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1. ABSTRACT

Peritoneal ~ endometriosis is a  chronic
inflammatory disease characterized by increased numbers
of peritoneal macrophages and their secreted products.
Inflammation plays a major role in pain and infertility
associated with endometriosis, but is also extensively
involved in the molecular processes that lead to peritoneal
lesion development. Peritoneal oxidative stress is currently
thought to be a major constituent of the endometriosis-
associated inflammatory response. Excessive production of
reactive oxygen species, secondary to peritoneal influx of
pro-oxidants such as heme and iron during retrograde
menstruation, may induce cellular damage and increased
proinflammatory gene expression through nuclear factor-
kappa B activation. In particular, prostaglandin biosynthetic
enzyme expression is regulated by this transcriptional
factor, and  increased  peritoneal  prostaglandin
concentrations have been demonstrated in endometriosis. In
the light of available data collected from patient biopsies,
as well as in vitro and in vivo studies, the respective
involvement and potential molecular interactions of iron,
nuclear factor-kappa B and prostaglandins in the
pathogenesis of endometriosis are explored and discussed.
The key role of peritoneal macrophages is emphasized and
potential therapeutic targets are examined.
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2. INTRODUCTION

Endometriosis  is a common, benign
gynecological disorder affecting at least 10% of all
reproductive-age women and is associated with pain and
infertility (1). It is characterized by the presence of
endometrial tissue outside the uterine cavity, mainly on the
pelvic peritoneum, but also on the ovaries and in the
rectovaginal septum (2). Despite being one of the most
frequently recognized gynecological diseases, the etiology
of endometriosis remains unclear due, in part, to its
multifactorial characteristics. Indeed, a growing body of
evidence indicates that a combination of genetic, hormonal,
environmental, immunological and anatomical factors may
play a role in the pathogenesis of this disorder (3).

In most menstruating women, menstrual effluent
containing endometrial cells and blood is transported into
the abdominal cavity through the fallopian tubes (4). This
phenomenon, known as retrograde menstruation, was first
described in 1927 by Sampson (5), who suggested that it
may be the origin of peritoneal endometriosis. Although
retrograde menstruation occurs in most cycling women
with patent tubes, clinical endometriosis develops in only
10 to 15% of women during their reproductive life.
Additional factors that increase susceptibility to
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Figure 1. The retrograde transplantation theory. During menses, endometrial tissue and erythrocytes are retrogradely shed
through the fallopian tubes into the peritoneal cavity (1). Endometrial tissue fragments evade the immune surveillance system,
particularly peritoneal macrophages (2), adhere to the peritoneum (3), invade the peritoneal mesothelial lining (4), proliferate (5)
and acquire a blood supply (6), leading to macroscopic peritoneal endometriotic lesion development.

endometriosis must therefore exist and remain to be
identified. The development of peritoneal endometriotic
lesions involves a whole series of events, starting with the
survival of refluxed endometrial cells and evasion of the
immune surveillance system, adhesion of these cells to the

peritoneum, invasion of the mesothelial lining and
degradation of the underlying extracellular matrix,
proliferation, resistance to apoptosis and, finally,

generation of neovascularization (2,6) (Figure 1).

Among the multiple factors known to be involved
in endometriosis pathogenesis, an
immunological/inflammatory etiology has been suggested.
Endometriosis is now considered to be a chronic local
pelvic inflammatory process, with this local inflammation
playing a major role in both disease development and
associated pain and infertility. Supporting this concept are
numerous studies reporting that peritoneal fluid (PF) of
women with endometriosis contains increased numbers of
activated macrophages and other immune cells that secrete
various local products, such as cytokines, growth and
angiogenic factors (7). Peritoneal oxidative stress is thought
to be a major component of endometriosis-associated
inflammation, as it may regulate expression of numerous
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genes encoding immunoregulators, cytokines and cell
adhesion molecules (8).

2.1. Peritoneal fluid and environment in peritoneal
endometriosis

Changes in PF volume and the presence of
various cells, hormones and other compounds have been
studied during normal menstrual cycles and in pathologic
conditions. Syrop and Halme (9) analyzed PF volume in
patients and found that women with endometriosis showed
greater fluid volume than fertile controls, patients with
adhesive disease, or those with unexplained infertility.
Moreover, functional changes were also identified in
several cellular immunological components of PF, or
inflammatory mediators, such as prostaglandins (PGs),
cytokines, growth and angiogenic factors.

PF contains various free-floating cells, including
macrophages, mesothelial cells, lymphocytes, eosinophils
and mast cells. It normally contains leukocytes in
concentrations of 0.5 to 2.0 x 10%/ml, approximately 85%
of which are macrophages (9). Peritoneal concentrations of
macrophages appear to fluctuate during the menstrual
cycle, and are highest during menses (10). As well as
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increasing in number, peritoneal macrophages are more
activated in case of endometriosis, and may release
products like PGs, cytokines, growth factors, complement
components and hydrolytic enzymes (7). These products
may affect other cells present in the peritoneal cavity, such
as ectopic endometrial cells, and it has been postulated that
peritoneal macrophage activation might be a central
contributor to the pathogenesis of endometriosis, as these
cells might play an active role in the initiation, maintenance
and progression of the disease. Increased PF concentrations
of cytokines that lead to migration, proliferation and
activation of macrophages have been reported in patients
with endometriosis. Monocyte chemotactic protein (MCP)-
1, secreted by cytokine-stimulated endometriotic and
mesothelial cells (11,12), regulated on activation and
normally T-cell expressed and secreted (RANTES), which
has potent chemotactic activity for human monocytes and T
lymphocytes, and interleukin (IL)-8 are increased in the PF
of women with endometriosis (13).

The main source of peritoneal inflammatory
factors in endometriosis is thought to be macrophages,
although other peritoneal cells, like lymphocytes,
mesothelial cells (14) or ectopic endometrial implants (15),
may also be involved. PG and cytokine activities are
diverse and include the following: proliferation and
differentiation of immune cells; induction of release of
hormones, enzymes and acute-phase proteins; enhancement
of various cytotoxic activities; regulation  of
immunoglobulin secretion; and chemotaxis. Cytokines
exert biological effects on a variety of cell types. They may
regulate the actions of leukocytes in PF or impact directly
on ectopic endometrium, where they may play various roles
in the pathogenesis of endometriosis (7).

2.2. Oxidative stress and peritoneal endometriosis

A number of studies suggest that oxidative stress
is a constituent of endometriosis-associated inflammation.
Indeed, retrograde menstruation is likely to carry highly
pro-oxidant factors, such as heme and iron, into the
peritoneal cavity, as well as apoptotic endometrial cells,
which are well known inducers of oxidative stress.
Peritoneal production of reactive oxygen species (ROS)
may be involved in endometriosis-associated inflammation
by regulating the expression of numerous inflammatory
genes (8,16).

ROS are intermediaries produced by normal
oxygen metabolism and have been implicated in the
pathogenesis of many human diseases and aging (17). To
protect themselves from the deleterious effects of ROS,
cells have developed a wide range of antioxidant systems to
limit ROS production, inactivate them, and repair cell
damage. However, oxidative stress may occur when the
balance between ROS production and antioxidant defense
is disrupted. The growing number of diseases associated
with oxidative stress suggests that oxidative balance may
be precarious (18). Almost all major classes of
biomolecules, including lipids, proteins and nucleic acids,
are potential targets for ROS. Oxidative destruction of
polyunsaturated fatty acids, known as lipid peroxidation, is
particularly damaging because it is a self-perpetuating
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chain reaction that may alter the integrity of cell
membranes. Cells have evolved enzymatic antioxidants,
such as superoxide dismutase, catalase and glutathione
peroxidase, and nonenzymatic antioxidants, including
vitamin E, vitamin C, taurine and glutathione (19).

Zeller et al. (20) showed that production of ROS by
PF mononuclear cells was increased in endometriosis.
Expression of xanthine oxidase, an enzyme which produces
ROS, remained high in ectopic and eutopic endometrium
throughout the menstrual cycle in women with endometriosis;
by contrast, cyclic variations in its expression were seen in
controls (21). A study by Portz et al. (22) reported that
injection of the antioxidant enzymes superoxide dismutase and
catalase into the peritoneal cavity prevented formation of
intraperitoneal adhesions in endometriosis sites in rabbits.
Moreover, several studies appear to indicate that, in women
with endometriosis, the endometrium shows altered expression
of enzymes involved in defense against oxidative stress (21).
However, other studies based on direct measurement of ROS
production failed to show an obvious oxidant or antioxidant
imbalance in the peritoneal cavity of patients with
endometriosis (16,23-25). This apparent discrepancy between
results may be due to the fact that only persistent markers of
oxidative stress, such as enzymes or stable by-products of
oxidative reactions, can still be detected when endometriosis is
diagnosed. Another possible explanation is that oxidative stress
occurs only locally (in lesions) and does not result in an
increase in total PF concentrations (8).

Erythrocytes, apoptotic endometrial tissue and cell
debris transplanted into the peritoneal cavity by menstrual
reflux and pelvic macrophages have been implicated as
potential inducers of oxidative stress (8) (Figure 2).
Erythrocytes are likely to release pro-oxidant and
proinflammatory factors, such as hemoglobin and its highly
toxic by-products heme and iron, into the peritoneal cavity. As
in most tissue, activated macrophages probably play an
important role in the degradation of erythrocytes. Iron and
heme are essential to living cells. However, unless they are
appropriately chelated, free iron and, to a lesser extent, heme,
play a key role in the formation of deleterious ROS, and iron-
induced oxidative stress has been implicated in numerous
pathologic processes (17).

In other tissues, iron is known to induce oxidative
stress, leading to macromolecular oxidative damage, tissue
injury and chronic inflammation (17). Oxidative stress was
suggested to be responsible for local destruction of the
peritoneal mesothelium, thereby creating adhesion sites for
ectopic endometrial cells (26). It may also promote
apoptosis (27), some studies indicating that apoptosis and
oxidative stress are related (28). ROS could alter cell
function by regulating protein activity and gene expression.
In particular, ROS appear to play an essential role in the
regulation of the transcription factors nuclear factor-kappa
B (NF-kappa B) and activator protein-1, which control
genes involved in immunologic response, cellular defense
and expression of cytokines and cellular adhesion
molecules (29). Many factors that are overexpressed in
patients with endometriosis have NF-kappa B-binding sites
in their genes (27,30), and involvement of the NF-kappa B
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Figure 2. Iron, NF-kappa B and PGs in endometriosis. Iron overload in the peritoneal cavity in case of endometriosis may induce
oxidative stress, involving peritoneal macrophages and endometriotic cells. Triggers of oxidative stress, such as proinflammatory
cytokines, are potent activators of the NF-kappa B pathway. Induced NF-kappa B activation leads to expression of numerous
genes implicated in inflammation, cellular adhesion, invasion and proliferation, and angiogenesis. Many of these genes have been
implicated in endometriosis pathogenesis, PG biosynthetic enzymes in particular.

pathway in endometriosis will be discussed further. Important
NF-kappa B-regulated molecules are PG biosynthesis
enzymes, and cyclooxygenase (COX)-2 in particular.
Increased concentrations of PGs have been evidenced in the PF
of endometriosis patients and COX-2 inhibitors have proved to
be effective in in vitro and in vivo experimental models (31).

In this manuscript, the respective involvement and
potential molecular interactions of iron, NF-kappa B and PGs
in the pathogenesis of endometriosis are discussed in the light
of our personal observations and available data from the
literature. The key role of peritoneal macrophages is
emphasized and potential therapeutic targets are examined.

3. INVOLVEMENT OF IRON IN THE
PATHOGENESIS OF ENDOMETRIOSIS
3.1. Iron overload in the peritoneal -cavity of

endometriosis patients

Iron is an essential metal for almost all living
organisms because of its involvement in a large number of
iron-containing enzymes and proteins. However, excess
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iron accumulation within cells and tissues can result in
toxicity (17) and is associated with the pathogenesis of a
variety of diseases, such as thalassemia, hemochromatosis
and neurodegenerative disorders (32).

As reported in Table 1, studies have
demonstrated the presence of iron overload in the different
components of the peritoneal cavity of endometriosis
patients (PF, ectopic endometrial tissue, peritoneum
adjacent to lesions and peritoneal macrophages). However,
it remains strongly localized in the pelvic cavity and does
not affect body iron content (33). Higher levels of iron
(26,33-35), ferritin (33,35), transferrin (36) and hemoglobin
(37) have been detected in the PF of women with
endometriosis than control subjects. Transferrin saturation
is also higher in the PF of endometriosis patients (35).
Hepcidin is a recently discovered peptide that appears to be
the homeostatic regulator of iron metabolism by
macrophages, acting by inhibiting iron efflux through
ferroportin, thereby inducing cellular iron sequestration
(38). Hepcidin synthesis is upregulated by inflammation
and iron overload, and occurs predominantly in the liver.
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Table 1. Presence of iron overload in different compartments of the peritoneal cavity in case of endometriosis

expression (46)

Perit 1 fluid Peritoneal macrophages Perit Peritoneum

Higher iron levels (26,34) Presence of iron-laden | Iron-laden macrophages in lesions (43) More iron deposits in peritoneum adjacent
macrophages (43) Iron deposits in lesions (43) to lesions than in healthy peritoneum (33)

Higher transferrin levels (36) Higher transferrin  receptor | Iron deposits in lesions (41)

Higher hemoglobin levels (37) Haptoglobin-saturated

Haptoglobin secreted by lesions (44,45)

ferritin and iron levels (35)

macrophages (47)
Higher ferritin and iron levels | Higher ferritin levels in | Heme oxygenase expression (37)
(33) macrophages (35)
Higher transferrin  saturation, Iron deposits in the stroma and

macrophages of peritoneal lesions (33)

However, inflammatory cells, particularly macrophages
and neutrophils, can also directly express this peptide
(39,40). In a recent study, no statistically significant
difference was found in peritoneal hepcidin concentrations
between patients with and without endometriosis,
suggesting that peritoneal macrophage iron mobilization is
regulated by other pathways (35).

In the stroma of endometriotic lesions and
peritoneum, cytologic and histochemical data revealed the
presence of iron conglomerates (41,42) and macrophages
heavily laden with ferric pigment (43). Sharpe-Timms e? al.
showed that endometriotic lesions were also able to
synthesize and secrete haptoglobin (44,45).

As in most tissues, pelvic macrophages have two
important functions: first, in the regulation of the
inflammatory response; and second, in iron homeostasis.
Iron metabolism by macrophages appears to be enhanced in
case of endometriosis. This is supported by the fact that
endometriosis is characterized by the presence of
siderophages (iron-storing macrophages) heavily laden
with  hemosiderin inside the pelvic cavity (43).
Furthermore, after setting up a simple and reproducible
technique of peritoneal macrophage isolation, we recently
demonstrated increased iron storage (ferritin load) in
peritoneal macrophages of endometriosis patients
compared to healthy subjects, correlating with iron
overload in PF (35). Bilirubin pigment, which is a normal
metabolite of hemoglobin, was also identified inside
macrophages (43). Finally, in case of endometriosis,
peritoneal macrophages were found to express more
transferrin receptors (46) and to be haptoglobin-saturated
(47).

3.2. Origin of iron in the pelvic cavity

In case of endometriosis, iron overload may
originate from lysis of pelvic erythrocytes (42). Retrograde
menstruation, transporting menstrual endometrial tissue
through the fallopian tubes into the peritoneal cavity, is a
common physiologic event in all menstruating women with
patent tubes (4). Peritoneal iron overload in endometriosis
may be a consequence of increased influx caused by
erythrocyte degradation, resulting either from more
abundant menstrual reflux or bleeding lesions, or be due to
a deficiency in the peritoneal iron metabolism system (33).

Retrograde menstruation may be increased in
endometriosis patients by certain anatomical dispositions or
uterine malformations, and menstrual periods are also
frequently longer and heavier than in controls. Some
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experimental studies mimicking conditions of retrograde
menstruation in mouse models have confirmed the origin of
iron in the pelvic cavity in the context of endometriosis
pathology (42,48).

3.3. Iron metabolism in the pelvic cavity

Studies with experimental models and analysis of
patient biopsies (Table 1) have yielded further information
on iron metabolism in the pelvic cavity in case of
endometriosis, which has been interpreted in the light of
data on erythrocyte metabolism from the literature. As in
most tissue, activated macrophages recruited within the
pelvic cavity of women play an important role in the
degradation of erythrocytes, as suggested by the presence
of numerous iron-loaded macrophages observed in the PF
of endometriosis patients (35,43). Macrophages usually
phagocytose senescent erythrocytes or endocytose the
hemoglobin-haptoglobin complex formed after lysis of
pelvic erythrocytes (49). Metabolism of hemoglobin and
heme by heme oxygenase releases iron, which is then
incorporated into ferritin in macrophages or returned to the
iron transporter transferrin in PF. Transferrin may then be
assimilated by ectopic endometrial cells. Indeed,
endometrial cells express transferrin receptor (50), and in
vitro studies have shown that endometrial stromal and
epithelial cells are able to incorporate transferrin and
metabolize it into ferritin (51).

Iron is sequestrated within tissue and bound to
proteins such as ferritin in a soluble, non-toxic and
bioavailable form (52). However, iron conglomerates have
also been observed in endometriotic lesions in patients
(41,42) and in a murine endometriosis model (48). These
conglomerates consist of hemosiderin, another iron storage
form, which is found in conditions of iron overload, usually
associated with toxic pathological states in humans (52).
The presence of hemosiderin in ectopic endometrial tissue
and macrophages strongly suggests that peritoneal
protective mechanisms might be overwhelmed in case of
endometriosis.

3.4. Effect of iron overload on endometriosis
development

Peritoneal iron overload could impair the
functionality of different cell types involved in

endometriosis pathophysiology, thereby contributing to the
development of the disease. We recently showed iron
storage levels (ferritin load) to be significantly higher in
peritoneal macrophages of endometriosis patients than
controls (35). Cellular iron storage within ferritin limits the
capacity of iron to generate free radicals (53). However,
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continued delivery of iron to macrophages can overwhelm
the capacity of ferritin to store and sequester the metal,
inducing oxidative injury to cells. Indeed, iron can act as a
catalyst in the Fenton reaction to potentiate oxygen and
nitrogen toxicity by generation of highly reactive free
radical species (such as the hydroxyl radical). When the
balance between ROS production and antioxidant defense
is disrupted, marginally higher levels of ROS are generated
and oxidative stress may occur, leading to macromolecular
oxidative damage, tissue injury and chronic inflammation

a7.

In case of endometriosis, iron overload in the
peritoneal cavity may induce oxidative stress, particularly
involving peritoneal macrophages, but also endometriotic,
mesothelial and endothelial cells (51). Indeed, iron
accumulation in these cells may severely compromise their
function as a result of excessively increased production of
ROS and subsequently enhanced activation of the
proinflammatory transcriptional factor NF-kappa B (54).
Induced NF-kappa B activation by cellular oxidative stress
leads to expression of numerous genes implicated in
inflammation, cellular adhesion, invasion and proliferation,
and angiogenesis (30).

Peritoneal mesothelium is a fragile barrier, which
can be damaged by ectopic menstrual endometrium or
inflammatory cells creating adhesion sites on its surface,
facilitating the development of endometriosis (55).
Oxidative stress has been suggested to be responsible for
local destruction of the peritoneal mesothelium, producing
adhesion sites for ectopic endometrial cells (8,26). This
hypothesis is supported by the fact that the iron-binding
protein hemoglobin has been identified as one of the
menstrual effluent factors harmful to mesothelium (55).

Iron is an absolute requirement for proliferation,
as iron-containing proteins catalyze key reactions involved
in oxygen sensing, energy metabolism, respiration, folate
metabolism and deoxyribonucleic acid (DNA) synthesis
(e.g. ribonucleotide reductase that catalyzes the conversion
of ribonucleotides into deoxyribonucleotides for DNA
synthesis). In a murine endometriosis model, erythrocyte
injection was shown to increase the proliferative activity of
epithelial cells in  endometriotic lesions, while
desferrioxamine administration, a common iron chelator,
engendered a significant decrease, suggesting that iron
overload may contribute to the further growth of
endometriosis by promoting epithelial cell proliferation
(48).

3.5. Iron chelators as endometriosis treatment
Treatment with desferrioxamine has proved
beneficial and is currently used for pathologies
characterized by iron overload, such as beta-thalassemia
and hereditary hemochromatosis (56). In a murine
endometriosis model, desferrioxamine was found to
decrease the number of lesions with iron deposits, iron
concentrations in PF and the percentage of iron-loaded
pelvic macrophages (48). Moreover, desferrioxamine
treatment effectively reduced cellular proliferation of
lesions. Treatment with an iron chelator like
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desferrioxamine could thus be beneficial in case of
endometriosis to prevent iron overload in the pelvic cavity,
thereby diminishing its possible deleterious effects. In
women suffering from endometriosis, menstrual periods are
often longer and heavier than the norm (57-60), and cycles
tend to be shorter (61). Therefore, iron overload observed
in these patients is localized in the pelvic cavity, while
body iron content may actually be decreased due to
abundant menstruation. For this reason, iron chelator
treatment should only be applied locally, only inside the
peritoneal cavity.

4. INVOLVEMENT OF NUCLEAR FACTOR-KAPPA
B IN THE PATHOGENESIS OF ENDOMETRIOSIS

NF-kappa B is a transcriptional factor that plays a
crucial role in the immune and inflammatory response and
modulates proliferation, apoptosis, adhesion, invasion and
angiogenesis in many cell types (30). These cell processes
are involved in the development of endometriosis and other
diseases. Activation of NF-kappa B has been implicated in
the early development of endometriotic lesions (62,63).

4.1. The NF-kappa B signaling system

NF-kappa B peptides are assembled through the
dimerization of five existing subunits: p50/p105 (NF-kappa
B1), p52/p100 (NF-kappa B2), p65 (RelA), c-Rel and
RelB, the most extensively studied dimer being p50/p65
(64). NF-kappa B dimers are located mostly in the
cytoplasm in an inactive form, binding to specific NF-
kappa B inhibitors, I-kappa B proteins, which prevent NF-
kappa B-DNA binding (Figure 2).

NF-kappa B is activated by diverse
proinflammatory stimuli like cytokines (e.g. IL-1 beta,
tumor necrosis factor (TNF)-alpha), lipopolysaccharide and
oxidative stress, which may activate the I-kappa B kinase
complex. This complex phosphorylates NF-kappa B-
coupled I-kappa B  peptides, inducing their
polyubiquitination and rapid degradation by the 26S
proteasome. Thus, liberated NF-kappa B dimers capable of
binding to DNA translocate to the nucleus, activating the
transcription of several target inflammatory genes (65,66)
(Figure 2). A complete list of NF-kappa B-regulated genes
is available at http.//www.nf-kb.org.

Regulation of NF-kappa B involves positive
feedback stimulation through NF-kappa B-mediated
synthesis of IL-1 beta and TNF-alpha, and negative
feedback inhibition through NF-kappa B-modulated
transcription of I-kappa B alpha, p100, and/or p105 (67).

4.2. NF-kappa B activation and endometriosis

Human endometrial epithelial and stromal cells
have been shown to express NF-kappa B subunits (68,69),
and King et al (70) demonstrated activation of this
transcriptional factor in the glandular epithelium and
endothelium of the endometrium during menstruation. NF-
kappa B activity in human eutopic endometrium supports
its important role in endometrial cell physiology and
pathophysiology. Although NF-kappa B activation status in
endometrium appears to be similar in patients with and
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without endometriosis (71), further studies are required to
assess the activation status of the NF-kappa B pathway in
endometrium during the menstrual cycle in both healthy
and pathologic conditions.

In vitro and in vivo studies have both found the
NF-kappa B pathway to be activated in endometriotic cells,
implicating this inflammatory pathway in endometriosis. /n
vitro, basal and stimulated NF-kappa B activation have
been demonstrated in endometriotic stromal cells, with
endometriotic cells showing IL-1 beta, TNF-alpha or
lipopolysaccharide-dependent NF-kappa B activation,
positively modulating the proinflammatory cytokines
RANTES, macrophage migration inhibitory factor (MIF),
IL-8, IL-6, TNF-alpha, intercellular adhesion molecule
(ICAM)-1, granulocyte macrophage colony-stimulating
factor and MCP-1 (67). In vivo, constitutive activation of
NF-kappa B has been evidenced in endometriotic lesions in
endometriosis patients (62). Concentrations of active p65-
containing dimers and ICAM-1 expression were found to
be significantly higher in red endometriotic lesions than
black lesions, while expression of the NF-kappa B inhibitor
I-kappa B alpha was similar in red and black lesions,
confirming the more extensive inflammatory pattern of red
lesions. We recently demonstrated increased NF-kappa B
activation in peritoneal macrophages originating from
endometriosis patients compared to healthy women (63).

NF-kappa B-dependent activation of
proinflammatory genes, such as RANTES, ICAM-1, IL-1
or TNF-alpha, may provide positive feedback to the
pathway, thus self-perpetuating macrophage recruitment
and the inflammatory response in the peritoneal cavity of
endometriosis patients.

4.3. Effect of NF-kappa B activation on endometriosis
development

Iron overload in peritoneal macrophages of
endometriosis patients (35) may induce cellular oxidative
stress (8), and excessive production of ROS has been
shown to abnormally activate the transcriptional factor NF-
kappa B in macrophages (54). NF-kappa B-activated
macrophages release proinflammatory, growth and
angiogenic factors (such as inducible nitric oxide synthase,
COX-2, IL-1, IL-6, IL-8, TNF-alpha and vascular
endothelial growth factor (VEGF)), which contribute to
endometriosis pathogenesis and may activate NF-kappa B
in endometriotic cells, consequently promoting cell
survival and proinflammatory cytokine production, self-
perpetuating the inflammatory reaction in endometriotic
lesions.

Adhesion of endometrial cells involves
expression of mediators of cell-cell and cell-matrix
adhesion, such as integrins and cadherins (72). There is a
lack of literature on the regulation of these molecules at the
transcriptional level, specifically by NF-kappa B in
endometrial and endometriotic cells. It has been
hypothesized that cytokines may induce expression of
cellular adhesion molecules in endometrial and/or
mesothelial cells (73). However, there is no consensus on
the impact of proinflammatory cytokines on endometrial
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cell adhesion to peritoneum, with some in vitro studies
reporting a promoting effect, and others not (74). Matrix
metalloproteinases (MMPs), urokinase-type plasminogen
activator (uPA) and tissue plasminogen activator have all
been implicated in remodeling the extracellular matrix,
which could lead to endometrial invasion of the
submesothelial space of the peritoneum, and have been
found to be positively regulated by NF-kappa B. While
uPA is known to be transcriptionally induced by IL-1 or
TNF-alpha-dependent NF-kappa B activation (75), these
pathways have not been studied in endometrial or
endometriotic cells. Expression of MMP-1, -2, -3, -9 and -
13 is modulated by NF-kappa B in different cell types (76-
78); MMP-9 is wupregulated by NF-kappa B in
endometriotic epithelial cells, and invasion of these cells is
inhibited by an NF-kappa B inhibitor (79).

Proliferation and resistance of endometriotic cells
to apoptosis contribute to endometriosis development. The
role of NF-kappa B as a proliferative and antiapoptotic
factor has been evidenced in many studies (75). In vitro,
NF-kappa B blocking has been shown to inhibit cell
proliferation and stimulate apoptosis of endometriotic cells
(67). In vivo, NF-kappa B inhibition in -early-stage
endometriotic lesions induced in nude mice was found to
decrease endometriotic epithelial cell proliferation and
stimulate both endometriotic stromal and epithelial cell
apoptosis (80).

Angiogenesis is an essential process for
endometriotic lesion formation, and VEGF facilitates the
development of these lesions (81). NF-kappa B upregulates
angiogenic factors like IL-8 and MIF in endometriotic
stromal cells, and endometriotic cells release MIF that
stimulates endothelial cell proliferation in vitro (82,83). In
a rat endometriosis model, a significant reduction in
microvessel density was achieved by inhibiting the NF-
kappa B pathway (84). All this indicates that NF-kappa B-
mediated transcription of proangiogenic proteins stimulates
angiogenesis in endometriotic lesions.

4.4. NF-kB inhibitors as endometriosis treatment

Studying the effect of NF-kappa B inhibitors in
endometrial and endometriotic cells in vitro and in vivo has
shown NF-kappa B inhibition to reduce endometriosis
development and maintenance (Table 2). In the first in vivo
experimental model studying the involvement of NF-kappa
B in endometriosis, Gonzalez Ramos et al (80)
demonstrated that NF-kappa B inhibition by BAY 11-7085
and SN-50 was able to diminish initial development of
endometriosis in a murine model. NF-kappa B activation
and ICAM-1 expression in induced endometriotic lesions
were found to be significantly lower in treated mice, while
cell proliferation was significantly reduced in BAY 11-
7085-treated mice. Both inhibitors produced a significant
increase in apoptosis, as evidenced by active caspase-3
immunostaining and the TUNEL method.

Since NF-kappa B is involved in a wide range of
important cell processes, clinical application of the majority
of NF-kappa B inhibitors is not possible at this stage, and
systemic use of this type of drug could well prove



Inflammation and endometriosis

Table 2. NF-kappa B inhibitors and endometriosis

NF-kappa B inhibitor Experimental model

Effects

MG-132 (68,137,138) In vitro, EEC
In vitro, bovine ESC

1 IL-6 and LIF
| PTGS-2 and COX-2

Parthenolide (137) In vitro, bovine ESC

| PTGS-2

SN-50 (68,80) In vitro, EEC

In vivo, nude mouse

| IL-6 and LIF
| lesion development, | ICAM-1 and 1 apoptosis

Curcumin (139,140) In vitro, ESC and EcSC | MIF
In vivo. human Unknown, | symptoms?
Sulindac (141) In vitro, ESC | RANTES
Thalidomide (142) In vitro, EcSC L IL-8
TPCK (82) In vitro, EcSC | IL-8
GnRH-a (82) In vitro, EeSC I8
In vivo, human
Progesterone, danazol, dienogest | [p vitro, EcSC LIL-8
(143)
IKK-2 inhibitor (79) In vitro, EcEC line | IL-8, IL6, MCP-1, GM-CSF, ICAM-1 and MMP-9, | cell invasion
Pioglitazone (83) In vitro, EcSC | IL-8 and cell proliferation
TL-10 (144) In vitro, EesC LIL-6
NF-kappa B decoy ODNs (145) In vitro, EcSC | RANTES

| monocyte chemotactic activity

BAY-11-7085 (80,146) In vitro, EcSC

In vivo, nude mouse

| Bcl-2 and Bel-XLn
1 caspase-3, -9, and -8 activation
| lesion development, | cell proliferation and 1 apoptosis, | I[CAM-1

PDTC and bortezomib (84) In vivo, rat | lesion development

| cell proliferation and angiogenesis
CAPE (147) In vivo, rat | lesion development

| oxidative stress
Eicosapentanoic acid (148) In vivo, rat | inflammation

| PGES, MMP-13 and NF-kappa B

Glycine (149) In vivo, hamster No effect

hCG (150,151) In vitro, EcSC | IL-1 beta and TNF-alpha
In vivo, human | symptoms

ER beta agonist (145) In vitro, peritoneal macrophages | iNOS

Abbreviations: Bel: B-cell lymphoma/leukemia; CAPE: caffeic acid phenethyl ester; ECEC: endometriotic epithelial cells; EcSC:
endometriotic stromal cells; EEC: endometrial epithelial cells; ER: estrogen receptor; ESC: endometrial stromal cells; GM-CSF:
granulocyte macrophage—colony-stimulating factor; GnRH-a: gonadotropin-releasing hormone agonist; hCG: human chorionic
gonadotropin; IKK: IkB kinase; iNOS: inducible nitric oxide synthase; LIF: leukemia inhibitory factor; ODNs: decoy
oligonucleotides; PDTC: pyrrolidine dithiocarbamate; PGES: prostaglandin E synthase; PTGS: prostaglandin-endoperoxide

synthase; TPCK: N-tosyl-1-phenylalanine chloromethyl ketone

dangerous. Further research is needed to evaluate the
safety and side effects of these drugs before they can be
considered suitable for use in humans. Local treatments
inhibiting NF-kappa B could be an attractive proposition
and should be evaluated in humans (6,62).

5. INVOLVEMENT OF PROSTAGLANDINS IN THE
PATHOGENESIS OF PERITONEAL
ENDOMETRIOSIS

Increased concentrations of PGs (85,86) and
leukotrienes (87) have been found in the PF of
endometriosis patients. These are the major constituents of
a group of biologically active oxygenated fatty acids known
as eicosanoids, and have been implicated in various
inflammatory diseases such as asthma, psoriasis,
rheumatoid arthritis and inflammatory bowel disease
(88,89).

Recent studies in in vitro models have shown that
enhanced synthesis of PGs plays a role in enhancing
proliferation while inhibiting apoptosis (90), promoting
angiogenesis (91) and increasing the metastatic potential of
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epithelial cells (92), as well as immunosuppression, by
inhibiting T- and B-cell proliferation and differentiation
and accessory monocyte-macrophage function (93). These
inflammatory mediators may therefore be implicated in the
pain and infertility associated with endometriosis, but also
in the molecular and cellular processes that result to
peritoneal endometriotic lesion development.

5.1. Eicosanoid biosynthesis

Unlike many other biologically active molecules,
the final products of eicosanoids are not stored preformed,
but are synthesized de novo through a cascade of enzymes
(Figure 3) that are mainly regulated by transcriptional
control. Arachidonic acid, which is the common precursor
of eicosanoids, is released from membrane phospholipids
by phospholipase A2 enzymatic activity (94). The COX
pathway leads to the formation of PGs and involves COX
and PG synthase activities. Each of these reactions can be
rate-limiting and catalyzed by several enzymatic isoforms
that are differentially regulated (94).

In contrast to constitutive isoforms, inducible

isoforms are typically undetectable under normal
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Membrane phospholipids

|

Piospliolipase A, (sPLA,-11A)

!

Aracludonic acid

l

|

Cyclooxygenase (COX-2)

!

PGH2

I

3-lipoxygenase (5-LO)

Prostaglandin synthases (nPGES-1)

|

Prostaglandins
(PGE2)

!

Leukotrienes

I15-hydroxyprostaglandin deliydrogenase (15-PGDH)

Inactive metabolites

Figure 3. The eicosanoid enzymatic pathway. Arachidonic acid, which is the common precursor of eicosanoids, is liberated from
membrane phospholipids by phospholipase A, enzymatic activity. The COX pathway leads to the formation of PGs and involves
COX and PG synthase activities. PGE2 is the most biologically active prostanoid and is metabolically inactivated by the 15-
PGDH enzyme. In contrast to constitutive isoforms, inducible isoforms are typically undetectable under normal physiological
conditions, but can be expressed at high levels following stimution by proinflammatory cytokines, growth factors and phorbol
esters. The most relevant inducible isoforms in the COX pathway are sPLA,-IIA, COX-2 and mPGES-1. The lipoxygenase
pathway, responsible for the synthesis of leukotrienes, involves a catalytic complex consisting of 5-LO.

physiological conditions, but may be expressed at high
levels following stimulation by proinflammatory cytokines
(95). This is particularly well known in case of COX
enzymatic activity: COX-1 and -3 isoforms are
constitutively expressed, while COX-2 is only expressed
following stimulation (95). COX-2 expression is mainly
regulated by the transcriptional NF-kappa B pathway,
similarly to other inducible PG biosynthesis enzymes, such
as type IIA secretory phospholipase A2 (sPLA2-IIA) and
microsomal prostaglandin E synthase-1 (mPGES-1) (95).
Prostaglandin E2 (PGE2) is the most biologically active
prostanoid and is metabolically inactivated by the enzyme
15-hydroxyprostaglandin dehydrogenase (15-PGDH) (94).
The lipoxygenase pathway, responsible for the synthesis of
leukotrienes, involves a catalytic complex consisting of 5-
lipoxygenase (5-LO) (88).

5.2. Prostaglandin receptors

After biosynthesis, PGs are transported out of the
cell by a PG transporter (96), where they exert their
biological function through G-protein receptor-mediated
interaction. There are eight types and subtypes of
prostanoid receptor, which are encoded by different genes.
Separate receptors, showing selective ligand binding
specificity, have been described for PGD2, PGE2, PGF2a,
thromboxane A2 and prostacyclin (97).

PGE2 elicits its autocrine-paracrine effects on
target cells after interaction with four subtypes of PGE2
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receptors, which are pharmacologically divided into EP1,
EP2, EP3 and EP4. These receptors use alternate and in
some cases opposing intracellular pathways (98).
Activation of EP2 and EP4 receptors results in a cellular
increase in cyclic adenosine monophosphate (97).

Functional roles for prostanoid receptors were
determined by studies in knockout mouse model systems,
deficient for each of the receptors. The most startling
observations were made with EP2 and PGF2a receptor
knockouts, showing these receptors to be indispensable in
female reproduction (99,100). Indeed, loss of EP2 receptor
function by gene ablation in a mouse model resulted in
impaired ovulation and a marked reduction in litter size
(99).

5.3. Prostaglandin biosynthesis in endometriosis
Increased concentrations of PGs have been
reported in the PF of endometriosis patients (86) and may
be involved in the progression of the disease by inhibiting
macrophage scavenger function, while increasing cellular
proliferation and angiogenesis (31). The cellular origin of
peritoneal PGs in endometriosis remains unclear. Since
PGs are unstable factors with a very short half-life (101), it
is generally believed that they must be produced and
function locally. Hence, peritoneal macrophages and
ectopic endometriotic tissue represent two of the most
likely candidates contributing to the elevated levels of
peritoneal PGs. According to Wu et al. (86), peritoneal
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macrophages from endometriosis patients are known to
have greater PG synthetic capability than those from
endometriosis-free women. Using quantitative RT-PCR
and Western blot analyses, they found that expression of
COX-2 was markedly increased in peritoneal macrophages
isolated from endometriosis patients (86).

We recently evaluated expression levels of five
main eicosanoid biosynthetic and catabolic enzymes in
peritoneal macrophages and endometriotic lesions, and
demonstrated a significant increase in messenger
ribonucleic acid (mRNA) expression for sSPLA2-ITIA, COX-
2 and mPGES-1 in peritoneal macrophages from women
with endometriosis compared to controls (102). In our
study, higher macrophage COX-2 mRNA expression was
found in endometriosis patients with red as opposed to
black peritoneal lesions, which is consistent with the more
extensive inflammatory pattern of these lesions (102).

PGs may also be synthesized by pelvic
endometriotic implants because eutopic endometrium is
able to produce PGs during the normal menstrual cycle
(103). Consistent with this hypothesis, several studies have
reported increased expression of COX-2 in endometriosis
patients. ~ The most cited studies compare COX-2
expression in ovarian endometriotic tissue with that of
eutopic endometrium of disease-free women, either by
immunohistochemistry (104) or polymerase chain reaction
(105,106). However, only a few studies have been
conducted in relation to peritoneal endometriosis, showing
contradictory results. In a small series of peritoneal lesion
biopsies, mRNA expression of COX-2 was found to be
higher than in the eutopic endometrium of endometriosis-
free women (107). The same authors also postulated that
elevated COX-2 expression in endometriotic tissues might
result from increased sensitivity to proinflammatory
cytokines such as IL-1 beta (107). However, COX-2
mRNA expression was recently compared between
peritoneal implants, eutopic endometrium of women with
endometriosis and control endometrium, but differences
among these groups did not reach levels of significance
(108). In our study, we also compared mRNA expression of
sPLA2-ITIA, COX-2, mPGES-1, 15-PGDH and 5-LO
between peritoneal lesions and matched eutopic
endometrium in a series of 40 endometriosis patients (102).
While sPLA2-IIA, mPGES-1 and 15-PGDH mRNA
expression levels were found to be increased in lesions, no
difference was found for COX-2 expression.

Transcriptional regulation of the COX-2 gene is
very complex as it can involve numerous signaling
pathways, and the mechanism varies depending on the
specific stimulus and cell type (109). PGs are reported to
feedback-regulate COX-2 gene expression and have been
implicated as positive and negative regulators, depending
on cell type (110). It has recently been suggested that
positive COX-2 feedback occurs in macrophages (110). By
contrast, PGs may inhibit COX-2 gene expression in
endometrial epithelial cells (111), and such distinct
regulation may explain our findings of COX-2
overexpression in peritoneal macrophages of endometriosis
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patients, but no difference between peritoneal lesions and
eutopic endometrium.

Expression of 15-PGDH, which deactivates
PGE?2 in its inactive form, was found to slowly increase in
peritoneal endometriosis compared to matched eutopic
endometrium, constituting a protective, but probably
insufficient, mechanism against PG overproduction in
peritoneal ectopic tissues. Interestingly, in a comparison of
eutopic endometrium from endometriosis patients versus
disease-free women, 15-PGDH mRNA expression was
found to be lower in endometriosis sufferers (102). Such a
decrease in expression of this deactivating enzyme may
explain the increased levels of PGs detected in the eutopic
endometrium of endometriosis patients, compared to
controls (112).

By immunohistochemistry, we demonstrated that
PG biosynthetic enzymes were mainly localized in the
glandular epithelium of eutopic and ectopic endometrium

(102), consistent with epithelial COX-2 expression
evidenced in endometriosis (104) and cancer (113).

5.4. Effect of prostaglandins on endometriosis
development

This section outlines some of the cellular
mechanisms whereby PG biosynthetic enzymes and PGs
are able to mediate their role in endometriosis. High
concentrations of PGs present in endometriotic tissues may
inhibit B- and T-cell proliferation and accessory monocyte-
macrophage function, thereby allowing defective cells to
proliferate undetected by the immune system (114). It has
been postulated that PGs are able to reduce phagocytic
efficiency and attenuate scavenger function in peritoneal
macrophages of endometriosis patients by decreasing
MMP-9 activity (31). Moreover, it has recently been
demonstrated that PGE2 inhibits expression of CD36 in
peritoneal macrophages via the EP2 receptor-dependent
signaling pathway, resulting in reduced phagocytic ability
(115).

COX enzymes and PGs have been reported to
promote invasion of surrounding tissues and may be
important in diseases such as endometriosis (92). In a
recent study, Banu et al. (116) demonstrated the promoting
effect of COX-2/PGE2 in the migration and invasion of
endometriotic cells. By contrast, inhibition of COX-2
decreased endometriotic epithelial and stromal cell invasion
(116).

In various model systems of epithelial cell lines
overexpressing COX-1 or COX-2, COX enzymes have
been found to play a role in cell proliferation and inhibition
of apoptosis in response to growth factor, mitogen and
cytokine stimuli (96). Selective inhibition of COX-2 in
these models resulted in a decrease in cell proliferation and
restoration of the apoptosis rate (117). PGs have been
shown to directly enhance the proliferation rate of
endometrial epithelial cells (118), suggesting a role for
these compounds and biosynthetic enzymes in endometrial
pathologies associated with proliferation and apoptosis. In
both endometriotic epithelial and stromal cells, inhibition
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of COX-2 decreased cell proliferation while increasing
cellular apoptosis (116,119). It has also been demonstrated
that selective inhibition of PGE2 receptors EP2 and EP4
induces apoptosis of endometriotic cells, notably through
suppression of the NF-kappa B pathway (120).

In epithelial cell lines transfected with COX-1 or
COX-2, overexpression of either or both results in a
concomitant increase in the production of PGE2. This
PGE2 then acts in an autocrine-paracrine manner on EP
receptors to trigger intracellular signal transduction
cascades and transcription of proangiogenic factors such as
VEGF or angiopoietin-1 and -2 (96), or to downregulate
expression of antiangiogenic genes like cathepsin-D (121).
In endometrial epithelial cells too, elevated PGE2-EP2
receptor interaction promotes expression of proangiogenic
genes such as VEGF (122). In animal models of
endometriosis, selective COX-2 inhibition has been shown
to reduce endometriosis growth through an antiangiogenic
effect (123,124).

5.5. Targeting prostaglandin
endometriosis treatment

The involvement of PGs and impact of COX-2
inhibitors have been assessed by several in vitro and in vivo
studies. Banu et al. (116) demonstrated that inhibition of
COX-2 decreased endometriotic epithelial and stromal cell
survival, migration and invasion in an in vitro study.
Another recent study suggested a direct effect of celecoxib,
a selective COX-2 inhibitor, on the reduction of
endometrial epithelial cell proliferation (111). Animal
studies have shown treatment with COX-2 inhibitors to
prevent implantation of endometrium in ectopic sites in rats
(125) and to induce regression of endometrial explants in
rats (126), mice (127) and Syrian golden hamsters (123).
The effectiveness of COX-2 inhibitors was also assessed in
endometriosis patients (128), although little is known about
the mechanisms of such inhibitors. However, ablation of
the COX-2 gene resulted in multiple reproductive failures
in mice (129), and therapeutic use of COX-2 inhibitors in
humans led to undesirable cardiovascular side effects (130),
underlining the need for novel anti-inflammatory
compounds.

biosynthesis  as

In our study, sPLA2-IIA was found to be
dramatically increased in peritoneal macrophages and
lesions of endometriosis patients (102). In addition to being
a key regulator of eicosanoid biosynthesis, by liberating the
precursor for subsequent production of PGs and
leukotrienes, sPLA2 may activate inflammatory cells
through mechanisms unrelated to its enzymatic activity
(131). Furthermore, sPLA2-IIA has been shown to
stimulate vascular endothelial cell migration (132) and may
therefore be involved in angiogenesis in endometriosis. As
PLA2-IIA can upregulate its own expression (133),
establishing an inflammatory positive feedback loop, it
could explain the considerable increase in mRNA
expression observed in peritoneal endometriotic lesions in
our study. Targeting phospholipase A2 activity could be
particularly valuable in the medical treatment of
endometriosis, as it initiates biosynthesis of both PGs and
leukotrienes, and should therefore constitute an effective
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anti-inflammatory approach (134). However, an inhibitor
selective for the production of inflammatory metabolites,
but not inhibiting the beneficial properties of phospholipase
A2, still needs to be developed (134).

6. SUMMARY AND PERSPECTIVES

The involvement of inflammation in peritoneal
endometriosis has been evidenced by numerous studies
performed on patient biopsies or using in vitro or in vivo
experimental models. The inflammatory process plays a
major role in the clinical symptoms of pain and infertility
associated with endometriosis, but also interacts in the
different molecular and cellular events that lead to
peritoneal endometriotic lesion development (15). Indeed,
it has been demonstrated that several inflammatory
mediators inhibit the scavenger function of macrophages
(31), while increasing endometrial cell proliferation (31)
and angiogenesis (31). As in most tissues, peritoneal
macrophages are widely implicated in inflammation, and
their involvement in the pathogenesis of endometriosis has
been well documented (7). Identification of the
inflammatory mediators involved in endometriosis is
therefore very important to determine potential therapeutic
targets for future treatment of the disease. In this article,
we focus on three such mediators that have been clearly
implicated in peritoneal endometriosis and may be linked.

Iron overload has been demonstrated in different
compartments of the peritoneal cavity in case of
endometriosis (33,35). As excess iron exposure can induce
oxidative stress leading to inflammation (17), iron
metabolism and distribution in the peritoneal cavity play an
essential role in preventing iron-associated generation of
oxidative stress (35). Cellular iron storage within ferritin,
particularly in macrophages but also in endometriotic and
endothelial cells, limits the capacity of iron to generate free
radicals and confers an antioxidant effect (53). However,
excess delivery of iron to macrophages and endometriotic
cells can overwhelm the capacity of ferritin to store and
sequester the metal, causing oxidative injury to cells (35).

Oxidative stress has been shown to be a potent
activator of the NF-kappa B pathway, as well as
proinflammatory cytokines and lipopolysaccharide (Figure
2). Constitutive activation of this transcriptional pathway
has been demonstrated in endometriotic lesions (62), and
increased activation has been evidenced in peritoneal
macrophages of endometriosis patients compared to
controls (63). Activation of NF-kappa B leads to expression
of multiple genes encoding proinflammatory cytokines,
chemokines, adhesion, growth and angiogenic factors and
inducible enzymes such as PG biosynthetic enzymes (62).
All these factors have been found to be expressed in
peritoneal macrophages of endometriosis patients and
endometriotic peritoneal lesions, and to be involved in cell
adhesion, invasion, proliferation and angiogenic processes.
Oxidative stress is also associated with activation of other
transcription factors, such as activator protein (AP)-1,
hypoxia-inducible factor (HIF)-1, signal transducer and
activator of transcription and CCAAT/enhancer binding
protein (135). AP-1 activation was shown to be critical for
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TNF-alpha-induced IL-6 expression in endometriotic cells
(136), while mRNA and protein levels of HIF-1 alpha were
greater in ectopic endometriotic tissue than its eutopic
counterpart (31). However, the involvement of these
factors in endometriosis needs to be better elucidated in the
future.

PGs are synthesized by the enzymatic COX
pathway and have also been implicated in the pathogenesis
of endometriosis and its associated pain and infertility. As
PGs promote angiogenesis, inhibit apoptosis, enhance
proliferation and modulate immune responses such as
macrophage function (96), they also represent interesting
therapeutic targets for endometriosis treatment. Enhanced
concentrations have been reported in the PF of
endometriosis patients (86), as well as increased expression
of the inducible COX-2 isoform in peritoneal macrophages
(86). Involvement of other inducible enzymes of the PG
biosynthetic pathway should also be further investigated.
Increased expression of sPLA,-IIA and mPGES-1 in

peritoneal macrophages and lesions was recently
demonstrated in endometriosis (102).
Endometriosis is a multifactorial disease

associated with abnormal chronic pelvic inflammation, but
also other hormonal, genetic and environmental
deregulations (3). We therefore believe that future medical
therapy should associate different targets in order to
optimize its efficacy. Identification of the pathological
pathways involved in endometriosis-associated
inflammation, and in macrophage dysfunction in particular,
could well prove useful in the treatment of this disease, as
observed in many other inflammatory pathologies. As
previously discussed, iron metabolism, NF-kappa B
activation and PG synthesis are all valid targets.

The beneficial effects of inhibitors of these
pathways in endometriosis have also been reviewed, and
our data highlight potential new therapeutic targets such as
sPLA,-IIA, which was found to be markedly increased in
peritoneal macrophages and lesions of endometriosis
patients. However, since iron, NF-kappa B and PGs are
involved in a wide range of important cell processes,
systemic use of inhibitors could result in adverse effects.
Further research is therefore needed to evaluate the safety
of these drugs before they can be considered suitable for
use in humans. By targeting different inflammatory and
hormonal mediators at the same time and/or acting more
locally, we aim to reduce doses to achieve optimal efficacy
without toxicity.
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