18 of pregnancy). The pregnancy rate was defined as the ratio of the number of pregnant
mice to N.

Endometriosis model and experimental design are summarized in Fig 1.

Necropsy
After sacrifice, mice were immediately fixed in the supine position on a platform and the abdo-
men was opened. Immediately, peritoneal fluid was collected by rinsing the abdominal cavity of
all mice with 1.5 ml of saline. Afterwards, it was centrifuged at 300xg for 5 minutes to remove
cells. In pregnant mice, number of implantation sites, fetuses and fetal weight were recorded, and
a gross external evaluation of the pups for malformations was performed. In mice with surgically
induced endometriosis, lesions were identified, counted and measured in two perpendicular di-
ameters using a caliper. The volume of each lesion was calculated by the following formula: V =
(4/3)πr2R (where r and R are the radiuses and r< R) [24]. Lesions were then dissected away
from intestinal tissue, peritoneum and adhesions and fixed in 4% buffered formaldehyde for two
days for histological analysis. Formalin-fixed specimens of ectopic tissue were paraffin-embed-
ded, cut into 5 μm sections and stained with hematoxylin and eosin. Sections were examined mi-
croscopically for the presence of histological hallmarks of endometriosis.

Apoptosis detection system
For apoptosis quantification, ectopic tissue sections were processed for terminal deoxynucleoti-
dyl transferase (TdT)-mediated dUTP-fluorescein nick-end labeling (TUNEL) staining using
the “In Situ Cell Death POD” kit (Roche, Basel, Switzerland). Sections were treated according
to the manufacturer's instructions. Briefly, sections were deparaffinized in xylene, rehydrated
through graded alcohols and permeabilized with 20 μg/ml Proteinase K (Gibco, Grand Island,
NY, USA). Endogenous peroxidase was inactivated by coating the samples with 3% H2O2. Sec-
tions were rinsed with PBS, and then immersed 60 min in TdT buffer at 37°C. Sections were
incubated 30 min with the anti-fluorescein peroxidase antibody, followed by the peroxidase
substrate DAB. Finally, sections were counterstained with hematoxylin. Slices of female rodent
mammary gland obtained 3–5 days after weaning of pups were used as a positive control. As a
negative control, a number of tissue samples were subjected to treatment without TdT.

The percentage of TUNEL positive cells was established using a standard light microscope
by two independent observers at 400X and any nuclear brown stain was considered as positive.
At least 600 epithelial and 600 stromal cells were counted per mouse considering all lesions. In-
dependently of the number of cells at least 10 representative fields were counted per mouse.

Evaluation of cell proliferation by immunohistochemical staining for
Proliferating cell nuclear antigen (PCNA)
PCNA was studied from the same paraffin-embedded samples on serial sections using an
immunohistochemical method. Briefly, sections were deparaffinized in xylene and rehydrated
through graded alcohols, followed by microwaving in 0.01M sodium citrate buffer for antigen
retrieval. Endogenous peroxidase was blocked by treatment with 3% H2O2 for 10 min and
non-specific binding was blocked by incubation with normal rabbit serum for 60 min. Tissue
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sections were incubated for 60 min with anti-mouse PCNA rabbit polyclonal antibody (1:400,
FL-261, Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA) at room temperature. After that,
sections were treated for 30 min with a secondary biotin-conjugated anti-rabbit antibody fol-
lowed by incubation with peroxidise-conjugated streptavidin (LSAB+ System, Dako). Binding
was visualized by incubating sections with DAB, and lightly counterstaining with hematoxylin,
prior to permanent mounting. As a negative control, immunoglobulin of the same immuno-
globulin class and concentration as the primary antibody was used. PCNA positive cells were
identified by the presence of brown nuclear reactivity and any nuclear staining was regarded
as positive.

PCNA, also called cyclin, is a 36-KD auxiliary protein of DNA polymerase-delta, that has
been found to be a useful marker in immunocytochemical studies of cell proliferation because
its expression correlates with the proliferative state of the cell [28].

The percentage of PCNA positive cells was established using a standard light microscope by
two independent observers at 400X and any nuclear brown stain was considered as positive. At
least 600 epithelial and 600 stromal cells were counted per mouse considering all lesions. Inde-
pendently of the number of cells at least 10 representative fields were counted per mouse.

Quantification of IL-2 and IFN-γ
Peritoneal fluid IL-2 and IFN-γ concentrations were assessed in mice using a mouse Th1/Th2
ELISA Ready-Set-Go! kit (eBioscience, San Diego, CA, USA). The sensitivity levels for IL-2 and
IFN-γ assays were 2 pg/ml and 15 pg/ml respectively. All samples were assayed in duplicate.

Statistics
Statistical analysis was performed using Statistica software (StatSoft Inc,Tulsa, USA). Statistical
comparisons were carried out by Chi-square test, Student “t” test and two-way ANOVA test
followed by Tukey Honest significant difference (HSD) test for unequal sample size. Regardless
of the statistical test, only a p value� 0.05 was considered significant. Results are expressed as
mean ± SEM.

Results

Effect of endometriosis on fertility
Because endometriosis is characterized by infertility we assessed pregnancy rate, resorption
rate, litter size, pup weight and number of days lapsed until the presence of vaginal plug in a
mouse model of endometriosis.

Pregnancy rate was significantly lower in females with endometriosis compared to sham
mice (Table 1). However there were no significant differences in resorption rate, litter size, pup
weight and number of days lapsed until the presence of vaginal plug between the group of mice
with endometriosis and the sham group (Table 1).

Effect of endometriosis and pregnancy on peritoneal IL-2 and IFN-γ
It is known that the presence of endometriotic lesions alters peritoneal environment. Since
high levels of IL-2 and IFN-γ are related to infertility and reproductive organs are bathed in the
peritoneal fluid we evaluated the levels of these cytokines in pregnant and non pregnant mice
with and without endometriosis.

IL-2 was increased in the peritoneal fluid of non pregnant mice compared to the pregnant
ones in the group with endometriosis (Fig 2A). Although peritoneal IL-2 levels are higher in
non pregnant sham mice than in pregnant ones, these differences are not significant (Fig 2A).

Endometriosis and Pregnancy in Mice
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Table 1. Effect of endometriosis on fertility.

Sham Endometriosis P value

N = 20 N = 22

Presence of vaginal plug (days) a 3.1±0.5 2.7±0.6 NS

Pregnancy rate (%) b 80 56 P<0.05 c

Litter size (N) a 8.1±0.4 7.2±0.8 NS

Pup weight (g) a 1.0±0.1 0.9±0.1 NS

Resorption rate (%) b 2 7 NS

a Statistical comparisons were performed by Student “t” test
b Statistical comparisons were performed by Chi-square test
c Sham vs. Endometriosis

doi:10.1371/journal.pone.0124900.t001

Fig 2. Effect of pregnancy and endometriosis on peritoneal IL-2 and IFN-γ.Mice with surgically induced
endometriosis (EDT; N = 20, 11 pregnant) and sham animals (N = 18, 14 pregnant) were mated and
sacrificed at day 18 of pregnancy. Levels of IL-2 (A), and IFN-γ (B) were assessed in the peritoneal fluid by
ELISA. Statistical comparisons were performed by two way ANOVA test followed by Tukey HSD test for
unequal sample size. * p<0.05

doi:10.1371/journal.pone.0124900.g002
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On the other hand, the levels of IFN-γ were elevated in the peritoneal fluid in non pregnant
mice compared to the pregnant ones in the sham group (Fig 2B), while there were no differ-
ences in the endometriosis group (Fig 2B). In addition, IFN-γ was increased in pregnant mice
with endometriosis versus sham pregnant mice (Fig 2B). Moreover, the levels of IFN-γ were
higher in the peritoneal fluid from mice with endometriosis compared to sham mice indepen-
dently of the pregnancy outcome (35.1±8.6 pg/ml vs. 12.0±3.6 pg/ml respectively; p<0.05).
There were no differences either in IL-2 or in IFN-γ levels between non pregnant mice with
and without endometriosis.

Effect of pregnancy on endometriotic lesion growth and histology
It is accepted that pregnancy improves endometriosis symptoms however its effect on endome-
triotic lesions’ growth is variable; and serious complications of endometriosis during pregnancy
has been reported. Therefore we decided to evaluate the effect of pregnancy on endometriotic
lesion growth and histology in a mouse model.

All animals developed endometriotic lesions: 25% of the mice developed 2 lesions and 75%
developed 3. There were no differences in the number of endometriotic lesions developed per
mouse between pregnant and non pregnant mice (Fig 3A) however the size of endometriotic
lesions was significantly larger in the pregnant group (Fig 3B).

We then analyzed histological sections of endometriotic lesions stained with hematoxylin-
eosin. The percentage of lesions that showed infiltration, necrosis, decidualization or endome-
trial involution was significantly higher in pregnant mice than in non pregnant ones (Table 2).
We histologically corroborated that the observed enlargement of lesions in the pregnant group
was associated with the presence of necrosis (Fig 4D–4F), leukocyte infiltration (Fig 4G–4I)
and a decidualized stroma (Fig 4D–4I). Also, a high percentage of lesions from pregnant mice
presented signs of endometrial involution showing a flattened or even an absent glandular epi-
thelium (Fig 4G–4I). Conversely, endometriotic lesions from non pregnant mice showed nor-
mal glands and stroma (Fig 4A–4C).

Effect of pregnancy on endometriotic lesion cell proliferation and
apoptosis
Although endometriotic lesions were larger in pregnant mice they showed histological markers
of involution. Therefore we further investigated the status of endometriotic lesions concerning
cell proliferation and apoptosis levels.

There were no differences in the percentage of proliferating cells in the stroma of endome-
triotic lesions between pregnant and non pregnant mice (Fig 5B–5D). However cell prolifera-
tion was decreased in the epithelium of endometriotic lesions from pregnant compared to non
pregnant mice (Fig 5A, 5C and 5D). Additionally, the percentage of apoptotic cells increased in
the stroma but decreased in the epithelium of endometriotic lesions from pregnant mice com-
pared to non pregnant ones (Fig 6A–6D).

Discussion
There are numerous studies that demonstrate an association between endometriosis and infer-
tility [6,29]. The fecundity rate in patients with endometriosis is decreased compared to control
women; furthermore, patients with mild endometriosis have a lower probability of getting
pregnant than women with unexplained infertility [29,30].

The data from the present study demonstrate that pregnancy rate is decreased in mice with
endometriosis compared to sham animals. Similar results have been shown in rats, but data
seem to be contradictory in rabbits [31,32,33]. Despite the differences seen in pregnancy rate in
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this study, no significant changes were observed in resorption rate, litter size, pup weight or
number of days lapsed until visualization of vaginal plug between the endometriosis and the
sham group. These results are in agreement with the ones reported by Cummings et al. and

Table 2. Effect of pregnancy on endometriotic lesions.

Pregnant Non Pregnant P value

N = 11 N = 9

Leukocyte infiltration 82% 53% P<0.05a

Necrosis 82% 26% P = 0.0001a

Decidualization 79% - P<0.0001a

Endometrial Involution 93% 16% P<0.0001a

Note: Statistical comparisons were performed by Chi-square test. Values are the percentage of lesions that showed signs of leukocyte infiltration,

necrosis, decidualization or endometrial involution.
a Pregnant vs. non pregnant

doi:10.1371/journal.pone.0124900.t002

Fig 3. Effect of pregnancy on the number and size of endometriotic lesions.Mice with surgical induced
endometriosis were mated and sacrificed at day 18 of pregnancy. The number of endometriotic lesions per
mouse (A) and the size of endometriotic lesions (B) in pregnant (N = 11) and non pregnant (N = 9) mice were
assessed. Statistical comparisons were performed by Student “t” test. * p<0.05 pregnant vs. non pregnant

doi:10.1371/journal.pone.0124900.g003
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Barragan et al. in mice and rats [31,34]. Nevertheless, other authors demonstrated a decrease in
the number of pups in rats with endometriosis compared to the sham group [35]. Also Stilley
et al. have found that the percentage of rats showing resorption sites is higher in those with en-
dometriosis than in sham animals [36].

Several mechanisms have been proposed to explain the relationship between endometriosis
and infertility [37]. Amongst them, it has been reported that the alterations observed in the
peritoneal fluid in women with endometriosis contribute to the infertility related to this disease
[6,37]. Hence, we analyzed the levels of IL-2 and IFN-γ in the peritoneal fluid of mice.

IL-2 was increased in the peritoneal fluid of non pregnant compared to pregnant mice with
endometriosis but no statistical differences were seen within the sham group. Furthermore, the

Fig 4. Effect of pregnancy on endometriotic lesion histology.Mice with surgical induced endometriosis were mated and sacrificed at day 18 of
pregnancy. Micrographs show representative histological sections of endometriotic lesions from non pregnant (A-C) and pregnant mice (D-I). Asterisks show
necrotic zones and black arrows infiltrated zones, both characterized by the presence of inflammatory cells. White arrows indicate a decidualized stroma,
characterized by the presence of large polygonal cells with a pale pink cytoplasm and a large round or oval nucleus. Arrowheads show endometrial
involution, recognized by the presence of a flattened-glandular-epithelium or the lack of one. The white boxes are shown at a higher magnification to the right.
(A, D, G: 40X; B, E, H: 100X; C, F, I: 400X). Scale bar indicates 100 μm.

doi:10.1371/journal.pone.0124900.g004
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levels between the non pregnant animals do not show a statistical difference between groups
and this particular result is in disagreement with the findings of Podgaec et al. who found
higher levels of IL-2 in the peritoneal fluid of infertile patients with endometriosis compared to
non pregnant controls [12]. Nevertheless, in agreement with Padgaec et al., our results suggest
a role of IL-2 in endometriosis related infertility given that we found a statistically significant
difference within the endometriosis group.

Conversely, IFN-γ is elevated in non pregnant mice compared to pregnant ones in the sham
group but there were no differences in mice with endometriosis. In addition, IFN-γ is increased
in peritoneal fluid of pregnant mice with endometriosis versus sham animals. Moreover, IFN-γ
was elevated in the endometriosis versus the sham group independently of the pregnancy out-
come. Taking these data altogether and because it is well known the detrimental role of IFN-γ
on pregnancy, we cannot definitely discard a negative role of this cytokine on pregnancy in en-
dometriosis [9,38,10]. However more studies are needed to further elucidate this.

There are several features of endometriosis that could explain the results obtained in this
study. Women with endometriosis present impaired folliculogenesis, poor oocyte and embryo

Fig 5. Effect of pregnancy on cell proliferation in endometriotic lesions. The percentage of proliferating cells was assessed by immunohistochemistry
for PCNA in epithelial (A) and stromal (B) cells from pregnant (N = 11) and non pregnant (N = 9) mice. Micrographs (C-E) show representative histological
sections of endometriotic lesions from pregnant (C) and non pregnant (D) mice. Arrows indicate marked cells. As a negative control, immunoglobulin of the
same immunoglobulin class and concentration as the primary antibody was used (E). Scale bar indicates 100 μm. Statistical comparisons were performed by
Student “t” test. * p<0.05 pregnant vs. non pregnant.

doi:10.1371/journal.pone.0124900.g005
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quality and defects in implantation [39,40]. Furthermore, peritoneal fluid from women with
endometriosis alters sperm quality function [29,41]. Additionally, endometriosis in rats leads
to ovulatory dysfunction and compromised oocyte and preimplantation embryo quality [36].
Although we have not assessed oocyte quality in any of the animals, we confirmed that they
were all cycling normally.

It is important to notice that there are a few studies that have used the mouse model of en-
dometriosis to evaluate infertility. Moreover, it has been proposed that the mouse model of en-
dometriosis may appear more resistant than the rat model against effects of endometriosis on
fertility [34]. Our work is valuable since it validates the use of the mouse model of endometri-
osis to study infertility. However, more studies are necessary to further investigate the factors
responsible for the decrease in pregnancy rates observed in this work.

It is widely accepted that pregnancy has a suppressive effect on endometriotic lesions
[42,43]. However, different studies showed that the size of endometriotic lesions not always de-
creases during pregnancy [16,15]. In the present work, no significant differences were observed
in the number of endometriotic lesions developed per mouse between pregnant and non

Fig 6. Effect of pregnancy on apoptosis in endometriotic lesions. The percentage of apoptotic cells was assessed by TUNEL in epithelial (A) and
stromal (B) cells from pregnant (N = 11) and non pregnant (N = 9) mice. Micrographs (C-E) show representative histological sections of endometriotic lesions
from pregnant (C) and non pregnant (D) mice. Arrows indicate marked cells. As a negative control, a tissue sample was subjected to treatment without TdT
(E). Scale bar indicates 100 μm. Statistical comparisons were performed by Student “t” test. * p<0.05 pregnant vs. non pregnant; *** p<0.001 pregnant vs.
non pregnant.

doi:10.1371/journal.pone.0124900.g006
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pregnant mice. Strikingly, we demonstrated that lesion size in pregnant mice is larger than in
non pregnant ones. Opposite to our results, Cummings et al. showed that lesion size in preg-
nant mice with endometriosis was significantly smaller compared to non pregnant mice [34].
These discrepancies could be due to the fact that in our mice model, the uterine horns and the
ovaries are intact while in the model used by Cummings et al. mice have only one uterine horn
and ovary. Additionally, pregnancy has diverse effects on lesions in models of endometriosis in
rat, baboon and cynomolgus monkey. In these models, pregnancy causes a complete regression
of lesions, suppresses endometriosis only temporarily or has no effect [31,35,44,45,46].

Despite the fact that endometriotic lesions were larger in pregnant mice compared to non
pregnant ones we propose a beneficial effect of pregnancy on endometriosis because apoptosis
is increased in the stromal fraction and cell proliferation is decreased in epithelial cells of endo-
metriotic lesions from pregnant compared to non pregnant mice. In addition, endometriotic
implants in pregnant mice are decidualized, infiltrated with leukocytes and show signs of ne-
crosis and endometrial involution. Although in this study epithelial glands present low levels of
apoptosis our results suggest that they are in involution. Apoptosis and cell proliferation were
evaluated in intact epithelium; however endometriotic lesions from pregnant mice show a high
proportion of flattened or even absent glandular epithelium where it was not possible to evalu-
ate these parameters.

In agreement with our results it has been shown that different synthetic progestins and pro-
gesterone itself increase apoptosis and have antiproliferative effects on rat endometrial cells
and human endometrial and endometriotic stromal cells in-vitro [47,48,49,50,51]. In addition,
large ovarian endometriotic lesions show decidualization, abscess formation and rupture dur-
ing pregnancy in women [16]. Moreover, lesions treated with the progestin levonorgestrel pres-
ent a poorly preserved epithelium or no epithelium at all in a rat model of endometriosis [52].

It is important to emphasize that there are few studies that have assessed the effect of preg-
nancy on endometriotic lesions, being this the first study that evaluates this effect on apoptosis
or cell proliferation.

Taking into account these results we postulate that endometriotic lesions in pregnant mice
are in regression even though they are larger. On the one hand, the decidualized stroma and
the large areas with infiltration are the reasons for the enlargement of the endometriotic lesion
[16,53]. On the other hand, apoptosis is increased in the stromal fraction and cell proliferation
is decreased in the epithelial fraction of endometriotic lesions from pregnant mice. Further-
more, it has been postulated that decidualization and subsequent necrosis could explain the re-
gression of endometriotic lesions during and after pregnancy [46,54].

In summary, this study demonstrates that there is a reduction in the pregnancy rate in this
mouse model of endometriosis. Levels of IL-2 are increased in the peritoneal fluid of mice with
endometriosis suggesting a role of this cytokine in infertility related to this disease. This work
shows that the size of endometriotic lesions is increased in pregnant mice; however pregnancy
has a beneficial effect on lesions by decreasing cell proliferation and by increasing apoptosis,
decidualization and necrosis. Our work validates the use of the mouse model of endometriosis
to study infertility and indicates that the size of endometriotic lesions during pregnancy would
not always correlate with their activity.

Acknowledgments
We would like to thank Dr. Inés Stella for her expert technical assistance in histological analysis
of the endometriotic lesions and Dr. Dalhia Abramovich for revising the manuscript.

Endometriosis and Pregnancy in Mice

PLOS ONE | DOI:10.1371/journal.pone.0124900 April 27, 2015 12 / 15



Author Contributions
Conceived and designed the experiments: MAB GFM RIB. Performed the experiments: MAB
CNO AGR. Analyzed the data: MAB JIB. Contributed reagents/materials/analysis tools: GFM
RIB. Wrote the paper: MAB. Performed the experiment for answering the reviewers: TSB.

References
1. Sampson JA. Peritoneal endometriosis due to menstrual dissemination of endometrial tissue into the

peritoneal cavity. Am J Obstet Gynecol. 1927; 14: 422–469.

2. Giudice LC. Clinical practice. Endometriosis. N Engl J Med. 2010; 362: 2389–2398. doi: 10.1056/
NEJMcp1000274 PMID: 20573927

3. Balasch J, Creus M, Fabregues F, Carmona F, Ordi J, Martinez-Roman S et al. Visible and non-visible
endometriosis at laparoscopy in fertile and infertile women and in patients with chronic pelvic pain: a
prospective study. Hum Reprod. 1996; 11: 387–391. PMID: 8671229

4. Mahmood TA, Templeton A. Prevalence and genesis of endometriosis. Hum Reprod. 1991; 6: 544–
549. PMID: 1918305

5. Preciado RR, Torres CJ, Zuniga Montiel JA, Martinez Chequer JC, Manterola AD, Garcia LA. Incidence
of endometriosis in infertile women: clinical and laparoscopic characteristics. Ginecol Obstet Mex.
2005; 73: 471–476. PMID: 16312272

6. The practice Committee of the ASRM. Endometriosis and infertility: a committee opinion. Fertil Steril.
2012; 98: 591–598. PMID: 22704630

7. Podgaec S, Abrao MS, Dias JA Jr, Rizzo LV, de Oliveira RM, Baracat EC. Endometriosis: an inflamma-
tory disease with a Th2 immune response component. Hum Reprod. 2007; 22: 1373–1379. PMID:
17234676

8. Ho HN, Wu MY, Chao KH, Chen CD, Chen SU, Yang YS. Peritoneal interleukin-10 increases with de-
crease in activated CD4+ T lymphocytes in women with endometriosis. Hum Reprod. 1997; 12: 2528–
2533. PMID: 9436700

9. Raghupathy R, Makhseed M, Azizieh F, Hassan N, Al-Azemi M, Al-Shamali E. Maternal Th1- and Th2-
type reactivity to placental antigens in normal human pregnancy and unexplained recurrent spontane-
ous abortions. Cell Immunol. 1999; 196: 122–130. PMID: 10527564

10. Chaouat G, Menu E, Clark DA, Dy M, Minkowski M, Wegmann TG. Control of fetal survival in CBA x
DBA/2 mice by lymphokine therapy. J Reprod Fertil. 1990; 89: 447–458. PMID: 2119428

11. Chaouat G, Assal MA, Martal J, Raghupathy R, Elliott JF, Mosmann T et al. IL-10 prevents naturally oc-
curring fetal loss in the CBA x DBA/2 mating combination, and local defect in IL-10 production in this
abortion-prone combination is corrected by in vivo injection of IFN-tau. J Immunol. 1995; 154: 4261–
4268. PMID: 7722286

12. Podgaec S, Dias Junior JA, Chapron C, Oliveira RM, Baracat EC, Abrao MS. Th1 and Th2 immune re-
sponses related to pelvic endometriosis. Rev Assoc Med Bras. 2010; 56: 92–98. PMID: 20339793

13. Coccia ME, Rizzello F, Palagiano A, Scarselli G. The effect of the hormonal milieu of pregnancy on
deep infiltrating endometriosis: serial ultrasound assessment of changes in size and pattern of deep
endometriotic lesions. Eur J Obstet Gynecol Reprod Biol. 2012; 160: 35–39. doi: 10.1016/j.ejogrb.
2011.10.004 PMID: 22099535

14. Porpora MG, Pallante D, Ferro A, Crisafi B, Bellati F, Benedetti PP. Pain and ovarian endometrioma re-
currence after laparoscopic treatment of endometriosis: a long-term prospective study. Fertil Steril.
2010; 93: 716–721. doi: 10.1016/j.fertnstert.2008.10.018 PMID: 19061997

15. McArthur JW, Ulfelder H. The effect of pregnancy upon endometriosis. Obstet Gynecol Surv. 1965; 20:
709–733. PMID: 5318470

16. Ueda Y, Enomoto T, Miyatake T, Fujita M, Yamamoto R, Kanagawa T et al. A retrospective analysis of
ovarian endometriosis during pregnancy. Fertil Steril. 2010; 94: 78–84. doi: 10.1016/j.fertnstert.2009.
02.092 PMID: 19356751

17. Schweitzer KJ, van BE, de Groot CJ. Endometriosis with intestinal perforation in term pregnancy. Int J
Gynaecol Obstet. 2006; 93: 152–153. PMID: 16545813

18. Nishikawa A, Kondoh E, Hamanishi J, Yamaguchi K, Ueda A, Sato Y et al. Ileal perforation and massive
intestinal haemorrhage from endometriosis in pregnancy: case report and literature review. Eur J
Obstet Gynecol Reprod Biol. 2013; 170: 20–24. doi: 10.1016/j.ejogrb.2013.04.018 PMID: 23763952

19. Pisanu A, Deplano D, Angioni S, Ambu R, Uccheddu A. Rectal perforation from endometriosis in preg-
nancy: case report and literature review. World J Gastroenterol. 2010; 16: 648–651. PMID: 20128037

Endometriosis and Pregnancy in Mice

PLOS ONE | DOI:10.1371/journal.pone.0124900 April 27, 2015 13 / 15

http://dx.doi.org/10.1056/NEJMcp1000274
http://dx.doi.org/10.1056/NEJMcp1000274
http://www.ncbi.nlm.nih.gov/pubmed/20573927
http://www.ncbi.nlm.nih.gov/pubmed/8671229
http://www.ncbi.nlm.nih.gov/pubmed/1918305
http://www.ncbi.nlm.nih.gov/pubmed/16312272
http://www.ncbi.nlm.nih.gov/pubmed/22704630
http://www.ncbi.nlm.nih.gov/pubmed/17234676
http://www.ncbi.nlm.nih.gov/pubmed/9436700
http://www.ncbi.nlm.nih.gov/pubmed/10527564
http://www.ncbi.nlm.nih.gov/pubmed/2119428
http://www.ncbi.nlm.nih.gov/pubmed/7722286
http://www.ncbi.nlm.nih.gov/pubmed/20339793
http://dx.doi.org/10.1016/j.ejogrb.2011.10.004
http://dx.doi.org/10.1016/j.ejogrb.2011.10.004
http://www.ncbi.nlm.nih.gov/pubmed/22099535
http://dx.doi.org/10.1016/j.fertnstert.2008.10.018
http://www.ncbi.nlm.nih.gov/pubmed/19061997
http://www.ncbi.nlm.nih.gov/pubmed/5318470
http://dx.doi.org/10.1016/j.fertnstert.2009.02.092
http://dx.doi.org/10.1016/j.fertnstert.2009.02.092
http://www.ncbi.nlm.nih.gov/pubmed/19356751
http://www.ncbi.nlm.nih.gov/pubmed/16545813
http://dx.doi.org/10.1016/j.ejogrb.2013.04.018
http://www.ncbi.nlm.nih.gov/pubmed/23763952
http://www.ncbi.nlm.nih.gov/pubmed/20128037


20. Rozen P, Schreiber L, Brazowski E. Endometriosis, pregnancy, and colonoscopy. Endoscopy. 2003;
35: 975. PMID: 14606025

21. Katorza E, Soriano D, Stockheim D, Mashiach R, Zolti M, Seidman DS et al. Severe intraabdominal
bleeding caused by endometriotic lesions during the third trimester of pregnancy. Am J Obstet Gynecol.
2007; 197: 501–504. PMID: 17980188

22. Gini PC, Chukudebelu WO, OnuigboWI. Perforation of the appendix during pregnancy: a rare compli-
cation of endometriosis. Case report. Br J Obstet Gynaecol. 1981; 88: 456–458. PMID: 7194686

23. Donna A, Bosi D, Sommariva F. Rupture of the endometriosis uterus in pregnancy. Cancro. 1967; 20:
400–410. PMID: 5622980

24. Bilotas M, Meresman G, Stella I, Sueldo C, Baranao RI. Effect of aromatase inhibitors on ectopic endo-
metrial growth and peritoneal environment in a mouse model of endometriosis. Fertil Steril. 2010; 93:
2513–2518. doi: 10.1016/j.fertnstert.2009.08.058 PMID: 19819437

25. Olivares CN, Bilotas MA, Ricci AG, Baranao RI, Meresman GF. Anastrozole and celecoxib for endome-
triosis treatment, good to keep them apart? Reproduction. 2013; 145: 119–126. doi: 10.1530/REP-12-
0386 PMID: 23148086

26. Ricci AG, Olivares CN, Bilotas MA, Baston JI, Singla JJ, Meresman GF et al. Natural therapies assess-
ment for the treatment of endometriosis. Hum Reprod. 2013; 28: 178–188. doi: 10.1093/humrep/
des369 PMID: 23081870

27. Byers SL, Wiles MV, Dunn SL, Taft RA. Mouse estrous cycle identification tool and images. PLoS One.
2012; 7: e35538. doi: 10.1371/journal.pone.0035538 PMID: 22514749

28. Bravo R, Macdonald-Bravo H. Existence of two populations of cyclin/proliferating cell nuclear antigen
during the cell cycle: association with DNA replication sites. J Cell Biol. 1987; 105: 1549–1554. PMID:
2889739

29. Macer ML, Taylor HS. Endometriosis and infertility: a review of the pathogenesis and treatment of endo-
metriosis-associated infertility. Obstet Gynecol Clin North Am. 2012; 39: 535–549. doi: 10.1016/j.ogc.
2012.10.002 PMID: 23182559

30. Akande VA, Hunt LP, Cahill DJ, Jenkins JM. Differences in time to natural conception between women
with unexplained infertility and infertile women with minor endometriosis. Hum Reprod. 2004; 19: 96–
103. PMID: 14688164

31. Barragan JC, Brotons J, Ruiz JA, Acien P. Experimentally induced endometriosis in rats: effect on fertil-
ity and the effects of pregnancy and lactation on the ectopic endometrial tissue. Fertil Steril. 1992; 58:
1215–1219. PMID: 1459274

32. Schenken RS, Asch RH. Surgical induction of endometriosis in the rabbit: effects on fertility and con-
centrations of peritoneal fluid prostaglandins. Fertil Steril. 1980; 34: 581–587. PMID: 7450077

33. Dunselman GA, Dumoulin JC, Land JA, Evers JL. Lack of effect of peritoneal endometriosis on fertility
in the rabbit model. Fertil Steril. 1991; 56: 340–342. PMID: 2070863

34. Cummings AM, Metcalf JL. Effect of surgically induced endometriosis on pregnancy and effect of preg-
nancy and lactation on endometriosis in mice. Proc Soc Exp Biol Med. 1996; 212: 332–337. PMID:
8751990

35. Vernon MW,Wilson EA. Studies on the surgical induction of endometriosis in the rat. Fertil Steril. 1985;
44: 684–694. PMID: 4054348

36. Stilley JA, Woods-Marshall R, Sutovsky M, Sutovsky P, Sharpe-Timms KL. Reduced fecundity in fe-
male rats with surgically induced endometriosis and in their daughters: a potential role for tissue inhibi-
tors of metalloproteinase 1. Biol Reprod. 2009; 80: 649–656. doi: 10.1095/biolreprod.108.073411
PMID: 19020297

37. de Ziegler D, Borghese B, Chapron C. Endometriosis and infertility: pathophysiology and management.
Lancet. 2010; 376: 730–738. doi: 10.1016/S0140-6736(10)60490-4 PMID: 20801404

38. Kwak-Kim JY, Chung-Bang HS, Ng SC, Ntrivalas EI, Mangubat CP, Beaman KD et al. Increased T
helper 1 cytokine responses by circulating T cells are present in women with recurrent pregnancy
losses and in infertile women with multiple implantation failures after IVF. Hum Reprod. 2003; 18: 767–
773. PMID: 12660269

39. Stilley JA, Birt JA, Sharpe-Timms KL. Cellular and molecular basis for endometriosis-associated infertil-
ity. Cell Tissue Res. 2012; 349: 849–862. PMID: 22298022

40. Garrido N, Navarro J, Remohi J, Simon C, Pellicer A. Follicular hormonal environment and embryo
quality in women with endometriosis. Hum Reprod Update. 2000; 6: 67–74. PMID: 10711831

41. Oral E, Arici A, Olive DL, Huszar G. Peritoneal fluid from women with moderate or severe endometriosis
inhibits spermmotility: the role of seminal fluid components. Fertil Steril. 1996; 66: 787–792. PMID:
8893686

Endometriosis and Pregnancy in Mice

PLOS ONE | DOI:10.1371/journal.pone.0124900 April 27, 2015 14 / 15

http://www.ncbi.nlm.nih.gov/pubmed/14606025
http://www.ncbi.nlm.nih.gov/pubmed/17980188
http://www.ncbi.nlm.nih.gov/pubmed/7194686
http://www.ncbi.nlm.nih.gov/pubmed/5622980
http://dx.doi.org/10.1016/j.fertnstert.2009.08.058
http://www.ncbi.nlm.nih.gov/pubmed/19819437
http://dx.doi.org/10.1530/REP-12-0386
http://dx.doi.org/10.1530/REP-12-0386
http://www.ncbi.nlm.nih.gov/pubmed/23148086
http://dx.doi.org/10.1093/humrep/des369
http://dx.doi.org/10.1093/humrep/des369
http://www.ncbi.nlm.nih.gov/pubmed/23081870
http://dx.doi.org/10.1371/journal.pone.0035538
http://www.ncbi.nlm.nih.gov/pubmed/22514749
http://www.ncbi.nlm.nih.gov/pubmed/2889739
http://dx.doi.org/10.1016/j.ogc.2012.10.002
http://dx.doi.org/10.1016/j.ogc.2012.10.002
http://www.ncbi.nlm.nih.gov/pubmed/23182559
http://www.ncbi.nlm.nih.gov/pubmed/14688164
http://www.ncbi.nlm.nih.gov/pubmed/1459274
http://www.ncbi.nlm.nih.gov/pubmed/7450077
http://www.ncbi.nlm.nih.gov/pubmed/2070863
http://www.ncbi.nlm.nih.gov/pubmed/8751990
http://www.ncbi.nlm.nih.gov/pubmed/4054348
http://dx.doi.org/10.1095/biolreprod.108.073411
http://www.ncbi.nlm.nih.gov/pubmed/19020297
http://dx.doi.org/10.1016/S0140-6736(10)60490-4
http://www.ncbi.nlm.nih.gov/pubmed/20801404
http://www.ncbi.nlm.nih.gov/pubmed/12660269
http://www.ncbi.nlm.nih.gov/pubmed/22298022
http://www.ncbi.nlm.nih.gov/pubmed/10711831
http://www.ncbi.nlm.nih.gov/pubmed/8893686


42. Soares SR, Martinez-Varea A, Hidalgo-Mora JJ, Pellicer A. Pharmacologic therapies in endometriosis:
a systematic review. Fertil Steril. 2012; 98: 529–555. doi: 10.1016/j.fertnstert.2012.07.1120 PMID:
22938768

43. Vercellini P, Somigliana E, Vigano P, Abbiati A, Barbara G, Crosignani PG. Endometriosis: current ther-
apies and new pharmacological developments. Drugs. 2009; 69: 649–675. doi: 10.2165/00003495-
200969060-00002 PMID: 19405548

44. Rajkumar K, Schott PW, Simpson CW. The rat as an animal model for endometriosis to examine recur-
rence of ectopic endometrial tissue after regression. Fertil Steril. 1990; 53: 921–925. PMID: 2332064

45. Schenken RS, Williams RF, Hodgen GD. Effect of pregnancy on surgically induced endometriosis in
cynomolgus monkeys. Am J Obstet Gynecol. 1987; 157: 1392–1396. PMID: 3425647

46. D'Hooghe TM, Bambra CS, De J, I, Lauweryns JM, Raeymaekers BM, Koninckx PR. The effect of preg-
nancy on endometriosis in baboons (Papio anubis, Papio cynocephalus). Arch Gynecol Obstet. 1997;
261: 15–19. PMID: 9451518

47. Surrey ES, Halme J. Direct effects of medroxyprogesterone acetate, danazol, and leuprolide acetate
on endometrial stromal cell proliferation in vitro. Fertil Steril. 1992; 58: 273–278. PMID: 1386030

48. Okada H, Nakajima T, Yoshimura T, Yasuda K, Kanzaki H. The inhibitory effect of dienogest, a synthet-
ic steroid, on the growth of human endometrial stromal cells in vitro. Mol Hum Reprod. 2001; 7: 341–
347. PMID: 11279296

49. Fu L, Osuga Y, Morimoto C, Hirata T, Hirota Y, Yano T et al. Dienogest inhibits BrdU uptake with G0/G1
arrest in cultured endometriotic stromal cells. Fertil Steril. 2008; 89: 1344–1347. PMID: 17511992

50. Minami T, Kosugi K, Suganuma I, Yamanaka K, Kusuki I, Oyama T et al. Antiproliferative and apoptotic
effects of norethisterone on endometriotic stromal cells in vitro. Eur J Obstet Gynecol Reprod Biol.
2013; 166: 76–80. doi: 10.1016/j.ejogrb.2012.08.023 PMID: 22964137

51. Katsuki Y, Takano Y, Futamura Y, Shibutani Y, Aoki D, Udagawa Y et al. Effects of dienogest, a syn-
thetic steroid, on experimental endometriosis in rats. Eur J Endocrinol. 1998; 138: 216–226. PMID:
9506869

52. Yuan P, Chen B, Huang Y, Xin X. Long-term regression of experimental endometriosis in a rat model
treated with local application of levonorgestrel-loaded biodegradable microspheres. Hum Reprod.
2012; 27: 2089–2095. doi: 10.1093/humrep/des142 PMID: 22563024

53. Barbieri M, Somigliana E, Oneda S, Ossola MW, Acaia B, Fedele L. Decidualized ovarian endometri-
osis in pregnancy: a challenging diagnostic entity. Hum Reprod. 2009; 24: 1818–1824. doi: 10.1093/
humrep/dep089 PMID: 19363043

54. Kistner RW. The use of newer progestins in the treatment of endometriosis. Am J Obstet Gynecol.
1958; 75: 264–278. PMID: 13498068

Endometriosis and Pregnancy in Mice

PLOS ONE | DOI:10.1371/journal.pone.0124900 April 27, 2015 15 / 15

http://dx.doi.org/10.1016/j.fertnstert.2012.07.1120
http://www.ncbi.nlm.nih.gov/pubmed/22938768
http://dx.doi.org/10.2165/00003495-200969060-00002
http://dx.doi.org/10.2165/00003495-200969060-00002
http://www.ncbi.nlm.nih.gov/pubmed/19405548
http://www.ncbi.nlm.nih.gov/pubmed/2332064
http://www.ncbi.nlm.nih.gov/pubmed/3425647
http://www.ncbi.nlm.nih.gov/pubmed/9451518
http://www.ncbi.nlm.nih.gov/pubmed/1386030
http://www.ncbi.nlm.nih.gov/pubmed/11279296
http://www.ncbi.nlm.nih.gov/pubmed/17511992
http://dx.doi.org/10.1016/j.ejogrb.2012.08.023
http://www.ncbi.nlm.nih.gov/pubmed/22964137
http://www.ncbi.nlm.nih.gov/pubmed/9506869
http://dx.doi.org/10.1093/humrep/des142
http://www.ncbi.nlm.nih.gov/pubmed/22563024
http://dx.doi.org/10.1093/humrep/dep089
http://dx.doi.org/10.1093/humrep/dep089
http://www.ncbi.nlm.nih.gov/pubmed/19363043
http://www.ncbi.nlm.nih.gov/pubmed/13498068


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


