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Overview

Overview

Endometriosis is one of the most frequently encenaat benign

diseases in gynecology, being the cause of dysmierar
dyspareunia, chronic pelvic pain and infertility nmore than 35% of
women of reproductive age. Decreased quality ef hifay result not
only from the symptoms of pelvic pain and infetyilibut also from

the side effects of various medical and surgi@timents. For women
with pain, surgery commonly provides temporaryeaelbut symptoms
recur in up to 75% of women within 2 years, andher surgery is
needed in many cases. The most widely acceptedtlinge on the
origin of endometriosis is Sampson’s theory of agtade

menstruation. According to this theory, endomeisiasiginates from

endometrial cells regurgitated through the Fallopigoes, which have
the ability to survive, adhere, invade tissuesatae blood supply and
proliferate outside their eutopic location. Endonosis is nowadays
considered to be a multifactorial and enigmaticeds®. Anatomic,
genetic, environmental, hormonal, immunologic axdlative stress
factors have been implicated in the establishmeetyelopment,

maintenance and progression of endometriotic Ission

Local immunity has been found to be altered in tpegal
endometriosis. Abnormal levels of multiple cytolsrend chemokines
are present in the peritoneal fluid of endometsgstients, resulting

in a proinflammatory local environment. Cytokineshemokines,
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Overview

adhesion molecules and/or growth-promoting factonglved in

endometriosis-associated inflammatory reaction uhel interleukin
(IL)-1, IL-8, tumor necrosis factor (TNFg; regulated on activation,
normal T cell expressed and secreted (RANTES), myiro
chemoattractant protein (MCP)-1, intercellular aibe molecule
(ICAM)-1, matrix metalloproteinase (MMP)-1 and maghage
migration inhibitory factor (MIF).

The transcription factor nuclear factor-kappaB (RBJ- plays a key
role in the immune and inflammatory response, matgsl cell
proliferation and apoptosis in many cell types drabs also been
implicated in adhesion, invasion and angiogendsiterest in this
molecule in the context of endometriosis has béeaddly growing in
recent years. To date, there is no direct evideneelving NF«B
activity in the inflammatory response of endomeisoin vivo.
Furthermore, the effect of NEB activation or inactivation on cell
proliferation and apoptosis in endometriosis, havtbeen previously
studied. The aim of this study was to investigate ihvolvement and
role of NF«B in peritoneal endometriosis vivo and its potential as a
novel central therapeutic target for the preventon treatment of

endometriosis.
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Introduction

Chapter [: Introduction

1. Endometriosis
1.1. Definitions

1.1.1. Endometrium and the menstrual cycle
Endometrial physiology

The endometrium is the internal layer of the utemmmposed of
epithelial glands and stroma. The endometrium fenalies under the
influence of estradiol (E) during the follicular gde (proliferative
phase) of the ovulatory cycle (menstrual cycle).riby the luteal
phase (secretory phase), the endometrium is prparémplantation
by the action of progesterone (P). In case of lizstion, the
blastocyst may implant in the endometrium uponaitsval in the
uterus. If pregnancy fails to occur, the corpugumt regresses and
levels of P and E fall suddenly (Figure 1). P witwial is the
physiological signal for menstruation. Progesteroaeeeptor (PR)-
positive stromal cells in the superficial zonestloé endometrium
respond to this decrease and initiate the menstaatade. This
cascade involves increased production of prostdgiangenerating
vasoconstriction and hypoxia, greater expression vaicular
endothelial growth factor (VEGF) and its recept&levated levels of
stromal matrix metalloproteinases (MMPSs), leukacytivasion, and
perivascular expression of cytokines and MMPs. MMiase been
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identified as the key class of proteinases involwethe initiation of
menstruation (Marbaiet al 1996; Brenneret al, 2002). During
menstruation, the superficial endometrial zones sloeighed off.
Menstrual endometrium is eliminated through theinécervix and
vagina, but retrograde flow of the menstrual sloubghough the

Fallopian tubes occurs in most women (Hakhal, 1984).

o B B o e

Ovarian Cycle o @ Q g C#0 L o)
L"&/‘ @ -'.:....-f‘) @ .‘.'_.;g_) "'-\S.:" \r

Follicular phase Ovulation Luteal phase

20
Gonadotropin = 'q

levels FSH L
(i —— JL__\
0] —_—

Ovarian " Progesterone
hormone Estradiol |
levels M
Uterine e &Fﬁ %'g
cycle .g{g g Uo @@

LR @ Q@, i

Menses Proliferative
| piase Secretory phase

Days 0 i 14 21 28

Figure 1: Menstrual cycle. FSH: follicle-stimulagirhormone, LH: luteinizing hormone
(adapted from Kaplan and Manuck, 2004).

Endometrial histology

Human endometrium has two major components: end@hgtands
and stroma (Figure 2). Endometrial glands congistrople columnar

17
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epithelium (epithelial cells) forming numerous tldruglands, which
are supported by endometrial stroma. Endometniairst is composed
of a variety of cells (stromal cells), including irsgie-shaped
connective tissue cells and bone marrow-derivets.cBloth glands

and stroma undergo extensive changes during thetmahcycle.
Two layers have been characterized in the endomnetri

a. A superficial layer or stratum functionalis that sloughed off

during menstruation and redevelops with each neshecy

b. A deep layer or stratum basalis composed of geemt stromal
tissue and the blind ends of the uterine glands. Stratum basalis is
maintained permanently during the menstrual cyol@ provides the

stratum functionalis with a cell source.

Endometrial glands have quite a flat form and rndtoells are often
found during the proliferative phase. During thecrs®ory phase,
epithelial glands are composed of mature secretetls and their

shape is more tortuous (Figure 2).

During the proliferative phase, 10-15% of cellstire stroma are
positive for the leukocyte-common antigen CDA45 réasing to 20-
25% in the late secretory phase. T cells and mhaggs are the
major leukocyte populations in the stroma, with &ll most often
found in aggregates within the deeper layers ofetidometrium, and

macrophages scattered throughout the endometritn@.dEnsity of
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macrophages increases during menstruation (Fernéitewv et al,
1995).

Figure 2: Histology of endometrium. Pictures A @dhow endometrial histology during the
proliferative phase of the menstrual cycle, and @ &nduring the secretory phase. SF:
stratum functionalis, SB: stratum basalis, M: myaimet, G: endometrial glands, EEC:
endometrial epithelial cells, ESC: endometrial s@broells, V: vacuoles (adapted from
Stevens and Lowe, 1997).

Another important component of the endometrial mtois the
vascular network, which also participates in thensteial cycle.
During menstruation, distal vessels are sloughdd while spiral
arteries retract into the stratum basalis and ceohgb limit blood
loss. During the proliferative phase, spiral agerextend again as the

stratum functionalis redevelops.
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1.1.2. Endometriosis

Endometriosis is defined as the presence of end@hgtands and

stroma outside the uterine cavity. The most cominoations are the
pelvic peritoneum and the ovaries. Extraperitorgalometriosis also
exists, notably in the rectovaginal septum. Indéleid, disorder can be
found in all organs, except the spleen (Markhetnal, 1989; Nisolle

and Donnez, 1997).

1.2. Epidemiology

Endometriosis is one of the most frequently enceneat benign
diseases in gynecology. The prevalence of endovsetrimay vary
depending on the study. In asymptomatic women wuileg tubal
ligation, the prevalence is about 4% (1-7%). In vweoanwith primary
infertility, the prevalence varies from 9 to 50%hile in women with
pelvic pain, it ranges from about 5 to 21%. Aroub8% of
adolescents with intractable dysmenorrhea or pglaio are found to
have endometriosis (Cramer and Missmer, 2002; Dorete al,

2002a).

The most common risk factors for endometriosistheepresence of
dysmenorrhea (which may be interpreted as a symutodisease),
early menarche (defined as age 11) and a shorter cycle length
(defined as< 27 days). Some studies suggest that a longendpatid
heavier menstrual flow may favor the developmenemfometriosis,

and outflow obstruction of menstruation might aldyee sufficient to
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cause endometriosis (Cramer and Missmer, 2002; &omeh al,
2002a).

Other risk factors include taller height, alcohohda caffeine
consumption, family history, and dioxin-like polyohnated
biphenyls (PCB) or dioxin exposure. Higher parityglaveight, regular
exercise and smoking may decrease the risk for |ojewe
endometriosis (Cramer and Missmer, 2002; Doretez, 2002a).

1.3. Clinical symptoms and diagnosis

Endometriosis is the cause of dysmenorrhea (pgbam during
menstruation), dyspareunia (pain during sexualréotese), chronic
pelvic pain and infertility in more than 35% of wemof reproductive
age. Endometriotic lesions on the anterior cul-ae-gr bladder flap
may give rise to dysuria, urinary urgency, pollatdusuprapubic pain
and hematuria when there is invasion through tredddr wall.
Involvement of the ureter may occur with or withalstruction, and

may lead to the loss of a kidney.

The most common form of extraperitoneal endomasios/olves the
rectovaginal septum, and may present as intestinstruction, rectal
pain, distension, diarrhea, constipation and/otatesleeding. Lung
and chest wall endometriosis usually present asumothorax,

hemothorax or hemoptysis.

Endometriosis is most often diagnosed in womerepfaductive age.
Although rare, endometriosis may occur during thenapause. In
21
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asymptomatic women, the diagnosis of endometriasiges from 2 to
22% of reproductive-age women (Donnet al 2002a; Murphy,
2002).

Time to diagnosis can be very long (mean 11.7 yieatise USA and
8 years in the UK) because of the variability imggyoms and signs,
and confusion with other disorders. The gold stashfiar diagnosis of
pelvic disease is surgical assessment by lapargsoppaparotomy
and biopsy. A scoring system has been developeddess the extent
of disease: the revised American Society for Repctde Medicine

(rASRM) classification of endometriosis (Anonymo(897).

Decreased quality of life may result not only frahe symptoms of
pelvic pain and infertility, but also from the siédfects of various
medical and surgical treatments. For women withnpaurgery

commonly provides temporary relief, but symptomsurein up to

75% of women within 2 years, and further surgergasded in many
cases (Giudice and Kao, 2004).

1.4. Peritoneal, ovarian, and rectovaginal
endometriosis are three distinct entities

The most widely accepted hypothesis on the ori§endometriosis is

Sampson’s theory of retrograde menstruation (Sampd®27).

According to this theory, endometriosis originatesn endometrial

cells regurgitated through the Fallopian tubesyfed3).
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Uterus Fallgpian tube

=

b

Vagina

Figure 3: Sampson'’s theory. 1) During menstruatiba,superficial layer of the endometrium
is sloughed off through the uterine cervix and magibut retrograde flow of the menstrual
slough through the Fallopian tubes may occur. 2)uRgtated endometrial cells arrive in the
peritoneal cavity. 3) Endometrial cells adhere e fperitoneum. 4) The peritoneum is
invaded by endometrial cells. 5) Establishment dbl@od supply, cell proliferation and
resistance to apoptosis in endometrial cells @i/ @ role in the development of peritoneal
endometriotic lesions (adapted from Groottatisl 2005).

In 1996, Donnezet al distinguished two different types of
endometriosis. The rectovaginal endometriotic nedwas then
classed as a distinct entity from peritoneal enddoses. One year
later, Nisolle and Donnez (1997) published a dgfiai guide for
future publications on endometriosis: “Peritoneald@mnetriosis,
ovarian endometriosis, and adenomyotic noduleshefréctovaginal

septum are three different entities”. In this papeeritoneal
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endometriosis was explained by the retrograde meaigin theory,
and peritoneal endometriotic lesions were charae@érdepending on
their appearance into red, black or white endomigtrlesions (Figure
4).

Figure 4: Peritoneal endometriosis. (A) Red enddotét lesion at laparoscopy. Numerous
glands with active epithelium and abundant stromeafaund on the peritoneal surface. (B)
Typical black endometriotic lesion: combination giéénds, stroma and intraluminal debris.
(C) White endometriotic lesion: occasional retromertal glandular structures and scanty
stroma (Nisolle and Donnez, 1997).

Morphologic and morphometric data showed similesitibetween
eutopic endometrium and red peritoneal lesions, twedevolution
theory, demonstrating the transition from red tackl and then to

white lesions, was proposed (Figure 5).
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o t f f
Inflammatory reaction Neovascularization
BLACK

Inflammatory Fibrosis

reaction WHITE B

Fibrosis

Eig;ggu;;a 5: Evolution theory of peritoneal endometiso(adapted from Nisolle and Donnez,
Concerning the pathogenesis of ovarian endometritis presence of
mesothelial invagination in continuum with endorwgic tissue
suggested that metaplastic histogenesis of ovaeadometriotic
lesions occurs, but endometriotic cysts may alsgir@ate from
invagination of superficial endometriotic implantRegarding the
origin of rectovaginal nodules, immunocytochemicedults showed
poor differentiation and hormonal independenceheké lesions and
indicated a close relationship with their mesodéraiallerian origin.
Histologically, scanty endometrial-type stroma arglandular
epithelium were found to be disseminated in musdigaue, showing
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striking similarities to adenomyomas or adenomyotiodules,

originating in the retroperitoneal space (Donned Squifflet, 2004).

Others suggested that rectovaginal nodules coudghate from deep-
infiltrating endometriosis from the pelvic perit@eavity (Koninckx

and Martin, 1992). Hematological spread of endometells and

metaplasia of different cell types were also prepoas theories to
explain extrapelvic endometriosis in the lungs thieo organs.

The importance of discriminating between these ehrbfferent
entities was duly confirmed during subsequent yeanesearch into
endometriosis, since most studies on endometrifmdiewing this
publication focused their objectives distinguishirgjween peritoneal
endometriosis, ovarian endometriosis and adenomyatilules of the

rectovaginal septum.

For the purposes of this study, research was céeducto peritoneal

endometriosis.

1.5. Origin and establishment of peritoneal
endometriotic lesions

Sampson’s theory (Figure 3) explains the origirenflometriosis as

the consequence of reflux of endometrial fragmaht®ugh the

Fallopian tubes during menstruation, with subsetjueplantation

and growth on the peritoneum (Sampson, 1927). Thithe most

widely accepted theory to explain the occurrence pefitoneal

endometriosis.
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Sampson’s transplantation theory is supported byhtgh prevalence
of pelvic endometriosis in girls with congenitalsttuction of their
menstrual outflow. Menstruation is often longer &edvier in women
with endometriosis (Sanfilippat al 1986; Darrowet al, 1993;
Vercellini et al 1997; Vinatieret al 2001) and cycles tend to be
shorter (Arumugam and Lim, 1997). Furthermore, miasion of
antegrade menstruation and the formation of utdvapéstulas are
effective ways to induce endometriosis in primatedeis, clearly
indicating that increased retrograde menstrual fiogveases the risk
of developing endometriosis (Te Linde and Scotgt D’Hoogheet
al, 1994).

Retrograde menstruation may occur in up to 90% aifepts with
patent tubes (Halmet al, 1984), but not all of them will develop
endometriosis. Peritoneal reflux appears to be sseeg, but not
sufficient in itself, for the development of pental endometriosis. In
the majority of women, the peritoneal environmenalble to eliminate
refluxed endometrial tissue, but this cleansingmasm seems to be
deficient in women who develop endometriosis. Thhbs, origin and
establishment of endometriosis is explained by #iglity of
endometrial cells to survive, adhere, invade tissuweeate a blood
supply and proliferate outside their eutopic lomati (Van
Langendoncket al, 2002a; Giudice and Kao, 2004).
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1.5.1. Adhesion to the peritoneal surface

Menstrual endometrium with viable endometrial cellay therefore
enter the pelvic cavity and come into close contacth the
peritoneum, creating constant apposition of endoomet to
mesotheliumln vitro, the mesothelial lining can be damaged by the
contents of the menstruum, and the extracellularim@CM) is thus
exposed, forming adhesion sites for endometrialégDunselmaet

al, 2001).In vivo, endometrial cells have been shown to adhere to
intact mesothelium in a murine model (Niso#ie al, 2000a, 2000b;
Donnez and Nisolle, 2001). Adhesion of endometdells to the
peritoneum observedn vivo could be explained by damage or
remodeling of the mesothelium induced by the measttissue, as
demonstrated inin vitro experiments (Kokset al 2000; Demir
Weusteret al 2000).

Integrins and cadherins are two important mediatdreell-cell and
cell-matrix adhesion and these cell adhesion mddscare found on
the endometrium, in menstrual effluent and in enelmiotic tissue
samples (Van der Lindegt al, 1994, 1995; Bridgest al, 1994; Kim
and Yamada, 1997; Regidet al, 1998).

1.5.2. Invasion of the epithelium

The initial establishment of endometriosis is arvasive event

requiring ECM breakdown. Endometrial stromal andhegial cells

have been implicated in the attachment and eanmsion of the

peritoneum. Two families of proteolytic enzymes areolved in this
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process: MMPs and the plasminogen/plasmin activatsgystem
(Rodgerset al, 1994). Once endometrial tissue adheres to the ECM
endometrial metalloproteinases begin active remiogelf the ECM,
leading to endometrial invasion of the submesathedpace of the
peritoneum (Nisolleet al, 2000a; Dunselmaat al, 2001; Witzet al,
2003). MMPs have been shown to play a key roldeinitiation of
menstruation and contribute to the implantation amther invasion
of seeded endometriotic explants (Marbatxal 1996; Singelet al,
1997; Henrietet al, 2002). A direct correlation between MMP-1
expression and the activity of endometriotic foashbeen reported
(Kokorineet al, 1997). Suppressing MMP secretion with proges&ron
treatment or blocking enzyme activity with the tissinhibitor of
metalloproteinase-1 (TIMP-1) was able to prevems tbrmation of
ectopic lesions in a nude mouse model of endonsgsri®@runeret al
1997).

The second family of proteases involved in perigbnavasion of
endometrial tissue is the plasminogen/plasmin systelasminogen
and urokinase-type plasminogen activator (UPA) lmeen detected at
higher concentrations in ectopic than eutopic eretaom (Sillemet
al, 1998). Another molecule that has been shown hamre stromal
cell invasion is hepatocyte growth factor (HGF). HGtimulates
stromal cell invasion partly through uPA inducti¢vioshida et al
2004).
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1.5.3. Angiogenesis

The development of a blood supply through angiogisnbas been
proposed as an essential process for the estaleithrsurvival and
growth of endometriotic lesions. Angiogenesis imesl proliferation,
migration and extension of endothelial cells, adhee of these cells
to the ECM, remodeling of the ECM, and formationaofew lumen
(Folkman and Shing, 1992; Donnet al, 1998). Menstrual effluent
contains high concentrations of vascular endothgjrawth factor
(VEGF), one of the main factors stimulating angiogss. Increased
levels of angiogenic factors and angiogenic agtivitave been
detected in the peritoneal fluid of women with em@driosis
(Oosterlynket al, 1993; Koninckxet al, 1998; McLaren, 2000). The
presence of VEGF has been confirmed in epithelahds, stromal
cells and macrophages from ectopic endometrium. Aige VEGF
levels found in endometriotic lesions could prodaoeincrease in the
subperitoneal vascular network and facilitate thiéal development
and maintenance of endometriotic lesions (McLagetnal, 1996;
Shifrenet al, 1996; Donneet al, 1998).

1.5.4. Endometriotic lesion survival

Cell proliferation is a fundamental process in thevelopment of

endometriotic lesions. In the nude mouse model rafometriosis,

Nisolle et al (2000a) demonstrated that shortly after attachneént
stromal cells, a rearrangement of epithelial amdnsal cells occurs,

leading to the development of endometriotic lesiand cystic glands
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within just 5 days. Extensive proliferation was ebh®d in glandular
cells as early as 3 days after transplantation. Ghewth of
endometriotic tissue can be regulated by ovarierogt hormones and
a number of cytokines and growth factors such texleukin (IL)-6,
IL-8, tumor necrosis factax (TNF-o), and HGF (Haradat al, 2001;
Khanet al, 2003).

HGF, its receptor c-Met, the proliferating cell fear antigen, and
survivin mRNA have all been found to be expressegeritoneal
endometriotic lesions (Kharet al 2003; Fujino et al, 2006),
conferring an antiapoptotic and mitogenic phenotiypéhese lesions.
Ectopic and regurgitated endometrial cells showistasce to
apoptosis, contributing to the development of enekpistic lesions
(Garcia-Velasco and Arici, 2003; Beliagtlal, 2004).

1.5.5. Evolution, activity and appearance of
peritoneal endometriotic lesions

Peritoneal lesions go through various stages amng l@arange of
aspects, appearing as red, black or white lesieigsifes 4 and 5), red
lesions being the most active in terms of cell ifecdtion,
inflammatory response and vascularization (Nisaled Donnez,
1997; Donnezt al, 1998; Kharet al, 2004; Van Langendonckt al,
2004). The morphology of red peritoneal lesionsiisilar to that of
eutopic endometrium, suggesting that these lesaomghe first stage
of early implantation of endometrial glands andmsta (Figure 5).
After partial shedding, red lesions can regrow tamy. This
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shedding induces an inflammatory reaction, provgkscarification,
and the lesions become black. The subsequent iBblesds to areas
of white opacification that are inactive (NisollecaDonnez, 1997).

Other studies have shown differential inflammatorgactions,
vascularization, and mitotic and apoptotic activilyred and black
endometriotic lesions. The more intense inflammatoesponse
observed in red endometriotic implants is subsitedi by findings
that macrophage infiltration, MMP-1 mRNA expressicand
macrophage migration inhibitory factor (MIF) arecrieased in red
endometriotic lesions compared to black lesionsk@fme et al,
1997; Katset al, 2002; Kharet al, 2004). A recent study by Lawson
et al (2007) showed higher expression of IL-1 recepymetl (IL-
1RI) in red endometriotic lesions than in black amdvhite lesions.
IL-1RI could be one of the factors responsible the increased

inflammatory response in red endometriotic lesions.

The observation of a more extensive vascularizagatiern in red
endometriotic lesions is supported by the fact tN&GF and
microvessel density have been found to be highezdrendometriotic
lesions than black lesions (Donretzal, 1998; Kharet al, 2003).

Concerning the mitotic and apoptotic activities e@Ekritoneal
endometriotic lesions, hepatocyte growth factor E{Gts receptor c-
Met, the proliferating cell nuclear antigen, andrvetin mRNA

expression and concentrations have also been faube greater in
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red endometriotic lesions than black lesions (Kagal, 2003; Fujino
et al, 2006).

All these findings confer to red endometriotic &8 a major status of
inflammation, vascularization, proliferation and sistance to

apoptosis.

1.6. Endometriosis: a multifactorial disease

Endometriosis is nowadays considered to be a racttfial disease.
In addition to the etiopathogenic factors previgushentioned,
genetic, environmental, hormonal, immunologic axdlative stress
factors have also been implicated in the estabkstindevelopment,

maintenance and progression of endometriotic leg{bigure 6).

1.6.1. Genetic factors
Endometriosis is a condition showing hereditarydesrcies and a
polygenic/multifactorial etiology has been suggdstd& number of
candidate genes have been proposed with potent@bgiral
plausibility (cytochrome P450, N-acetyl transfer&seglutathione-S-
transferase, galactose-1-phosphate uridyl trarsfergR, PR, AR,
p53, PTEN, PPAIR). Some of these genes point to abnormalities in
detoxification enzymes, which could lead to vulbdity to
environmental stimuli, while others (tumor suppogsgenes) are
associated with malignant transformation (Simpsowl &ischoff,
2002; Giudice and Kao, 2004). New findings repotgdZondervan
et al (2007) provide significant evidence that a locughwnear-
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Mendelian autosomal inheritana@:n chromosome 7p is linked to

endometriosis.

Anatomical
characteristics increasing
menstrual reflux

Hormonal influence
(estrogen-dependence
and progesterone
resistance)

External environment
(dioxin, alcohol, caffeine)

Local environment

Immunity alterations

Proinflammatory
environment

Figure 6: Endometriosis: a multifactorial disease.

1.6.2. Environmental exposure

Endocrine-disrupting compounds, such as dioxins dmxin-like

PCBs, could play a role in the establishment orettimment of
endometriosis. Experimental data in monkeys exptsetioxin have
shown development of endometriosis in a dose-deggnchanner.
Belgium, with the highest levels of dioxin pollution the world, has
the highest incidence of endometriosis, as well tlas highest

prevalence of severe endometriosis (Rieal, 1993; Koninckxet al,
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1994; Heilieret al, 2005). Heilieret al (2005) provided the first
epidemiological evidence of a clear associationvbeh increased
dioxin and dioxin-like PCB impregnation and the krisof

endometriosis.

1.6.3. Hormonal factors
Endometriosis is known to be an estrogen-depends®ase, but
progesterone (P) resistance has also been postulatebe a

mechanism of progression of endometriosis (Baual, 2006).

Endometriotic lesions show high estradiol (E) bitkesis and low E
inactivation compared to endometrium from unaffécieomen. The
central enzyme in the biosynthesis of estradichrismatase, which
catalyzes the conversion of androgens to estrog&r@matase is
normally absent from endometrium, but abnormal esgion of
aromatase has been demonstrated in endometriciicnée and, at
much lower levels, the endometrium of women witbda@netriosis. In
addition, inactivation of E by P#hydroxysteroid dehydrogenase 2 is
impaired due to a lack of this enzyme in glandutils in
endometriosis, leading to increased local conctatraof E (Noblest
al, 1997; Zeitouret al, 1998, 1999; Zeitoun and Bulun, 1999)

Expression of both PR-A and PR-B isoforms appears be
dysregulated in the endometrium of endometriosigepts, while in
endometriotic implants, only the A isoform is exgged. The presence
of PR-A (inhibitory isoform) and absence of PR-Binfwlatory
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isoform) has been proposed to explain P resistanemdometriotic
lesions. Since P inhibits and E stimulates the gnoef endometriotic
lesions, partial progesterone resistance and isecealocal

concentrations of E have been suggested as imp@t@ments in the
development of endometriosis (Lesstyal, 1989; Nisolleet al, 1997;

Berqvist and Ferno, 1999; Att&t al, 2000).

1.6.4. Immunologic factors

Local immunity has been found to be altered in tpegal

endometriosis. Abnormal levels of multiple cytolsremd chemokines
are present in the peritoneal fluid of endometsggtients, resulting
in a proinflammatory local environment. Activatedacrophages
showing reduced surface expression of scavengeptas have been
reported to be increased in the peritoneal cavitywomen with

endometriosis, leading to increased cytokine prodoc but

decreased phagocytic activity. Increased cytokewels and altered
macrophage function can promote the survival amavtir of ectopic

endometrial cells (Harad&t al 2001; Sidellet al 2002; Van

Langendoncket al, 2002a).

Cytokines, chemokines, adhesion molecules andtwthrpromoting
factors involved in endometriosis-associated inffatory reaction
include IL-1, IL-8, TNFe, IFN-y (interferony), RANTES (regulated
on activation, normal T cell expressed and secyetddCP-1
(monocyte chemoattractant protein-1), ICAM-1, HG®HVP-1 and

MIF. In the peritoneal fluid of women with endomesis, these
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molecules can originate from endometriotic implantacrophages or
other immune cells (Haradz al, 2001; Chegini, 2002; Gazvani and
Templeton, 2002; Giudice and Kao, 2004).

Natural killer cell activity is also altered in thgeritoneal fluid of
women with endometriosis, leading to decreased edlance of

ectopic tissue (Oosterlynek al, 1991).

1.6.5. Oxidative stress

Several studies suggest that oxidative stress dgenatituent of the
endometriosis-associated  inflammatory  response. rofetde
menstruation carries erythrocytes, apoptotic endoahetissue and
cell debris into the peritoneal cavity, componenidich, in
conjunction with peritoneal macrophages, contaghlyi pro-oxidant
factors such as heme and iron, well known induadr®xidative
stress. Reactive oxygen species (ROS) may playeaimaegulating
expression of genes encoding immunoregulators kimge and cell
adhesion molecules implicated in the pathogendsesndometriosis
(Arumugam and Yip, 1995; Murphet al, 1998).

Previous studies conducted by our team at the WsitéeCatholique
de Louvain have shown increased iron levels intpeeal tissue,
macrophages, pelvic fluid and ectopic endometisabie from patients
with endometriosis (Van Langendonait al, 2002a, 2002b, 2002c,
2004). Increased levels of iron are associated tigflue damage. Iron
can act as a catalyst to potentiate oxygen toximitgenerating a wide

37



Introduction

range of free radical species. A recent publicabgrour group and
PhD thesis entitled “Study of the potential invahent of iron in the
pathogenesis of peritoneal endometriosis” by S.rddef (2006)
established that iron overload contributes to thehér growth of
endometriosis by promoting epithelial cell proldgon in

endometriotic lesions (Defrees al, 2006).

1.7. Current therapies and novel therapeutic
strategies in endometriosis

Current therapies

Endometriosis therapy has essentially three majecties: to reduce
pain, to increase the possibility of pregnancy amdelay recurrence

for as long as possible.

A number of drugs have been shown to diminish eredoasis-
associated pain: non-steroidal anti-inflammatoryigdr (NSAIDs),
combined oral contraceptives (COCs), danazol, igeste,
medroxyprogesterone acetate and gonadotropin-ne¢edsormone
agonists (GnRH-a). They show similar efficacy, thdir side effects
and cost profiles differ (Donne al, 2002a, 2002b, 2004).

There is general agreement that visible endomé&rishould be
removed at the time of surgery. Danazol or GnRHhexapy for 6
months after surgery reduces endometriosis-assdcigiain and
delays recurrence rates at 12 and 24 months (Doenek 2002a;
Kennedyet al, 2005).
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In moderate and severe endometriosis-associategttility, the
combined approach (operative laparoscopy with GrRIibr 3
months) is considered as first-line treatment. Afiergery, the mean
pregnancy rate is about 50% (Donredzal, 2002a, 2002b)ln vitro
fertilization (IVF) is indicated as second-line dmment in patients
who fail to become pregnant naturally after surigtc@atment or as
first-line treatment if tubal function is comprorads or male factor
infertility is established (Donneat al, 2002a; Kennedgt al, 2005).

The rectovaginal adenomyotic nodule, considered distinct entity,
requires a surgical approach because of the paponse to any
medical therapy (Koninckx and Martin, 1992; Donre¢zal, 2002a,
2002b; Donnez and Squifflet, 2004).

Novel therapeutic strategies

Novel therapeutic strategies are based on manyhefntolecular
targets mentioned earlier, including hormonal thies, inflammatory
and immunological factors, antioxidants, metalld¢pmmases and
angiogenesis. Emerging hormonal therapies includematase
inhibitors, GnRH antagonists, progestogen agonistdective PR
modulators, selective ER modulators and [EBgonists. Novel non-
hormonal therapies include antiangiogenic agentsd aamti-

inflammatory agents such as selective cyclooxygei2agCOX-2)

inhibitors, TNFe inhibitors and PPARragonists (Giudice and Kao,
2004; D’Hoogheet al, 2006; Mihalyiet al, 2006).
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The absence of any wholly successful medical ayisaktherapy, the
unacceptable side effects provoked by long-termicaédreatments,
the epidemiological and social impact of endomsisioand the
disability suffered by each individual patient malantinued research
in this field absolutely indispensable to fully wmstand the
mechanisms implicated in endometriosis developnad,to discover
new central targets for the treatment of this dilihg disease.

In the next section, the transcription factor nacl@actor-kappaB (NF-
«B) will be introduced. This factor plays a key ralethe immune and
inflammatory response, modulates cell proliferatsord apoptosis in
many cell types and has also been implicated imogegesis. Interest
in this molecule in the context of endometriosis lieeen steadily

growing in recent years.

The involvement of NReB in peritoneal endometriosis and its
potential as a novel central therapeutic targetther treatment of

endometriosis will be investigated.
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2. The transcription factor nuclear factor-
kappaB (NF- kB)

2.1. The NF-kB-signaling system

More than 24000 articles appear in PubMed whenvibed NF-
kappaB is keyed in, giving us some idea of the ntada and
importance of this transcription factor in scieigtifesearch, since its

discovery by Sen and Baltimore (1986) over 20 yagrs

NF-xB is a transcription factor that plays a crucialleroin
inflammation, immunity, cell proliferation and apgopis. It is
involved in several pathologies and is known toy@ekey role in the
transduction of proinflammatory signals. The NB-pathway has
been shown to be modulated in a cell-specific maand to interact
with other transcription pathways, providing a cdexpvariety of

cellular responses to its activation (Viatetal, 2005; Perkins, 2007).
NF-«B activation

NF-xB peptides are assembled through the dimerizatibrfive
subunits: p50/p105 (NkB1), p52/p100 (NReB2), p65 (RelA), c-Rel
and RelB (Figure 7), the most extensively studigohed being
p50/p65 (Karin, 2006).
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NF-kB subunits and | kBa protein NF-kB dimers
RelA (p65) RFD 1

RelB

NFaBL

NF-kB1 ReiB RelB
po2/p100
po2/pt!

c-Rel

Figure 7: NFkB subunits and dimers andaBo protein. RHD: Rel-homology domain,
responsible for DNA binding, dimerization and asation with kB proteins. TAD:
transcriptional activation domain. AR: ankyrin rafge responsible for cytoplasmic retention
and inhibition of NF«B. The peptides p50 and p52 derive from the precysateins p105
and p100 and lack a TAD; therefore dimers in therbtv lack TADs. Dimers in the final row
are not able to bind to DNA (adapted from Kaeinal, 2004 and Hoffmann and Baltimore,
2006).

NF-xB dimers are located mostly in the cytoplasm innaative form,
binding to specific NReB inhibitors, kB proteins, which prevent NF-
kB-DNA binding (Figure 8). Diverse stimuli may adie the B
kinase (IKK) complex, which phosphorylates NB-coupled kB
peptides, inducing their polyubiquitination and icagegradation by
the 26S proteasome. Thus, liberated t~dimers, capable of binding

to DNA, translocate to the nucleus, activating thenscription of
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several target genes (Baldwin, 1996; Barnes, 188D@pnato et al,
1997; Lawrenceet al 2001; Karinet al 2004; Hoffmann and
Baltimore, 2006). NReB activity is constitutive in B cells and in some
monocyte cell lines but, in most other normal ¢atiss very low or
undetectable (Rice and Ernst, 1993). Most tumdrlicels and tumor
tissues derived from patients with different typésancer also show
constitutive activation of NikB (Aggarwal, 2004).

NF-«xB activation pathways

Different NF«B activation pathways have been described (Figire 8
The classic or canonical pathway is induced by nfl@mmmatory
stimuli such as pathogen-derived lipopolysacchar{d®S) and
cytokines such as TN&-and IL-1. This pathway is dependent on
IKK 3 activation, which phosphorylatesBo and mainly results in the

activation of p50/p65 heterodimers.

The alternative or non-canonical pathway is indudsd several
stimuli (CD40 and lymphotoxif$- receptors, B-cell-activating factor
of the TNF family, LPS and latent membrane protBinand is
dependent on IKK activation, resulting in the activation of p52/Bel

heterodimers.

The canonical pathway is principally responsible fegulating
inflammation and control of proliferation and apags of lymphoid
cells during the immune response, being fast-agtiegponds within

minutes) and reversible, due to the presence ofiptailnegative
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feedback mechanisms. The non-canonical pathwayelated to
lymphoid organogenesis and responds slowly (overshand days),
ensuring long-lasting NkB activity.

Atypical pathways may be IKK-dependent or -indepearidactivating
casein kinase-Il or tyrosine kinase depending enstimuli, and may
induce differentially modified forms of NkB subunits with distinct
functions (Hoffmann and Baltimore, 2006; Perkin3)?).

Atypical pathways

Canonical pathway
(TNF-q, IL-1B, LPS)

genotoxic stress)

(Hypoxia, H ,0,, UV,

Non-canonical or
alternative pathway

(CD40, LTBR, LPS, BAFF,
LMP1)

MP

)

Cytoplasm @
D
Transcriptional activation

s B

Innate immunity Lymphoid organogenesis
Inflammation B-cell maturation
Cell survival Humoral immunity

Nucleus

Figure 8: NFxB activation pathways. UV: ultraviolet radiation, BR: lymphotoxinf
receptor, BAFF: B-cell-activating factor of the TN&niily, LMP1: latent membrane protein-
1, Tyr K: tyrosine kinase, CK2: casein kinase-Il, ghrosphorylation, UB: ubiquitination,
NIK: NF-kB-inducing kinase (adapted from Bonizzi and KariQ£0and Perkins, 2007).
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NF-«B-regulated genes

NF-xB transcriptional activity regulates many genes liogped in
inflammation (IL-1, IL-6, IL-8, INOS, COX-2), immua regulation
(IFN-y, TNF-a, RANTES, ICAM-1), apoptosis and cell proliferation
(Bax, Fas, Fas-L, cyclin D1, c-Myc, EGF) and angiogsis (VEGF)
(Figure 9).

NF-kB-regulated genes {selection)

/_['Inﬂammation: IL-1, IL-8, iINOS, COX2
L Immune regulation: IFN-y, TNF-a,
+
(+) feedback RTIaEE
Apoptosis: Bax, Fas, Fas-L, Bcl-2

Cell proliferation: Cyclin D1, EGF, ¢-

Cytokines

Myc
Profeasome Adhesion: ICAM-1, V-CAM, E-selectin
= — Angiogenesis: VEGF
xBa e NF-xB feedback: [xBa, IxBe, p100,
IkBa B P p105, c-ReI/
B0 50)p65 4
p50)p
p50|p6s S

(-) feedback

Figure 9: NFkB-regulated genes with positive and negative feedibamdulating the NRB
pathway.

NF-kB regulation involves negative feedback inhibitibmough NF-
kB-directed synthesis okBa, p100 and/or p105 (Chiagt al, 1994;
Aggarwal, 2004; Karin, 2006) (Figure 9xBa enters the nucleus,
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removes NFReB from the DNA, and then exports it to the cytophas
restoring the pool of inactive NEB/IkBa complexes (Arenzana-
Seisdedo®t al, 1997). In pre-B or mature B cells, there is aabaéd
state between the rates of degradation and systbé$Ba proteins
(Rice and Ernst, 1993).

2.2. NF-kB, immunity and inflammation

Multiple functions have been ascribed to NE-in the immune
system, including regulation of the developmentfedentiation and
survival of immune cells, as well as regulationlafal and systemic

immune activities (Hoffmann and Baltimore, 2006).

NF-kB activation has been implicated in many inflammatliseases,
such as rheumatoid arthritis, osteoarthritis, lypusammatory bowel
disease, sepsis, and others (Neurathal 1998; Abraham, 2003;

Roman-Blas and Jimenez, 2006).

A central role of NFRe¢B in the immune system involves modulation of
inflammation. As previously mentioned, NB is activated by
proinfammatory stimuli, such as TNF, IL-1, IL-12MCP-1 and
RANTES, inducing expression of multiple genes eimgpd
proinflammatory and/or immunomodulatory cytokinesiemokines,
growth factors and adhesion molecules like IL-1-6ILIL-8, INOS,
COX-2, IFNy, TNF-, RANTES and ICAM-1. Almost all genes
induced by proinflammatory stimuli are upregulatbg NF«B

(www.nf-kb.org Hoffmann and Baltimore, 2006).
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Both initiation and resolution of inflammation habeen linked to
NF-xB transcriptional activity. This could be relateal the negative
feedback mechanisms regulating the activity of @8- In
macrophages, phosphorylation of the RelA subunN&B by IKKa
may lead to the degradation of promoter-bound RetAich results in
control of inflammation. IKKe activation could therefore both induce
and limit NF«xB activity. In addition, NRe¢B activation involving
p50/p50 dimers, which lack transcriptional activatidomains, has
been observed during resolution of inflammationwtence et al,
2001, 2005; Han and Ulevitch, 2005).

2.3. NF-kB, cell proliferation and apoptosis

Suppression of NkB in different cancer cell lines and in vivo
cancer models inhibits proliferation, causes cgtle arrest, and leads
to apoptosis, demonstrating the crucial role of ®-in cell

proliferation and survival (Aggarwal, 2004).

A number of cytokines regulated by NB- act as growth factors in
various types of cancer. I8l TNF, IL-6 and EGF have been
reported to act as growth factors in acute myel@dkemia,
Hodgkin’'s lymphoma, cutaneous T cell lymphoma, mi&s and
multiple myeloma, among others. IL-1, TNF and EGkmslate cell
proliferation through activation of NKB. Inhibition of NF«B

activation can reduce cyclin D1 activity, a postregulator of G1-to-
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S-phase progression, leading to delayed cell cymlegression

(Yamamoto and Gaynor, 2001; Aggarwal, 2004).

Mice embryos lacking RelA die due to massive apsiptof the liver,

secondary to the proapoptotic effects of TNF (Begl, 1995).

NF-xB directly activates several antiapoptotic geneshsas cellular
inhibitors of apoptosis (c-IAP1, c-IAP2 and IXAP)NF receptor-
associated factors (TRAF1 and TRAF2) and the BdtieZnolog
A1/Bfl-1. Cellular inhibitors of apoptosis block ta@ation of caspase-
8, an initiator protease, involved at an early stayg stimulating the
apoptotic pathway. NikB directly induces expression of A1/Bfl-1 by
binding to specific sites in its promoter, whicteypents cytochrome
release from mitochondria and activation of cas{¥ase the B
lymphocyte, playing an important role in the sualief this cell type

(Grumontet al, 1998; Yamamoto and Gaynor, 2001).

In T lymphocytes, NReB may stimulate expression of the Fas ligand,
activating induced cell death, which suggests tiktkB proteins
have different effects on apoptosis in different tges (Kasibhatla
et al, 1999; O’Connoket al, 2000).

2.4. NF-kB, invasion and angiogenesis

Expression of proteins involved in cellular invasiand angiogenesis

can be upregulated by N€B transcriptional activation.

MMPs, uPA and tissue plasminogen activator (tPAbtgases,

responsible for cellular invasion, have been foumdoe positively
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regulated by NReB. MMP-1, -2, -3, -9 and -13 expression is
modulated by NReB in different cell types (Farinat al 1999;
Baldwin, 2001; Andreakost al, 2003). The uPA promoter contains
an NF«B binding site that directly induces uPA expresgigrRelA,
and uPA is transcriptionally activated by IL-1 amtlFa through
induction of NF«B activity (Novaket al, 1991; Wanget al, 1999b;
Aggarwal, 2004).

Inflammatory cells such as macrophages and nedtsopinoduce
growth factors and chemokines known to be reguataf
angiogenesis, including MCP-1, IL-8, TNF and VEG#ich are
upregulated by NkB activation (Chilovet al, 1997; Kiriakidiset al,
2003).

2.5. NF-kB, estrogens and progesterone

ER and PR have been found to engage in antagonoists-talk with
NF-«xB in different cell types, but these interactiongpear to be
complex and probably specific to cell type (Stemd &'ang, 1995;
Kalkhovenet al, 1996; McKay and Cidlowski, 1998, 1999; Kalaitzidi
and Gilmore, 2005). In osteoblasts, NF-kB interadgth ER, resulting

in mutual repression. This interaction reduces BFHinding to its
promoter (as shown for IL-6 gene regulation) ad agIER binding to
promoters with ER binding sites This interactiongteads to reduced
transcriptional activity of NkeB- and ER-dependent promoters (Stein

and Yang, 1995). Several mechanisms can explaininfegaction
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between ER and NkB: 1) repression of NkB-DNA binding by
physical association with ER; 2) regulation @Bl expression by
estrogen; 3) repression of NB signaling by ER-dependent
increased expression of PR (McKay and Cidlowsk@2)9

A study by Kalkhoveret al (1996) showed mutual repression between
hormone-activated PR (A and B isoforms) and RelAHmlLa cells
(epithelial cells), COS-1 cells (kidney fibroblastlls) and T47D cells
(human breast tumor cell line) vitro. This mutual repression could
have resulted from direct physical interaction hestw the two
proteins, forming inactive complexes capable ofllyig to DNA, but
unable to interact with essential co-factors orliaeal transcriptional

machinery.

McKay and Cidlowski (1998), working on COS-1 cellltares,
evaluated the effect of increasing amounts of R#IA#R-B-, AR- and
ER-mediated transactivation. They proved that tlstemid hormone
receptors are inhibited by RelA in a similar way glucocorticoid
receptor (GR), theoretically concluding that a smdirect physical
interaction or competition for co-factors underlteansrepression in
each case. Contrary to the previously cited fingliofyStein and Yang
(1995) and Kalkhovert al (1996), PR-B and ER had no effect on
RelA activation in this study, failing to show amutual antagonism
between these molecules. The authors explaine@ tthesrepancies
by the existence of cell type-specific differencas steroid

receptor/RelA interactions, which is consistenthwibe hypothesis
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that co-factor competition is involved in NdB/steroid receptor

antagonism.

2.6. NF-kB and oxidative stress

ROS have also been implicated in the activatioNB&B (Schrecket

al, 1991; Flohéet al, 1997). Basically, three observations have been
made involving cellular oxidative signaling in NdB activation: 1)
antioxidants such as pyrrolidinedithiocarbamic a@dDTC) and N-
acetylcysteine (NAC) inhibit activation of NiEB; 2) administration of
hydrogen peroxide (}D,) to certain cells stimulates activation of NF-
kB; 3) most agents activating N& initiate formation of ROS. In
murine macrophages, mitochondrial ROS are requioedhypoxic
activation of NF«B and TNFe gene transcription, but not for LPS-
dependent activation of NiB (Chandelet al, 2000; Hayakawat al,
2003).

Nonetheless, the contribution of redox regulat@MNE«B activation

is controversial because of conflicting findingsctiation of NF«xB

by H,O; is highly cell type-dependent (Anderseinal, 1994; Bowieet

al, 1997; Li and Karin, 1999; Korret al, 2001). Thus, NFksB
activation does not appear to be a universal respdo oxidative
stress. Hayakawat al (2003) showed that both NAC and PDTC
inhibit NF«B activation independently of antioxidative functian
epithelial and fibroblast cell lines respectivedynd that endogenously

produced ROS do not lead to MB-activation in epithelial cell lines.
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ROS are important in mediating cross-talk betweedurt NH-
terminal kinase (JNK) and TNF-dependent dB--activation. TNF
receptor-1 ligation activates NéB and JNK signaling, two pathways
with opposing biological roles. JNK activation protas apoptosis via
the mitochondrial-dependent pathway, and ®Factivation promotes
cell survival by upregulating expression of antigjebic members of
the Bcl2 family and caspase inhibitors, and by deoegulating JNK
activation. Indeed, some studies have reported MtakB down-
regulates JNK activation by suppressing TNF-induc&DS
accumulation. TNF-dependent NB activation can lead to
expression of antioxidant enzymes, which may erpldie more
efficient ROS clearance (Bubiet al 2004; Papaet al 2004,
Sasazuket al, 2004; Gloireet al, 2006).
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3. The NF-kB pathway in endometriosis in
vitro

3.1. NF-kB and endometrium

The first study to investigate NEB in human endometrium was
published in 2000 (Laircet al). Human endometrial epithelial and
stromal cells showed expression of the RelA subahiNF«B, as
evaluated by immunohistochemical staining. RelA regpion was
stable in stromal cells during the menstrual cyalath a slight
increase during the periovulatory phase. In epdhatells, RelA
staining varied greatly throughout the cycle: ia groliferative phase,
RelA expression was absent or very weak, but insdwetory phase,
staining was more extensive, reaching maximum $egelthe time of
implantation and decreasing again at the end ofcijate. In this
study, addition of the NikB nuclear translocation inhibitor SN-50
and the proteasome inhibitor MG132 to endometrmthelial cell
cultures inhibited IL-& and TNFe stimulated IL-6 and leukemia
inhibitory factor (LIF) production, supporting ttypothesis that NF-
kB regulates IL-&- and TNF-induced expression of LIF and IL-6 in

endometrial epithelial cells.

King et al (2001) detected RNA expression &Bh, IKKa, IKK[3,
IKKy and NF«kB-inducing kinase (NIK) in human endometrium at
different phases of the cycle. IkkKand NIK were immunolocalized
mainly in the glandular epithelium and endotheliuof the
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endometrium. kBo. mMRNA levels were found to be significantly
greater in perimenstrual endometrium. In this stuthBa was
positively regulated by P in culture of endometapithelial cells. The
authors postulated that P withdrawal at the enth@fmenstrual cycle
activates NFR<B, which could be responsible for the increasexBuol
expression during the perimenstrual period. Both gb0 subunit of
NF-«xB and kBp have been found to be expressed in endometrial
epithelial and stromal cells, as shown by immunolisemical
analyses (Paget al, 2002).

Slight activation of the NkB pathway has been demonstrated in non-
stimulated endometrial epithelial and stromal celtures (Tamurat
al, 2002a; Han and Sidell, 2003).

Expression of the proinflammatory mediators RANTE®X-2 and
MIF was shown to be upregulated by NB-activation in IL-P- or
TNF-a-stimulated endometrial stromal cells vitro (Tamuraet al,
2002b; Caoet al, 2005, 2006). The non-specific NdB- inhibitor,
sulindac, was tested in endometrial stromal cellucess, showing a
reduction in TNFe-induced RANTES expression as a result of
decreased NKkB activation (Wieseret al 2005). The positive
modulation of RANTES, COX-2 and MIF supports NB-as a
proinflammatory transcription factor in endometristromal cells.
Moreover, NF«B plays a role in cell growth, angiogenesis ansluis

remodelling, sustained by the upregulation of MiRhese cells.
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Concerning oxidative stress in endometrial stroosdll cultures, NF-

kB has been found to induce expression of mangasegeroxide
dismutase (Mn-SOD) in response to TNFMn-SOD protects cells
by scavenging superoxide radicals. The involvenoéiF-«xB in Mn-
SOD induction by TNFt may be considered a self-defense
mechanism against TNé-mediated oxidative stress (Sugieo al,
2002). E and P withdrawal in endometrial stromalscen vitro
stimulates COX-2 and prostaglandinaF8xpression through ROS-
induced NF«B activation, suggesting a possible mechanism for

menstruation (Suginet al, 2004).

A controversial study on endometrial epitheliall ¢éeles showed that
the antiprogestin mifepristone (RU486) inhibits emetrial epithelial
cell growth and induces apoptosis through stimoatf NFkB (Han
and Sidell, 2003).

3.2. Induced NF-kB activity in endometriotic
stromal cell cultures

NF-kB-dependent transcriptional activation of proinfraatory genes,
such as IL-1 or TNF, may provide positive feedback to the pathway,
self-perpetuating the inflammatory response andiighog possible
mechanisms to resist apoptosis and stimulate aelifgration in
endometriotic lesions (Guo, 2007). This hypothesisbased on
knowledge of the NkeB pathway and the inflammatory response in
normal endometrium, ectopic endometrial stromakdal culture and

other type of cells or pathologies. A few vitro studies have shown
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that NF«xB can be activated in endometriotic stromal cejiskbown
inducers of the canonical NEB pathway, such as ILBL TNF-a or
LPS (Lebovicet al, 2001; Sakamotet al, 2003; Ibaet al, 2004). The
chemoattractant chemokine RANTES was up-regulayet i3 via
NF-kB activation in endometriotic stromal cells, posgiproducing a
feed-forward regulatory loop and increasing macagghrecruitment
(Lebovicet al, 2001). IL-8 and IL-6 expression was induced byFFN
a, probably through NRkB activation in endometriotic stromal cells
(Sakamotoet al 2003; Yamauchiet al 2004). LPS-induced IL-8
production and endometriotic stromal cell prolitevsa were reduced
by an NF«B inhibitorin vitro (Ibaet al, 2004). Sulindac, thalidomide,
GnRH-a, P and progestational compounds have aih bested in
endometriotic stromal cell cultures, showing a tdun in RANTES
and TNFe-induced IL-8 expression as a result of decreaseeBl
activation (Sakamotet al, 2003; Horieet al, 2005; Wieseret al,
2005; Yagyuet al, 2005). Non-stimulated endometriotic stromal cells
in vitro have shown slight NkB activation (Horieet al, 2005; Wieser
et al, 2005).

To date, there is no direct evidence of constiutNF«B-DNA

binding activity in endometriosisin vivo. Furthermore, the
involvement of the NRB pathway in the development of
endometriotic lesions and the inflammatory respanssndometriosis

in vivo, and the effect of NkB activation or inactivation on cell
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proliferation and apoptosis in endometriosis, havtbeen previously
studied.
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Chapter II: Objective and
experimental approach

1. Background

In the introduction, the multifactorial charactéitioe etiopathogenesis
of peritoneal endometriosis was explained, higtirghlocal immune
and proinflammatory alterations in the pelvic caviand the
importance of the capacity of ectopic endometisdue to survive,
adhere, invade, generate its own blood supply,fprate and resist
apoptosis. The transcription factor KB-regulates the transcription
of multiple genes involved in all the previously miened cell
processes, playing a central role in the etiologyaonumber of
inflammatory diseases and canckr.vitro studies on endometriotic
stromal cells suggest that activation of the dB-pathway may play a
role in the endometriosis-associated inflammat@gponse and cell
proliferation. Sincein vitro conditions may differ fromin vivo
conditions, and regulation of the NdB- pathway and processes under
the control of NR¢B transcriptional activity have proved to be cell
type-specific, further research is required to gtie® involvement and
role of the NF«B pathway in peritoneal endometriogisvivo.
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2. Objective

The aim of this study was to investigate the ineahent and role of
the NF«xB pathway in endometriosign vivo. Two experimental
models were used to obtain additional and compléangn

information:
1) Examination of biopsies collected from patients.

2) Investigation of endometriosis induced in a nudeuseo

model.

During the first part of the study, the NfB- activation status and the
inflammatory response by assessment of ICAM-1 esgioe were

evaluated in biopsies of peritoneal endometri@gdns from women.

The second part was designed to evaluate the ingpaeto different
NF-xB inhibitors on endometriosis development ini@rvivo murine
experimental model. This model allowed investigataf processes

regulated by NFReB in endometriosis.

2.1. Part 1. NF-kB activation and inflammatory
response in  biopsies of peritoneal
endometriotic lesions from women

The aim of the first part of this study was to dete@e whether NReB
Is constitutively activated in peritoneal endonais in women.

Due to the different evolutionary and inflammatastgtus of red and

black peritoneal endometriotic implants, NB-DNA binding activity
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and expression of the NE&B inhibitory protein kBo were

investigated in these lesions.

Since the promoter region of the ICAM-1 gene comgaputative
recognition sequences for NdB, and ICAM-1 mRNA and protein
have been found to be enhanced in endometriotit adtures,
expression of this protein was evaluated as anxkBHregulated
inflammatory marker in peritoneal endometriotiddes.

The p65 and p50 subunits of active NB-dimers were also evaluated
in endometriotic lesions to gain some insight inte pathways

implicated in NFkB activation in peritoneal endometriosis.

With these ends in mind, several laboratory teamsqwere set up
during the study period. The first challenge wasdévelop protein
extraction procedures from small biopsies (weighiegween 5 and
100 mg). Electrophoretic mobility shift assays (EA8$ were
performed in collaboration with the gastroenterglogit of the UCL.
NF-«kB (p65)-DNA binding activity immunodetection assays
(TransAM® kit) and Western blotting using protein extractsnir
endometrial and peritoneal endometriosis samples agplied for the

first time in our laboratory.
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2.2. Part 2: testing two different NF- kB inhibitors

in an in vivo experimental model of

endometriosis
The second part of this study was designed to tigae the
involvement of the NRB pathway in the development of
endometriotic lesions and N& regulation of inflammation, cell
proliferation and apoptosis in endometriotic lesian anin vivo
experimental model of endometriosis. To this ehd, impact of two
NF-xB inhibitors, BAY 11-7085 and SN-50, was tested i
development of endometriosis induced in nude nB&ey 11-7085 is
an inhibitor of kBa phosphorylation that prevents the release of NF-
kB into the cytoplasm, its translocation to the eusl and binding to
DNA. SN-50 is a peptide carrying a functional cargahe form of
the nuclear localization sequence of NBE-p50, which specifically

inhibits NF«B nuclear translocation (Figure 10).

In order to reliably quantify the impact of N@B inhibitors on the
initial development of endometriotic lesions, a newivo model of
endometriosis was developed in our laboratory. Timsel nude
mouse model induces endometriotic lesion formatidmough
injection of human menstrual endometrium into tledvie cavity of
nude mice. It allows more precise and reliable tifieation and
quantification of lesions in mice than earlier misdé\ new surgical
procedure reducing the risk of possible bias regulfrom scar

inflammation was applied, and two new methods tangify human
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endometriotic lesions induced in nude mice wereidasdd:

fluorimetry and morphometry (Annex I, article 3).

BAY 11-7085 (IkBa phosphorylation inhibitor)

SN-50 (NF-kB nuclear translocation inhibitor)

Figure 10: NF«B inhibitors.

3. Experimental approach

3.1. Part 1. NF-kB activation and inflammatory
response in  biopsies of peritoneal
endometriotic lesions from women

Peritoneal endometriotic lesions were obtained ndutaparoscopic

surgery from women with endometriosis. Biopsiesevgansported

on ice and immediately stored at -80°C until pro&xtraction.
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Preliminary experiments were performed on endomilettissue
samples and endometriotic lesions to obtain adequatein
concentrations after protein extraction procedurbglusion of
protease and phosphatase inhibitors in the cytoptaand nuclear
extraction reagents was essential to preserveatmplss. The impact

of freezing on protein concentrations was alsossssk

Two methods were used to evaluate thedBFDNA binding activity

of endometriotic lesions:

1) The classic EMSA method, which was validated tovigl®

guantitative data.

2) The NF«kB (p65)-DNA binding activity immunodetection
assay (TransAR kit), which further confirmed the EMSA
results and provided additional information on ctcations
of active p65-containing NkB dimers in nuclear extracts of

endometriotic lesions.

In the EMSAs performed (Figure 11), NiB- nucleoprotein-
oligonucleotide complexes were quantified by optidansitometry
(OD) of shifted bands relative to positive contrdltis was validated
as a quantitative method by preparing a dilutiorveuwvith nuclear
extracts from one endometrial sample (see Figu@srd 2D from

Chapter I, article 1).
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To detect the presence of p50 and p65 subunitsFatBNin nuclear
extracts of endometriotic lesions, supershift assagre performed
using antibodies against the p50 and p65 subuhhis-eB.

| Electrophoretic mobility shift assay |

32P

Incubate with Incubate |
protein | without protein |

to DNA 32P 3P
| Electrophoresis |

jermn " gy _' Autoradiography

| Slow migration through
polyacrylamide gel |

Figure 11: Electrophoretic mobility shift assay (E&). NE: nuclear extract.

The second method used to measure kBF-activation in
endometriotic lesions was the NiB- (p65)-DNA binding activity
immunodetection assay (Figure 12). This methodseful to measure
concentrations of activated p65-containing RB--dimers in nuclear
extracts of endometriotic lesions. Stimulated Jurkaclear extracts

were used as positive controls, and wild-type amndated consensus
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oligonucleotides to monitor the specificity of tagsay. This technique

was first set up using endometrial nuclear extracts

NF-kB (p65)-DNA binding activity immunodetection assay

+ |NEl O+ T + T
; Anti-NF- kB p65 Anti-1IgG
NF-kB antibody HRP conjugate

oligonucleotide-

coated plate Spectrophotometry Developmg_ and
stop solution

Figure 12: NF«B (p65)-DNA binding activity immunodetection assBlE: nuclear extract.

Western blot analyses were applied to determitBa land ICAM-1
expression in cytoplasmic extracts from peritoneaddometriotic
lesions. PurifieddBa protein was used as a positive control fdd
blots, and HelLa whole cell lysate as a positivetrabrfor ICAM-1
blots. The OD of thexBa and ICAM-1 bands was measured and
analyzed relative to th@-actin bands, used as internal controls.

Western blot analysis was set up in our laboratoy validated as a
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quantitative method by preparing dilution curveghweytoplasmic

extracts from endometrial samples for all usedoaalies.

3.2. Part 2: testing two different NF- kB inhibitors

in an in vivo experimental model of

endometriosis
The first phase of this approach involved creatimg new techniques
to quantify the development of endometriotic lesionduced in the
peritoneal cavity of nude mice: fluorimetry and mploometry.
Fluorimetry measures the fluorescence of inducedometriotic
lesions, human endometrium having been previoudyked with a
fluorescent tracker, and allows recovery and measent of
microscopic  lesions. Morphometry or immunohistocloain
morphometric analysis with CK22 and CD10 antibodedkows
specific microscopic measurement of the surfaca afall epithelial
glands and stroma in the 2 largest sections of raetioosis-like
lesions. CD10 is an immunohistochemical marker oélogetrial
stromal cells, while endometrial epithelial celipress CK22. These

two techniques are described in full in Annex tLihe 3).

In the second phase of this approach, endometnueassinduced in
nude mice by intraperitoneal injection of human starml
endometrium labeled with a fluorescent tracker.ale@d mice were
injected intraperitoneally either with vehicle (¢aoh groups), BAY
11-7085 or SN-50. Each experiment included onerobntouse and
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one treated mouse, both injected at the same tinta wne

homogenized endometrial sample from one singlepi(Figure 13).

@nstrum endometrium (200 pl) + CFDA-SE (quoresce@

v
[l Nude mouse intraperitoneal injection |]
1

Control-1 (N=6) | BAY 11-7085 (N=6) Control-2 (N=6) SN=50(N=6)
(200ul PBS) (5mg/kg-200pl PBS) (200l PBS) (5mg/kg-200pl-PBS)

Lesion recovery on day 5

/\

Quantification of lesions Immunohistochemistry (p65, ICAM-1,
(number, mass, fluorimetry and Ki67 and active caspase-3) and

morphometry) TUNEL

Figure 13: Experimental design: nude mouse model.

Endometriosis-like lesions were recovered, coumted quantified by

fluorimetry, mass and morphometry. NB- activation was assessed

by immunolocalization of its p65 (RelA) subunit. o Bvaluate the

downstream effects of the NEB response, ICAM-1 expression was

quantified by immunohistochemical analysis, ectagndometrial cell
proliferation was measured by Ki67 immunostainiagd apoptosis
was quantified by active caspase-3 immunostainimd) the TUNEL
(TdT-mediated biotin-dUTP nick-end labeling) methoF«B,
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ICAM-1 and active caspase-3 immunostaining and TUMEEre first
performed in endometrial samples, before being iepplto

endometriotic lesions.
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Article 1 — Nuclear factor-kappaB (N€B) is constitutively activated in peritoneal
endometriosis

Chapter lll: Is the NF- kB pathway
activated in peritoneal
endometriosis in women?

1. Article 1. Nuclear factor-kappaB (NF- kB)
IS constitutively activated in peritoneal
endometriosis

Nuclear factor-kappa B is constitutively activated in
peritoneal endometriosis
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In the development of
endometriotic lesions
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Chapter V: Conclusions

1. Constitutive activation of the NF- kB
pathway in peritoneal endometriosis

NF-xB activation can be triggered by different stimlivitro or in
vivo but, in most normal cells, NEB is basally inactive. Constitutive
or non-induced activation of the NéB pathway occurs in B cells,
some monocyte cell lines and in most tumor celedirand tumor
tissues derived from patients with different typésancer (Rice and
Ernst, 1993; Aggarwal, 2004). Constitutive NB- activation
therefore seems to be a pathological event in ocellissues other than
B cells and certain monocyte cell lines. In endomet, however, the
activation status of the NkB pathway remains unclear. Existing data
suggest that NikB could be physiologically activated in normal
endometrium during the implantation period and rreasion, but
these studies have not shown constitutive dBFDNA binding
activity in normal endometriurm vivo (Laird et al, 2000; Kinget al,
2001).In vitro studies have demonstrated slight constitutivevatitin

of NF«B in non-stimulated endometrial epithelial and stab cells,
and in endometriotic stromal cells (Tamwt al 2002a; Han and
Sidell, 2003; Horieet al, 2005).

This is the first study to demonstrate constitutiveivo activation of
the NFkB pathway in peritoneal endometriotic lesions innvem and

in the very early stages of endometriotic lesiouetigoment in nude
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mice. Furthermore, red endometriotic lesions showigmificantly
higher degree of NKkB pathway activation than black lesions
(Gonzélez Ramost al, 2007a, 2007b). A recent study found higher
expression of IL-1RI in red endometriotic lesiohart black and white
lesions (Lawsoret al, 2007), which corroborates our findings, since
this receptor is one of the main receptors actigatihe NF«B
pathway. Unpublished data from our laboratory shiogveased NF-
kB activation in peritoneal macrophages in womermwitdometriosis
(Lousse et al submitted). Increased expression of IL-1RI and
increased NReB activation in peritoneal macrophages in
endometriosis patients could be factors responsdslehe increased
constitutive NF«B activation and inflammatory response in red

endometriotic lesions.

Analysis of the NReB dimers involved in the constitutive activation
of NF«B in endometriotic lesions revealed DNA-bindingiaty of
p50/p65 and p50/p50 dimers. Concentrations of eqifb-containing
dimers were significantly higher in red endometcdesions than
black lesions, which is important, since p50/p6& manscriptionally
active dimers, while the p50/p50 homodimer functi@s a repressor
as it lacks a transcription activation domain (Baniand Karin,
2004). Moreover, these results, as well as anabfspublished data,
suggest that the canonical pathway could be then raativation
pathway of NF<B in endometriotic lesions (Gonzélez Ranwisal,
2007a).
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The NF«B inhibitor, kBa, was found to be expressed in equal
measure in red and black peritoneal endometrie8ohs (Gonzalez
Ramoset al, 2007a). NR<B regulation involves negative feedback
inhibition through NF«B-directed synthesis ofkxBa (Chiao et al,
1994). kBa enters the nucleus, removes NB-from the DNA, and
then exports it to the cytoplasm, restoring thelpwoinactive NF-
kB/IkBa complexes (Arenzana-Seisdedeisal, 1997). In pre-B or
mature B cells, there is a balanced state betwéenrates of
degradation and synthesis afBlb proteins (Rice and Ernst, 1993),

which could also occur in endometriotic cells.

In conclusion, this is the first study to show dinsve NF«B

activation in peritoneal endometriotic lesions eoled from women
and during the initial development of endometrioigsions in an
animal model. Differential levels of NEB-DNA binding activity
have been established, for the first time, betwesth and black
endometriotic lesions, providing more evidence de tdistinct
inflammatory status of these two types of peritbrex@dometriotic

lesions (Figure 14).
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Uterus Fallgpian tube Red endometriotic lesion

; ‘O : peritoneum
1N

Inflammatory

response

o 4 : Cell proliferation

Figure 14: NF«B involvement in peritoneal endometriosis. NB-is constitutively activated
in peritoneal endometriosis. This activation ishi@gin active red endometriotic lesions than
in black lesions. Activation of NkB during the initial development of endometriotisitens
enhances the inflammatory response and cell pralit;n of endometriotic lesions and
inhibits apoptosis (adapted from Grootheisl, 2005).

2. The NF-kB pathway in the development of
endometriosis

As detailed in the introduction, endometriosis ismaultifactorial
disease, with many cellular processes and biom@edound to be
altered, conditioning the establishment and devekyg of peritoneal
endometriotic lesions. Both experimental approachgsied in this
study confirm the involvement of the NdB pathway in the initial

development of endometriotic lesions.
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Since red endometriotic implants are consideredetthe most active
lesions and the first stage of peritoneal endomssi (Nisolle and
Donnez, 1997; Khaet al, 2004; Van Langendonckt al, 2004), and
as they show higher N&B activation than black lesions (Gonzalez
Ramoset al, 2007a), it is highly plausible that N&B activation plays
an important role in the early stages of endomigtridesion
establishment (Figure 14). Furthermore, as destribeChapter IV
(article 2) of this thesis, inhibition of NEB activation was shown to
reduce the initial development of endometrioticidas of human
origin induced in ann vivo experimental model, demonstrating that
the NF«B pathway plays an important role in the early diepment

of such lesion# vivo (Gonzalez Ramost al, 2007b).

3. Processes regulated by the NF- kB
pathway in endometriotic lesions

All cell processes involved in the establishmend development of
peritoneal endometriotic lesions have been fountiegaegulated by
the NFxB pathway in many other cell types. These cell esses
include adhesion, invasion, inflammation, angiogeeproliferation
and apoptosis. However, in endometriosis, onlyva $¢udies have
shown regulation of some inflammatory factors aall groliferation

by NF«B in vitro.

Concerning the endometriosis-associated inflammatesponse, our

studies have shown higher MB- activation and ICAM-1 expression
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in red endometriotic lesions than black endomatriolesions
(Gonzélez Ramo®t al, 2007a). Since the promoter region of the
ICAM-1 gene contains putative recognition sequenfoes NF-«B
(Chenet al, 2000), and NReB inhibition reduces ICAM-1 expression
of endometriotic lesions vivo (Gonzalez Ramost al, 2007b), it is
highly plausible that increased ICAM-1 expressiesults from the
activation of NFkB in endometriotic lesions.

Two important conclusions can be drawn from thessailts: 1) red
endometriotic lesions show a stronger inflammatmryponse than
black lesions, and 2) the inflammatory responseesl in peritoneal
endometriosisn vivo is at least partly caused by activation of the NF-
kB pathway. The first assumption is consistent witer studies that
have found more extensive inflammatory reactions iied
endometriotic lesions than black lesions (Kokoethal, 1997; Katset

al, 2002; Kharet al, 2004). The second statement agrees with studies
showing modulation of proinflammatory factors by NB in
macrophages and endometrial stromal cells (Bondesaal, 1999;
Caoet al, 2006).

Two other processes theoretically regulated byxBFn peritoneal
endometriotic lesions are cell proliferation an@ipsis. Both were
studied in endometriotic lesions induced in nudeenand both were
found to be regulated by N#&B, since the administration of NEB

inhibitors decreased cell proliferation and inducagdoptosis in

endometriotic stromal and epithelial caltsvivo. This is the first time
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NF-xB activation has been shown to promote cell suhviivaearly-
stage endometriotic lesioms vivo by inducing cell proliferation and
inhibiting apoptosis (Gonzalez Ramet al, 2007b). In addition,
stronger activation of the NkB pathway in red endometriotic lesions
than black lesions is in line with other studieswsimg higher mitotic
and lower apoptotic activities in red lesions (Mscand Donnez,
1997; Khanet al, 2003; Fujinoet al, 2006). In other cell types too,
NF-xB activation has been found to promote cell sulv{¥erkins,
2007).

Two key statements can therefore be made on this lbasthese
findings: 1) red endometriotic lesions are highbtivze in terms of
inflammation, proliferation and resistance to aps and 2)
constitutive activation of the NkB pathway may be responsible for
the inflammatory response, cell proliferation anesistance to
apoptosis observed in peritoneal endometriotiotes(Figure 14).

4. NF-kB inhibition in endometriotic lesions

Chapter IV (article 2) of this thesis shows that-RB- inhibition
curtails the initial development of endometriotesibns induced in
nude mice by reducing the inflammatory reactiorl| peoliferation

and inducing apoptosis of endometriotic lesiongljFe 15).
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Figure 15: NFB inhibition reduces the initial development of enddriotic lesions by
inhibiting the inflammatory response and cell destition, and inducing apoptosis of
endometriotic lesions (adapted from Groottetisl 2005).

Other studies have shown a reduction in endomigtritgsion
development using different hormonal therapiesni@tase inhibitors,
GnRH-a, progestogens, etc), anti-inflammatory diisgsective COX-

2 inhibitors, TNFe inhibitors, PPARy agonists), anti-MMPs and
antiangiogenic agents (Brunet al 1997; Falconeret al 2006;
Mihalyi et al, 2006). PR has been shown to engage in antagonisti
crosstalk with NReB, COX-2 and MMPs can be upregulated by NF-
kB, while TNF« is a well known inducer of the NiB pathway and

activation of NF«B upregulates the transcription of TNF-
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(Kalkhovenet al, 1996; Farinaet al, 1999; Hoffmann and Baltimore,
2006). In this study, we targeted the transductm@thway itself
instead of one of the stimuli activating it or asfehe NF«B-induced
molecules, which is likely to affect a broader rargf processes. The
NF-xB pathway therefore looks to be a promising theutipdarget

for endometriosis.
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Chapter VI: Perspectives

1. Is constitutive NF- kB activation a primary
event in the development of
endometriosis?

More information is needed to confirm that MB-activation is a
primary event in the initial development of periéah endometriosis.
Indeed, if activation of the NkB pathway is responsible for the
establishment of peritoneal endometriotic lesi@ns;e the initial step
in the development of these lesions occurs durirengtmuation,
menstrual endometrium from patients with endomsisishould show
higher constitutive NReB activation than menstrual endometrium
from control women without endometriosis. Experittiseperformed
in our laboratory have revealed different degreéscanstitutive
activation of the NReB pathway in different endometrial samples at
different times of the menstrual cycle, but mostiypatients with
endometriosis (unpublished data), and there arstudies comparing
NF-xB activation levels in endometrium from patientsthwiand
without endometriosis. Further research is theeeforeeded to
characterize NkeB activation status more precisely, especially ryri
menstruation, in endometrial samples from both robntvomen

without endometriosis and patients with endomeigios

Future studies should also consider investigatiegtle of the NR<B

pathway in cell processes involved in the initi@velopment of
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endometriotic lesions that were not evaluated is thesis. These

processes include cell adhesion, invasion and gegesis.

2. Which stimuli activate the NF- kB pathway
in endometriosis?

Many theories can be proposed to explain the dotist activation
of the NF«xB pathway in peritoneal endometriosis. As explaiired
the introduction, the NKB pathway is intricately regulated.
Numerous mechanisms, involving multiple cytokineazymes and
protein kinases, can activate MB- and different activated NkB
dimers can trigger different transcriptional adies. Thus, the
constitutive activation of NikB observed in endometriosis could
originate from intrinsic alterations to the pathway external stimuli
activating it. Both hypotheses are appealing aradigible. Intrinsic
alterations to the pathway may be explained by e epigenetic
changes, which could account for the hereditary pmment of
endometriosis. A recent study showing higher exgpoesof IL-1RI in
red endometriotic lesions than black endometrilesions (Lawsoret
al, 2007) provides a possible explanation for the starive
activation of the NReB pathway in endometriosis. External stimuli
activating the pathway may include hypoxia, oxidatistress and
proinflammatory cytokines. Unpublished data fromr daboratory
show increased NEKB activation in macrophages in the pelvic
peritoneal fluid of women with endometriosis, whicbuld explain

the increased levels of cytokines observed in emdioosis and the
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constitutive NF«B activation of peritoneal endometriosis (Lougte
al, submitted). All these premises could lay the gobtor new studies
to better understand the mechanisms responsiblerfdometriosis

development.

3. Which pathways are implicated in NF- kB
activation in endometriosis?

As mentioned in Chapter lll, the canonical pathwaiNF-«B appears
to be the main pathway activating NB-in peritoneal endometriosis.
Since activation of the canonical pathway is depenhdn IKK3
activation, this kinase warrants investigation gsotential target for
new endometriosis therapies. However, activatiomtgpical NF«B
pathways cannot be excluded in endometriotic lesi@ince such
pathways have also been shown to activate p50/pg6ters in
response to other kinds of stimuli, such as ROSpoka-
reoxygenation and genotoxic stress, but they havdeen studied in

the context of endometriosis.

It would therefore be interesting to study the \agti of IKK[( in
endometriosis and to test IKinhibitors on the development of
endometriotic lesions. Atypical NEB activation pathways and the
stimuli involved in activating them also need to bealuated in

normal and ectopic endometrial catisvitro andin vivo.
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4. The NF-kB pathway as a novel therapeutic
target for endometriosis

The central role that NEB inhibitors play in curtailing the
development of endometriotic lesions by reducintammation and
cell proliferation and inducing apoptosis has belearly established
in this thesis. New efforts should now focus ontitgs NF«B
inhibitors in more relevant models of endometripssach as the
baboon or macaque. Since MB-is involved in a wide range of
important cell processes, the clinical applicatadrNF-«xB inhibitors
is not possible at this stage, and systemic usthisftype of drug
could well be dangerous. Further research is nesuneValuate the
safety and side effects of these drugs before tlagybe considered
suitable for use in humans. For these reasons, lweatments
inhibiting NF«B look more attractive and are currently being
evaluated by our group in one of the collaboratoojects with the
Université de Liege.
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1. Article 3: Quantification of endometriotic
lesions in a murine model by fluorimetric
and morphometric analyses

Quantification of endometriotic lesions in a murine model by
fluorimetric and morphometric analyses
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