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A B S T R A C T

Endometriosis can impair fertility by reducing ovarian reserve and the production of good-quality oocytes. The
surgical removal of endometriotic lesions is generally recommended for women who wish to conceive. In this
paper we studied whether ovarian cortex adjacent to excised small (diameter ≤ 4 cm) endometriotic cyst (here
referred as Cortex Surrounding Endometriotic Cyst, CSEC) showed signs of tissue damages by evaluating the
expression of proteins involved in DNA repair and apoptosis. To this end, phosphorylated H2A.X, Chk1 and 2,
ATM and ATR, Bcl-2, Bid, phosphorylated and total p53, caspases (9, 8 and 3), XIAP, phosphorylated and total
NFκB were analyzed by western blot. Results showed that caspase 8, XIAP, p53/p-p53 and NFκB were more
abundantly expressed in all samples of CSEC group in comparison with ovarian cortex of controls. Conversely,
the levels of the other proteins were comparable between the two groups. In conclusion, these results suggest
that NFκB, caspase 8 and p53/p-p53 elevated expressions in samples of CSEC can be considered as an early sign
of tissue injury, indicating that ovarian cortex is already sensitized to apoptosis and inflammation. Therefore,
excision of EC should occur very early, to avoid further ovarian damages.

1. Introduction

Endometriosis is a pathology characterized by the presence of en-
dometrial-like tissue outside the uterine cavity, that implants itself on
pelvic organs, primarily ovaries and pelvic peritoneum, due to its en-
hanced survival, angiogenic, and proliferative potential [1]. The onset
of this disease can be influenced by many factors, as abnormal steroid
hormone response [2], altered epigenetic signature [3–5], and altered
transcriptomic/proteomic profiles [5]. It elicits an inflammatory re-
sponse, causing infertility and chronic pelvic pain in most cases [5].

Ovarian endometrioma, also called endometriotic cyst (EC), is
considered one of the three major subtypes of endometriosis [6]. To
date, the percentage of infertile women diagnosed with EC is about
17–44% [7,8]. The presence of EC affects per se morphological and
functional characteristics of the ovarian cortex [9] and can determine
either a significant reduction of ovarian reserve or the production of
low-quality oocytes [8]. Independently of cyst size, the ovarian cortex
surrounding EC is characterized by increased tissue fibrosis [10] and
reduced follicular density [11], in comparison with the cortex adjacent

to non-endometriotic cysts. Indeed, the high concentration of toxic
molecules detected within EC, as iron [12], leads to fibrosis of cells
strictly in contact with the cyst wall [8].

Laparoscopic techniques utilized to reduce clinical symptoms and
gonadotoxic effects are generally invasive [13,14], and can further
impair residual ovarian functions [7,15–17]. Recently, ESHRE guide-
lines suggested that the cut off value of EC should be ≥ 3 cm [18], but
several authors hypothesized that also endometriomas< 4 cm can se-
verely damage ovarian tissue, thereby reducing ovarian reserve and
responsiveness to gonadotropins [14].

To evaluate if ovarian cortex adjacent the wall of small EC having a
diameter ≤ 4 cm showed signs of tissue insult, in this study we de-
termined the contents of specific proteins involved in apoptosis and
inflammation in samples of ovarian cortex either surrounding EC
(Cortex Surrounding EC, CSEC) or surrounding other benign cysts, that
were used as control.
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2. Materials and methods

2.1. Chemicals

The following antibodies were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA): mouse monoclonal Bcl-2 (sc-
509), p53 (sc-65334); rabbit polyclonal phospho-NFκB p65 (Ser276, sc-
101749), NFκB p65 (sc-372), Actin (sc-1616R). Mouse monoclonal
Caspase-8 (cat. 9746); rabbit monoclonal Caspase-3 (cat. 9665); rabbit
polyclonal Caspase-9 (cat. 9502), Bid (cat. 2002), XIAP (cat. 2042) and
DNA Damage Antibody Sampler Kit (cat. 9947) were purchased from
Cell Signaling Technology (Beverly, MA, USA). Specific secondary an-
tibodies were purchased from Santa Cruz Biotechnology. Hybond C
Extra was obtained from Amersham (Little Chalfont, UK); SuperSignal
West Pico Chemiluminescent was purchased from Thermo Scientific
(Rockford, IL, USA). All the other reagents were purchased from Sigma-
Aldrich (St. Louis, MO, USA).

2.2. Ethical approval and informed consent

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/
or national research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards. This study
has been reviewed and approved by the Internal Review Board of the
University of L’Aquila (protocol number 09/2017, date of approval: 18
July 2017). Informed consent was obtained from all individual parti-
cipants included in the study.

2.3. Sample collection

Fragments of ovarian cortical tissue were collected from women
having small ovarian cysts (≤ 4 cm) and had undergone laparoscopic
cystectomy from July 2017 to February 2018 at the Gynecological and
Obstetrics Department of University Hospital of L’Aquila. All selected
women fulfilled the following criteria: age 25–40 years, BMI 19–25,
non-smokers, with no remarkable pathologies (diabetes, thyroid dis-
eases and alcoholism). After histological examination (hematoxylin and
eosin staining) performed by two independent pathologists, only
biopsies without any contamination of endometriotic cells and in-
flammatory immune cells were included in the study. Following this
selection, 25 women having small endometriotic cysts (EC), with a size
≤ 4 cm, were included in the study, while 10 women with benign non-
endometriotic cysts (cystic teratoma, cystadenoma) were used as con-
trols (Ctr). A small fragment of ovarian cortical tissue (5 x 5 x 2mm),
apparently healthy at macroscopic level, was excised at the time of
cystectomy close to the wall of each cysts and was sliced into 3 pieces
separately stored at −80 °C until use.

2.4. Western blot analysis

For western blot analysis, samples of cortical tissue were crushed
under liquid nitrogen and then homogenated for 30min in lysis buffer
(50mM Tris, pH 7.4, 150mM NaCl, 1 mM EDTA and 1% Igepal) con-
taining protease (1mM phenylmethylsulphonylfluoride, 1 μg/ml leu-
peptin and 1 μg/ml aprotinin) and phosphatase inhibitors (1 mM so-
dium fluoride, 10mM sodium pyrophosphate and 1mM sodium
orthovanadate). Sonicated tissues were centrifuged at 14,000 x g for
20min at 4 °C. Supernatant protein concentration was measured using
the Bio-Rad Protein Assay Dye Reagent Concentrate (#500-0006,
Biorad, Hercules, CA, USA). Fifty μg of proteins were separated by
electrophoresis and transferred to nitrocellulose membranes, that were
incubated overnight at 4 °C with the following primary antibodies:
Actin, Bcl-2, p-NFκB, NFκB and p53 (1:200); p-p53, Caspase-3, Caspase-
8, Caspase-9, Bid, XIAP, p-Chk1, p-Chk2, p-BRCA-1, p-Histone H2A.X,
p-ATM and p-ATR (1:1000). Secondary antibodies (1:2000) were in-
cubated for 1 h at room temperature. Peroxidase activity was detected
using a SuperSignal West Pico Chemiluminescent substrate. The ni-
trocellulose membranes were examined using the Alliance LD2-77WL
imaging system (Uvitec, Cambridge, UK). Densitometric quantification
was performed with the public-domain software NIH Image V.1.62. For
each antibody, lysates of specific cell lines were used as positive con-
trols: Jurkat (Bcl-2, Bid, Caspases 3, 8 and 9), HeLa (XIAP, p-NFκB and
NFκB), U251 (p-p53 and p53), COS treated with UV (p-Chk1, p-Chk2
and p-BRCA-1), 293 (p-Histone H2A.X and p-ATM), Raw264.7 (p-ATR).

2.5. Statistical analysis

All experiments were performed at least 3 times. Data obtained from
CSEC and from control samples were normalized with the housekeeping
protein (β-actin), pooled and expressed as mean ± SEM. Comparisons
between the 2 study groups (CSEC vs Ctr) were performed using
Student’s t-test. Results were considered statistically significant when
p<0.05. All statistical analysis was performed using the statistical
package SigmaPlot (v. 11.0).

3. Results

3.1. DNA repair proteins and p53

In order to evaluate if the presence of small EC could injury the
normal ovarian cortex surrounding the cyst wall despite the normal
morphological appearance (Fig. 1), the contents of phosphorylated
proteins specifically involved in DNA repair, as p-ATM/p-ATR, p-
H2A.X, p-Chk1 and 2, p-BRCA-1 and p-p53/p53 were analyzed in
ovarian cortex surrounding EC (CSEC) and surrounding other benign
cysts (control, Ctr) samples. While the proteins repairing DNA were

Fig. 1. Representative hematoxylin and eosin staining of histological sections of the cortex adjacent to benign non-endometriotic cysts (Ctr; A) and endometriotic
cysts (CSEC; B). Original magnification 200×.
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expressed at very low level in all the samples (Supplementary Fig. 1),
significant overexpression of total and phosphorylated p53 was re-
cognized in CSEC compared to Ctr (Fig. 2A-C; p<0.05).

3.2. Apoptotic proteins

Detection of active caspase fragments showed that caspase 8 was
significantly overexpressed in CSEC in comparison with Ctr (Fig. 3;
p<0.05), while caspases 9 and 3 levels were very low in both groups
(Fig. 3). Similarly, no difference was recorded in Bcl-2 and t-Bid ex-
pression, which was faint/undetectable in all samples (Supplementary

Fig. 1; p>0.05). Conversely, a three-fold increase of XIAP content was
recorded in CSEC samples (Fig. 4; p<0.05).

3.3. NFκB and p-NFκB

Since caspase 8 has an important function in modulating in-
flammation [19], levels of total and phosphorylated p65 subunit of the
proinflammatory protein NFκB were determined. Results shown in
Fig. 5A-B evidenced an increased level of total NFκB only in CSEC group
(p<0.05), while the phosphorylation status was comparable between
the 2 experimental groups (Fig. 5C; p > 0.05).

Fig. 2. Total and phosphorylated p53 expres-
sion in ovarian cortex surrounding en-
dometriotic cysts (CSEC) or other benign cysts
(control, Ctr). A. Representative images of p53
and p-p53 western blotting. B–C. Total p53
relative expression and p-p53/p53 ratio in
CSEC and Ctr samples. Data are normalized vs
β-actin, used as loading control. Bar graph data
represent the mean ± SEM of 3 independent
determinations. Different letters: p<0.05.

Fig. 3. Caspase 9, 8 and 3 expression in
ovarian cortex surrounding endometriotic cysts
(CSEC) or other benign cysts (control, Ctr). A.
Representative images of active cleaved frag-
ments of Caspase 9, 8 and 3 western blotting.
B–C. Caspases relative expression in CSEC and
Ctr samples. Data are normalized vs β-actin,
used as loading control. Bar graph data re-
present the mean ± SEM of 3 independent
determinations. Different letters: p<0.05.
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4. Discussion

In this study we analyzed the expression level of proteins involved
in DNA repair and apoptotic pathways, finding that caspase 8 and total/
phosphorylated p53 contents increased significantly in cortical tissue
surrounding endometriotic cysts (CSEC) but not in that surrounding
other benign cysts (control, Ctr).

EC are usually exposed to a high level of the inflammatory cytokine
tumor necrosis factor α (TNFα) [20] and great oxidative stress [21]. In
fact, the high content of free iron and ROS in cyst fluid [22] increases
oxidative stress and, in the worst cases, the risk of having iron-depen-
dent carcinogenesis. The tumor suppressor p53 plays a dual role in the
management of oxidative stress response, acting as antioxidant or
prooxidative factor, depending on the degree of oxidative stress [23].
The antioxidant functions of p53 are in keeping with enhanced cell
survival through removal of oxidative stress and repair of DNA damages
[23,24]. In the CSEC, the increment of p-p53/p53 contents indicates
that any alteration of oxidative balance occurring in the apparently
healthy cortical tissue is efficiently covered, as indicated by the under-
expression of DNA damage-induced kinases. In fact, we found low/
undetectable levels of active ATM/ATR, H2A.X, Chk1 and 2, BRCA-1,

all proteins actively involved in the repair of structural damages to
DNA, as double-strand break and disruption of chromatin structure
[25]. Furthermore, literature data on EC demonstrated that a rise in p53
total content, concomitantly with altered Bcl-2 expression, is con-
sidered causal or consequence of malignant transformation [26–29].
The low Bcl-2 content found in our samples confirms that no anomalous
survival signals have been activated, yet. These results are in agreement
with those by Nezhat and collaborators [26], who found that Bcl-2
staining was very low in benign EC but altered in benign-appearing
areas of malignant EC.

The involvement of p53 in the regulation of both extrinsic and in-
trinsic apoptotic pathways [30] prompted us to assess caspases, the
major effectors of apoptosis. From our results, it was evident that cas-
pase 8, but not caspases 9, was overexpressed in CSEC but not in the
cortex around other benign cysts. However, the finding that the high
expression level of caspase 8 was not concomitant with those of caspase
3 and Bid/t-Bid excluded the completion of apoptotic pathway. The
lack of interaction between caspase 8 and caspase 3 can be explained by
the activity of the X-linked inhibitor of apoptosis proteins (XIAP), which
inhibits caspases 3 and 9 activation sites [31].

In many cellular models, XIAP and caspase 8 stimulates NFκB nu-
clear translocation via ubiquitination of its repressors, IKKβ and IκBα
[31–33]. In the nucleus, NFκB drives the transcription of several
proinflammatory genes [34,35] and of p53 [36]. The phosphorylation
of nuclear NF-κB p65 at Ser276 can be considered either as a potential
marker of premalignant to malignant transition, or as a response to
inflammatory factors, such as TNF-α [37]. Therefore, we investigated
whether this mediator could be activated also in our samples. Although
in our study we do not investigate if the accumulation of NFκB in CSEC
samples could correspond to its full activity, the low Ser-276 phos-
phorylation status confirms the absence of a sustained stressful response
[38]. This is confirmed also by the lack of active ATM, which can
trigger via TNFα the phosphorylation of p65 at Ser276 [39].

Altogether, our results evidence that the maintenance of an altered
cellular microenvironment could induce, with time, extensive cellular
damage and the malignant transformation of normal tissue around EC
cannot be excluded, as sustained by several literature data [40–42].
Although the tissues here analyzed do not show evident morphological
cell damages nor severe molecular alterations, in our opinion EC should
be removed when their diameter is very small and when anomalous cell
survival signaling is not yet completely activated. Our conclusions are
in keeping with that of Sanchez and colleagues [8], who found that EC
damage the ovary independently from their diameters, and in ac-
cordance with ESHRE guidelines [43], which suggest the early removal
of EC to better preserve the residual ovarian tissue quality.

Fig. 4. XIAP expression in ovarian cortex surrounding endometriotic cysts
(CSEC) or other benign cysts (control, Ctr). A. Representative images of XIAP
western blotting. B–C. XIAP relative expression in CSEC and Ctr samples. Data
are normalized vs β-actin, used as loading control. Bar graph data represent the
mean ± SEM of 3 independent determinations. Different letters: p<0.05.

Fig. 5. Total and phosphorylated NFκB ex-
pression in ovarian cortex surrounding en-
dometriotic cysts (CSEC) or other benign cysts
(control, Ctr). A. Representative images of
NFκB and p-NFκB western blotting. B–C. Total
NFκB relative expression and p-NFκB/NFκB
ratio in CSEC and Ctr samples. Data are nor-
malized vs β-actin, used as loading control. Bar
graph data represent the mean ± SEM of 3
independent determinations. Different letters:
p<0.05.
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